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1. Introduction

This section or. smalipoy vaccine and vaccination is intended primarily
to provide informaticon of praciical use in the eradication programre.

References are givaer i~

irnstances tut cemplele reflerencing has not wes.
(83

attempte Should tiers e o need for more detailed data or refers: cen ¢
if zpecif iC uestions avine portaining 1o smallpox vaccine, contact sihiould

be made with the Regicnal WHC Office or Chief, Smallpox Fradication, WG,
~ - -
uereva.

Z, Smallpox vaccise
2.1 General

3. ~ . ¥ o
s diztributed ir o "fracre-dried”

Smallpox vaccise camraists of infTectlous
1yo
a glycerine or lanclin meilum ("liquid

accinria virus particles. I
l} form, and also dispersay L.
"

7/
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Mo further corns dorctior wlll be given in this manual to glycinerated
or lanolinated smalin- s vacainas, Because of their rapia deteriorationr wiis
subjected %o heat, tnrir 3e ir fre endemic countries is emphatically nod

Yinirum W10 st 0 vl orecoire a cor rentraticn of vacceinia virus partico.
in the dried vaccire nicn 18 adeguate Lo infect non-immune and pavtiozic s
o Jdation. ‘The vaceine mist also mest suc

re nc pathorenic organisms present anos -
stable whe: subjected.lo heat hefore

0N, TLF wouirements and Standards for Omallpox Vaccine weyo
last reviewed hy a ¥ \oruL,fue in 1967 and are set forth in Tecrriz |
Report Series Publica“iocr MNo. 223, "heguirements for Blologlcal Substances”
{Annex). :
2.0 Vaccine virus (vaccinia) strains

Many diffevrent strains of vaccinia virus are used for the preparation o
smallpox vaccine. Their origins are not known. It is highly improbatloe,
however, that any of them were derived directly from variola virus l. Stealins
of lesser pathogenicity whieh provide satisfactory immunity are generally
preferred for vaccine production.

Experimental studles of "more attenuated" vaccines as well as inactiva:
vaccines are in prog It is thought that primary inoculation {pre-
immunization) with el of these vaccines might serve to modify the very
occasional severe renciiorns which are sometimes observed after vaccinatiocn w
traditional strains. However, none of the studies with inactivated or
attenuated vacclines are sulliciently advanced to permit their use except under
experimental conditions.
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2.9 Vaccine production

2.1 Animals

Most smallpox vaccines are prepared from virus grown on the skin of
calves, bufifaloes or sheep. At present, vaccines hnrvesicd {rom arimal
sxin are most widely employed. In general, vac o oroduced T i
manner 18 comparatively inexpensive; f{leld experierce with these vaccelnes
has been extensive and satisfactory; additionally, thermostable vaccine

preparations are most easily produced from vaccine rarvested in this
manner.

Bacterial contamination cannot ve avcided in vaccines hasvested from
animal skin. Such contamination is, nowever, minimired by scerupulous
care in preparation of the skin areas vaccinated, and of the animal guarters.
The "harvesti” of vaccinia virus is processed to recduce bacterial contamina-

ticn to a minirmum while retaining maximum virus potency. Wwith present
vaccine production techniques, it is difficult to produce vaccine wnien is
bacteriologically sterile. Under present standards a maximum i ECQ

organisms per ml is permitted in the vaccine; the vaceine, however, must
be tested to ensure that no pathogenic organisms are present. kv
vaccines produced in most laboratories contai

of any type.

Actually,
comparatively {ew organisms

Chorio-allantoic membrane of chick embryo

Vaccines prepared from the chick embryoc chorlo-zllantoic membrance (CAM)
are currently being produced in a few countries 2’3’4. Since it is known
that vaccinia virus passed many times on eggs declines in immunogenicity D
it has been stated in the WHO Requirements that the virus shall not have
been passed mecre than five times prior to its use in the vaccine. To achieve
an adequate degree of thermostability for freeze-dried vaceines produced in
this manner is more difficult, but can be accomplished. To date, CAM=-
derived vaccines have not been extensively used in smallpox endemic areas and
thus a direct comparison of their effectiveness with the vaccines prepared
from animals has not been possible. On the basis of available data, however,
it is believed that potent low passage egs vaccine should be as effective as
vaccine grown on animal skin 7. No allergic responses a$ a consequence of
administering this egg.derived product have been reported 2.

»

2.2.3 Tissue culture

[ IRV, O NN AN
oo g s > (% 2 /

The production of freeze-dried smallpox vaccinesiin tissue culture is
being evaluated in several countries. Production ‘of vaccine by such a
technigque would be loglstically simpler and shculd make possible the large-
scale production of a consistently sterile vaccine, However, vaccine
produced in this manner will require substantial field testing in endemic
areas before its routine use can be recommended.

2.4 Vaceclne for jet inJjection - special considerations

Vaccine for jet injection differs in several characteristics from
vaccine produced for scratch or miltiple pressure vaccination 6,7.
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2.4.1 Concentration of vaccine

Vaccine for jet injection is less concentrated, The jet injectoers
serve 1o deposit most of the vaceinia virus suspension irte the superficial
layers of the skin in contrast to multiple pressure or scrateh technigues
in which only a small oroportlon of the particles in a drop of vaccine are
actually inoculated,. On the basis of field studleu,'a vacecine concentratior
of 1 x 10! pock-forming units (PFU) per ml has been found most sultable for
use. This is one tenth the concentration normally employed for scratch or
multiple pressure vaccination. Thus, suitable dried vaccine which normally

cﬁw§89%$§sdﬂfor examplie, 10 doses of vacecine for scratch vaccination could be
10 ml thus providlng 100 doses (0.1 ml per dose) by jet injection.

2.4.2 Bacterial content of vaceine -

‘ Under WHO regulations vaccine for scratch vaccination may have up to
500 non-pathogenic bacteria per ml. It is felt, however, that vaccine for
Jet Injection desirably should .be sterile since the virus suspension is
deposited somewhat deeper in the skin tiian by the conventional scratch
technique. However, extensive studies employing vaccines containing up to
five non-pathogenic organisms per ml of the undiiuted vaccine have been shown
. lo be entirely safe for use.

2.4,3 Reconstitution of vaccine

Vaccine for jet injection is normally reconstituted with sterile saline
while vaccine for scratch technique is hormally reconstituted with a 50 per
cent., concentration of glycerine in water., This glycerinated material is
too viscous to permit proper functioning of the Jjet injectors.

. 2.5 Vaccine stability

2.5.1 General

: All smallpox vaccines deteriorate in potency when stored above freezing
temperatures; however, f{reeze-dried vaccines, before reconstitution, are
- .vastly more heat stable and retain potency far longer than liquid vaccines.
.. After reconstitution, however, the freeze-dried wvaccines are no more stable
than the liquid vaccines.

Freeze-dried vaccine consists .of a suspension of partially purified
vaceinia virus in vials and ampoules; the frozen suspension is dried under
vacuum to remove all but traces of moisture and sealed in vials under vacuum
or nitrogen. WHO requirements call for a titre of vaccine of greater than
10% pock-forming units (PFU) per ml. All freeze-dried smallpox vacclnes
which meet the WHO requirements for smallpox vaccine must alsoc demonstrate
heat resistance to the extent that they do not decrease in titre more than
one log when subjected to 37°C for four weeks and_must also at the end of

.-the four weeks exhibit a titre of greater than 10° PFU per ml.
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Fach lot of vaccine should carry an expiry date.. The WHO experti
committee has recommended that this date should not be more than 12 months
after issue by the manufacturer. However, if *the vaccine has been
properly stored at <10 (50°F), it should retain a high degree of potency
for much longer than this. Vaccine which has passed the expiry date should
always be retitred by a competent laboratory for, if stored properly, it will
almost invariably be found to be wholly satisfactory for use.

2.5.2 Heat stability before reconstitution

Despite the fact that freeze-dried smallpox vaccine is highly heat
resistant this thermostabllity is a relative property. Therefore, it is
important that freeze-dried vaccine be stored at the coldest possible tempera-
tures at all times. Ideally vaccine should be stored at temperatures below
lOOC (50°F). Freeze~dried vaccine stored at temperatures under 10°C can be
expected to maintain full potency for at least two years. Facilities capable
of maintaining a storage temperature of less than 10°C should be readily
avalilable in most areas. Ordinary home freezers are quite adequate for storage;
commercial facilities such as local abattoirs may also be satisfactory. In an
emergency, when refrigeration is not available, the coolest available locstion,
such as thick-walled storehouses or simllar structures, should be utilized.
Storage of vaccine at less than 10°C should be planned both for the principal
vaccine depots and at all stages of vaccine distribution throughout the country
until released to vaccinators. If vaccine is subject to temperatures of
greater than 109C for more than four weeks (including time the vaccine spends
in unrefrigerated transport), samples of the vaccine should be retitred.

Vaccine produced by different laboratories will exhibit varying degrees of
thermostability depending upon a number of factors including the amount of
moisture in the vaccine, the type of stabilizing agents added to the vaccine
suspension before drying, the manner in which the vials have been sealed, the
strain of vaccine used, etc. Data regarding stability of vaccine produced by
a given manufacturer will not necessarily pertain to vaccine produced by a
second manufacturer nor to vaccine,produced by the same manufacturer at different
times. In one series of studies 7, freeze-dried vaccine produced at a laboratory
in the United Kingdom was shown to exhibit essentially no decrease in potency
when subjected to 37°C (98.6°F) for two years or to 45°C (113°F) for one year.
However, vaccines produced at many other laboratories have been shown to decline
almost one log in potency after being subjected to 3700 for one month.

Vaccine exposed to the alr willl rapidly take up moisture:and deteriorate.
Thus, if a vaccine vial is broken or damaged, it is probable that alr has

entered. It should not be used under any circumstances.

2.5.3 Heat stability after reconstitution

2.5.3.1 Vacecine for scarification

This vaccine, reconstituted with a solution of 50 per cent. glycerine in
water, if maintained at a temperature of less than 10°¢ (50°F), will normally
remain potent for as long as one to three months. However, under field
conditions, it is much more rapidly inactivated. At 37°9C, if not exposed to
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sunlight, the vagcine has been shown to lose approximately 0.6 logs of titre

(i.e. 108' - 6.6 _ 107-4) in four days. This titre should still be sutficient
for both primary and revaccination (see section 3.3). It is difficult in the
field, however, to protect vaccine from light and in sunlight the vaccine may be
inactivated in a few hours. As a general rule it is probably wise to consider
that all reconstituted vaccine, even when protected from the light, is ineffective
under field conditions for use on the subseguent day.

2.5.3.2 Vaccine for Jjet injection

The diluent for this vaccine does not contain glycerine as a siabilizing
agent. It is thus somewhat more subject to deterioration from both heat and
light than conventional vaccine. At 37°C (98.6°F) reconstituted vaccine for
Jet injection decreases significantly in titre after two to three days, and with
exposure to direct sunlight, may be inactivated in a few hours. Large labels
covering 90 per cent. of the surface of the bottle or aluminium foil should be
used to protect the botiles from the light. As indicated previously, reconsti-
tuted vaccine becomes ineffective under field conditions and shcould not be us 1
on the following day.

2.6 Vaccine testing

All smallpox vaccine to be used in the eradication programmes should be
of the freeze~dried type and should meet standards for potency, stability and
purity as established by the WHO Expert Committee on Biological Standards,
(Technical Report Series, No. 323). In one country's programme, at least,
the "vaccine" employed contained no detectable virus whatsoever; in many others,
the titres of vaccine have been so low that primary take rates did not exceed
50 per cent, Of all the factors concerned in an eradication programme, the
provision of adeguately potent vaccine is most easily controlled, and is one
factor which throughout the programme should receive primary attention.

If fully potent vaccine is provided and is stored properly and proper
vaccination techniques employed, primary take rates (see part 3.3) should exceed
95 per cent, If they do not, vaccinator technique should first be checked.
Practical testing may be carried out in the field by assessing primary take rates
in 100 children who are three months of age or older. (As noted later, maternal
antibody may somewhat depress the frequency of successful takes in newborns.)

If less than 95 per cent. primary response is obtained, the vaccine lot in
question should be retitred in the laboratory.

For vaccine submitted for donation, WHO arranges testing at an independant
laboratory. Tests for vaccine potency, stability and sterility are carried
out. Vaccine production laboratories in all endemic countries are strongly
encouraged to submit periodically vaccine samples for testing purposes. This
testing will be carried out at no charge to the government concerned.
Additionally, in some instances, testing of vaccine is arranged because of
particular circumstances which have arisen, e.g. titration of vaccine which has
been improperly stored for a considerable period or vaccine which has been
retained beyond the expiry date.




Vaccine testing rfor titration may be completed in two weeks but may
reqgquire six weeks to two months if stability testing is to e included in
the evaluation. In the latter instance, this delay is inevitable since
vaccine must be held at 3708 for 30 days as a part of the testing procedure.

Requests for vaccine testing should be directed to Chief, Smallpox
Eradication, WHO, Geneva, or ito the WHC Regional Office. The purpose of
the testing should be clearly outlined and approoriate samples, carefully
packed to avoid breakage, should be submitted. The amount of material
required is as follows:

a. Determination of potency only - at least three ampoules or vials
with diluent which, after reconstitution, will yield at least
3.0 ml of the vaccine suspension.

b. Potency, stability, sterility (i.e. the routine testing of
production lots of vaccine) at least 10 ampoules or vials with
diluent which, after reconstitution, will yield at least 10 ml
of vaccine suspension.

3. Vaccination
5.l Mechanics

The procedures set forth below are those which have been found most
practicable for large-scale vaccination programmes. Leaflets prepared by
manufacturers in different countries may not necessarily correspond with
recommendations noted below with respect to the mechanics of vaccination
including cleansing of vaccination site, number of insertions, etec. Such
instructions should generally be ignored.

3.1.1 Site for vaccination

Although virtually any site on the body can and has been used at different
times for vaccination, the generally preferred site is on the outer aspect of
the upper arm, over the insertion of the deltoid muscle, or slightly behind the
midline of the arm. The site offers several advantages. It is easily
accessible and it is not an area which is likely to be traumatized (in most
tropical areas, it will be exposed to the air, thus reducing chances for
maceration from body moisture and subsequent bacterial infection). If dress
habits introduce difficulty in using the deltoid area, the flexor aspect of
the lower arm may be used for multiple pressure or scratch vaccination; it is
not satisfactory for vaccination by Jjet injection.

For revaccination, the site inoculated should be at least 3.0 cm removed

from a primary scar to avoid possible local tissue resistance at the site of the
scar.

3.1.2 Preparation of the vaccination site

In general, the best skin preparation is none at all. If the site is-
obviously caked with dirt, a cloth moistened with water may be used to wipe

the site. In the past, many have relied upon scap and water, acetone, alcohol
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and other preparations to "cleanse" the vaccination site. It has been
demonstrated, however, that these agents do little to destroy bacterial
organisms. Their use only serves to complicate the vaccination procedurs;
if left on the skin at the time of vaccination, Lhey may partially inactivate
the vaccinia virus.

Jeled Vaccination technigues

Four principal techniques are in common use: {1) multiple pressure;
(2) scratch; (3) jet injection; and (4) rotary lancet (sometimes referred
to as rotary drill). Each, if properly used, can provide a very nigh
percentage of primary and revaccination takes. The essential principle in
vaccination is to insert a sufficient number of virus particles into tne
living basal cell layers of the epidermis to permit growth. The vaccinia
virus, specifically adapted for growth in the epidermis, has litile capacity
to infect when injected subcutaneously.

If potent vaccine is used and the proper technigue is employed, over
95 per cent. of primary vaccinees should consistently demonstrate successful
takes; the preportion of revaccinees who should demonstrate "major reactions"
(see section %.2.1.2) will vary, depending upon the recericy of previous
vaccination.

Failures of vaccination takes, assuming potent vaccine is used, zan
almost Invariably be attributed to a lack of wigour on the part cf the
vaccinator. In non-z2ndemic countries, a great deal of emphasis has been
placed on very small scars and upon not drawing blood when performing scraitch
or miltiple pressure wvaccination. Both factors contribute to the high
frequency of failure. Although these assthetic nuances may be cobserved in
non-endemic areas where medical care is plentiful, they are not pertinent in
endemic regions., In endemic regions, the size of a vaccination scar is of
little concern compared to the possibllity of developing smallpox. The
suggestion that no blood should be drawn was originally proposed on the premise
that oozing blood might wash away or dilute the vacecinia virus which had been
applied. Practical experience has shown that a trace of blood observed at the
vaccination site serves as an excellent indicator that the vaccination has been
properly performed.

Both the multiple pressure method and the scratch methed produce excellent
results if well performed. Careful training of vaccinators is, of course,
requisite, Depending upon the local area and past practices of vaccination,
either technigue may be employed successiully.

3.1.3.,1 Multiple pressure method

A small drop of vaccine is placed on the skin and a series of pressures
is made within an area of 1/%4 inch or 5 mm in diameter;with the side of a
sharp needle held tangentially to the skin (see figures). For primary vaccina-
tion 10 strokes should be employed, for revaccination, 30 strokes. A trace
of blood should be observed at the vaccination site to indicate that the
vaccination has been performed with sufficient vigour.
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RIGHT

WHO 70618 WRONG

FIG. 1 The "multiple pressure’" method of vaccination, showing the
rapid up and down motion of the side of the needle, held by the hand
at the right, against the drop of vaccine on the arm at the left.

3.1.3.2 Scrateh technigue

HORNY
GRANULAR
PRICKLE ~ CELL| LAYERS OF

EPI
COLUMNAR OR PIDERMIS
BASAL-CELL

DENSE UPPER LAYER OF
TRUE SKIN OR CORIUM

LOCSE LAYER OF TRUE
SKIN MERGING WITH
——] SUBCUTANEQUS FATTY
TISSUE

FIG. 2 (A) Diagrammatic section of the skin of the arm.

(B) Same showing the motion of the needie from its first position
above and parallel to the skin (indicated by the dotted outline) to its final
position pressing against the surface of the skin and entering it slightly.

A small drop of vaccine is placed on the skin and a linear scratch about
1/% inch (6 mm) is made through the vaccine drop using a needle or other
surgical instrument. As with the multiple pressure method, a trace of blood
should be observed at the vaccination site to indicate that the vaccination has
been performed with sufficient vigour. The vaccine 1s then rubbed into the
scratch with the side of the vaccination instrument.

3.1.3.3 Jdet injection

A 0,1 ml diluted vaccine suspension is injécted under high pressure into
the superficial layers of the skin. The mechanics depend upon the type of
injector used. Specific manuals should be consulted pertaining to the

injector employed.

3.1.3.4 Rotary lancet or rotary drill (not recommended for use)

This technique has been abandoned in all but a few parts of the world.
With this vaceination method, a multipronged vaccination instrument is
inserted into the skin and twisted. As commonly used, this technique is
wasteful of vaccine and painful to the recipient. As such, it serves as a
major barrier to the acceptance of vaccination and should be discarded.
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Devices for multiple pressure and scratch vaccination

A number of different instruments have been used successfully:

a.

b.

3.1.5

Surgical needle with a cutting edge {Hagedocrr iype, No. 1)

Needles or pins - unless these are at least 5 cm (two inches)
in length or greater, they may prove difficult to grip
satisfactorily.

Vacecinostyle -
=< 3 =
exact size exact size

The vaccinostyle a* the left is curved permitting its insertion
into a "penholder-. xe" instrument. Care must be employed in
using these instrumsnts. If flame sterilized, they must be

given sufficient time to cool before re-insertion into the vaccine
vial., The device pictured at the right has a scoop at one end to
permit vaccine to be écooped from the vaccine vial. The design
is such that, unless great care is taken, excessive vaccine will
be applied for vaccination.

Disposable vaccinostyle (costing approximately US$ 0,002 when
purchased in large quantity).

X
-
L

1l

exact size
Bifurcated needle (experimental)
&= ~3
WHO 70623
exact size

Potentlally valuable in that this needle may also be employed
to withdraw vaccine from the vaccine vial. The needle is
presently too costly for use in mass campalgns but modifications
of this device are being studied.

Jet injectors

Several devices for jet injection of smallpox vaccine have been offered
commercially and/or experimentally in recent years. Several of these when
subjected to adequate field testing have failed either technically or
mechanically to measure up tc the needs of vaccination programmes. it is,
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therefore, the policy of WHO to purchase or to recommend only those instruments
which have satisfactorily performed experimentally in a variety of field

conditions with respect to efficacy of vaccination, durability and facility of
repair.

At present, only the so-called "Ped-o-Jet",manufactured by the Scientific
Equipment Manufacturing Company, Mew York, has been found to be suitable for
field use. The "Dermojet", produced by Societe Akra, Pau, France, offers
promise as an inexpensive device, sufficiently portable and reliable for field
application. The Dermojet itself, however, is unsatisfactory by virtue of the
fact that the capsule which holds the vaccine is highly subject to contamination
under field use; additionally, the lever which serves to cock the piston has
been found to be most difficult to operate so that large-scale vaccination is
difficult to impossible. A modified instrument, termed the "Multijet",
produced by the same company, corrects both of these deficiencies. This 1is
now under field test. In addition, both the Scientific Equipment Manufacturing
Company and the Scherer Corporation, Detroit, Michigan, have informed that they
are developing more portable, hand-cocked jet injectors. When available, these
will be evaluated as quickly as possible to assess their potential applicability.

3.1.6 Methods for removal of vaccine from vaccine vial (or ampoule)

Various devices and methods have been employed for transferring vaccine
from the vaccine vial to the arm. These include medicine droppers, toothpicks,
glass rods, syringes, and the vaccinostyles pictured in the previous section.
The critical consideratior with respect to selection of the appropriate device
is to ensure that neither too much nor too little vaccine is withdrawn for each
vaccination. An assessment of the number of doses of vaccine obtainable from
a given ampoule with a specific device may be readily determined. Whether
sufficient vaccine has been applied for each dose may be determinéd by evaluation
of the proportion of takes. Before deciding in a programme with respect to the

instrument for removal of vaccine, pilot studles to assess these factors must be
undertaken.

3.1.7 Sterilization of needles or vaccinostyles

After each vaccination is performed (multiple pressure or scratch technique)
the vaccinatlon device, 1f not disposable, should be sterilized. This may be
accomplished by rapid flame sterilization in an alcohol lamp or by boiling for
20 minutes. Care must be taken to ensure that the needle or vaccinostyle has
cooled sufficiently before inserting it into the vaccine suspension. A hot
needle or vaccinostyle may inactivate the virus when inserted into the vaccine
suspension.

3.1.8 Care of vaccination site

After vaccination, the residual vaccine should be permitted to dry. It
should not be wiped away; no poultices, herbs, etc. should be applied to the

vaceination site at any time; dressings, if applied, should be loose and non-
occlusive,
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3.2 Clinical response to vaccination

2.1 WHO criteria

3.2.1.1 Successful primary vaccination - one which, on examinaticn after one
week, shows a typical Jennerian vesicle.

3.231.2 Successful revaccination - one which, on examination after one week
(six to eight days), shows a vesicular or pustular lesion or an area of definite
palpable induration or congestion surrounding a central lesion, which may be a

scab or ulcer. These reactions should be termed "major reactions"; all others
- LY 1 . s LA A s . . . . 1y

should be termed "eguivocal reactions . A major reaction indicates virus multi-

plication with consequent development of immunity. Ann equivocal reaction may

be ‘the coﬁsequence of immunity adequate to prevent virus multiplication or may
be an allerglc skin response elicited by inactive vaccine or pocr technigue.

The choice of the one-week reading (six to eight days) is the best compromisc
for a "one-time" reading which is applicable for both primary and revaccination
reactions. The one-week reading virtually ensures that early {immediate)
peactions are read as eguivocal or unsuccessful (nc take).

3,2.2 Primary vaccination

The primary vaccination response occurs in individuals who are non-immune
to vaccinia virus or smallpox virus. In addition, persons vaccinated in the
"past (15 to 20.years) may have lost sufficilent Immunity to vaccinia virus and

wlll respond with a primary type reaction despite the presence of an old primary
vaccination scar.

After primary vaccination, little reaction is seen until the second or
third day when a small, red papule appears. By the fifth to sixth day, a
vesicle develops which undergoes progressive pustulation, reaching a peak size
by the eighth to ninth day after vaccination. A progressive increase in ,
‘ér&théma and induration coincides with pustule development. During the pustu-
‘lation phase, central umbilication occurs followed shortly by scab formation.
By the eleventh to twelfth day after vaccination the lesion has completely
scabbed and the inflammatory reaction has subsided. The dried scab separates
in 14 to 21 days leaving a slightly depressed hypopigmented scar. If the
pustule should be broken scabbing will be accelerated. I1f secondary infection
should occur at this time, healing will be prolonged.

. Associated with the reaction at the site of vacecination are variable local
and systemic symptoms such as local swelling of the arm, axillary lymph node
'ehiargement, fever, malaise and headache. These are considered to be normal
components of the primary vaccination response.

Fever -usually appears at about the sixth day, reaches a maximum by the
eighth to ninth day and subsides. A fever of 100°F to 101°F (38.0 - 38.5°C)
is normal; rarely does it exceed 103°F (39.5°C).
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Headache and malaise usually appear and cho ccincident with fever,
Swelling of the arm, axillary lymph node enlargement with attendani discomfort
or pain usually subsides by the ninth to tenth day. In general, local and
systemic symptoms associated with primary vaccination are more severe in adults
than young children.

When vaccine of unusually low titre is employed, the evelution of the

primary response may be delayed by several days in the comparatively small
percentage of individuals who dc respond.

e Revaccination

The skin response following revaccination is variable and depends upon the
immune and allergic status of the individual. In general, the evolution of the
skin response is accelerated compared with that observed in a primary response.
The acceleration of response is presumably due to the influence of tissue or

humoral immunity or hypersensitivity to vaccinia virus induced at the time of
primary vaccination.

Generally, there are few systemic symptoms [ollowing revaccination unless
previous immunity has waned to the point where the revaccination reaction
approaches a primary-iype recaction. The main discomfort associated with the
revaccination reaction is itching at the vaccination site.

In the past, the two basic revaceination responses have been known as the
early (immediate) type and the vaccinoid (accelerated) type.

3.2.3.1 The early immediate response (corresponds to eguivecal response under
WHO criteria)

The early immediate (allergic) reaction begins with the appearance of a
pruritic papule within 24 hours after vaccination. The inflammatory response
reaches a peak before 72 hours and rapidly subsides. By seven days, evidence
of erythema has elther completely disappeared or is barely visible. The early
response is sometimes associated with vesiculation. This reaction indicates
either a high degree of immunity to the vaccinia/variola group viruses or
may mean only an allergic response to vaccinia virus; a simllar reaction may
be elicited by inactivated vaccine. In some cases the early response may be
associated with a neutralizing antibody response, but there is no way to
ascertain that this has happened on the basis of the skin response. Under
the WHO definition of revaccination responses, this type of reaction is
classified as an equivocal response, which means that immuinity cannot be implied.
All persons responding with an equivocal reaction should be revaccinated (when
possible) with known potent vacecine by good technigue.

3.2.3.2 The vaccinoid response (may correspond to either "major reaction” or
"equivocal response” under WHO criteria)

The vaccinoid reaction (accelerated or major reaction) may become apparent
as a papular erythematous response within 48 hours but does not reach a peak of .
reaction until after more than 72 hours following revaccination. The peak of
erythema and induration may come at any time after the third day up to the ninth
day. The inflammatory response 1s associated with the development of a vesicle,
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pustule, or central necrotic area, which proceeds to scab formation. By
definition of the WHO Expert Committee on Smallpox, this type of response when
present on the sixth to eighth day after revaccination is classified as a

major reaction and denotes that a successful vaccination with virus multiplica-
tion and subsequent boost in immunity has occurred. If a vesicular or
pustular lesion or an area of palpable induration or congestion is not observed
at the sixth to eighth day after vaccination, the reaction is classified as an
equivocal response which may have resulted from an allergic response or may have
been the consequence of adequate immnity. It is noted parenthetically that a
ma jor reaction may be observed even among individuals who have experienced
smallpox in the past.

3.3 Potency of vaccines and "take rates"

The percentage of "takes" obtained following vaccination decpends on two
factors: (1) technique and (2) vaccine potency. If vaccination technique is
good and the vaccine is potent, the vaccinator should be able consistently to
obtain primary takes in more thai 95 per cent. of tliose vaccinated, Among
revaccinees the proportion of major reactions ati seven days will depend on the
immune status of the individuals concerned, generally, tne interval which has
elapsed since the last successful vaccination.

The vacciae at the time of release from the producer should have a titre
of at least 10° pock-forming units {(P¥J) per ml when tested in membranes of
chick embryos. However, some minimal loss in potency may be expected during
transport and handling in the field.

As shown in Fig. 3, the‘potency standard for vaccine is sufficiently high
so that despite some loss in vaccine titre, the vaccine will give a high
proportion of primary and revaccination takes. It is also evident from the
figure that primary takes can be obtained despite comparatively low titres of
vaccine; however, revsccination takes which require high titres of vaccine
are markedly reduced in frequency. It is to be noted, however, that these
curves are based solely on a cutaneous response. rom other studies, it is

S VL .
known that man¥ revaccinees who do not have a cutaneous response, nevertheless
experience an increase in neutralizing antibody titre. For primary vaccination
of newborns, the titre of vaccine required is considerably above that required
for primary vaccination of older children. This is btelieved to reflect the
persistence of maternal antibody.
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FIG.3 TYPES OF QUANTAL DOSE- RESPONSE CURVES OBTAINED
WITH DILUTION SERIES OF SMALLPOX VACCINE IN GROUPS
DIFFERING WITH RESPECT TO VACCINATION HISTORY OR AGE
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a) {Rrimayr‘y\'yacc‘i‘ngtid‘n;i'n adults_
b) Late revaccination in adults, more than ten years after previous vaccination
c) Primary vaccinations in infants less than ten weeks old

After Espmark3

3.4 Antibody response after vaccination

Antibodies to the vaccinia/variola group of viruses appear soon after
vaccination and include neutralizing antibodies, haemagglutination inhibition
(HI) antibodies, complement fixation (CF) antibodies, and precipitation
antibodies.

341 Primary vaccination

After successful primary vaccination, neutralizing and HI antibodies
appear by about the fourteenth day in virtually 100 per cent. of subjects with
clinical takes. Complement-fixation antibodies can be detected in fewer than
40 per cent.
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Neutralizing antibodies may be detectable for more than 20 years . ter
vaccination in some individuals but there is great individuzl veriasbilicy nd,

occasionally, no antibody may be detectable arter 12 months.
CF antlbodies may no longer be detected after six tae 12 menchs

T 1
il nlid

3.4,2 Revaccination

Following successful revaccination, the neutralizing antilc
occurs much sooner and rises to a much higher level than is norms eliceited
after primary vaccination. The accelerated antibody response can be dctected
by about the seventh day after vaccinaticn. Little is known about the decay
of neutralizing antibody after revaccination. It is presumed, however, nzt
neutralizing antibodies persist at higher levels for a longer perion thet sfter
primary vaccination alone. In some studies, it nas been found that HI «nd CF

antibodies did not usually increase (or develop) after revaccirs-icr *’}”,vrile
in other laboratories, perhaps employing more sensitive techniiu
ment, a consistent HI and CF antibody response hias been ncted ~ 7.

Lo eg3ure-

3.4.3 Influence of maternal antibody on primary vaccination resvers<

Passively transferred maternal antivodies interfere toc o degrae wi'c the
{4 i .
success of primary vaccination if potent vaccine is not employea 7« Va Line
with diminished titres e.g. 10', may result in Jdecreased primarv takes o very

young infants, although this titre will be quite adequate to induze prim.
takes in 95 per cent. to 100 per cent, of clder infants and adul*s. I7 A
. primary take is obtained in the infant, subsequent vaccination precivces the
expected revaccination type of response.

3.5 Relationship of antibody level to protection against disease

The relationship between the level of circulating antibody znd protection
against smallpox has not been evaluated in man. For most viral diseases,
however, there is a definite correlation between the level of neutralizing anti-
body and protection against disease. Most workers believe that this correlation
will also be found in the instance of smallpox.

3.6 Duration of immunity produced by successful vaccination

3.6.1 Variola major

After successful primary vaccination, immunity to variolz major is almost
complete for three years, but as with all bioclogical phencrena ttere are individual
variations. Failures in protection within the three-year period after vaccination
have been recorded, although such cases are rare and usually mlid, iitile informa-~
tlon is available regarding longer term immunity. Dixon 1-,cr tne rusis
extensive review of naturally occurring smallrox, has estimgted the errTicuacy of
smallpox vaccine as follows:

5
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Number of years since | Probability of contracting smallpox | Kffectiveness
rrimary vaccination compared to the unvaccinated 5
1:1 000 9.9
5 1:200 09,5
10 1:8 : 7.5
20 1:2 50.0
>20 Little to no protection

If these estimates are even approximately correct, it is clear that in
comparison to other vaccines, smallpox vaccine is very good indeed. Additionally,
as previously noted, antibodies following revacciration are boosted to much higher
levels than following primary vaccination. Thus, in an individual who nas been
vacecinated and revaccirated, there is reason to believe that his level of protec-
tion may be substantially better than is here vportrayed. Definite evidence of
this in field studles hias been technically difficult to ohtain although several
studies suggest this to be the case. It has been noted, for example, that in
the Indian Army in which revaccination is required every three years, no cases of
smallpox have been recorded despite prolonged and intimate exposure to the disease.
In Marsden's analysis of almost 14 000 variola minor casesle {(see following table)
few occurred among repuled revaccinees.

t should also be noted that the protection afforded by vaccine against a
fatal outcome from smallpox infection is more substantial and longer lasting

than protection against the disease itself.

3.6.2 Variola minor -

Imminity to variola minor after successful primary vaccination appears to
persist for an even longer period than for variola major. In Marsden's analysis
of 13 686 variola minor cases, almost 12 000 had never been vaccinated and only
seven cases gave evidence of having been vaccinated within 10 years; no hospital
personnel contracted the disease during the pericd of study. The data suggest
a high order of effectiveness for the vaccine although, of course, without knowing

the numbers of exposed perscns in the different categories, no estimates of
vaccine effectiveness can be calculated. )
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VARIOIA MIKNOR - 1928~19324

LONDON COUNTY COUNCIL - R{'iR AOSPITALS
(after Marsden ')

iiizzejaziﬁiaizifr:3 Number of cases occurring after:

revaccinationL Primary vaccination Revaccination Total

Never vaccinated 11 22

0-3 0

4-9 6 1

10-19 38 7 ne

20-29 147 P 152

50-39 204 209

40-4G 520 4 L

504 213 3 816

3.7 Complications followingrvaccination

As in the instance of the administration of any vaccine or drug, a small
number of complications may occur following vaccination. Most occur following
primary vaccination. Such complications are rare, as will be described later.
Vacecinia immune globulin and the antiviral drug, methisazone, are theught—to -be-
of therapeutic benefit in some cases although their relative efficacy is not
clearly defined and their availability is very limited. In general, therefore,
only supportive therapy for complications can be expected to be available.

3.7.1 Types of complications

3.7.1.1 Secondary infection

Secondary infection may sometimes occur at the vaccination site..  However,
it is well to recall that following primary vaccination a distinct, sometimes
angry appearing erythema which resembles erysipelas may develop; Ilymphangitis
and axillary lymphadenitis may occur; in most instances, such lesions contain
no bacteria and healing occurs gquite uneventiully.

Secondary infections due to staphylococci, streptococei, tetanus bacilli
and others sometimes occur. Occlusive dressings or, more commonly in many
tropical areas, the application of miscellaneous local potions such as cow dung,
masticated herbs, etc., favour the development of such infections.
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2.7.1.2 Post-vaceinal encephalitis

Encephalitis following vaccination is & rare evenl {secticn %.7.:2) and
occurs normally between the eighth and fifteernth day and does not diller from
that following a number of other infections. It is believed to rerresent a
hypersensitivity phenomenon rather than a central nervous sysiem inflectlion
per se. The disease may be associated with fever, headache, vomiting,
drowsiness, and sometimes paralyses, meningitic signs, coma and convulsions.
The cerebrospinal fluid usually shows an incresse in cells, Deatli may occur
in approximately one-guarter of thnose afflicted. Paralysis, when it occurs,
is general%y spastic in type but later may become flaccid. Recovery may—be
complete\e? residual paralysis and other central nervous system symptoms may
rersist.

Since encephalitis or sudden death due to other czuses is not an
uncommon event particularly among very young children, the occurrence of
encephalitis following vaccination does not necessarily represent encephalitis
caused by vaccination. Unfortunately, since disgnosis of cncephalitis as to
specific cause 1s often exceedingly difficult, scme cases aglmost certalnly are
erroneously attributed to vaccination when, in fact, another agent has been
responsible.,

3.7.1.3 Progressive vaccinia (vacecinia gangrenosa)

Progressive vaccinia is an exceedingly rare but usually fatal complication
associated with deficient immunity mechanisms, e.g. hyrogammaglobulemia,
agammaglobulinemia, disturbance of the normal immunity mechanism conseguent to
tumours of the reticulo~endothelial system (e.g. leukaemia) or application of
immunosuppressant drugs. The initial vaccinial lesion falls to heal and
progresses to involve adjacent skin with necrosis of tissue. Dissemination of

virus may result in metastatic vaccinial lesions in other parts of the skin,
bones or viscera.

3.T.1.4 Generalized vaccinia

Occasionally occurring after primary vaccination, a secondary eruption

may result from blood-borne dissemination of vaccinia virus. The lesions
become evident between six and nine days atfter vaccination; the number may
range from a few to a generalized involvement of the skin. Although resembling

vaccinial lesions, they are usually smaller and mere superficial and mature more
rapidly as a result of developing immunity in the individual. Although all
lesions may appear tc be at the same stage of development\&as in the instance
of smallpox), the distribution of the lesions dJdoes notlz%??espond wlith the usual
centrifugal distribution observed with variola nor do they have the same

consistency or palpation. The individual normally experiences a complete
recovery.

CWcmaut  sachimmns Yo cSupo oy (@EO
) S
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BeTeled Eczema vaccinatum

Bezema vacclnatum is a more serious complication and may occur in
persons with either active or healed eczema. It not infrequently occurs
among eczematous subjects who are in contact with recent vaccinees but who
have not themselves been vaccinated. The disease tends to localize at
‘sites where eczematous lesions are or have been present. Although
occasionally resembling smallpox because of the character of the lesions
and their occurrence in a single crop, the distribution of lesions is usually
different and, interestingly, the tip of the nose is usually free of lesions.
It is likely that comparatively few individuals with ecrema experience this
complication.

3.7.1.6 Autoinoculations or heterogenous vaccination

Autoinoculation occurs as a result of transfer of vaccinia virus from
the original vaccination site to other areas on the body. When transfer
of virus occurs at the time of vaccination as a result of transfer of vaccine
lymph remaining on the arm, the lesion at the secondary site will develop
essentially like the primary lesion with subsequent scarring. Vaccinia
virus may be transferred from the developing vesicle at a later time but
lesions which develop will mature more quieckly and will be more superficial.
Vaccinia virus may also be transferred to another person in an identical
manner to that occurring in autoinoculation. The nature oi the lesion will
vary depending on the immune status of the inoculated person. Persons with
eczema are particularly susceptible.

F3.Te1l.7 Foetal vaccinla

Less than 20 cases of foetal vaccinia have been recorded in the world's
literature; virtually all have been in women receiving primary vaccination.
Apparently, resulting from a blood-borne dissemination of vaccinia virus,
this complication can occur during any trimester of pregnancy and frequently
results in death of the foetus.

3.7.1.8 Other

A great variety of rashes have been reported to be caused by vaccination.

The most commonly reported include erythema multiforme and variously distri-
buted urticarial, maculopapular, blotchy erythematous eruptions. A great
variety of other complicatlions have been noted; many appear to represent
coincidental events unrelated to vaccination itself, Ls pointed out by one
observer,if one were to administer a drink of water to each of 1000 children
on any given day, almost certainly there would be a significant number of
"complications" over the next 12 to 14 days.

3.7.2 Frequency of complications

From time to time, great concern has been expressed in the popular press
regarding the great frequency of complications following vaccination. Such
‘reports have often emanated from anti-vaccinationists or well-meaning clinicians,
impressed by a single complication admitted recently to theilr practice. So
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disterted has this picture beccme in some areas that recently during an

outbreak in a non-endemic area,

a practising physician refused to administer

vaccine to household contacts of a smallpox case on the grounds that it was
more dangerous to these contacts than the disease itself.

Comprehensive data regarding the frequency of complications following

appliqatibn of currently used smallpox vaccine are available from few countries.

A survey conducted in the United States of America during 196515 showed the
following results for the more serious complications:

. R Post vaccinal Vaccinia Eczema
Number of e
Age vaceinations encephalitis necrosum vaccinatum
a a (No. of cases) | (o, of cases)| (No. of cases)
Primary
vaccinations 1 654 000 1 1 16
1-4 2 975 000 2 (1) 1 22
h-Q 1 847 000 7 (3) 3 14
10-19 448 000 1 (1) -
20+ 317 000 1 2 1
6 239 000 12 (5) 7 54
Revaccinations 1 - - - -
1-4 311 000 - -
5-9 1 572 000 - 1 1
10-19 2 438 000 - - 1
20+ 3 454 000 - - 1
7 775 000 - 2 3
Contacts i - - 8
1-4 - - 33 (2)
5-G - - 5
1C-12 - - -
20+ - - 8
- - 54 (2)
Note: Deaths are shown in parentheses,
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Several points should be noted: +*the number of notable complications
among revaccinees was negligible; among primary vaccinees, it was about
one per 100 000; seven deaths occurred, five of which were in primary
vaccinees and two in contacts. This 1s a rate of about cne in 1 CCO 000 \\
primary vaccinations. VM= Sswe wuwdelac LS %Qg;r«ua }ow ucwxrktcgﬁgenkg
ooe Mo \J\ILQ\\}\‘\LLK".

Studies of a somewhat different type conducted by Conybeare in the
United_Kingdoml and by the Ministry of Health in Canada reveal complication
rates of a similar order of magnitude.

3.8 Contra~indications to vaccination

3.8.1 General considerations

In endemic smallpox regions or in areas geographically proximate, the
comparative risk of vaccination is small indeed compared to the risk of small-
pox. When it 1s recalled that the mortality rate among unvaccinated persons
who contract VdPlO%&JmaJOP is 35-40 per cent. and among those who contract
variola minor abea%—97§~——1 O per cent., it is ev1dent that there can be few
contra~-indications to vaccination.

In most programmes, only individuals who are obviously severely acutely
ill are not vaccinated. These individuals are passed over principally
because of potential adverse response on the part of the populace should the
individual's disease prove fatal and the adverse outcome be attributed to
vacclnation.

Recent studies have clearly shown that newborns may be vaccinated with
safety and with a high frequency of primary takes.

Two studies have suggested that leprosy patients (particularly those with
the lepromatous form) undergoing primary vaccination may experience seven to
10 days later erythema nodosum leprosum reactions of the type observed during
leprosy treatment. However, recent observations from India and Burma contra-
dict this observation. Again, however, for persons with leprosy in endemic
areas thils 1s a comparatively insignificant problem contrasted to the risk of
the disease.

3.8.2 Conventional contra-indications to vaccine in non-endemic regions

In non-endemic countries not at serious risk of introduced smallpox, the
generally accepted contra-indications to vaccination include the following:
(1) immunologic disorders. (2) neoplastic disorders involving the reticulo-
endothelial system such as leukaemia, lymphomas, Hodgkin's disease, (3) conditions
Involving the use of corticosterolds, antimetabolite drugs, or radiation therapy,
(4) eczema in the child to be vaccinated or in siblings with whom close contact
carmot be avolded, and (5) pregnancy.



The first three conditions are, of course, rarc indeed. Screening for

such conditions in an endemic area and in the context of an intensive vaccina-
tion programme is impossible.

Eczema, on the other hand, is more Irequent but in the tropics is still
considered to be uncommonJ‘7 10 rare 18. Since the eczemalous child is subject
to inoculation from vaccinated siblings or playmates, he may be expected to be
exposed frequently during the course of a large-scale vacecination programme
even if not himself vaccinated. further, if left unvaccinated, he is exposed
to the more serious eventuality of the disease itself. In intensive vaccina-

tion programmes in endemic areas, it would seem Lo be mcre prudent to
vaccinate such children.

Complications among women vaccinated during pregnancy are rare indeed and
are of little consequence compared to the risk of contracting smallpox. Among
women vaccinated during pregnancy, there may be a slight increase in the
abortion rate although various studies have provided contradictory results.,
There is no apparent increase in the frequency of congenital malformations.
Vaceinia in the foetus, apparently as the result of blood-borne transmission
of virus, has been recorded in 17 instances only. Virtually all cases
concerned women vaccinated for the first time. On the other hand, as Raol9

has shown, the pregnant woman who contracts smallpox is at very serious risk
of a fatal outcome.

SMALLPOX CASE FATALITY RATES IN PREGNANT AND
NON~PREGNANT WOMEN, AND MALES, 15-/l5 YERARS
OF AGE, MADRAS, INDIAZ

Pregnant women | Non-pregnant women |Adult males
(om) (348) (5c2)
Vaccinated 21% i : 2
Unvaccinated T55% 265 oN%
2 After Rao 19.

3.9 Simultaneous administration of smallpox vaccine with other immunizing
agents

Smallpox vaccine has been and is now routinely administered at the same
time as a number of inactivated antigens including those for diphtheria,
pertussis, tetanus, typhoid and poliomyelitis, The safety and efficacy of
this procedure is well documented.
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Smallpox vaccine has been administered to individuals receiving
simultaneously each of the following live immunizing agents: BCG, yellow
fever vaccine, measles vaccine and oral polio vaccine, None of these
combinations of vaccine appear to have resulted in unusual adverse effects.
Serological responses have, in all instances except one, proved to be eguiva-
lent to those observed when the vaccines are administered singly. The single
exception has occurred when smallpox and yellow fever were mixed prior to
administration and given at a single site; in this instance the serologlcal
response to yellow fever vaccine was somewhat impaired.

FPew studies have been carried out which have explored ithe possibility
of‘giving three or more live antigens simultaneously. Meyer et al. have
reported regarding successful simultaneous administration of yellow [lever,
smallpox and measles vaccine to a number of African children. Although it
appears probable that four or even five live agents may be simultaneously
administered with both safety and efficacy, pilot studies should precede their
general application. If BCG and smallpox vaccine are to be simultaneously
administered, it would seem prudent to perform the inoculations in opposite
‘arms. Different sites should be used for administration cf each of the other
live antigens - these sites may, however, all be in the same arm.

3.9.1 With BCG

Simultaneocus administration of BCG and smallpox vaccines from the time of
birth has been shown to be safe and effective.

Moodie & Cheng21 reported on concurrent BCG and smallpox vaccination
(both by multiple pressure technique) in 300 000 newborn infants in Hong Kong.
No complications occurred. They concluded that BCG had no effect on the
primary take rate while the Mantoux conversion rate and BCG reactions compared
favourably with results others have reported when BCG was given alone. In—the
sub—gpeup,jiﬁe following results were obtained:

SMALLPOX AND BCG VACCINATION RESULTS IN NEWBORN INFANTS
GIVEN SIMULTANEOUS BCG AND SMAILPOX VACCINATIONSZ

: P
Number PimarY smgllpox BCG conversion rate
Group newborns vaccinatlon (Mantoux test 5 mm)
take rate
1. Smallpox and )
BCG at birth : 486 92% 95%
2. Smallpox only
at birth 500 4% -
3. BCG at birth
smallpox at 523 - 7%
three weeks

2 Adapted from Moodie & Cheng 21.
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A second study22 was conducted in Taiwan in 696 newborns divided into
three equal groups who received, respectively, (1) simultaneous vaccination
(opposite arms) with smallpox and BCG vaccines, (2) BCG only, and (3) smallpox
vaccine only. No differences were observed with respect to smallpox vaccina-
tion between the group given the vaccines simultaneously and the group given
smallpox vaccine alone. Primary take rates, the freguency distribution of
the size of vaccination reactions and the response to revaccination at 12 weeks
were the same in each group. Tuberculin tests at 12 weeks gave a normal
distribution in the size of tuberculin reactions. There were no complications
following BCG vacecination; there were five mild smallpox vaccination complica-
tions: +three in the "simultaneous" groups (two generalized vaccinia, one large
local reaction) and two in the ' smallpox only" group (one generalized Vd001nia,
one large local reaction). All recovered without difficulty.

3.9.2 With yellow fever vaccine

In Africa, smallpox and yellow fever (Dakar strain) vaccines have been
administered simultaneously by scarification for many years. The frequency
of serious reactions is reported to be no more fregquent than after admini-
stration of Dakar strain yellow fever vaccine alone 22, Meyer similarly
observed no serious reactions following simultanecus administration of 17-D
yellow fever vaccine and smallpox vaccine when given by Jjet inoculation to 200
African children 0. 1t has been noted, however, when these two vaccines are
mixed and administered at a single site that seroconversions for ye&low fever
are reduced from 95-100 per cent. to a level of 30-85 per cent °

not observed when the vaccines are administered at the same time but at
different sites in the same extremity.

Such is

3.9.3 With measles vaccines

A number of studies have been conducted in which measles vaccine (various
strains including the Edmonston, Schwarz and %eckenham) and smallpox vaccine
have been administered simultaneously 20,25,2 The febrile responses
observed have generally been somewhat greater than when either agent was
_administered alone; the responses, however, were much less than additive.
Significantly fewer and less marked febrile responses were observed when the

more attenuated" measles virus vaccines (i.e. Schwarz and Beckenham 31 strain)
were employed. Serological responses were essentially the same as when these
agents were administered singly. These two vaccines are now being admini-
stered simultaneously throughout West Africa as rountine practice.

3.9.4 With poliomyelitis vaccine {(oral)

In many areas where oral poliomyelitis vaccine 1s available, smallpox
vacecine is administered concurrently. No unusual adverse reactions have been

noted. Serological gesponses with respect to either agent do not seem to be
in any way impaired
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GENERAL CONSIDERATIONS

Since the Re%uirements for Smallpox Vaccine (Requirements for Biological
Substances No. 5)° were published in 1959, there have been advances in produc-
tion and control which necessitate modification of the requirements.g Further-
more, there has been a meeting of a WHO Expert Committee on Smallpox® and some
of the recommendations of that Committee suggest the need lor modification of
these requirements.

The recommendations of international requirements for smallpox vaccine
is complicated by the fact that a number of different manufacturing and
testing procedures are in use in various countries. The procedures differ in
the vaccinia virus strain used, the preservatives added, the form in which the
vaceine is issued, the methods for testing the potency, and the animal or
tissues used for growing the virus. ‘

The origin of the different strains is not known. Some vaccine strains
are more pathogenic for man than others and since there is no evidence that a
strain producing severe local lesions and marked systemic disturbance confers
better protection than strains producing milder clinical reactions, the less

Wld Hlth Org. techn. Rep, Ser., 1959, 180.

Wld Hlth Org. techn. Rep. Ser., 1964, 283,
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pathogenic strains giving satisfactory immunity should be preflcerred for
vaccine production. Further studies should be made cof the various strains
used and the vaccine obtained by different procedures. The local systemic
reactions after vaccination and revaccination in the field should be
compared in order to test the validity of the present requirements for virus
strains. Studies on: lhe antigenic and immunogenic properties of strains in
relation to their reactivity would be useful and the genetic characters of
these strains shoulid be investigated.

Smallpox vaccines prepared in the skin of living animals have been in
world-wide use for generations and considerable evidence has been accumulated
on the protective value of vacecination with this type of vaccine. Adequate
precautions must be taken, however, to ensure that no infectious agent trans-
missible to man exists in the animal. More recently, vaccine prepared by
growing the virus in the developing chick embryoc has come into use, but
although this type of vaccine has certain advantages, there is, as yet, only
limited information on its efficacy and safety in the field, and on the
duration of the immunity which it induces. As a result of the advances in
tissue-culture techniques, an increasing interest has now developed in the.
use of such cultures for production of vaccilne, Further investigations cf
smallpox vaccine prepared in this way are highly desirable in order that
information may be collected over a sufficient period to permit a final evalua-
tion of its efficacy and safety.

It is recognized that prolonged repeated passage of a virus strain in
tissue culture or on the chorio-allantolc membrane may reduce its immunogenic
property. The seed lot used for inocculating the tissue cultures or eggs for
vaccine production should not be more than five passages removed from the
animal host to which the virus was adapted. When eggs or tissue derived from
chick embryos are used, the eggs must be cbtained from a flock free from avian
leucosis viruses. Similarly, tissue culiures should be free from known .
advantitious agents. It has been reported that smallpox vaccine prepared in
human diploid cell stirains has been used on an experimental scale,

Some observations suggest that vaccines of relatively low potency, though
adequate for primary vaccination, may be inadequate for revaccination.
Evidence of consistent successful revaccination in comparison with a suitable
reference vaccine should be obtained before a vaccine produced on a new tissue
is accepted. In the present requirements for virus concentration, full stress
has been laid on the enumeration of pock-forming units in the chorio-allantoic
membranes of chick embryos, as it is only with this test that the results have
been correlated with the results of vacecination and revaccination in man.

Iiquid vaccines deleriorate rapidly at moderately high atmospheric tempera-
tures and on exposure to sunlight, Since a more stable product can be obtained
by freeze-drying, the production of vaccine in a dried form should be preferred
for hot countries and where transport or refrigeration is difficult. The use
of freeze-dried smallpox vaccine is particularly important in extensive
vaccination programmes involving several countries and every effort shoculd be
made to develop methoeds for producing large quantities of freeze-dried vaccine
that conform to the requirements recommended for international use.
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The present requirements have been formmulated prirncipally to cover
vaccines intended for administration by the multiple crressure or single scratch
method of vaccination.

Each of the following sections constitutes a recommerdation. The parts
of each section which are printed in large ityoe have been written in the form
of requirements so that, if a health administration so desires, these parts
as they appear may be included in definitive national recuirements, The
parts of each section which are printed in small type are comments and recom-—
mendations for guidance

Should individual countries wish to adopt these requirements as the basis
of their national regulations concerning smailpox vaccine, it is recommended
that a clause be included which would permit modifications cf manufacturing
requirements on the condition that it be demonstrated, to the satisfaction of
the national control authority, that such modified requirements ensure a degree
of safety and a potency of the vaccine at least ecual to those provided by the
requirements formulated below. It is desirable that the world Health
Organization should then be informed of the action taken.

The terms "national control authority" and "national control laboratory",
as used in these requirements, always refer to the country in which the vaccine
is manufactured.

PART A. MANUFACTURING REQUIREMENTS

1. Definitions

1.1 Intefnational name and proper name

The international name shall be "Vaccinum variolae"”. The proper name

shall be the equivalent of the international name in the language of the country
of origin.

1.2 Descriptive definition

Vaccinum variolae is a fluild or dried preparation of vaccinia virus grown
in the skin of living animals or in the membranes of the chick embryo or in
in vitro cultures of suitable tissues. The preparation shall satisfy all the
requirements formulated below.

1.3 International standard and reference preparations

The International Reference Preparation of Smallpox
Vaccine (established in 1962) is dispensed in ampoules con-
taining 14 mg of freeze-dried smallpox vaccine,
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This reference preparation is in the custody of the
International Laboratcry for Biological Standards, Statens
Seruminstitut, Copenhagen, Samples are distributed free
of charge on request to national control laboratories.

The international reference preparation is intended for the
calibration of national reference preparations for use in
the manufacture and laboratory control of smallpox vaccine.

The provision of an international standard for anti-
smallpox serum is at present the subject of an international
collaborative study sponsored by the World Health Organiza-
tion. Such a standard ian be used for the assay of variocla
and vaccinia antibodies.

1.4 Terminology

Primary seed lot: A guantity of virus adapted to, and grown on the skin
of a living animal, which has been processed together and has a uniform
composition, :

Secondary seed lot: A quantity of virus grown in the skin of living
animals or in the chorio-allantoic membranes of chick embryos or in tissue
cultures, which is uniform with respect to composition and is not more than
five passages removed from a primary seed lot.

Single harvest: A quantity of material harvested from one animal or a
quantity of material harvested from a group of chick embryos or tissue cultures
inoculated, incubated and harvested together.

Bulk material: The material at any stage after harvesting and before
filling into final containers. Bulk material may be prepared from one or a
number of single harvests.

Final bulk: A quantity of vaccine after completion of preparations for
filling and present in the container from which the final containers are filled.

Filling lot (final lot): A collection of sealed final containers that are
homogeneous with respect to the risk of contamination during filling or drylng.
A filling lot must, therefore, have been filled in one working session and (if
applicable) have been dried together.

Pock-forming unit: The smallest quantity of virus suspension that will
produce a single pock on the chick chorio~allantoic membrane.

Plaque~forming unit (PFU): The smallest quantity of virus suspension that
will produce a single primary plaque in monolayer cell cultures.

1
The International Standard for Anti-Smallpox Serum was established by the eighteenth

WHO Expert Committee on Biological Standardization (W1ld Hlth Org. techn. Rep. Ser., to be
published) - Ed.
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2. General manufacturing requirements

The general requirements for manufacturing establishments contained in
the revised Requirements for Biological Substances MNo. 1 (General Requirements
for Manufacturing Establishments and Control Laboratories) shall apply to
establishments manufacturing smallpox vaccine,

3. Production centrol

Jal Control of source materials

%,1.1 Virus strains

The strains of virus used in the production of all seed lots shall be
identified by historical records. They shall have been shown to the satis-
faction of the national control authority to yield immunogenic vaccines which
produce typical vaccinal lesions in the skin of man followed by insuscepti-
bility to subsequent challenge by revaccination with a strain of virus known
to protect man against variola. The strains shall produce a characteristic
vesicular eruption in the skin of rabbits and reproducible characteristic
pock lesions in the membranes of chick embryos. In addition, the vaccine
strains shall be characterized by serological tests and animal inoculation.

Records shall be maintained of all tests made periodically for verifica-
tion of strain characters.

The strain used for vaccine production should be one that
has never shown a greater tendency to produce generalized
lesions or lesions of the nervous system in either man or
animals than other strains of vaccinia virus which have been
in general use for many years and have been found to be satis-
factory without producing severe local lesions and marked
systemic disturbance. Strains of so-called "neurovaccine"
should be excluded.

3.1.2 Animals or tissues for the production of seed virus and vaccine

Only healthy animals or tissues from healthy animals, susceptible to
ectodermal inoculations with vaccinia virus, or chick embryos obtalned from
healthy flocks shall be used for vaccine production. They shall conform
to all the requirements given in Part A, section %.2 of these requirements.
If cell cultures are used for vaccine production they shall be shown to be
free from detectable adventitious agents.

Different species of animals may be used for vaccine
production or for preparing seed virus, Calves, sheep,
buffaloes, donkeys and rabbits are used successfully in dif-
ferent countries,

The chorio-allantoic membrane of the developing chick
embryo and tissues from the embryos or young animals of
susceptible species have also been found suitable for virus
propagation.
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3103 Seed lot system

A primary seed lot shall be used as original material for the preparation
of a secondary seed lot, The secondary seed lot shall be not more than five
passages removed from a primary seed lot. If vaccine is produced in the skin
of a living animal the secondary seed lot shall be prepared from the primary
seed lot without passage in chick embryos or tissue cultures. Vaccines shall
be prepared from a seed lot without intervening passage.

Seed lots should be maintained either in dried, frozen, or
glycerinated form. If a glycerinated seed lot is used it should
be Kept continuously at a temperature below 0°C.

3.1.4

Tests on seed lots for the presence of extraneous micro-organisms

The seed lot, in the dilution used as inoculum for the production of
vaccine in the skin of animals, shall satisfy the requirements of Part A,
section 3.3.4 of these reguirements.

The seed lot used for the production of vaccine in chick embryos or in

tissue cultures shall, after rehydration if applicable, satisfy the reguire-
ments of Part A, section 3.3.5.

3.2 Production precautions

The general precautions as formulated in the requirements of Part A,
section 3 of the revised Requirements for Biological Substances No. 1 (General
Requirements for Manufacturing Establishments and Control Laboratories) shall
apply to the manufacture of smallpox vaccine with the addition of the following:

3.2.1 Vaccines produced in the skin of living animals

The animals shall be freed of ectoparasites, and each animal shall be kept
in quarantine under veterinary supervision for at least two weeks prior to the
inoculation of the seed virus. Before inoculation the animals shall be cleaned,

and thereafter kept in scrupulously clean stalls until the vaccinal material is
harvested.

The use of bedding, unless sterilized and changed frequently
should be avoided. The stalls, including feed boxes, should be
designed so as to make cleaning easy, and dust-producing food
should be avoided,

During a period of five days before inoculation and during incubation the
animals shall remain under veterinary supervision, they shall remain free from
any sign of disease, and daily rectal temperatures shall be recorded. If any
abnormal rise in temperature occurs, or if any clinical sign of disease is
observed, the production of vaccine from the group of animals concerned shall be
suspended until the cause of these irregularities has been resolved., The prophy-
lactic and dlagnostic procedures adopted to exclude the presence of infectious
disease shall be submitted for approval to the national control authority.
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According to the species of animal used and the diseases
to which that animal is liable in the country where the vacecine
is being produced, the prophylactic and diagnostic procedures
to be used will vary. They must exclude the possibility of
transmitting diseases within the country where the vaccine is
prepared, but consideration should also be given to the danger
of spreading diseases to other countries or continents to which
the vaccine may be shipped.

Special attention should always be given to foot-and-mouth
disease, brucellosis, Q fever, tuberculosis, and dermatomycosis,
but in some areas it will be necessary to consider diseases such
as contagious pus*tular dermatitis {orf). pulpy kidney disease,
sheep pox, anthrax, rinderpest, haemorrhagic septicaenia,

Rift Valley fever, and many others,

The inoculation of seed virus shall be made on such parts of the animal
as are not liable to be sciled by urine and faeces. The surface used for
inoculation shall be so shaved and cleansed as to procure tne neagrest possible
approach to surgical asepsis. If any antiseptic substance deleterious to the
virus is used in the cleaning process it shall be removed by thorough rinsing
with sterile water prior to inoculation. During inoculation, the exposed
surface of the animal not used for inoculation shall be covered with sterile
covering.

Many workers prefer to inoculate the ventral surface of
female animals. If male animals are used this area is more
liable to soiling by urine and faeces than the flank, which
may be equally susceptible to vaccinia virus and easier to
keep clean, especially since the animal tends to rest on the
uninoculated side.

It is recommended that narcotic or anaesthetic drugs be
used to save the animal from unnecessary discomfort and pain
during the process of shaving, cleaning and inoculation,

After inoculation the area may be covered with suitable
antibiotics.

Before the collection of the vaccinal material, any antibiotic shall be
removed and the inoculated area shall be subjected to a repetition of the
cleaning process. The uninoculated surfaces shall be covered with sterile
covering. ’

Before harvesting, the animal shall be killed painlessly. The animals
shall be exsanguinated before harvesting to avoid heavy admixture of the
vaccinal material with blood. :

The vaccinal material from each animal shall be collected separately
with aseptlic precautions.

All animals used in the production of vaccine shall be examined by
autopsy. If evidence of any generalized or systemlic disease other than
vaccinia is found, the vaccinal material from that animal shall be discarded.
If the disease is considered to be a communicable one, the harvest from the
entire group of animals exposed shall be discarded.
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3.2.2 Vaccines produced in the chick embryo

Only eggs from flocks known to be free from disease, including avian
leucosis, shall be used.

In particular, it is desirable that the eggs should be
derived from flocks free from Salmonella pullorum, Mycobacterium

tuberculosis, Rous virus, mycoplasma and other agents pathogenic
for chickens,

Living embryos after incubation for a suitable period shall be inoculated
with seed virus which satisfies the requirements of Part A, sections 3.1l.3 and
3.1.4 of these requirements. After further incubation for a suitable pericd,
the vaccinal material shall be harvested with aseptic precautions.

3,2.3 Valcines produced in tissue culture

Only primary tissue cultures from animals known to be free from disease
shall be used. The virus shall be grown and harvested with aseptic precautions.
No material of human origin shall be added to the cultures at any stage.

Suitable antibiotics in minimum concentrations required for

sterility may be used but the use of penicillin and streptomycin
should be prohibited,

3.0 Control of the bulk material

3.3.1 Initial treatment

The vaccinal material harvested from the skin of each animal shall be
subjected to a treatment designed to reduce its content of living extraneous
micro~organisms, if this is necessary, to satisfy the requirements of Part’A,

section 3.3.4 of these requirements. No antibiotics shall be added to the
bulk material.

If the vaccine is intended for issue in the liquid form,
this treatment may consist of the addition of glycerol or other
suitable diluent, with or without an antibacterial substance,
and temporary storage at a suitable temperature.,

If the vaccine is intended for issue in the dried form, the
treatment may consist of the addition of a suitable antibacterial

substance and/or of the removal of micro-organisms by centri-
fugation,

Vaccinal material collected from chick embryos or tissue
cultures does not need such treatment, but glycerol and/or an
antibacterial substance should be added as a precaution against
later contamination,

1t is recognized that antibiotics are used in the prepara-~
tion of vaccines from tissue cultures, but in general the
addition of antibioties to smallpox vaccine should be discouraged.



ITI->7

Anr.ex
3.2.2 Final bulk

After the initial treatment, vaccine intended for issue
in the liquid form may be made up by dilution of bulk material
with glycerol and/or another suitable diluent.

Vaccine intended for issue in the dried form may be sub-
jected to additional processes before dilution of the bulk
material,

Before making up a final bulk, it is advisable to do

preliminary tests on the single harvests for potency and for
the presence of living extraneous micro-organisms.

N
3.3.3 Tests for virus concentration on the final bulk

The final bulk shall pass the test for virus concentration described in
Part A, section 5.2.1.

3.3.4 Tests for the presence of living extraneous micro-crganisms in the
final bulk prepared in the skin of living animals

The final bulk shall pass the following tests for the presence of living
extraneous micro-organisms, unless these tests nave already been passed by
each of the single harvests represented in the final bulk.

3.35.4,1 Tests for total bacterial content

Suiltable dilutions of the final bulk shall be made In a suitable diluent
not deleterious to living bacteria. At least three l-ml samples of each
dilution shall be cultured on nutrient-broth-agar plates. The plates shall be
incubated for 72 hours between 15°C and 20°C and for a further periocd of 48
hours between 35°C and 3700. From the number of colonies appearing on the
plates the number of living bacteria in 1 ml of the final bulk shall be calcu-~

lated. If this number exceeds 500, the final bulk shall be subjected to
further treatment or be discarded.

Suitable control plates containing higher dilutions of the final bulk
shall be included in this test in order to make sure that the number of

colonies appearing on the test plates has not been influenced by the inhibitory
action of any preservative present in the final bulk.

3.3.4,2 Test for the presence of Escherichia coli

At least three 1-ml samples of a 1:100 dilution of the final bulk shall be
cultured on plates of a medium suitable for differentiating E. coli from other
bacteria. The plates shall be incubated for 48 hours at 359C to 37°C. Ir

E. coli is detected, the final bulk shall be sutjected to further treatment
or be discarded.

The presence of E., coli in this test might indicate a
heavy faecal contamination,
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3.5.4.3 Test ror the presence of haemolytic streptococci, coagnlase-positive
staphylococei, or any other pathogenic micro-organisms which are
known to be harmful iIf introduced into the human body by the process
of vaccination

At least three 1l-ml samples of a 1:100 diluticn of the final bulk shall
be cultured on plates of blood agar. The plates shall be incubated for 48
hours at 35°C to jYOC and the colonies appearing shall be examined,

If any of the organisms mentioned are detected, the final bulk shall be

subjected to further treatment or be discarded. -

In some countries culture of the final bulk in salt
meat broth is made for the purpcse of detecting staphylococci.

3.3.4.4 Test for the presence of Bacillus anthracis

Any colony seen on any of the plates used in the tests described in
Part A, sections 3.3.4.1, 3.3.,4.2 and 3.3.4.% which morphologically resembles
B. anthracis shall be examined. If the organisms contained in the colony are
non-motile, further tests for the cultural character of B. anthracis shall
be made, including pathogenicity tests in suitable animals. If B. anthracis
is found to be present, the final bulk shall be discarded.

In countries where anthrax presents a serious risk, this
test should be based on a larger number of colonies.

P54 ,5 Test for the presence of Clostridium tetanl and other pathogenic
spore-forming anaerobes

A total volume of not less than 1 ml of the final bulk, taken preferably
from the depth of the bulk and not from the upper surface, shall be distri~
buted in equal amounts into 10 tubes, each containing not less than 10 ml of
a medium suitable for the growth of anaerobic micro-organisms. The tubes shall
be held at 65°C for one hour in order to reduce the content of non-spore-

forming organisms, after which they shall be incubated for at least one week
between 35°C and 37°C.

From every tube showing growth, subcultures shall be made on to plates
of a suitable medium which shall be incubated anaerobically at the same tempera-
ture. All anaerobic colonies shall be examined and identified and if

Cl. tetani or other pathogenic spore-forming anaerobes are present the final
bulk shall be discarded.

Organisms resembling pathogenic Clostridia found in the
tube culture from which the subculture was made may be tested
for pathogenicity by inoculation into animals as follows:
groups of not less than two guinea-pigs and five mice are used
for each tube culture to be tested. 0.5 ml of the cultures
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is mixed with 0.1 ml of a freshly prepared four per cent.
solution of calcium chloride and injected intramuscularly into
each of the guinea-pigs; 0.2 ml ¢f the cultures mixed with
0.1 ml of this calcium chloride sclution are inlected intra-
muscularly into each of the mice, Trhe animzls are observed
for one week. If any animal develops symptoms of tetanus, or
if any animal dies as a result of infection with spore-forming
anzerobes, the final bulk should be discarded.

If other methods are used for this test, they should have
been demonstrated, to the satisfaction of the national control
authorities, to be at least equally erffective for detecting the

presence of Cl, tetani and other pathogenic spore-forming
anaerobes,

3.3.5 Test for bacteriological sterilily ol the final bulk prepared in chick
embryos, or in tissue cultures

Fach final bulk shall be tested for bacterial sterility according to the
requirements given in Part A, section % of Feguirements for Biological Substances
No. 6 (General Requirements for the Sterility of Riological Substances).™

If growth appears in any of the cultures the findl bulk shall be discarded
or the test repeated. The final bulk shall be discarded 1f the same type of
organism appears in more than one test, but no final bulk shall be passed
unless the final test shows no growth throughout.

4, Filling and containers

The requirements concerning filling and containers given in Part A,
section 4 of the revised Requirements for Biological Substances No. 1 (General
Requirements for Manufacturing Establishments and Control Laboratories) shall
apply with the addition of the following:

All containers of the final vaccine shall be shown to be sterile before
filling and shall be made of a material demonstrated, to the satisfaction of
the national control authority, to have no deleterious effect on the vaccine.

In some countries, contalners of liquid vaccine may not be hermetically
closed; if this is permitted the form of closure shall be submitted to the
national control authority for approval.

Containers of dried vaccine shall be hermetically sealed under vacuum
or after filling with pure, dry, oxygen-free nitrogen or any other gas .not
deleterious to the vaccine.

All hermetically sealed containers shall be tested for leaks after sealing.
All defective containers shall be discarded.

Single- and multiple-dose containers may be used. Each
container of dry vaccine should be issued together with an
ampoule of sterile reconstituting fluid. This fluid may con-
tain glycerol and/or some suitable antiseptic substance. The
containers should be issued in a form that renders the process
of reconstitution as simple as possible.

! wia Hith Org. techn, Rep. Ser., 1960, 200, 13.
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5. Control tests on final product

5.1 Identity test

An identity test shall be performed on at least one labelled container
from each filling lot by appropriate methods.

The test for virus concentration as described in Part A,

section 5,2,1 of these requirements may serve as an identity
test.

A test may also be made in the scarified skin of rabbits.
Suitable dilutions of vaccine are applied on scarified areas
of skin, After four to seven days the vaccine should produce
lesions characteristic of vaccinia,

5.2 Tests for virus concentration on vaceine in final containers

A test for virus concentration shall be made on eacn filling lot in
accordance with the requirements described in Part A, section £.2.1 of these
requirements. Dried vaccine shall be reconstituted to the form in which
it is to be used for human inoculation before the test is made.

Tests should be done in parallel with a reference vaccine
which has been calibrated againsf the international reference
preparation of smallpox vaccine.

5.2.1 Test for virus concentration in membranes of chick embryos

A{ least 10 chick embryos, each of about 12 days' incubation, shall be
divided into two equal groups. To the chorio-allantoic membrane of each
embryo of the first group, 0.1 ml or 0.2 ml of a sultable dilution of the
vaccine shall be applied. To the membrane of each of the second group of
embryos 0.1 ml or C.2 ml of another suitable dilution of the vaccine shall
be applied. After the optimal time of incubation the total number of
discrete specific lesions shall be counted on the membrane of each embryo.
The dilutions shall be so chosen that the membranes of at least one of the
groups yield countable numbers of lesions exceeding 1C per membrane. From
the number of lesions counted in this group and from the dilution and volumes
used, the number of pock~forming units in 1 ml og the undiluted vaccine shall
be calculated. This number shall exceed 1 x 107,

It has been shown that the severity of systemic reactions
after successful vaccinations in young adults is related to the
virus strain rather than to the number of pock-forming units
present in the dose of vaccine applied,

1

The purpose of using a reference vaccine is to ensure that the system used has
adequate sensitivity. The International Reference Preparation of Smallpox Vaccine
when reconstituted with 1 ml of fluid per_ampoule has been shown in a number of different
laboratories to have approximately 1 x 10¥ pock-forming units per ml, - Ed.
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5.2.,2 Other tests

Tests for virus concentraticn in the scarified skin of
rabbits may also be used provided it has been shown that the
results correlate with those obtained using the membranes of
chick embryos.

In some countries tests are made in tissue culture either
by counting the number of plaque-forming units per ml of vaccine
or by determining the dilution of vaccine which will produce
cytopathic effects in 50 per cent, of tissue cultures, More
experience should be gained in the use of these tests and in the
relationship of the results to those obtained in the test per-
formed in chick embryos before these tests alone can be used for
determining virus concentration.

5.3 Tests for the presence of extraneous living micro-organisms in the

vaccine in final containers

Not less than four final containers (or not less than 10 if single-dose
containers) giving a total pooled volume of not less than G.5 ml shall be
taken at random from each [illing lot in such a manner that all stages of the
filling from the bulk container shall be represented. Dried vaccine shall be
reconstituted to the form in which it is to be used in human inoculation.

The vaccine thus collected shall pass the test described in Part A, section

3.3.4.1 or 3.3.5 of these requirements, whichever is applicable.

5.4 Innocuity test

Each filling lot shall be tested for abnormal toxicity by appropriate
tests involving injection into rabbits. The tests shall be approved by the
national control authority.

Mice and guinea-pigs may also be used for this test.

5.5 Heat-resistance test on dried vaccine

At least one contalner of dried vaccine from each filling lot shall be
incubated at a temperature of not less than 57OC for not less than four weeks
and tested for virus concentration. The vaccine passes the test if the
requirements described in Part A, section 5.2.1 are fulfilled and at least one
tenth of the virus concentration is retained. ’

In some countries a more rapid stability test is made by
heating the vaccine to 100°C for one hour. The vaccine passes
the test if at least one tenth of the virus concentration is
retained.

5.6 Preservatives and other substances added

No antibiotics shall be added to smallpox vaccine,

If the liquid vaccine or reconstituted dried vaccine contains preserva-
tives or other added substances such substances shall have been shown, to
the satisfaction of the national control authority, to have no deleterious
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effect on the product in the amounts prisent and to cause no untoward
reactions in vaccinated subjects. I'f phenol is present, its concentration
shall not exceed C.5 per cent, Further, the substance used shall fulfil
the requirements of the International Pharmacopoeia or a pharmacopoeia
approved by the national control authority.

6. Records

The requirements given in Part A, section 6 of the revised Reguirements
for Biological Substances No. 1 (General Requirements for Manufacturing
Establishments and Control Laboratories) shall apply.

T Samples

The regquirements given in Part A, section 7 of the revised Requirements
for Biological Substances No. 1 (General Requirements {or Manufacturing
Establishments and Control Laboratories) shall apply.

8. Labelling

The requirements given in Part A, section 8 of the revised Requirements
for Biological Substances No. 1 (General Requirements [or Manufacturing

Establishments and Control Laboratories) shall apply with the addition of
the following.

The leaflet accompanying the package shall include the following
information:

the tissue or animal in which the vaccine was prepared;

any antibiotics used in the preparation of the vaccine (except such
antibiotics as may have been applied to the skin of inoculated
animals and removed before harvesting);

if the vaccine is in the dried form, a statement that, after rehydration
of the dried vaccine, the vaccine shall be used within 24 hours or

within seven days if it can be stored under conditions in which potency
and sterility can be maintained.

. Instructions for the use of dried vaccine when issued
B in a container hermetically sealed under vacuum should specify
the precautions to be taken when opening a container in order
to avoid dispersion of the vaccine into the surroundings.

9. Distribution and shipping

The requirements given in Part A, section 9 of the revised Requirements
for Biological Substances No. 1 (General Requirements for Manufacturing
Establishments and Control Laboratories) shall apply.
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The statements
on the label and the
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rec Iy Fert &, section 4 of trese
requirements, shall be based on exrerimental evidercoe ard shanll be submitted
f'or approval to tie nellc

w0 2orntrol authority.

1C.1 Storage cconditions
Refore being distrituted by the porufacturing estacl)isrment, or vefore
being lssued from a deuwc  Ior the oz e of vaccine, all

lignid vaccines in Gtheir final cenos
ature below -1C°C, and =21l dried
temperature below +1C°C,

<
J
ainers at a

10.2  Expiry date

The date arfter whic- liguid v- :cine may not be used shall be not more
than 12 months after passing the 1.3t test for virus concentration., The
date after which dried vaccine may noi be used shall be rno: more than 36

months after passing the last test ['or virue concentration. The expiry
date shall not, however, be more than uh.ree months reor iilguid vaccine or
more than 12 months for dried vaccine {rom ine date on wihiich the vaccine was
issued by the manufacturer or from = depot.
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