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1. INTRODUCTION

The World Health Organization oversees the quality control of BCG vacclne
via a system which includes regular testing of products by im vitro tests and
clinigaul trials. Three parent strains of BCE (Glaxo-1077, Tokyo—-172, and
Fasteur—1173P2) account for over 90% of the vacclnes currently in use world
wide. Characteristics of the vaccine preparations are summarized, along with
known physical—chemical propertiaes of preparations. In cases where diagnostic
criteris of tuberculosis ave stringent, there 1s no evidence of differing
efficacy among preparations when vaccine 1s administered to newborns; the
incidence of BCG-assoclated adverse reactions doeg cortelate with preparation,
however. Other factors including dose, administration technique, and recipient
characteristics are algc lmportant in vaccine-assoclated reactions.

2. HISTORY OF WHO-SPONSORED INTERNATIONAL QUALITY CONTROL OF BCG VACCINE

The involvement of WHO in quality contrel of BCG vacclne began after the
Second World War when WHO took over responsibility for the large-scale
internarional BCG vaccination progtammes using liquid vaccine. Since that time,
the gystem for qualicy control of BCG vaceine has undergone changes, as has the
vaceine's production and testing. The purpose of this paper is to summarize the
information gained from studies on efficacy, adverse reactions, and quality
contrel, In order to provide a reference for future activities to maintaln and
lmprove the quality of the vaccine.

In 1974 the twenty-seventh World Health Assembly (viz Resolution WHA 27.54)
reaffirmed the importance of quality control of BCG vaccines and recommended
that all member countries producing or importing BCG vaccine use the
international quality control system set up by WHO “until they have established
a competent national control service.”® All producers of freeze-dried vaccine
supplied by or through UNICEF were already using this system, which consisted of
evaluation in international reference laboratories and centres both by
laboratory experiments and by clinical testing. A description of this system
can be found in WHO/TB/Technical Guide/77.8, “"WHO-Sponsored International
Quality Control of BCG Vaccine."”

The system was baged on keeping the number of ECG productionm and control
centres to a minlmum. Quality control testing is coordinated by the BCG Section
of the Quality Control Department of the Statens Seruminstitut in Copenhagen;
tralning of staff in the production and control of BCG vaccine also takes place
in Copenhagen.

——

8Tn the future, it is expected that responsibility for quality of individual
vaccines will be shifred almost exclusively to National Control Authorities.

| )
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This international system was originally set yp by the Tuberculosis Unit in
WHO, but by 1976 responsibility for in vitro assays had been transferred t¢ the
BiDlogicals Unit, and, in December of 1982, all responsibility for intersational
quality control of BCG was transferred to Blologicals., The Statens
Beruminstitut has continued to coordinate quality control of BCG with assistance
of three to four collaborating laboratories in Europe and Asila, aund of the :Pan
American Zoouoses Center {CEPANZO) in Buenos Aires, which serves as a reference
centre for the Americas Region and performs the coordinating, testing, and .
training functions for this region with advice from Copenhagen.

The coordinating laboratory does the following: coordinates the :
International Quality Control System; provides technical advice to national BCG
labaoratories at the request of WHO; provides training in BCG production and:
quality centrol in consultation with the Tuberculasis Unit; discributes ,
references and seed lots of BCG vaccine; tests candidate BCG vaccines from: .
producers; and rests samples from vacecine lots supplied to national immunizarion
programmes through or by UNICEF. The International Quality Comntrol System.at
present consists of for each lot of BCG vaccine supplied to UNICEF review of
summary protocols, testing of vaudom samples, and clinical testing of products.
The WHO procedure for evaluating the acceptability of lyophilized BCG vaccines
offered for sale to UNLCEF for use in the Expanded Programme on Immunization
(EFI) haz been degecribed (1).

3. QUALITY CONTROL TESTING
. Wl

There Ls consistent evidence from multiple cliaical trials that BCG seed
lots used to produce vacclnes having protective efficacy in laboratory animals
and inducing tuberculin sensitivity in humans are effective against disseminated
disease and meningiris in childhood tuberculosis, and probably to a lesser
degree agalnst other forms of tuberculosis in children as well (2-7). At .
present, however, there is no laboratory test that correlates with protective
efflecacy of any BCG vacelne preparation. !

For this reagon, the strategy used has been to evaluate the protective
efficacy of several different preparations of BCG through careful clinical .
trials, ualng vaccines whose safety and in vitro characteristics have already
been verified. Ounee vaccine efficacy in humans ls demonstrated, repeated
measurement of tuberculin sensitiviry and lesion size, and various in vitro.
tests on cultured BCG bacteria, are used ro verify that later lots of vaccine
grown from thege preparations are being reproduced satisfactorily. The T
laboratory tests are thus designed to verify that successive batches are indeed
uniform or vary within only narrow limits. In additiom, the WHO Requirements
for Dried BCG Vaceine (8) suggest to the national control authority the possible
need to conduct trials in tuberculin-negative human subjects to determine the
optimam content of BCG organisms whenever there is a change in manufacturiag
procedure. It is required, in any case, that manufacturers conduct such studles
in children on at least one bateh each vear.
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In vitro tests

The in vitro tests are described in WHO/TB/Technlcal Guide/77.9, "In-Vitro
Assays of BCG Products,” and in BLG/UNDP/82.1 Rev.l, "Manual of Tests on
Vacelnes in the Expanded Programme on Immunization.” One of these teste ls for
the number of culturable particles, which is the most informative viabiliry
teat. The test is subject to consilderable variablility depending on the type of
media uged, the components of the medla, and the test procedures. A laboratory
therefore needs to establish consistency in the test performance and to be able
to relate the numbers of BCG particles determined for a particular vaceine to
¢linical effects such as scar gize, post-vacclnation tuberculin
hypersensitivity, and incidence of comnon toxic effects such as reglonal
lymphadenitis. A rapld test for wviabllitry is based on bioluminescence, which,
when ¢onditions are adjusted so that it is proportional to the adenozine
triphosphate content, 13 a reliable marker for living cells. This test is
uaeful once the mean content of adenosine triphosphate per culrturable particle
has been estimated for a given vaccine strain. Colony morphology is another
useful test.

Viahilitz

The viability of a vaccine (proportion of living and dead bacllli) i= an
important determinant of Its characterisrics. The final product 1s fllled in
containers according to a standard bacterial mass, estimated by welght and/or
opacity. The percentape of total bacterial particles which is culturable is
then determined. This percentage is subject to further decrease after freeze-
drying.

It is known that the size of the local reaction is proportional to the total
bacterial mass, while the level of tuberculin sensitivity 1s related to the
number of culturable particles (WHO/TB/Technical Guide/77.8). The Tokyo strain
of BCG generally hag a high viability and a high resistance to freeze drying
{9). CGheorghiu ar al. (10) found a Pasteur strain vaceine prepared in dispersed
culture had 2 high viability compared to the classically grown strain.

Thermal stability

The degree of thermal stabllity of each final lot 1= another important
characteristic of a vaccine, and one of the few rests for which the WHO
Requirementa speclfy & numerleal requirement: that is, the number of culturable
particles in a vaccine after Iimcubation for 28 days ar 379 shall be not less
then 20% of that in samples of the same vacelne stoved at 4°.
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There have been several studies on heat stabllity of freeze-dried vaccines
(c-f. for examples, references %, 11). Some of the difference In thermal )
stability can be atrributed to the growth characteristics of the vaccine (9);,
other differences are ¢learly related to the preparation and packaging of the .
freeze—dried vaccine {11). Ladefoged {personal communication, 1989) has
recently compared the characteristics of the freeze-dried Copenhagen vaccine in
ampoules and vials. The wvaceines were prepared, dispensed from the same
apparatus, and freeze-dried, the only difference between the products being that
the aumpoules were sealed undar vacuum, while the vials were sealed after filling
with nitrogen. She found no diffevence in viabillty determined fmmediarely |
after freeze drying, nor in heat stability. After three months' storage at .
492, there was slightly better stability of vaccine in ampoules than in vialﬁﬂ
for only a few lots. The observations have now been extendad to 12 months Witﬁ
the conelusion that for this period of time, freeze—dried BCG vaccine in vials
has satisfactory stablility. This stability is strongly dependent on the quality
and treatment of vials and stoppetrs.

Delayed type hypersensitivity in anipals

An analysis of BCG potency Im animals 1s beyond the scope of this paper. |
Several studies have been done comparing a number of preparations by in vivo . .
methods (12, 13). Animal experiments show that cellular immune responses .
induced under experimentally controlled conditions are higher for the :
traditionelly “stronger" preparations, i.e. Pasteur, Copenhagen {9). These are
also the vaccine preparatlons which give a higher incidence of adverse reactions
such as suppurative lymphadenitis.

4. CHARACTERISTICS OF PREPARATIONS OF BCG IN USE
In orvder to learn which preparations of BCG are presently in use and

determine their characteristics, information was requested from 15 manufacturers
who had been included ia the WHO 1984 List of Avallability of Vacclnes and Sega,
and who had responded with information for the 1989 edition. Responses have .
been received from all of these. Some of the results are summarized in Table 1.

|

|

It should be noted in Table 1 that the range of number of culturable
particles per dose is a compillation of numbers reportad by all producers of a,
vaccine prepared from & particular parent straln. Therefore, a wide range in
number of ¢culturable partiecles per dose does not necessarily imply a wide .
variability of the product. However, glven the dose depeadence of both inducéd
tuberculin sensitivity and reactogenicity, it is clear that an important '
characteristic of a vaccine is fts homogeneity in terms of range of number of
culturable particles. The WHO Requirements reserve the getting of the limit of
inhomogeneity allowed to the National Control Authority. Those vaccines in |
Table 1 having relatively low numbers of cultuvrable particles per dose (Pasteur,
Copenhagen) are more reactogenic than those having higher numbers (Tokyo, for
example).
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The stabilizer is important as it will contribute to ease of reconstitution
as well as to stability properties. Vaccine stabilized with monesodium
glutamate may be more difficult to reconstitute, while the presence of albumin,
though it is easlly soluble, may lead to foaming of the product during
reconstitution.

It ig cleatr that the vast majority of the BCG vacclne yse in the world is
linited to three preparations, Pasteur, Glaxo, and Tokyo. Accordingly, this
report will concentrate on the characteristics of these preparations, although
others will he consldered ag well., A summary of the history of four of the most
widely ueced straine, Pasteur-1173P2, Tokyo=-172, Copenhagen-1331, and Glaxo-1077,
can be found in Osborn (14), and an extensive gummary of the history of the
Pasteur strain is reported by Gheorghiu et al. (13).

Physical-chemical characteristics of BCG preparations

A number of different studles comparing various preparations of BCG vaccine
have been performed, including bilochemical and immunological analyses of
gsecreted proteins, and chromatographic analyses of lipld production, as shown In ./
Table 2. It should be noted that vaccine preparations, though referred to as
being of one or another strain, are in fact complex mixtures of a varlety of
different BCG Mycobacteria. Methods of production may influence the composition
of these mixtures; thus "strains™ of BCG may differ among production
facilities.

MPB70 is a unique BCG-specific antigen which elicits a delayed skin reaction
in guinea pigs sensitized with viable cells of BCG. Guinea pigs sensitized with
heat-killed BCG do not show delayed-type hypersensitivity to MPB70 (16). MPB7O
has heen found to have a relative molecular mass of 13100, to contain no sugar,
and to comptlse up to 10%Z of the total protein content of the culture medium of
the Tokyo strain of BCG, while being present in only trace quantities In other
strains (17). It will be seen from Table ? that straina of BCG fall into two
groups with respect to content of this proteiln, with the Glaxo strain being
distinctive in containing an intermediate amount. This groupipng is also
reflected by antigen analysis of 46000 dimer (18) or antigen 15 (19), and by
gsecretlion of methoxymycolate (20-22), It is not clear whether all of these
phenomena are related to the expression of one protein, which 1s present iIn
differeat formg due to break-down. It is interesting ro note that the Bwedish
straln produces methoxymycolate whether prepared im Copenhagen or in
Gothenberg (20), suggesting that this characterigtic 18 present under ar least ‘
two different production conditions.

On the other hand, production of myceside B (glycosylphenolphthiocerol
dimycoserates) appears to be assoclated with colony motrpholegy (21), beth
characteristics having been obsetved, hased on studies om four preparations, to
vary with producrion method. It is not known to what extent these laboratory
characteristics correlate with protective efficacy and adverge reactions of BCG
vacelne.
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Efficacy of BCG preparations in producing tuberculin gensitivity when given to
newborn children

Une measure of poteney of a BCG vaceine {s the post-vaccination delayed
sensitivity to tuberculin (PVS) induced by that vaccine in children who are
tuberculin-negative before vaccinatlion. vVallishayee et al. (23) performed a |
study with 11 different BCG preparations prepared under uniform conditions and
tested for PVS using 2 units of tuberculin 9-11 weeks after vaccination. Witﬁ
the exception of the Prague straim, very little difference was found among the

preparations Iin the mean size of PVS induced.

Tuberculin FVS will of course depend on the method of measurement; hoth the
doge of tuberculin used and the Interval between vaceinatlon and testing will
affect the sensitivity of the test. A number of studles have been performed in
newborn infants to measure the ability of different vaceines to produce PVS. |,
Strains that do produce a high proportion of conversions in neonates include
Glaxo (24, 25}, Tokyo (25), Pasteur (26), and Copenhagen (26, 27). One study
using the Glaxo strain in Nigerla found that satisfactory tuberculin sensitivity
was Induced even In preterm infants (28)., However, some studies have shown a,
less than optimal result in Asian childrem (29-31), though these populations may
still be protected against tuberculosis. A trial by Fillastre et al. (32)
showed the same Pasteur freeze-dried vaccine agave a lower tuberculin
hypersensitivity among Indonesian children (64%) than among French children
(88%), supporting the possible importance of living conditions, previous
atypical mycobacterial infections, amd genetic characteristics in BCG
imminogenicity.

A il

A clear vaccline dese-response relationship in the size of the PVS has been
demonstrated (33, 34); however, Increasing doses yield only small increases iu
size of Iinduration for doses above the lowest that produces PVS in most
vaccinees. Stated in another way, the slope of the dose—response curve is small
and, in fact, may vary with vaccine preparation.

While it is generally accepted that tuberculin delayed hypersenmsitivity
after natural infection is associated with partial protection against
reinfection tuberculosis, the relation of BCG PVS to protective efficacy of BCG
has not been well studied.

Efficacy of different BGG preparations in preventlng tuberculosis when given to
newborn children

The least ambiguocus way to assess the protectlve efficacy of a vaccine is’
through a randomized, double-blind, placebo-controlled trial. Eight randomized
community trials were reviewed by Clemens et al. (35). The vacclne efficacy |
observed ranged from O to 80%; explanations for this variability have included
prevalence of infectlion with non—-tuberculosis mycobacteria, warlability in
intensity of exposure to tuberculosis, questionable potency of some of the BCG
preparations tested, and variations {a iutrinsic host resilstance to
tuberculosis. Hewever, only three prospective community trials have evaluated




WHO/EPI/GEN/89 .3
Page 8

efficacy of BCG glven at birth (see reference 36 for a review), though 1t is the
timg vecommended by the standard immunization schedule of the Expanded Programme
o Immunization. A randomized trial carried out in newhborns in Hong Kong?
compared efficacy of the Glaxo and Pasteur strains, uwsing 0.3 mg/ml of Glaxo
vaccine and 0.1 mg/ml of Pasteur-1173P2 hoth produced by Japan BCG Laboratory.
In 162953 newbornz recelving vaccline by the intradermal route, 3.43/10000 of
those receiving the Pasteur vaccine developed tuberculosis within a four year
perlod, compared to 4.55/10000 of rhose recelving the Glaxo vaccine, a small buc
statiscically significant difference. Absolute efficacy could not be measured
in this case, as there was ne uavaccinated group. The report did not provide
detaila of case ascertainment.

Some retrospective studies {for example, by Curtis et al., 6) have reported
good efficacy of BCG vaccination. Recently, WHO has sponsored studies to
evaluate the protective efficacy of BCC immunization in infants and/or children
by two low-cost methods: case~control studies (3, 37) and contact studies (38).

In evaluating such studies it is important to consider the rigour with which
the case definition was formulated and applied, the vaceination coverage, the
agssessment of vaccination status, and the comparabllity of vaccinated and
nonvaccinated pgroups with respect to tuberculosis exposure and infection,
abllity to mount a cell-medisted immune response, and access to accurate
diagnosis of tuberculosis disease. Cases and controls should therefore be
comparable in age, sex, race or ethnle background, and socfoeconomic status. In
only a handful of publfished studles have all these features been considered in
evaluating the efficacy of BCG immunization in newborn infants. Two of these
are the studles reported by Tidjani et al. (39) in Low&, Togeo, and by Micell et
al. (40, also discussed in Smith, 37), in Buenos Aires, Argentina, both of which
show a high protective effect of BCG (60-70%), and an even higher efficacy
agalnst more severe forms of tuberculesls for which diagnostie criteria are more
stringent.

Unfortunately, ouly one of these rwo studies gives informarion on the type
of vaccine in use during the study period. A few other studies do give this
information, so that an Idea of strain-gpecific efficacy may be inferred. Table
3 pummarizes the data from such studies (41-44). Two other studies, referrad to
by Smith (37), give a protective efficacy of 74% and 89% agalnst tuberculous
meningitis in Brazil, where the Moreau strain has been used for many years;
another study also mentioned by Smith (37) showed an efficacy of 40% againgt all
forms of the disease and 75% protective efficacy against tuberculous meningitis
in Indonesia, where locally produced Pasteur—-1173P2 vaccine is used.

A recent re—analysis has been done of two case-control BCO efflicacy studies
in children from Indonesla and Colombia (69). The re—analysis controlled for
selection bias in each trial by comparing efficacles of two different BCG's used
sequentially, to allow a judgement of the relative efficacy between the pairs of
vaccines used in each trial. The Japanese strain appeared more effective than
preparations derived from the Pasteur or Danish (Copenhagen) strains in each
cage. Slgnificance was not tesgted.

aChan, S.L. et al., XXXVI Conf. IUAT, Singapore, 4-7 November, 1985.
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The general conclusion from these studies iz that when vaccine is
administered to newborns, there 1Is no evidence of efficacy difference between
preparations for which data are available in cases where the diagnostic criteria
are stringent.

Adverse reactions velated to newborn lmmunizatiou using different preparations
of BCGE

It is well established that the use of BCG vaccine may be associated with s
significant number of adverse reactions. However, the incidance of rhege
reactions 1s generally low compared with the risk of contracting tubercular
infection in the developing world, and the most frequent reaction, suppurative
lymphadenitis, 1s usually self-limiting and requires no treatment. The risgk-
beneflt equation for BCG vaccination is thus heavily weilghted to the beneflt
side in developing countries. However, use of BCG Iin newhorns probably
increases the risk of adverse reactions. A number of other factors also affect
the frequency of these reactions. One potentially serious consequence of these
side effects, non-completion of rhe immunization seriea in children whose
mothers had seen or heard of such reactions, has heen very poorly assessed.

Lotte et al. (45) have developed a classification system for BCG
complications, along with an estimate of their frequency. Two of these,
vegional suppurative adenitis (Category 1.2) aund osteitis {Category 2.6) will be
further considered, both because they are relatively more frequent than other
complications (0. 1-38 per thousand and 0.01-330 per million, respectively) and
because cases from a number of countries are falrly well documented.

Regional suppurative adenitis. The incidence of this complication depends
on many factors, imcluding the type and concentration of vaccine, the age of the
vaceinated subjects, and the use of proper technique in performing the
intradermal injection (46). For example, a report from Egypt {47) shows a 10%
incidence of adenitls needing treatment for patients vaceinated in public health
welfare clinles compared with 0.02% for those recelving BCG in a chest clinie,
where i was administered under strict medical supervision to an older
population. Lotte et al. (45) cite an incidence of 0.1 per thousand for this
complication in Hong Kong when a low dose of Glaxo vaccine was given to newborn
infants compared with 38 per thousand in a mass BOG campaign in Algerias, where
infants received a high dose (0.1 nml) of Glaxo vaccine. Ar the same time, ise
of what was reported to be the same amount of Pasteur-1173P2 strain vaccine in
materuity wards in Algeria gave an incidence of only 5 per thousand.

In 2 retrospective study on BCE complicatlons in six countries in Europe,
Lotte et al. (48) concluded that the number of viable units injected had an
important influence on the risk of regional complications. Quast et al. (49)
found a dose-response relationship between number of culturable particles and
incidence of suppurative lymphadenitis with the Copenhagen-1331 atrain used in
West Germany. A similar result was observed with the Pasteur strain in Hungacy
(50). On the other hand, studies in India using the Madras BCG Laboratory
vaceing made from the Copenhagen—1331 strain (34) showed the incldence of
complications to differ little between newborn infants given half doses and
thogse given full doses.
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Assumling consistency of immunlzation technique and a standard vaccine
formulation in use In a country, a number of reports ghow a change in incidence
of suppurative lymphadenitis when the preparation was changed. In Saudl Arabla
(51), the incildence of regional lymphadenitis following BCG vaccinatlon of
newborns increased when the only change was the Introduction of the Teokyo strain
of BCG. Likewlse, when the Gothenbarg strain was replaced by the Copenhagen-
1331 strain in the Federal Republic of Germany in 1975 (32), there was an
lmmediate rise in the fncidence of suppurative inguinal lymphadenitis after
immunization of newborns, te 1.5% Iin one area. This fell to 0.02% after
investigations Iinto the dose-response relatlonship and subsequent lowering of
the dose (33). A more recent study In Zaire (54) of an outbreak of axillary and
eplcondylar abscesses ruled out underlying Human Immunodeficlency Virus (HIV)
infection as a cause, and concluded that it was due to the change of the BCG
vaceling to the Pasteur-1173P2 product.

Comparative studies in which different vacelnes were used slmiltanecusly In
the same population also show that the number of complications varies with the
manufacturer and preparation of the vaccline. Bleiker (53) in 2 study in
Cakovec, Yugoslavia, found the Lucldence of enlarged axillary nodes to be 5.05%
in 1601 newhorns vaccinated with Dutch BOG vaceine (Pasteur—-1173P2 strain), 0.3%
in 1871 vacelnated with the Copenhagen=-1331 vaccine, and 3.15% in 1594
vacelnated with the Yugoslav product, prepared from the Pasteur—-1173P2 strain.

Gheorghiu et al. (56) cite results in Togo in which the incidence of non—
suppurative adenitis was 4.3% Iin newborns receiving the Pasteur—1173F2 vacclne,
while this cowplication was rave in infants recelving the London FlO strain.
With good Injection technique in Togo, the Incidence of adenitis with the
Pasteut strain fell to 0.44%7 (M. Gheorghiu, perscnal communication, 1989). In
Turkey {45), the Tokyo strain gave a risk of 0.3 cases of reglonal suppurative
adenitis per 1000 infants compared with the risk of 1.3 per thousand with the
local vaccine prepared from the Pasteur strain.

In Hong Konga the risk of complications, including peripheral lymph node
enlargement and abscess formarion, wae 0.314/10000 infants receiving the Pasteur
strain compared with noune of 81304 infants recelving the Glaxo strain.

It is generally accepted that some preparations are assoclated with
lymphadenitis less clesely than others. The Tokyo strain (45) and the Moreau
gstrain in Brazil (57) are rarely assoclated with this complication, while the
Pasteur strain gives rise to a higher incidence (43, 536). The Copetnhagen strain
is also said to cause a relatively higher frequency of lymphadenitis. It is of
unknown significance that this ranking of BCG preparations by reactogenicity
shows a roughly inverse relationship with protein and methoxymycolate secretion,
as shown in Table 2

aChan, $.L. et al., XXXVI Conf. IUAT, Singapore, 4-7 November, 1986.
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A recent report by Stuckey {Stuckey, J. Prevalence of BCG Related Adenitis
in Healthy Children, Mapute City, Mozambique, UNICEF Report, Qctober, 1988) of a
recent outbreak of BCG-associated lymphadenitis in an area with good access to
relatively high—quallity health services clearly demonstrates the chilef N
determinants of the occurrence of adenitis. Infants were lmmunized at birthi
or in the first two weeks of 1life if their birth welght was below 2500 g, with
0.05 ml of either Pasteur~117372 strain vaccine (in a new presentation almad at
minimizing the possibility of confusion in reconstitution) or vaccline of the.
Glaxo or Tokyo strain, depending on the month In 1988 in which they received!
immunization. Cases of adenitis were sought by actlive surveillance, although):
most were diagnosed retrospectively. A statistically signiflicant difference
was found between the incidence of lymphadenltis after Pasteur vaccine (9.9%:0f
531 children) and that after Glaxe/Tvkyo strain vaccine (0% of 221 children).
Other factors seemed comparable, since the same immunization centres used each
of the three vaccines sequentlally during the period of 1988 when each was

avallable. T

There was & striking difference in adenirlis rates between different centras
{range O% to 17.6%), which was ounly partly explained by the fact that the centre
with the lowest incidence did not give BCG to any children under two weeks of!
age., Birth weight data were available for 500 of the children and had no effect
on the incidence of adenitis (Chi-square 0.02). Vaccination technique may have
been important, however.

The most complete review, by Lotte et al. (45), attempted to collect,
evaluate, and tabulare data from all reported cases through 1983, showing the
incidence of reglonal suppurative lymphadenitis to vary widely by country and
preparation of vaccine used. A study iu six European countries (48) again
showed a wide difference in risk of complications by country, ranging from very
glight in Romaniz, to 0.6% in Hungary and 1.77 in Yugoslavia, all of which use
their respective national preparatiouns of the Pasteur—1173P2 strain. High
in¢idence of regional suppurative adenitis have been found with Pasteur-1173F2
preparations from France (58); especilally high incidences have been reported::
following use of this vaceine iIn Africa (36).

Although it is c¢lear that Improvement of Ilntradermal injection technique and
appropriate adjustment of dose will minimize this reactlon, which is noted to
occur especlally with the Pasteur strain, recent data ¢ollected in Paris after
adeinistration of dispersed grown Pasteur strain BCG to newborn infants under
conditiong where technlque was strictly controlled, showed an incidence of
fistulated adenitis of from O to 10X depending on the lot of vaccine used (N.i
Guerin, personal communication, 1989). In one lot of vaccine, when the -
concentration (8.8 x 106 particles/ml) was halved by giving a 0.05 mg dose
instead of 0.1 mg, the incidence of this complication dropped from 10% to 0.
There was a falrly good correlation between concentration Ln number of j
culturable particles and incldence in this lavestigarion: moreover, the more: .
reactogenic lots showed a4 lower thermal stability. .
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In evaluating most of the above-—mentioned reports of BCG-assoclated
lymphadenitis, 1t should be remembered that careful case definitions of BCG
adenitls were rarely made, or applied to the cases discussed, and that In most
cases were sought through passive surveillance only. Swmall axillary lymph
nedes, pea-sized or less, are commonly palpable after BCG immunization, and re
rarely noted by the mother unless searched for specifically.

In summary, the reasons for the differences in incidence of BCG-assoclated
lymphadenitis include dose for a given preparation of vaceine, age of the
reciplent, and technical quality of the intradermal injection of vaccine.
Additional determinants, including the method of preparing the vacclne and the
characteristics of the recipient population, may also be lmportant.

Osteltis. The mean rigk of BCG osteitis wvaries greatly from count¥y to
country, with some countries reporting extremely low Incidence {e.g. 0.0l per
million in Japan) compared with a high incidence elsewhere (e.z. more than 300
per million in newborns in Finland) (45). An increased incidence of osteitis
has been zeen in countries where a change in vaccine or vacclne manufacture has
been introduced. Thus the Increase in the incidence of osteitls in
Czechoslovakia coincided with the substitution of the Prague strain by the
Russian strain of BCG (59), and that in Finland and Sweden with a change in the
manufacture of the Gothenberg strain (60).

Use of the Prague strain for unlversal vaccinatleon of the newborn in
Czechoslovakia since 1951 had coincided with the disappearance of tuberculous
meningitis in children amd the almest complete disappearance of tuberculosis in
children In general by 1932 (61). 1In 1980, however, the Russian straln waz
substitured. Thig strain had been thought o be more immunogenic (23), though
Sula et al. (61) could demonstrate no substantial differences in the
immunogenicity of the Czechoslovak and Russian BCG strains in pulnea pigs. The
risk of osteitis in Czechoslovakia Iin the period 1982-1983 rose to 35 per
million (48), with many cases bacteriologically confirmed (62). 1In contrast, no
cases were reported in the USSR, where the same strain was usad (48).

The dramatic rigse in the incidence of osteitis in Sweden and Finland
coincided with the replacement in 1971 of BCG produced by the Swedlish BCG
laboratory In favor of a vaceine produced by the Statens Servmingtitur In
Copenhagen which was also based on the Gothenberg strain. Continuous checking
of the virulence in animals during manufacture and comparison in gulnea pigs of
the two products manufactured in 3Sweden and Denmark provided no support for the
hypothaesig that the process of manufacture was responsible for the observed
reactions {63).

A retrospective study bepinning in 1948 (60) shows that cases of osteltis
were present in Sweden from 1949 onward. The reported fncldence was 1/40000 for
children born between 1960 and 1969 and rose to between 1/3000 and 1/4000 for
nepnatally vacclnated children in the period 1972 to 1975. It sghould be noted
that compulsory notification of BCG veactions to the Swedish Adverse Drug
Reaction Committee was instituted during this peried, and there was increasing
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publicity about this reaction. However, a recent retrospective gtudy in Eur0pe
(48) failled to find auy reports of BCG osteltis in six European countries, wh;le
cages ave 5till being reported in Finland (though at a lower rate) where the ..
Glaxo vaceine is in use. Osteitis cases have never been notified in Great -
Britain where the Glaxo vacecine 1s also 1in use (48).

The osteitis story remains unsolved. The impact of geversal factors ~ active
cagse~finding, vaccine strain, manufacturing technique, body site of
vacclparion = 1s undoubtedly important, but the available evidence give uo
conslstent explanation. i

Relationship of biologic characteristics of the BCG preparation to vaccine
afficacy and reactogenicity

Although vaccine efficacy as measured by induced tuberculin sensitivity and
vacelne safety as measured by incidence of adverse weactions such as BCG— :
lymphadenitis both show a dose-response relationship, the slopes of these dose~
response curves diffar for different preparations. The acceptabllity of a BCG
vaccine preparation will depend on the relative slopes of these two curves. For
the more reactogenic strains, the dose at which good efficacy and low '
reactogenicity is found may be more difficulr to determine.

Although there has been substantial speculation about the clinical effects.
of changing the method of production of BCG vaccine, very few reliable data '
exist. Osborn (14) has shown that while the Pasteur~1173P2 strain appears to be
homogeneous with respect to ¢olony morphelegy, both the Tokyo and Copenhagen .
strains carry a minority population that will become a majority undet certain
chauged production techniques, causing them to exhibit non-gpreading ceolony :'
morphology like that of the Glaxo strain. Abou-Zeid et al. (21) confirmed this
observation when these four different strains were prepared in four different
production laboratories, and c¢ovrelated the colony morphology with the presence
or absence of the lipid mycoside B.

The work of Osborn and colleagues (14, 21, 64) suggests that even in those '
studies where a number of strains are cumpared after preparation in a single H
laboratory, thely characteristics will not necessarily be maintained nor will
they be comparable. Thus the Japanese BCG vaccine generally exhibits spreading
morphology, but when prepared by either the Glaxo or the Pasteur method, it
showed non—spreading colony morphology (21). The Glaxo strain prepared in
Copenhagen {12, 13) orx inm Paris (9) grew poorly, making comparison of its in
vitro characteristics with other preparations difficult.

Although there is an observed correlatlon between colony morphology and
excretion of mycoside B (21), several other properties do not corralate well
with colony morphology. Gheorghiu and Lagrange (9} report that the Glaxo and
Tokye stralns grown ln theiv laboratory, both with non-spreading colony
morphology, are at opposite ends of the specttum with respect to viability and
stability. Moreover, though measures of Immunopotency such as tuberculin
gsensitivity In guinea pigs seem to be higher im the spreading strains (9), these
workers found that the non-spreading Glaxo strailn preparation, along with the
spreading Pasteur straln preparation, gave better protection in umice. '
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In contrast to these mixed results, however, a recent publication by
Gheorghiu et al. (10) describes the preparation of a dispersed-grown BCG
vaceine with better immunogenicity, viability, and heat stability than the
classical surface-grown Pasteur BCG, and at least 10% non-spreading colony
morphology compared with the 100% spreading colony morphology of the classical
strain. In the population studied, the higher Immunogenicity and dose were not
accompanied by increased side effects. Further studies on this product are in
progress.

Preliminary data from a trial of this new dispersed-grown Pasteur vaccine in
1588 newborn children in Togo, using different intradermal doges, revealed
suppurative lymphadenitis incidences ranging from 0.8% for the lowest dose to
8.8%. When a slightly higher dose of the same vaccine was given to school-age
children in Europe, the incldence of lymphadenitis was 07 of 528 (Report to the
Tuberculosis Unit, WHO, May, 1987).

The presence or absence of certain antigens and lipids, shown in Table 2,
appears to divide BCG strains into different categories. Again, there is no
obvious correlatlon with either immunmogenicity or efficacy, although some of the
more attenuated straing (Tokye, Moreau) show production of the MPB70 antigen and
of methoxymycolates, while those known to be more potemt (Copenhagen, Pasteur)
do uot. It 1g of interest that the Swedish strain contains methoxymycolate ‘
whether cultivated in Copenhagen or in Gothenberg (20), suggesting that this
marker did not change with the production laboratory. Furthermore, this
characteristic 1ipid production did not correlate with a ¢hange In colony
morphology {(21).

4 recent study using DNA restriction mapplog analysis of BCG preparations
(70) shows a division of the BCG stralnsg tested into the =ame categorles as
shown in Table 2 for MPB7Q expression, with the Swedish, Russisan, Tokye, and
Moreauy strains in ome category, and the Copenhagen and Pasteur in another.

These authors suggest that the former group is most like the original BCG strain
established as an avirulent vacclnation strafn In 1921.

Recant work (653) on Mycobacterium leprae has suggested that cell wall
protein 1s a major contributor to cell-mediated immune reactlvity, whereas
removal of mycolates did not affect this activity. It 1s clear thar further
work needs to be done to define those blochemical correlates that are predictive
of efflecacy and reactogenicity in humans-

5. RELATIONSHIP OF HOST CHARACTERISTICS TO ADVERSE REACTIONS

In the review by Lotte et al. (45), and in decades of programme experience,
the main characteristic of immunologically normal hosts which is assoclated with
increasaed risk of lymphadenitis is age at immunization of less than one month.
while the incldence of lymphadenitis in these children 1s approwimately twice
that in children over three months of age, there is no evidence for an increased
risk of life-threatening reactlons in neonates. Thus the EFI recommends BCG
vaccination at birth.

In spite of the appearance of birth welght below 2500 g as a
contraindication on some package circulars, there 1s no good evidence that
otherwise normal children who are moderately premature or have low birth
welghta, but are able to leava the maternity institution, are at any increased
rlgk of toxieity from vacclnation at the time of going home. The experience in
Mozambigue showed no evidence of a higher incidence of complications in infants
below 2500 g (Stuckey, J. Prevalence of BCG Related Adenitis in Healthy
Children, Mapute City, Mozambique, UNICEF Report, October, 1988).
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The presence of major congenital immune deficiency has been found to be
aszsoclated with risk of both local and disseminated BCG infection after
immunization on a number of occasions, but this subject is reviewed well in
pther places and will not be further dilscussed here. However, an important
unresolved Issue 1s the effect of symptomatic and asymptomatic infection with,
HIV on BCG complications.

The present WHO recommendaticn is not to give BCG to infants with .
symptomatic AIDS (66). This recommendation is based on the existence of five
cases of disseminated BCG infection after immunization in such children; while
the incidence of such complications could not he caleulated, it seems reasonable
ro assume a significantly Iincreased risk in children with gymptomatic AIDS. The
situation 1 even less clear for c¢hildren with asymptomatlic HIV idnfectlon, which
willl be the condition for almost all infected neonates considered for BCG
immunization in HIV-endemic countries.

One carefully followed cohort of HIV-positive infants, with controls, has
been reported from Zaire (Dr Medi Mvula, presentation at EPT Research and
Development Meeting, Abidjan, Ivory Coast, October 1988). A cohort of
470 children of HIV-poasitive mothers and 600 children of HIV-negative age"parity
matched mothers was followed for at least one year, after immonization with all
EPY vaccines including BCG in the neconatal period. No cases of dissemination
were seen in either group, and minor complications (adenitis, fistulization)
were not slgnificantly different. The two groups also did net differ in thelir,
rate of tuberculin sensitivity when tested at the age of 12 months. In a second
study of cases of BCG adenitis in Rwanda, though Incidence of adenitis could not
be caleculated directly, there appeared to be no evidence of a higher risk of
BCG=adeniris in HIV-positive infants by comparison with percent HIV-positivity
of women of ¢hild-bearing age from the same population (Mercier, personal "
communication, 1939). '

Determinants of occurrence of BCG-osteltis have been discussed above. L
Taking Into account the limitations in the observational data available, it “
appears that persons of Swedish and Finnlsh pational origin mey have a
substantlally higher risk of developing osteltis even after differences in uae
6f BCG vaccine preparations ate taken inte account. No other patlent variable
appeared to be associated with occurrence of osteitis. y

There is convincing observational evidence for a substantlal assoclatlion of
risk of local cutaneous reactions (1.e. keloids) with racial group (45). '

Te summarize, the major host characteristics that may affect adverse
reactions to BCG in EFI programmes are the approximately doubled incidence of
adenitis in neonsates compared to older infants and children, and the increased
risk of disseminated (and possibly of local as well) reactions in infants with
serfous {mmune deficiency involving the T-cell-mediated system. In practical
terms, the major risk of concern 1s abnormal T—cell function secondary to HIVﬂ
infection, which is rarely present until a period of several wonths after birth
in perinatally infected infants. Thus the existence of endemic HIV infection |
should provide EPI programme managera with another strong incentive to provide
BCG at or near birth, when available evidence does not suggest ipncreased risk of
adverse reactions.
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6. RECENT REPORTS OF INCREASED INCIDENCE OF BCG-ASSOCIATED LYMPHADENITIS

As pointed out above, the varying incldence of vegional suppurative adenlitls
(0.1-38/1000) reported under different conditions depends on the technique for
adminlstering the vaccine (and thus the training of staff), the dose and
preparation of vaccine used, and the characteristics of the reciplent
population. In gemeral, an immunization programme will be damaged {f reported
incidence of reglonal lymphadenitls following vacelnation rises above
approximately 1%.

Mozamblque

Mozambique reported a suspected increase in neonatal lymphadenitls in Maputo
in March 1987. An investigariom of cases revealed enlarged suppurative axiliaxy
nodea (67). The incidence of regionmal lymphadenitis was 1.3% without active
case findlng, but rose to 7.4% when actlive case finding was utilized. During
the preceding year, the type of BCG vacclne used in Maputo was changed five
times, and included products from Japan BCG Laboratory, Connaught, and Pasteur.
An outbreak of lymphadenitis reported in the province of Imbahane in mid-~-1987
when only Pasteur vacclne was in use was assoclated with administration of twlece
the recommended dose (F. Cutts, persongl communicatiom, 1988).

Subsequently there has besn another outbreak of lymphadenitis in Mozambique
(Stuckey, J. Prevalence of BCG Related Adenitis in Healthy Children, Maputo
City, Mozamblque, UNICEF Report, October, 1988). 3Since this outbreak was
also positively associated with the use of the Pasteur BCG vaccine, it is
unlikely that the cause can be attributed to errors in dosage.

Zimbabwe

one of the best documented reports comes from Zimbabwe, which has produced a
"Report ou the Investigation of Complications of BCG Tmmunizatcion, Zimbabwe,
1987," a jolnt report of the Ministry of Health and WHO with consultants from
Pasteur Vacelns, Paris. Beglnoning in the second half of 1986, sporadlc reports
indicated an increasing number of children developing regional lymphadenitls
after BCOG vaccination. A team was formed to investigate the extent of the
problem and 1tz possible causes. Avallable data showed that around 5% of those
vaccinated in Harare developed reglonal BCG lymphadenitis, more than half of
which was suppurative. A case definiti{on was developed to charaeterize abnormal
reactions, data were complled on reported cases, case records were examined, and
vacclnation technlques were analysed.

It was noted that the BCG vaccline in use at vaccination centres was changed
from the Mérieux product (derived from the Glaxo strain) to the Pasteur {Paris)
vaccine during the second and third quarters of 1986. A similar imerease in
complications had been observed in 1983 when FPasteur Vaccing products were aleo
used for a brief perlod. It was planmed ro start using the M rieux vaceine
agaln in January, 1988, and recent communication from Zimbabwe indicates that
the incidence of lymphadenitis has declined since autumn 1988.
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A survey of vaccination technique indlcated a number of errors in o
administration. Only 4 of 17 (24%) reconstitutions were correct, only 4 of 28
(14%) injectlons were done correctly, and in only 1 of 14 (7%Z) cases was both
teconstitution and intradermal injection performed in the prescribed manner..
The investigators concluded that the outbreak of BCG complications might have
been caused by the faulty techniques combined with a wore reactogenic type of
vaccine than had previously been used. J

The Zimbabwe surveillance system recorded the following dara in all cases of
complications: date, date of birth, date of presentation, date and place of
vaccination, site of vacelnation, type of complications, and birth weight. '

Zaire

In the second half of 1986, an increase in cases of BCG-adenitis was also
obgerved in Kinshasa, Zaire (54)}. The outhreak was investigated for the '
following possible causes: poor injection technique, incorrect dose,
immuncdeficiency of reeipients, preparation of waccine used. Although poor
technique and incorrect dose may have been used, the Luvestigators felt that'it
was unlikely that all 158 administrators of BCG vaccine would have changed their
techatque slmultaneously. Moreover, as mentioned above, 19 infants with BCG-
adenitis were examined and found to be HIV-seronegative. '

A survey of the Central Vaccine Stores Indicated that the supplier of BCG
vaccine was changed from Glaxe to Pasteur in the autumn of 19853. The Pasteur
vaccine would have been distributed from the end of 1985 and largely used in
1986. The investigators thus concluded that the ocutbreak was caused by the
preparation of vaccine used.

The Caribbean

In late 1982 and early 1983 cases of severe BOCG lymphadenltis were noted in
Salnt Luela. An investigation involving passive surveillance (68) uncovere¢f37
cages. Tmmunization policy in Saint Laeia was to give BCG at two to three months
of age. The mean attack rate was 3.4%, although this was higher in some
clinics; immunization techniques had been good, and variation among clinics was
attributed largely to chance and perhaps to other factors such as i{inadequate
mixing of freeze—dried vacelmes. The outbreak occurred after & chamge to Pasteur
vaccine.

In addition, ocutbreaks of BCG-assoclated lymphadenitis have been reported to
WHO from Rwanda, Jamaica, Dominica, and Kampuchea. Becauge of the ingensitivity
of the WHO reporting system for such adverse reactions, it is likely that a
number of other narional programmes have also had such ocecurrences in the past
three yvears.
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Conclugfions regarding recent outbreaks

Every reported outbreak of BCG—adenitis has ocecurred after a change in
vacelne strain, in almost every case to the Pasteur-Paris vaccine. According to
a WHO publication (WHO/TB/86.147, "BCG Vaccinarion of the Newborn. Rationale and
Guidelines for Country Programmes"), all outbreaks of suppurative adenitis in
BCG country programmes in the last two decades have been connected with a change
in wvaceine.

Further investigation of these recent outbreaks 1s needed to c¢larify the
tole of possible conufusion over the reconstitutlon and dosing instructions for
Pasteur vaccine. TUntil January 1988, users of the Pasteur Vaccins product were
instructed to reconstitute the vaceine to different concentration for use in
newborns and {in older children; it is possible that some health workers are
confugsed and are still adminigtering to newborns a full 0.1 ml of the vaccine
reconstituted to normal strength according to the new instructions.

In addition, the investlgations in Zimbabwe suggested that poor technique,
both in reconstitution and in administration of the vaceine, ecould contribute to
the problem. This hypothesis is supported by the repeated fleld obgervations in
Africa of use of 1.0 c¢ tuberculin syringes for BCG injectionms to Llafants. Use
of the same syringe for injections to mulriple children, with replacement of the
needle between doses, 1s also not a rare practice and contributes to dosage
Inaccuracy. Thus follow-up studies are needed to assess the lupact of training
and changes in vacclne packaging on these outbreaks.

However, evaluation of the above reports suggests that, notwithstanding the
effect of poor technique of administration, the preparation of BCC has been an
important independent contributory factor in the recent cluster of outbreaks of
BCG lymphadenitis.

It should be stressed however that there iz po debate concernlng the
compliance of all of these vaccines, including the Pasteur—Paris product, with
WHO Requirements. At the game time it is apparent that WHO Eequirements must be
reviewed with the intent of addressing the problem of BCG vaccine
reactogentelity.

7. RECOMMENDATIONS

Based on the information reviewed in this paper, 2 number of recommendations
can be made to maximize the effectiveness of BCG lmmunlzation programmes and to
prevent further outbreaks of BCG-assoclated lymphadenitis.
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Efficacy of BCG lmmunlzation

Thexe 1s good evidence that the efficacy of modern BCG vaccines is ip the
range of 60-90% for disseminated tuberculosis or meningitis in young children,
but somewhat lower for other forms of primary tuberculosis disease.

There 15 no evidence that any BCG preparation tested is more efficaclous
than any other under these conditlons, and most of the preparations currently in
commereial production have been tested at least once In careful ¢linical trial.
There is therefore no evidence at present to support the choice of one
prepavation or manufacturer of BCG over another on the basis of protective
efficacy. However, there 1s & need for the development of a single In vitro test
capable of predicting the induction of immune resistance of humans teo Lnfection
cr dlssemination of Mycobacterium tuberculosis.

Prevention of BCG-assocliated lymphadenitis

— Because of the increasing number of outbreaks of BCG-adenitis in the last
four years, changing the preparation of BCC vaccine supplied to a ecountry
where no problem has been encounterad should be avoided.

= More research on exact dosage needed for optimal protection with fewer
reactions is needed. Further, there is a need to devise tests which may
correlate with higher reactogenlcity of a given strain.

- Vaccine type and lot number in use In immunization programmes should be
registered by EPI Programme Managers, and training to do this should be
extended to the local level.

— Training in techniques of BCG immunization should be reemphasized,
concentrating on reconstitutlon for proper homogeulzation; technlque of
intradermal administration; proper dosage; use of each syringe for a single
child; proper vaccine storage; stock rotation to avoid use of vaccine afrer
expiry.

=~ 1If there is a suspected increase in reactions raported with the use of BOG
vaccine, active case finding in connection with a standard case definitien
should be initiated. Data should include age of immunization, sex, ethnic
background, time to onset of symptoms, vaccine manufacturer and lot number,
imtunlzation site, and conditions of storage of vaccine.

=~ There i= a need for studies of the effect of occurrence of BCG-lymphadenitig
on immunization drop-out rates in infants who experlenced adenltis, or who
live in a community where thils complication is reported.
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FULL SUMMARY

For over forty years, when WHO took over responsibilicy for large scale
internatienal BCG wvaccination programmes, it has overseen the quality contrel
of BCG vaccines, This International Quality Control System includes provision
of reference and seed lots of vaccines, coordination of clinical and laboratery
testing of lots of vaccines used in immunization programmes, and training and |

technical advice In BCG production and control.

Laboratory tests are designed to insure consistency of preduction once a
product has been clinically tested and found to have the appropriate
characteristics. These tests include viability, thermal stability, and delayed
type hypersensitivity in animals

The vast majority (>90%) of all BCG waccines used in the world are produced.
from three stralns: Pasteur-1173P2, Tokyo-172, and Glaxo-1077, though there are
at least 15 major manufacturers whe uce different stabilizers and doses in
thelr preoducts. Available data on the physical-chemical characteristics of
these strains have not been successful in predicting efficacy nor toxicity of
BCG vaccines. Nor is post-vaccination delayed sensitivity to tuberculin in

children a completely satisfactory correlate.

A number of studies have attempted to establish efficacy of BCG vaceines,
In ¢ases in which BCG has been given to newborn Infants, it has been shown to

have a high efficacy against severe forms of tubexculesils for which diagnostic
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criteria are more stringent. The available data do not demonstrate a

preparation dependent difference in efficacy.

Studies on BCG-related adverse reactions do show a clear preparation
dependence, particularly for the reaction regional suppurative adenitle. Thus,
the Pasteur-1173F2 strain iz associated with an increased risk of BCG-adenitis
relative to the Tokyo-172 and Glaxo-1077 strains. However, recent reports have
suggested host factors including age of recipient and immunological status may
be important in incidence and timing of these reactions, as are dose and
technique of administration. BCG-osteitis also shows a preparation dependence,

and, in addition, a strong dependence on the recipient population.

All reports of increased incidence of adverse reactions have been
associated with a change of preparation of vaccine used in a country
immunization programme. Because of the potential damage to immunization
programmes when adversze reactions ocecur, & change in BCG wvaccine product should
be avoided, except in those cases when the preparation in use is causing

problems.

Recommendations, ineluding better training of BCG administrators, improved
record keeping, and active case finding are given to help EPI programme

managers prevent or quantitate problems azsociated with BCG-reactogenicity,
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Table 2. Characteristics of BCG Straina®
b 4 £ Colonyf
Strain MPB70 46kD dimer Methoxymycolate® Mycoside B Merphology,
. Tokyeo-172 ++ + +f + Spreadiné
Moreaw b + + ND ND
(Brazil)
Russian ++ + +& ND ND
Swedich ++ ND + ND ND
Glaxo-1077 + + - - Nonspreadiﬁg
Tice - - ND ND ND
. Copenhagen - - - + Spreadiné;
1331
Pasteur - - - + Spreading'
1173P2 -
Beijing - ND -- ND NI
Frague ND - - - ND
Dutch ND - ND ND ND
Indonesian ND - ND ND ND :
Dakar ND - ND ND ND
ND = not determined
++ means 50-100% of amount found in Tokyeo strain

+ means 1-10% of amount found in Tokyo strain
. - means <1% of the amount found in Tokyo strain
Data from reference 17
CReference 16 :
Reference 18 o
“Reference 20 '

Reference 21
EReference 22
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