








































































































































































































DISCUSSION

In many developing countries 1like Ethiopia,
tuberculosis is still a major public health problem. BCG
is the only vaccine for tuberculosis known to be
effective in at least in some places. Unfortunately it
tends to be less successful in just those areas of the
developing world where a vaccine is most needed. The
effectiveness of BCG vaccination depends on the quality
of vaccine, its trangportation and on the technique of
the vaccination (59). However currently there is no
evidence that when administered to newborns, different
preparations of BCG vaccine exhibit different efficacies
(15) .

The policy of the Ministry of Health in Ethiopia is
to offer a single BCG vaccination to all babies within
the first few days after birth. Nevertheless, the
efficacy of neonatal BCG vaccination in older children
and adults has shown some controversy (9,38). BCG
vaccination at birth does not give protection for 1life
and thus revaccination is necessary at school age. This
stimulated us to evaluate the effectiveness of neonatal
BCG vaccination in different age groups of children by
testing tuberculin conversion and the occurrence of a
scar after vaccination. Additionally, the relationship
between the size of the scar and the response was also

studied.
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Tuberculin response in the absence of BCG scar

The presence of BCG scar is used as an indicator to
assess the coverage of the vaccination (48,50). The
heat-killed BCG vaccine, with poor sensitizing capacity,
can produce a large vaccination (9,47), while the absence
of a BCG scar after BCG vaccination has been found
between 3 and 30% in different studies (47, 50, 51, 52,
53. 54). In a study among Sri-lankan children (47), 3%
of those neonatally vaccinated showed no visible BCG
scar, whereas in the Swedish study4}54), 30% had no scar,
while the figure was 37% in our study. Of these the
proportion of children who had a tuberculin reaction
(>6mm induration) was 11% and the proportion with a
negative tuberculin reaction (0-1mm) was 55%. The
corresponding figures were 27% and 46% in the U.A.E.
study (50). In an earlier investigation of Ethiopian
children, consistent with the present study, 57% of
children without a scar also showed no response to
tuberculin test.

BCG scar is a local skin lesion resulting from the
residual virulence of the BCG sub strains used for
vaccine production and it indicates a good take of
vaccination and quality of a vaccine (9,10,47). Since it
is influenced by the technique of administration of a
vaccine, in our study the absence of BCG scar in 37% of

tested children could be due to poor administrative
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technique of vaccination and poor maintenance of the cold
chain system.

The absence of post-vaccination tuberculin
sensitivity represents elimination of BCG-induced
immunity (10). The negative tuberculin response in 55%
of those children without a scar revealed that they were
un-protected with BCG vaccination. At the same time, 11%
of children showed a strong response (>6mm induration)
despite the absence of BCG scar. This might be due to
sensitization by atypical mycobactegia. Because, when we
analyze the tuberculin response in different age groups
after adjusting with BCG scar, it revealed that the
likelihood to have positive tuberculin response, despite
the absence of BCG scar, was higher 1in children aged 18
months and 5-7 years compared to infants at 2 months.
However, the trend is not statistically significant on
chi squared trend analysis(table 8); these groups of
children had more chance to be exposed to environmental
mycobacteria. Sensitization by atypical mycobacteria may
induce some protection against tubercle bacilli but such
protection is weaker than that induced by a potent BCG
vaccine (8). Moreover these group of children have a well
developed immune system compared to infants at the age of

2 months.
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Besides this suggested reason, unreliable
information about the contact history with tuberculosis
patients from the mother should be considered as a

possible explanation.

Tuberculin Response in the Presence of BCG Scar

In our study, among group of children showed
tuberculin anergy 50% of them had a definite BCG scar.
It was comparable with other studies, 50% in karallidde
study (47) and also 50% in Indian children (52).

Thus, this consistent observed result revealed that
to use BCG scar as indicator to vaccination coverage may
over estimate the real situation.

The percentage distribution of tuberculin anergy of
those who had BCG scar was found similar between
different age groups (table 9). But, it tends to decline
as a size of the BCG scar increases: 15% when there was
a lmm nodule and 5.7% when a >5 mm nodule, compared to
35% and 5.4% in U.A.E study (50). The trend was not
statistically significant (table 7).

The extent of the local reaction (scar) to BCG
vaccination is proportional to the total bacterial mass
or residual virulence (15). Hence the large scar size is
a good indicator for coverage evaluation, while taking
only the 1large scar size also under-estimates the

coverage of BCG vaccination because some of small BCG
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scar had BCG induced allergy partially in different age
groups.

Consistently, those children who had the second BCG
vaccination at the age of 10 years elicited a maximal BCG
scar size as 4-5 mm and >5 mm nodule in 19% and 81%
respectively. Also, in all of them, a positive
tuberculin response was observed. This revealed that the
currently available vaccine 1is potent to induce
tuberculin allergy and elicit a large BCG scar, if it has

been given in a good administrative technique to those

children who have a well developed immune system.

Correlation between BCG scar and tuberculin reaction

This study also demonstrates the direct correlation
between BCG scar size and tuberculin reaction ie. as the
size of BCG scar increases, the tuberculin reaction
induration also increases and vice versa (fig. 3). The
correlation was statistically significant (P < 0.001).
This result also agrees with a study of UAE (50) which
has shown a positive correlation.

Moreover children without a BCG scar have 2.53 times
(95% confidence interval 1.9, 3.38) the risk of a
negative tuberculin reaction compared to those with a
scar. The result was found statistically

significant (p<0.001) (table 11).
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Additionally a higher percentage of a large scar
size(>4mm) was observed in school children than preschool
children. It indicates that a good take and quality of
vaccine in that given calender year. A scar size could
also increase as a body mass increased. Overall,
these results emphasize that there is a significant
correlation between the size of BCG scar and tuberculin
induced induration and the 1likelihood of having a
positive tuberculin reaction of those children with a
scar is higher compaéed to those without. Ho&éver, in
this study 50% of them showed tuberculin anergy despite
the presence of BCG scar. Thus the use of a BCG scar as
a measure of coverage of vaccination in the communities
is likely to be very imprecise; probably it may over-
estimate the coverage of vaccination. WHO recommends post

vaccination tuberculin testing for accurate estimates of

the coverage of vaccination(48).

Tuberculin Response Between Different Age Groups

In this study, the distinction between tuberculin
reaction representing BCG vaccination and atypical
mycobacteria is not precise. The reason is that in
tropical countries 1like Ethiopia post-vaccination
sensitivity can not be entirely attributed to BCG in the
presence of naturally acquired low grade sensitivity due

to environmental mycobacteria. Also, recent studies
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display wide variation in tuberculin sensitivity;
indurations in excess of 10 mm were documented in
children vaccinated at birth. Although this may pose a
problem in the determination of BCG induced
hypersensitivity, the rate of tuberculin anergy (negative
reaction) has been used to assess the effectiveness of
our neonatal BCG vaccination policy.

The negative tuberculin reaction indicates the

elimination of the 1living BCG bacteria from the

vaccinated host (10). The negative tuberculin reéponse
after BCG vaccination has been found in 80-% of Sri-
Lankan children (47), 50% of those in the study of
Grindulis (51) and 38% in United Arab Emirates infants
(50) .

In our study, 41% of children had no tuberculin
response after neonatal BCG vaccination, excluding 40%
nonspecific tuberculin sensitivity (2-5mm) (table 5).
Several factors can be responsible for this high rate of
tuberculin anergy: factors operating at the time of BCG
vaccination; poor maintenance of the cold chain system;
and the method of intradermal injection of PPD.
However, much has been done in the country, particularly
in urban settings, to improve the technique of
administrating vaccine, monitoring the cold chain system
and in supplying the necessary equipment which would be

used for EPI.
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Apart from these, a reduced dose of BCG vaccine to
the newborns causes further decreases immunological
responses to a specific mycobacterial antigen (47).
Nevertheless, post vaccination tuberculin sensitivity
appears to be lower in the newborn than in older children
given the same dose of BCG (9). In this study infants at
the age of 2 months showed lower rates of tuberculin
sensitivity compared to 18 months following low dose of
neonatal BCG vaccination and those children who had been
revaccinated a; the age of io years with a low dose of
BCG vaccine (0.05ml), all of them showed BCG induced
tuberculin allergy in our study. Similarly, 83% of
revaccinated children with a low dose of BCG vaccine
showed tuberculin conversion in Karalliedde’s study (47).

Hence a low dose of BCG vaccine probably may not be
a factor for the higher rate of tuberculin anergy after
vaccination at birth.

The poorly developed immune system in newborns may
decrease the development of immunity in the infants after
immunization (9,47). This could be the reason for the
higher percentage of tuberculin anergy in our infants
compared to 18 month old children. Since the response in
the two age groups may not necessarily be the same, even
the immediate response to the «clinical types of

tuberculosis in the two age groups are different(9).
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Moreover others offered an explanation for the high
rate of tuberculin anergy followed neonatal BCG
vaccination: passively transferred maternal immunity,
specifically to mycobacterial antigen, interferes with
the establishment of active immunity by altering the host
response active immunization. But it is passive specific
humeral immunity rather than cellular immunity and it
usually declines in the 3 months after birth (39,40).

Additionally, a recent study revealed that BCG,
given at the end of the 3™ month, provides a higher rate
of post vaccination hyper sensitivity than when given
during the neonatal period (30). In this regard in
Ethiopia the prevalence of tuberculosis is very high: it
is estimated to range between 180,000 to 308,000
cases(2), so the proportion of newborns whose mother
contracted tuberculosis previously surely would be
higher. Besides this, the current policy in the country
is that BCG vaccine be given soon after birth. Thus,
this also could be the reason for the higher rate of
tuberculin anergy in our study subjects.

Because of the above mentioned factors and other
related problems, some countries discourage neonatal BCG
vaccination.

For this reason we suggest that probably to give BCG
vaccine at a dose of 0.1ml at the age of 1 year (the

dosage recommended by WHO for 1 year olds and older) may
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overcome most of these objections. However, deciding the
age of the first vaccination requires a considerable
amount of data on the age specific prevalence of
tuberculosis infection, which merely reflects the
accumulated epidemiological history, particularly in
infants under one year. Additionally a cohort analysis
of the development (incidence) of infection among groups
of children vaccinated at birth and at the age of 1 year
is necessary. A system of continuous or periodic
surveillance of the incidence of tuberculous meningitis

in children is also important(48).

Optimal Time for Revaccination

As discussed in the above paragraph, infants at the
age of 2 months showed high rates of negative tuberculin
reaction compared to children at 18 months of age.
After an initial decline in the rate of tuberculin
anergy, it tends to increase from age 18 months onwards
(fig 1). As indicated in table 2, the rates observed
were 34.5%, 39.1% and 46% in the age groups of 18 months,
5 - 7 years and 9 - 11 years respectively. In spite of
the increased chance of exposure to environmental
mycobacterial as the age increases, the risk of children
to have negative tuberculin response is higher in older

children compared with the young.
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This result indicates the waning effect of
tuberculin response was at the age of 5 years compared to
18 months following neonatal BCG vaccination, meaning
that post-vaccination hypersensitivity disappeared in the
age group 5-7 years.

Meanwhile the observed low grade tuberculin response
might be due to sensitization with environmental
mycobacteria.

Based on this, we suggest that the optimal time for
revacciﬁétion should be at the age of 5 years and éhat i%
be administered without prior tuberculin test. There is
evidence that even vaccination of infected person has no
harm or benefit (12) and also WHO recommends the omission
of tuberculin test for screening before vaccination (48).
In addition, this prior tuberculin test would reduce the
coverage of vaccination and also in our country where
cost is of major importance, it would more than double
the cost

Additionally, this study demonstrates that when
children who had no tuberculin response in the first
tuberculin test were revaccinated with low dose of BCG at
the age of 10 years, 71% showed >6 mm and 29% 2 - 5mm
induration to the second tuberculin test. Also this
group of children without BCG scar before the 2™

vaccination produced BCG scar with a diameter of 4 - 5mm

(19%) and >5mm (81%) after the 2™ BCG vaccination.
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In general, all children who underwent a second BCG
vaccination in our study showed a positive tuberculin
reaction and exhibited a maximal BCG scar size (>4mm
nodule). This reflects the necessity of revaccination in
order not only to prevent but also to interrupt the chain
of transmission of tuberculosis, since there is no
transmission without infected hosts in the community.

The results observed here regarding the necessity of

revaccination and its optimal time were also

consistent with and supported by other studies.

The study of Karalliedde (47) had a similar design,
namely a tuberculin survey in different age groups of
children after BCG vaccination at birth. It was observed
that there was a waning of the tuberculin response at 5
years and a strong tuberculin response after a second BCG
vaccination. With this, they suggested the optimal time
for revaccination is at 5 years.

A tuberculin survey in an eastern province of Saudi
Arabia also showed that tuberculin sensitivity declines
within a few years of vaccination and the authors
recommend revaccination at school leaving age following
BCG vaccine at birth (44); others indicate the prevalence
rate of tuberculosis in children 5 - 9 years was about
three times higher than in children aged 1 - 4 years

after vaccination at birth (46).
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Furthermore, in Hungary between 1959 - 1983 the
authorities applied a sustained BCG re vaccination
policy. With this policy the incidence of childhood
tuberculosis has been reduced by a factor of 3 - 4 times
than the vaccinated adults during the first 10 years
(10).

Additionally, a recent study demonstrate that the longer
the time elapsed since BCG was last administered, the

lower is the risk of a positive reaction, since the

effect of BCG vaccination on tuberculin sensitivity wanes
with time (55).

Moreover, the WHO expert committee (8) notes that
the reduced dose of BCG given to the newborn will never
induce a lasting significant level of protection. Hence,
vaccination at school age should be undertaken

irrespective of vaccination at birth.

Specifity of Tuberculin PPD Test

The diagnostic value of the tuberculin PPD test has
been questionable for assessing the risk of infection in
populations like Ethiopia where BCG vaccination at birth
is widespread.

In our study the degree and persistence of
tuberculin response is variable. Infants at the age of
2 months in this study who had neither tuberculosis

infection nor exposure to environmental mycobacteria
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invariably responded to tuberculin test after neonatal

BCG vaccination.

It was observed that there was 2 - 5mm induration in
47% and >10 mm induration in 2.4% of infants, while in
a study of United Arab Emirate infants (50) it was found
that there was 2-5 mm induration in 22% and >10 mm in 39%
of infants.

Even though the general pattern in tuberculosis

patients displays a unimodal reaction size, the mean
reaction size was 16.5mm and 12% showed 10 -15mm
induration comparable to the study of Karalliedde (47)
where it was 10%.

On the other hand, in this study 3.3% of children
without a scar, 11% of children with a large scar
size(>5mm) and 10% of revaccinated children also showed
a reaction size 10 =15mm without any evidence of
tuberculosis infection. BCG vaccinated children may also
have enhanced ability to recognize environmental
mycobacteria (57); this might have a boosting effect on
tuberculin response. Similarly, in Finnish children
vaccinated at birth, even tuberculin induration of >15 mm
was observed (53). In accordance with this, a potent
vaccine is known to induce tuberculin sensitivity as
strong as that induced by natural infection (58).

Finally Sneidder’s recent review (55) concluded that
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there is no sure way to distinguish a reaction due to BCG
or mycobacterium tuberculosis infection.

Therefore in our country, with a high prevalence of
atypical mycobacteria and wide spread of BCG vaccination
at birth, the diagnostic value of tuberculin test in
assessing risk of infection at a cut-off point 10mm may

be less specific.
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CONCLUSION

That this study demonstrated the absence of BCG
Scar in 37% of children followed neonatal BCG vaccination
may reflect poor administrative technique of vaccination
and poor maintenance of the cold chain system. Also, to
some extent, vaccination of newborns with poorly
developed immunity systems might be the reason for high
prevalence of the absence of BCG Scar. Since tuberculosis
is highly prevalent in our country, the passively
transferred maternal immunity to mycobacterial antigen
may also reduce the protection of neonatal BCG
vaccination.

The positive tuberculin reaction (> 6 mm Induration)
was observed in 11% of children without BCG Scar. This
indicated that they developed natural protection against
tuberculosis resulting from infection with atypical
Mycobacteria. This can be expected in a tropical country
such as Ethiopia.

The prevalence of tuberculin anergy 1in 50% of
children with a BCG Scar revealed that there is no
protection with a given BCG Vaccination. So the presence
of BCG Scar, used as an indicator for BCG vaccination,
may over-estimate the coverage by a factor of two.

Considering the size of BCG Scar, a lower rate of
tuberculin anergy was observed in children who had the

large scar size (>5mm) than the small scar size (<3 mm).
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Thus the large scar size (>5mm) is a better estimate of
the degree of protection offered by BCG vaccination. But
to take only this proportion of BCG Scar (>5mm) as an
indicator, it also under-estimates the coverage. So for
accurate estimate of BCG vaccination coverage in the
community, it would be preferable to take the percentage
of tuberculin reactors in children who had BCG scar.

However, there was no observed difference in the
percentage of tuberculin anergy between different age
groups despite the presence of BCG Scar.i

All children who had the second BCG vaccination at
the age of 10 years elicited a maximal BCG Scar size
(>4mm) and positive tuberculin reaction without any
complication. This shows that the currently available
vaccine is safe and potent but the problem lies on the
technique of administering the vaccine and maintenance of
the cold chain system. There is also the question of
whether it would be administered to those infants with
poorly developed immune system or to young children. So
this requires further studies.

Tuberculin response in different age groups was also
studied and it revealed a relatively higher percentage of
tuberculin anergy in infants (39.5%) than in children at
the age of 18 months (34.5%). This might be due to
poorly developed immune system in infants to induce

allergy for a given BCG vaccine than children at the age
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of 18 months. Moreover the higher rate of tuberculin
Anergy in the age group 5-7 years (39%) compared to 18
months (34.5%) indicates the waning of BCG induced
Allergy. It was also observed in 46% of 9-11 years.

Even the low rate of tuberculin allergy observed in
age groups 5-7 years and 9-11 years could be due to
sensitization by a typical Mycobacteria rather than BCG
induced allergy, because these age groups had more chance
to be exposed to environmental mycobacteria bacteria.

Thé;eforeisince the waning of BCG induced allergy
begun at the age of 5 years, we suggested that the
optimal time for revaccination should be at the age of 5
years without prior tuberculin testing.

The diagnostic value of tuberculin test was assessed
in this study and the tuberculin response of 10 -15mm
induration was observed in 4.3% of children vaccinated at
birth and in 10% of revaccinated children without any
evidence of tuberculosis infection.

The reason, as has been discussed, may be that post
vaccination contact with a typical mycobacteria may
enhance the tuberculin response; also BCG by itself also
can induce allergy > 10 mm induration, therefore the
diagnostic value of the test becomes less specific and
highly sensitive at the cut off point of 10 mm to assess
the risk of tuberculosis infection in the population,

since it over estimates the incidence of tuberculosis.
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RECOMMENDATION

Based on our finding and reviewed studies we

recommend as follows.

1.

The presence of BCG Scar, used as an indicator for
BCG vaccination, may over-estimate coverage of
vaccination by almost a factor of two as it has
been observed in this study. Therefore we recommend
for accurate estimate of coverage, to determine the
rate tuberculin reactors in population who had BCG
scar rather than to take only BCG scar.

The prevalence of Post vaccination hypersensitivity
following low dose of neonatal BCG vaccination is
lower in infants compared to children revaccinated
at the age of 10 years. Hence we recommend further
study in deciding the age of first vaccination.

A single BCG vaccination at birth could not be
expected to provide life long immunity and waning
of BCG induced allergy was observed at the age of 5
years. Therefore we strongly recommend the second
BCG vaccination at the age of 5 years without prior
tuberculin testing.

The diagnostic value of tuberculin PPD test in
assessing risk of tuberculosis infection at a cut
off point 10 mm induration over-estimates the

incidence of tuberculosis; thus we suggest for a
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better estimate that a cut off point of 15 mm and
above should be considered.

The currently available BCG vaccine offered is
potent and safe but it requires skilled health
personnel for a good administration of a vaccine as
well as the necessary equipment such as maintenance
of cold chain system, sharp needles to properly
administer the vaccine intradermally and regular

monitoring of the vaccination programme.
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ANNEX 1

Written informed consent was obtained using a

written document which stated that

L.

The purpose of study was to evaluate the efficacy
of BCG

vaccination at birth could protect older children
against tuberculosis and description of the
procedures

Non of the procedures, that is BCG vaccination, PPD
test, and others pose a risk or complication to
study subjects.

Based on the finding of the study, the expected
benefit could be revaccination of school children
in order to reduce childhood morbidity and
mortality caused by tuberculosis.

Parents will be informed that they will be returned
once or twice to the health institution depending
on the results in the study subjects.

They also be informed that participation was
voluntary and refusal to participate will involve

no penalty or loss of benefits.
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Before beginning of the study procedure the informed
consent format was given to parents for their agreement;
in the case of illiterate parent the format was read by
a research assistant Consent would obtained with signed
form of parents.

Date Signature
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Glossary

Effectiveness = the actual outcome or benefits of the

vaccination in a given population under real life
conditions.

Efficacy = protection effect of vaccination as the ratio
of the percentage difference between the
incidence in unvaccinated and vaccinated
children to the incidence in the unvaccinated
under ideal conditions i.e the
maximum potential.

Tuberculin anergy = loss of tuberculin hypersensitivity
or absence of reaction of cell
mediated immunity.

Tuberculin non reactor = a person or animal that elicits
no tissue response (a reaction
size >1mm) for a given
tuberculin test.

Tuberculin reactor = a person or animal capable of
eliciting a tisue response
( a reaction size < 2mm)

for a given tuberculin test.
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