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ABSTRACT 

In an attempt to evaluate the effectiveness of 

neonatal BeG vaccination policy, a tuberculin survey was 

conducted among different age groups of children in 

Lideta awraja, Addis ababa who had received BeG 

vaccination shortly after birth . The survey consisted of 

assessing the immunization records and nutritional status 

and conducting clinical histories and physical 

examinations. Thereafter, each study subject's site of 

BeG vaccination on the right shoulder was assessed and 

the size of the scar graded. Tuberculin PPD tests were 

also performed simultaneously, and tuberculin reaction ___ _ 

were read within 96 - 120 hours. A standard data 

collection form was used to record address, age, sex, 

body weight, BeG Scar and tuberculin response . 

In addition, 60 children were revaccinated at the 

age of 10 years (within the study period) and tuberculin 

tests were performed 2 months after the second 

vaccination . 

Furthermore , 70 bacter iologically proven 

tuberculosis patients were also tuberculin tested at the 

beginning of the study, in order to c heck the potency of 

tuberculin PPD test and to estimate the diagnostic va lue 

of the test. 

A total of 895 children were studied between October 

1992 and February 1993. Of these 563 (63 %) had a definite 

BeG scar while the rest 331 (37%) were without a Scar. 

The sex distribution in each group was similar. The 

percentage of tuberculin non reactors in different age 

groups was 39.5% at 2 months, 34 . 5% at 18 months, 39 .1% 

at 5-7 years, and 46% at 9-11 years. The number of 

tuberculin non reactors initially showed a slight decline 

from age 2 months and then an increase from age 18 months 

onward; the overall pattern of induration size was 
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statistically sig nificant different between the age 

groups (P< 0.001). Some 55% of the children without a 

BCG scar showed no response to the tuberculin test, while 

67% of those with a scar showed a positive tuberculin 

response. A direct correlation was observed between 

tuberculin reactivity and the size of BCG scar (P<O.OOl) . 

Meanwhile, a positive tuberculin reaction (>6 mm) was 

observed in 11% of c hildren despite the absence of the 

BCG scar. Children without the BCG scar have 2.53 times 

the risk of a negative tuberculin 

those with a BCG scar (P<O. OOl) . 

reaction compared to 

All the children 

revaccinated at the age of 10 years showed a positive 

EUJ5erculin reac1:1on and---eric il:ed a larger size of-S-CG 

scar (> 4 rom) . The tuberculosis patients showed 

tuberculin reactions according to a n unimodal 

distribut i on. Of these 12% showed 10 -15rom induration. 

A reaction of 10 - 15 rom were also observed in 3.3% of 

children without a scar,ll% of children with a large scar 

size( >5rom) and in 10% Of revaccinated children with out 

tuberculosis infection . This revealed that the lack of 

specificity of the test . 

Overall, this finding emphasized the poor tuberculin 

response in infants at the age of 2 months compared to 18 

months after vaccination at birth and the waning effect 

of tuberculin response at the age five years compared to 

18 months. It indicates that the BCG induced a ll ergy 

tended to disappear in this age group and the need for 

revaccination. Thus we suggest a further study in 

deciding the age of first vaccination and revaccination 

at the age of 5 years without tuberculin test . 

In estimating coverage of vacc ination, the presence 

of BCG scar used as a n indicator may overestimate by 

almost a factor of two. Hence for accurate estimates we 

recommend determining the rate of tuberculin reactors in 

populations who have a BCG s c ar. 
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In assessing the diagnostic value of tuberculin PPD 

test, it was found less specific to determine the problem 

of tuberculosis in the community at a cut-off point of 

10mm. Therefore for a better estimate, a cut- off point 

of 15mm and above should be considered. 
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INTRODUCTION 

since the bacillus which causes the disease 

tuberculosis was discovered by Dr. Robert Koch, a 

significant proportion of the entire population of the 

world has been infected by tuberculosis. According to a 

1990 WHO publication, it is estimated that more than 20 

million people worldwide have been infected and a total 

of nearly 3 million deaths have resulted from 

tuberculosis (1). 

The global incidence of infectious cases is 

--' e-stimatea- at aooue- 8-nfil.lion cases per year. The 

majority (95 %) occur in the developing countries. 

I ndeed, in deve l oping countries tuberculosis is the most 

important cause of morbidity and mortality with 80% of 

new cases occurring in the economically productive age 

group (15 to 54) . 

According to a recent national tuberculin survey 

between 1987 and 1990, the annual tuberculosis risk of 

infection in Ethiopia is estimated at about 1.5%, and the 

overall incidence of tuberculosis is between 90,000 and 

154,000 cases per year while the preval e nce is estmated 

as high twice the incidence(2). 

A study in Mendeyo Awraja, Ethiopia indicated the 

prevalence of tuberculoses infection as 13.4%, with the 

rate being lower in infants and children under 5 years 

than in older children. Also the annual risk of 

infection was 2.7% in non vaccinated children (3). 

Moreover, tuberculosis and its complications still 

remain more important causes of death than all other 

notif iable infectious diseases combined . In Ethiopia , 

despite under diagnosis , tuberculosis is the first 

leading cause for hospital deaths, it accounts for 12.2% 

in children and 14.3% in all age groups of hospital 
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deaths(2,4) . 

Besides this, nowadays , tuberculosis is associated 

with HIV infection. HIV seropositivity ranges from 10% 

to 55% in TB patients (5,6,7), which often indicates 

endogenous reactivation rather than exogenous super 

infection. Consequently, the incidence of tuberculosis 

in HIV infected patients can be expected to be high as 

the HIV/AIDS pandemic is widespread. 

Obviously, this may worsen the extent, seriousness 

and severity of tuberculosis in a population. 

Additionally, it is a challenge for national tuberculosis 

--controLpLogLamme~t.o _reduce the morbidity and mortality ___ --: 

of tuberculosis with limited resources. 

Tuberculosis is not a disease of a single pathogen, 

rather it has multi-causal factors . Ethiopia is a poor 

country, where the majority of its citizens have low 

socioeconomic status, live in over-crowded conditions, 

have high rates of malnutrition and other related 

factors, all contributing to the development of the 

disease by increasing exposure to pathogens. 

In general, tuberculosis is one of the major public 

health problems as mentioned in earlier paragraphs. Based 

on the magnitude , seriousness and severity of the 

problem, it requires that it be given priority at all 

levels to apply more effectively the potent measures 

available for control at a cost affordable by the 

country. Consider ing cost effecti veness, BCG 

vaccination would be the appropriate measure to prevent 

tuberculosis. 

Since 1921 BCG vaccination has been used to prevent 

tuberculosis . In 1974 it was integrated into the WHO EPI 

programme to strengthen childhood preventable diseases in 

developing countries. 
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Three vaccination polices are used in the different 

countr i e s 

1. Vaccination after birth without booster or one or 

two revaccination during childhood. 

2 . Single dose in a campaign for all eligible 

subjects. 

3. continuous and sustained revaccination policy. 

In 1980, Ethiopia launched the EPI nationwide. A 

single dose of BCG vaccination has been applied to 

newborns soon after birth without booster or 

revaccination during childhood as a matter of-poliGY~. ____ _ 

Nevertheless, a single low dose of BCG vaccination 

usually given to newborns can not induce a lasting 

significant level of protection . Thus revaccination is 

necessary at school age (8,9). 

Beside these, tuberculosis remains still the leading 

cause of childhood morbidity and mortality in Ethiopia, 

despite the widespread of neonatal BCG vaccination in the 

country. 

Thus it is important for us to evaluate the 

effectiveness of neonatal BCG vaccination policy, using 

a method applicable for the country . Therefore , a 

tuberculin sample survey in different age groups was 

conducted, in order to estimate the optimal time for 

revaccination and to describe the immune response in 

young infants. Beside this, it is impracticable to 

measure the health benefit directly. In terms of the 

number of vaccinated children, it is imperative to 

measure the output of the vaccination service by 

estimating the coverage by means of a sample survey of 

the presence of scar and distribution of the s c ar size 

(8) . In this regard we assessed the presence of BCG 

scar, scar size and its relationship with tuberculin 

reaction among chi ldren who had received neonatal BCG 
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d • • ...... _~_ . ... .... , ____ .. _ 

vaccination in order to determine its reliability in 

me a s ur ing vacc inat i on out put . 

The ultimate goal of BeG vacc ination a nd measurement 

of va c cination output is 

mortality resulted from 

to reduce morbidity 

tuberculosis. Hence, 

and 

the 

significance of the tuberc ulin PPD test to measure the 

tuberculosis problem in the community was also studied . 
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LITERATURE REVlEW 

History of the BCG 

Calmette and Guerin at the Pasteur Institute of 

Lille, France attenuated the Virulent Bovine type 

mycobacterium tuberculosis isolated by Nocard in 1902 

from the tuberculosis mastitis of a heifer. They added 

ox bile to their culture media in an effort to obtain a 

well dispersed suspension of the organisms. As an 

unexpected result they noted that the organisms cultured 

in this way lost virulence for laboratory animals. After 

13 year-s----O-f - sub- cu :ttur-i ng- and t -e-st-rrrg-fronr-l9 06- to 1919---­

they became convinced that they had developed a strain of 

organism that would remain avirulent and could be used to 

immunize humans against tuberculosis (10,11,12). 

In 1921, the first human BCG vaccine was 

administered live, into the mouth of a young baby whose 

mother had died of tuberculosis. The baby survived, 

contracting neither the mother's tuberculosis nor any 

untoward effect of the BCG. This experience encouraged 

Calmette to carry out a series of experiments in animals; 

the result suggested that the vaccine was safe and that 

it offered a degree of resistance to challenge with 

virulent tubercle bacilli. Based on this e vidence, he 

begun to provide the vaccine free of charge, in 

particular for use in infants exposed to tuberculosis in 

the home. Later on the peroral BCG vaccination was 

continued in France and countries that requested the BCG 

strain from Pasteur Institute of Paris. In 1928 the 

League of Nations announced the safety of the BCG strain 

for use in vaccination of animals and man (10,11). 

Despite this, between 1929 and 1930 in Lubeck, 

Germany, 72 out of 250 perorally vaccinated children died 

as a consequence, with fulminating tuberculosis. 
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Confidence in BCG evaporated and Calmette died broken 

hearted in 1933 . But the German health authorities and 

the law court declared that the BCG vaccine was 

contaminated with virulent Kiel strain through 

professional malpractice . In spite of the objections 

following the Lubeck malpractice, BCG vaccination 

progressed and in 1948 the first international BCG 

congress in Paris stated that the BCG vaccination was 

effective in preventing tuberculosis and that BCG strain 

stably maintained its residual virulence. By 1948 more 

than 10 million vaccinations has been carried out(10,11) . 

To reduce the global problem of tuberculosis after 

the second world war, BCG vaccination has been applied on 

an ever increasing scale. The WHO and UNICEF organized 

BCG mass campaigns to cover the eligible population in a 

short time in several countries. 

been 

since 1974, a BCG 

integrated with the vaccination programme has 

general health services and included in the WHO - EPI 

programme to strengthen prevention of infectious disease 

in children. Vaccination is therefore directed to the 

youngest age groups including the newborn till now 

(9,12,13) . 

Effect of BCG on Tuberculosis 

Calmette and Guerin demonstrated in successive 

experiments that BCG vaccine became harmless, kept its 

antigenic property, viability and an appropriate level of 

residual virulence to multiply in the vaccinated host to 

offer premunition, which is the protection as concomitant 

immunity depending on the presence of the living, 

metabolizing and persisting BCG in the vaccinated host. 

Hence, effective BCG vaccine activates the macrophages, 

the T-cell functions and the molecular communication 

mechanism of the immune system. Thus, this premunition 

will be able to inhibit all further invading virulent 

mycobacteria and offers protection against 
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tubercu l osis( 10 ) . 

Quality Control of BCG Vaccine 

In spite of the precise instructions of Calmette 

and Guerin on the methods of maintaining the BCG 

cuI tures, with modif ications to maintenance conditions in 

different Laboratories, the genotypical and phenotypical 

variations resulted in various BCG sub strains with 

decreasing levels of the original residual virulence. 

The consequence today is that several BCG sub strains are 

being used in the vaccine manufacturing Laboratories with 

difterent- vJ.abilit-y_,_ r_esLdual virulence, immunogenicety 

and reactogenicety(10,15). 

since 1948 , WHQ took 

large scale international 

the responsibility for the 

BCG vaccine. In 1974 the 

twenty-seventh World Health Assembly reaffirmed the 

importance of quality control of BCG vaccine 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 system" (14). All producers 

of freeze dried vaccine supplied by or through UNICEF 

were already using this system , which consisted of 

evaluation in international referenc e laboratories and 

centres both in the laboratory and by clinical testing 

(15) . 

Quality Control Testing 

In-vi tro tests: - The In-vitro potency of the vaccine 

is expressed in viable units. Several in-vitro tests for 

BCG vaccine have been described. One of these determines 

the number of culturable particles on solid medium from 

appropriate dilution level; a laboratory should be able 

to relate the number of BCG particles determined for a 

particular vaccine to clinical effects such as scar size, 
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post vaccination tuberculin hyper sensitivity and 

incidence of common toxic effects(lO,lS) . 
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A rapid test for viability is based on measurement 

of bioluminescence, which is a reliab l e marker for living 

cells; the test is useful once the mean content of 

adenosine triphosphate per culturable particle has been 

estimated for a given vaccine strain(15). 

vaccine Viability 

The viability of a given BeG vaccine, i.e . the 

proportion of live and dead bacilli, is an important 

determinant of its characteristics. The final product is 

filled in containers according to a standard bacterial 

mass, which is estimated by weight or opacity. The 

percentage of total bacterial particles that is 

cul turable is then determined. This percentage is 

subject to further decrease after freeze drying (10,15». 

The e xtent of the local reaction to BeG vaccination 

is proportional to the total bacterial mass while the 

l e vel o f tube r c ulin sensitiv ity is r ela ted to the numbe r 

of cu l t urab l e particles ( 15 ). 

vaccine The rmal Stability 

According to the WHO r equire ments, the number of 

culturable particles in a vaccine after incubation for 28 

days at 37°c must not be less than 20% of that in samples 

of the same vaccine stored at 4°c. 

Residual Virulence 

This is tested by the relative persistence capacity 

of the BeG sub strain in the spleen of mice and by the 

skin reactivity in guinea pigs (Jensen test). The 

corresponding human field control is the reaction size of 

the local skin lesion and the frequency of the adverse 

reaction (10) . 
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Tuberculin Allergy 

Purified p r o t ein der i vative (PPD ) of t uberculin i s 

a precipitate found from filtrate of old tuberculin(OT) 

by Florence Seibert in 1934 and has been used to test 

cell mediated immunity followed by mycobacterial 

sensi tization in animals and human populations. Its 

immunological reaction is expressed as PPD, because of 

cell infiltration and it enhances the activity of 

regional lymph nodes which leads to release small 

lymphocytes from bone marrow. T. lymphocytes proliferated 

to antigenic stimulus and offer specifically sensitized 

l -yrnphoc-y-te- then- enter_the blo_od_ciLcula t iDn , _resul t i ng~i~n'-___ --l 

tissue induration. 

False negative PPD responses in the presence of 

mycobacterial sensitization have been observed in steroid 

therapy, malnutrition, INH therapy, c hildren less than 3 

months who have recent infection with measles or 

immunization with live viral vacc ine. On the other h a nd, 

a booster phenomenon of BeG vaccine enhances tuberculin 

PPD response (16,17). 

Tuberculin tests are still be used as tools for 

assessing 

populations 

programmes. 

the risk of tuberculosis infection in 

and have an impact on tuberculosis control 

For the purpose of testing the qual i ty of BeG 

vaccine , the tuberculin reaction size in mm is tested in 

guinea pig sensitized with defined values of the tested 

BeG vaccine and the corresponding human field test is the 

tuberculin conversion rate or the tuberculin reaction 

size which represents the eMI response(lO). 

However, it has so far proved impossible to overc ome 

the cross sensitivity by infection with different 

mycobacteria. 
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Characteristics of current BCG preparation 

A study on the qu a l i t y contro l o f BCG vacc ine by WHO 

was carried out to determine which preparations of BCG 

vaccine are currently in use what and their 

characteristics are. For this purpose information was 

obtained from 15 manufacturers of BCG vaccine, especially 

on the three parent strains of BCG, that is Glaxo, 

Pasteur and Tokyo which account for over 90% of the 

vaccines currently in use world wide. 

Based on the information obtained from manufactures 

of BCG vaccines in 1989 and reviewing several studies on 

quality control of BCG vaccine , the WHO study group 
___ --1 

determined that currently available BCG vaccines have an 

efficacy of 60 90% for preventing disseminated 

tuberculosis or meningitis in young children, but 

somewhat lower efficacy for other forms of primary 

tuberculosis. Moreover, no BCG preparation tested was 

significantly more efficacious than any other and most 

of the prepa r a tion s c urrently in commerc i a l production 

have been tested at least onc e in a careful clinical 

trial . On the basis of there protective effic acy, their 

is no e v idence a t pre s e nt to sUbstantiate choosing one 

preparation or ma nu f acturer of BeG vac cine over another 

(15) . 

The Effect of BCG Vaccination 

The rationale of BCG vaccination is to substitute 

the natural and potentially harmful primary infection 

with virulent tubercle bacilli by an artificial and 

i nnocuous primary infection with attenuated bacilli that 

have maintained the immunogenic properties but not the 

pathogenicity of the virulent bacilli. Among the 

immunogenic properties are the enhanced resistance to a 

subsequent exposure to virulent infection, but also 

immune reaction such as induction of delayed 

hypersensitivity in a healthy host. 

11 



While the protective effect of BCG vaccine against 

tuberculosis can be demonstrated experimentally through 

vaccination of suitable animals and subsequent challenge / 

the effect in man is best obtained by means of controlled 

clinical trials. 

Starting in the 1930s a series of controlled trials 

was organized in several areas of the world, in order to 

assess the protective effect of BCG against tuberculosis. 

The results of these trials have been confusing in their 

lack of consistency, providing evidence of high level 

protection in some population, but little or no 

protect ion i-n other-s _ (_tahle-L)_. _________________ -, 

A trial in Chicago infants was carried out between 

February, 1937 and February, 1948 and the incidence of 

tuberculosis between vaccinated and non vaccinated 

infants during the following 23 years was compared. The 

result indicated that among the vaccinated there were a 

total of 17 cases of tuberculosis (0.43/1000/yr.) and 65 

cases in non vaccinated (1.7/1000/yr.) / a reduction of 

75%. The morbidity was 0.41/1000/yr . in the vaccinated 

subjects and 1.5/1000/yr . in the controls, a reduction 

of 74% (18). 

A similar result was obtained in a study of a North 

American indian population; this study in the late 1930/s 

revealed that BCG offered 80% protection against 

tuberculosis (10). Also a trial among British school 

leavers, started in 1950/ showed 78% protection over 

almost 15 years of follow up (19). 

In contrast to these, in the studies in the united 

states conducted between 1947 and 1950/ the one carried 

out in a Puerto Rico population showed a modest 

protection effect (31%) while the two studies in Georgia 

and Alabama school children failed to show any protection 

at all after 20 years and 14 years of observation 

respectively (20/21/22). 
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---.---------~---

On the other hand , a tr i al in Madanopolle , South 

India betwe en 19 50 and 19 55 indicated a moderate 

protective effect estimated at 30% (23). 

So far, the assessments of the protective effect of 

BCG vaccination in human populations have produced 

contradictory results. As mentioned earlier the sharpest 

contrast appears in the large contro lled studies 

conducted by the British Medical Research Council (19) 

and by the United States Public Health Service (21,22). 

Acceptance of the U.S Public Health Service results would 

lead to in view of that BCG vaccination has no value in 

__________ protection-<tgains.i:_t.uheLc.uLQs.is..,_whil.EL-i~_on1:rast th.e<=-___ _ 

British Medical Research result suggests that BCG vaccine 

offered high protection. various attempts have been made 

to reconcile these contradictory results. 

Among these, Palmer and Long offered an explanation 

of the differences in the protection effect of BCG 

vaccination in Britain and the united states, in terms of 

differences in the prevalence of atypical mycobacteria 

infection. They further stated "the crux of the matter 

is that the anti tuberculosis effect of BCG is not added 

to that which a population may already have acquired from 

infection with an atypical mycobocteria; instead the 

observed effect of BCG is its potential capacity minus 

the capacity acquired from other mycobactereal infection" 

(24). In as much as BCG can attain its full anti 

tuberculosis potential only in a population free of other 

mycobactereal infections, the observed effect in 

population with such infections is, therefore, the 

difference between BCG's potentia l effect and that 

acquired from 

the atypical 

"natural vaccination" with one or more of 

mycobacteria. Infections with atypical 

mycobacteria are widespread, particularly in tropical and 

subtropical regions of the world; hence, one must not 

expect the protective effect of BCG to be the same 

13 



________ • ____ ~«e~·~n __ .~ __ ··roo__ ~ ____ 

everywhere . Other s tud i es on the atypical mycobacteria 

also suggest that suc h sens iti zation c ould be associated 

with protection against tuberculosis and possibly mask 

the protective effect of BCG vaccination (24) . 

Meanwhile other factors were investigated for the 

observed discrepancy in several controlled trials on the 

protecti ve effect of BCG vaccination; these include: 

differences in immunogencity and virulence among the 

strains used in some of the trials (25), variation of the 

dose of BCG vaccine and the presence or absence of 

tuberculosis infection in the trial subjects; infected 

-----_____ sub;j_ects have invariably-been excluded from vaccination 

trials. In 1968 a trial satisfying most of these 

cond i tions was organized in South India by the Indian 

Council of Medical Research (ICMR) , New Delhi, in 

cooperat i on with the World Health Organization and the 

Centre for Disease Control (U.S.) to meet the objectives 

1. To estimate the protectiv e effect of BCG 

vaccination against tuberculosis in the non 

infected 

2. To assess the effect of BCG vaccination in persons 

already infected 

3. To assess the protective effect of different 

strains of BCG 

4 . To assess the influence of dosage of BCG on the 

protective effect. 

5. To gather epidemiological data on tuberculosis in 

the community. However, the results of the trial 

revealed that BCG did not confer any protection 

against the development of pulmonary tuberculoses 

during the first 7 1/2 years after vaccination. 

Because of this, the question of examining the 

significance of the difference in protective effect 

between vaccine strains or dosage does not arise 

(26) . 

14 



In contrast to this, a cohort study was carried out 

in Norway bet ween 1956 to 1973 to study the i ncidence of 

tuberculosis in vaccinated, un infected (tuberculin 

negative) and infected (tuberculin positive) subjects. 

The result showed that the protective effect of BeG 

vaccination in Norwegian children under 5 years in the 

first 10 years after vaccination of tuberculin negative 

subjects is estimated to have been 80%. The effect was 

higher during the first 5 years after vaccination than 

during the next 5 years (27). 

Parallel to this, in 1983, in England and Wales, the 

rotective efficacy of BeG vaccine at ages 15 - 19 years 

was estimated to be about 80% and at 20 - 24 years about 

75% (28) . Similarly a controlled study was carried out in 

Seoul, Korea between 1984 and 1986 to determine the 

protective effect of the BeG program in children up to 5 

years of age and it showed 70% protective effect for the 

total obse r vation (29). 

After assessing all of t he se contradic tory r esults 

in several studies, the WHO study group on BeG 

vaccination policies attempted to e xplain the variation 

in the protective effect of BeG vaccination: It could be 

that in some trials a vaccine of low potency had been 

used and 

bacilli 

in others infection other than the tubercle 

had provided natural protection against 

tuberculosis, 

Additionally 

thus masking the effect of BeG vaccination. 

the poor results in some trials could 

possibly result from the disease diagnosed being 

predominantly of exogenous super infection type, whereas 

BeG vaccination may protect un infected persons against 

primary and evolutive tuberculosis as well as endogenous 

reactivation. While it can not be expected to protect 

uninfected persons if their eventual diseases were of the 

exogenous reinfection type; this is because at the time 

of reinfection the level of immunity would be that 
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derived from the primary infection, whether BCG had been 

given 

would 

or not. 

have the 

Thus controls and vacc inated subjects 

same risk 

reinfection. So far, the 

BCG vaccination be applied 

of disease from exogenous 

study group recommended that 

most often to the newborn and 

young infants and that this policy was being adopted more 

and more with the introduction of the EPI. It therefore 

found that there were no reasons to modify this current 

policy and it was recommended that the use of BCG as an 

anti tuberculosis measure be continued, in particular in 

infants and children (30). 

----A-fu~the];:--r_ecommendalion_Df the studY---.9roup , '----
confirming that of on ICMR/WHO scientific group, was that 

research on the effectiveness of BCG vaccination in young 

children should be undertaken according to methods 

applicable in developing countries (31). 

In view of these facts and recommendations, further 

case control and other studies were carried out to better 

define the role of BCG in a tuberculosis control 

programme. 

One such study was a case control and contact study 

among child c ontacts of newly discovered sputum smear 

posi ti ve patients with pulmonary tuberculosis in Bangkok. 

In this study, children who had received BCG vaccination 

after birth showed clinical or radiological evidence 

suggestive of tuberculosis only half as often in the 

unvaccinated children (13) . Addi tiona lly recent 

observations in Indian children under 15 years do show 

some protection against tuberculoses (33) . Similar to 

this, a study was carried out in the Shoa district of 

Ethiopia, to assess the efficacy of previously 

administered BCG by comparing the vacc ina ted and non 

vaccinated proportion of population. It was found that 

t he rate of acquisition of primary tuberculosis in the 

unvaccinated would appear to be 3.25/100 children per 
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year over the years studied and in the vaccination group 

t he rate was only 0 . 42/100 children /year over a similar 

period; this would suggest protective e fficacy of BeG 

87.1% (34). 

Another case control study in the metropolitan 

region of Sao Paulo, Brazil revealed that BeG vaccination 

was highly effective against tuberculosis meningitis in 

children below 5 years of age. The estimates of efficacy 

were the same whether one estimated them from 

neighbourhood controls (84 .5% ) or hospital contro ls 

(80.2%) (32). 

-_-..So.-£ar_, -.in contrast to the WHO study group 

explanation concerning BeG protection against exogenous 

reinfect i on, one other study suggested that BeG 

vaccination could affect not only endogenous reactivation 

but also exogenous tubercle reinfection (36). 

Based on these consistency of recent studies and the 

WHO study group on BeG vaccination policy review ,it is 

now generally accepted that BeG vacc ine imparted some 

protection against tuberculosis. However,the use of 

neonatal BeG vaccination raised some controversies. Some 

important aspects of these controversies are given below. 
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Tab l e 1.Major Contro ll ed Trials on Protective Eff ect of BeG Vacc ine Aga inst Tubercul os i s. 

Area Duration of Percentage 
(Refenence No) Subjec t s Intake Period Va ccine observation Prot ection 

1. North American 
Indians to 18 years 1935 . 38 T I CE 9 - 11 80 

(19) 

2. Chicago Infant s 1937 . 48 TICE 12 - 23 75 
(18) 

3. Georgia School children 1947 TICE 20 Nil 
(22) (6-17yr of age) 

4. Puert o Rico General population 1949 . 51 Birkhaug 5 - 7 31 
(20) (below 20 years) 

5. Georgi a & Alabama Over 5 years 1950 TICE 14 14 
(21) 

6. Grcea L BcLta i n ~ y:cs 1950 - 52 Danish 15 78 
(37) 

7. Modanapo II e I S. lndia All ages 1950 - 55 Madras 9 - 14 30 
(23) 

8. Chingleput , S . India All ages 1968 - 71 Paris 7 1/2 Nil 
(26) Danish 

9. Norway Under 5 year 1954 - 1973 Paris, 10 years 80 
(27) Japan 
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BeG vaccine in the Newborn and Young I n fants 

As recommended by the World Health Organization, BeG 

vaccination should be applied to all babies at birth or 

as soon as possible there after, before being exposed to 

infection. Thus protection is afforded against the 

serious forms of childhood 

tuberculosis-miliary tuberculosis and tuberculosis 

meningitis - which are still often fatal, even when 

chemotherapy is available. On the other hand, it is 

generally consider6ed that a single vaccination at birth 

does not give protection for life, and that revaccination 

is necessary at school age (9,38). 

Immunization of infants with vaccine requires full 

participation of cell mediated immune r e sponse to 

specific antigen for adequate immunity induction. 

However, the effec tiveness of BeG vac cination of infants 

is influenced by preexisting cell mediated immunity to 

mycobacterial antigen through interference with 

processing of the BeG organisms. The humeral factor 

produced by the mother ' s immune system and reaching the 

fetus trans placentally and also breast feeding appears 

to provide the newborn ' s specif ic cell mediated immunity. 

It is obtained by the generation of PPD induced LIF 

(Targer 1985). The newborn's specific cell mediated is 

not likely a ssociated with immunological memory, rather 
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it is akin to passive specific humera l immunity which 

usually declined in the 3 months after birth. As 

described earlier, this pre existing passive cell 

mediated immunity to specific antigen may interfere with 

the establishment of active immunity by altering the host 

response to active immunization to that antigen; the 

resulting post vaccination tuberculin sensitivity in the 

newborn invariably appears to be lower than in older 

children given the same dose of BCG. Thus, at least part 

of the widely varying efficacy of BCG immunization may be 

related to t his passive form of pre existing immuni t y 

(9, 39,40) . 

On the other hand, a dose of BCG that is well 

tolerated in school children often causes suppurativ e 

l ympha denitis in a high proportion of the newborn. In 

order to avoid this high incidence of suppurative 

lymphadenitis in the lowest a ge group, the dose of BCG 

vaccine is usually reduced and this results in a further 

decrease in the immunological response as evidenced by 

the post vacc i nat ion tuberculin sensitivity (9) . 

consistent with the previous observation in other 

study comparing BCG vaccination at birth and at third 

month of life, evaluation was made using the results of 

tests with PPD, by vacc ine scar and by complications of 

the vaccine; it was found that BCG given at the end of 

third months provided a higher rate of response and fewer 
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complications than when given during the first few days 

of life (41) . 

Furthermore, a study was carried out in children of 

Asian ethnic origin born in England to assess the 

protection offered by BeG given during the first year of 

life against tuberculoses. It found a lower protective 

efficacy of BeG vaccination in infancy(49%) than in the 

secondary school age BeG programme (80%). Nevertheless, 

the protection is substantial and in the U. K, it is 

considered that BeG vaccination of infants should be 

continued in order to reduce the incidence of childhood 

tuberculosis (42) . 

Moreover, a tuberculin survey in Ethiopian children 

between 1 month and 5 years was carried out; it has found 

a trend that as age increases, tuberc ulin positivity 

increases. The authors offered two explanations for 

thes e findings: older children h a ve well developed immune 

system and more chance of exposure than newborns (43) . 

In addition to this, a tuberculin survey among BCG 

vaccinated children aged 5-14 years in an eastern 

province of Saudi Arabia found that 71% were tuberculin 

positive; it was also shown that tuberculin sensitivity 

declines within a few years of vaccination. In this 

regard , the authors suggest that the observed decline 

probably indicates the current policy of BCG vaccination 

at birth should be reinforced by revaccination at s c hool 
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leaving age (44). Meanwh ile, other investigators 

observed low rates of natural acquisition of tuberculin 

positivity in BeG unvaccinated preschool children and 

they suggest a suitable age for giving BeG would be when 

the child first goes to school (45). Also, a recent 

study in India indicated that the prevalence rate of 

tuberculosis in children aged 5 - 9 years was about 3 

times higher than in children aged 1 - 4 years (46). 

The negative tuberculin response indicates the 

elimination of the living BeG bacteria from the 

vaccinated host and the need to revaccinate in order 

maintain the activation of the cell mediated i mmunity 

(3). Hence the above mentioned studies in Ethiopia and 

Saudi Arabia suggest that the protective effect of BeG 

vaccination gradually increases with age until age 5 and 

it declines at school age, indicating the necessity of 

revaccination at this age (43,44,45). 

In order to assess the optimal age for 

revaccination, a tubercul i n survey was carried out in 

Sri-Lankan children in different age groups who had 

received low dose of BeG vaccination in the first month 

of life; based on their results, the authors suggested 

that the optimal time for revaccination may be at 5 years 

rather than at 10 years of age (47). 

Furthermore, a long term study of BeG revaccination 

policy in Hungary between 1959 to 1983 (with a 
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standardized BCG s t rain, viability control of the 

vaccine, a reliable diagnostic and reporting system) 

revealed that the sustained BCG revaccination system 

lowered childhood tuberculosis incidence 3 - 4 times 

more rapidly ( 23 - 32% per year) than the non vaccinated 

adult incidence during the first 10 years and( 6 - 15% 

per year) further lowered the incidence during the second 

10 years (10). 

As mentioned earlier, some studies indicated BCG 

vaccination at birth provides low protection against 

childhood tuberculosis. They give as reasons the fact 

tha t the effectiveness of BCG vaccination is influenced 

by pre existing cell mediated immunity to mycobactrial 

antigen, low dose of BCG vaccine and not well developed 

immune system in newborns to el i cit cell mediated i mmune 

response to specific antigen . 

Because of these reasons, they suggest that 

vaccination should be given at the third month of life or 

thereafter; while others recommend that neonatal BCG 

vaccination be continued with the same dose and followed 

by vaccination at the age of 5 year and sustained 

vaccination of the reconverted tuberculin negative 

children until young adult age . (9,10,39,40,41,47). 

contrary to this, a WHO study group recommended that 

a second BCG vaccination should be given at the age of 10 

years following neonatal BCG vaccination (38) and also 
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that a tubercu l in test for screening before vaccinat i on 

should be omitted (48). 

Meanwhi le in 1980, Ethiopia launched the EPI 

nationwide, assisted by UNICEF, WHO and UNDP. Since 

then, BCG vaccinat ion has been app lied as primo 

vaccination after birth, without booster during 

childhood, as a matter of policy in the country. 

However, a single vaccination at birth does not give 

protection for life and a second BCG vaccinat ion should 

be given at the age of 10 years (6) as recommended by WHO 

(38) . 

Moreover, a review of the immunization programme in 

Ethiopia indicate that although the vaccination coverage 

of BCG increased from 1980 to 1989 (6% to 44.4%), the 

incidence of tuberculosis also increased from 1977 to 

1988(49). Although several reasons have been mentioned 

for this increasing incidence, the immunization program 

also should be evaluated. 

In light of all of these contradictory results, the 

present study attempts to evaluate the effectiveness of 

neonatal BCG vaccination policy by assessing tuberculin 

response in different age groups in order to find the 

optimal time for BCG revaccination and to describe immune 

response in young infants following low dose BCG 

vaccination at birth. Additionally to assess the 

measurement of vaccination output and tuberculosis 
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problem at present in the community . The aim of this 

study is to us e thi s info rma tion a s a basis for 

reviewing and streng thening the c urre nt vaccination 

policy. 

--------- -----
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Objectives 

General 

... ". 

To evaluate the effectiveness of neonatal BeG 

vaccination policy . 

Specific 

1. To estimate the optimal age of BeG revaccination 

following neonatal BeG vaccination. 

2. To describe the immune response in young infants 

following low dose BeG vaccination at birth 

3. To assess the reliability of BeG scar for use as an 

indic ator for coverage of BeG vaccination. 

4. To assess the diagnostic value of tuberculin PPD 

test. 
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METHODS 

STUDY AREA 

The Survey was conducted in Lideta awraja in south 

Western Addis Ababa, Ethiopia. As of 1992, the awraja 

population was estimated to be 176,819, of whom it is 

estimated that 71,911 are children under 15 years of age. 

Almost all have similar socio-economic status, but a few 

are in high and low classes. The altitudes of the awraja 

---------~vaF-y--l3e~~weeFl-2-0f)f)m-anEl-2_§f)f)m-aI30ve-sea-lceve-1 .,---------­

The survey took place in five randomly selected 

elementary schools for school age children and in the 

loca l health institutes for pre school children. 

Ethical Considerations 

This study was approved by the research corruni ttee of 

the faculty of medicine, University of Addis Ababa . 

Moreover, written informed consent forms were prepared 

(Annex 1) and individual informed consent was given by 

the child's parents or guardians. There were some 20 

refusa l s. 

Selection Procedure 

Of all apparently healthy Ethiopian-born children 

aged 2 months to 11 years who had received BCG vaccine at 

birth, four groups of children, aged 2 months, 18 months, 

5 - 7 years and 9 - 11 years were selected. 
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The selection of a child as a study subject 

compr ised the following main activities: 

1.Assess immunization record 

2.Conduct clinical history and physical 

examination 

3.Assessment of nutritional status 

Assessment of Immunization Record 

Immunization records were checked to monitor the 

date of BCG vaccination in order to exclude un - vaccinated 

children and children vaccinated beyond the first week of 

life . Additionally, the e xa c t age of a child was 

obtained. 

Clinical History and Physical Examination 

The vaccinated children's parents or guardians were 

interviewed about the health status of their children . 

Subsequently, general physical examinations were 

performed by a physician at the testing site. Fina lly 

children who had history of past or recent tuberculosis 

infection, history of contact with an active 

tuberculos is, INH therapy, symptoms of tuberculos is, 

history of measles infection, or live viral vaccination 

in the last 6 months, immune depressant therapy and other 

immune suppresser or chronic illness were excluded. This 

was done in order to minimize false negative and false 

positive Tuberculin tests. 
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Assessment of Nutritional status 

Measurements of the weight and height of the child 

were taken by a trained health assistant before 

commencement of the test procedure. Two indices of 

nutritional status were constructed: weight for height 

and height for age. The subjects ' measurements were 

classified according to the published anthropometric 

reference value for use in the African region namely: 

1- Weight for height --- children of preschool age 

a. Above median - ISO = normal 

b. Between 1 and 2S0 below median = mild PEM 

c . Between 2 and 3S0 below median = moderate PEM 

d. Below median - 3S0 = severe PEM 

2. Height for age --- school age children 

a. Abov e median - ISO = Normal 

b . Between 1 and 2S0 below median = Mild stunting 

c. Between 2 and 3S0 below median = moderate 

stunting 

d . Below median - 3S0 = severe stunting 

Based on this, all children who had the measurement 

ISO below the median were also excluded. The 

reason for exclusion was also to minimize false 

negative tuberculin test. 
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Sample Size Determination 

In several studies an apparent lack of Tuberculin 

sensitivity followed n eona tal BeG vaccination was 

observed 

Lankan's 

i e. 14 % of U.A . E 

children (47) and 

infants(50) , 

in 31 . 3% 

80% of Sri­

of Ethiopian 

children (43) 

In this regard the proportion of Tuberculin anergy 

found in the previous Ethiopian study was taken for 

sample size calculation. 
--------'---

The maximum acceptable discrepancy lOOp- lOOP between 

sample and population percent age was taken as + 4% for 

precision; a 99% certainty was used. 

The 99% confidence limits involve a combined total 

of 1% in the two tails of the normal distribution, so we 

took 

Z = +/- 2.58 

The standard error (SE) of the estimated 

percentage is 100 times the square root of P(l-P). 

The allowable discrepancy of +/- 4 perc ent between 

sample and population percentage gives us 

lOOp - lOOP = +/- 4 = Z x SE 

Thus, taking the Proportion of Tuberculin anergy as 

P = 31.3% or 0.32, as mentioned before, and solving for 

n, we obtain 

n = 4160.25 (0. 32) (0.68) = 905 
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In order to allow for incomplete data, drop outs 

etc., the study was therefore planned to recruit 1000 

children . 

Sample recruitment 

During a period of 4 months from November 1992 until 

February 1993, a total of 980 children (369 pre school 

age and 526 school age) were recruited for the study. Of 

these, some 895 (426 male and 469 female) participated, 

yielding an overall response rate of 91.3%. Home visitors 

were employed to contact the parents of children who were 

absent on the day of reading the tuberculin test and to 

request them to bring their children to the health centre 

on the same day or the next. Despite this, 8.7% were non 

participants since parents of children were absent in 

their residence for various reasons and so could not be 

contacted. 

Of the 895 children, 253 were aged 2 months, 116 

aged 18 months, 202 aged 5-7 years and 324 aged 9-11 

years. For the purpose of comparison, the proportions of 

children in each of four age groups was similar to those 

the study of Sri-Lankan children (4). 

Addi tionally, in order to assess the effect of 

revaccination on tuberculin reaction and on scar size, 

60 children aged 10 years who had received BeG vaccine at 

birth and showed no response at all to tuberculin PPD 
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test in the study period were revaccinated during the 

study period; the revaccination used the same dose of BeG 

as is used for newborns; these children were then 

retested two months later for tuberculin response and a 

scar size also assessed. 

Furthermore, to check the potency of the tuberculin 

PPD solution and to describe the variation of tuberculin 

reaction in already infected person, 70 bacteriologically 

proven tuberculosis patients were also tuberculin tested 

at the beginning of the study. 

Training 

A one day job-oriented training was held for the 

employed research assistants. In order to avoid inter-

observer variation, one health assistant was assigned to 

check immunization records and age of the study subjects, 

one physician (principal investigator) to perform 

clinical examination, one nurse to measure weight and 

height, one nurse to screen malnourished children, one 

health assistant to evaluate BeG scar, one nurse to 

administer the tuberculin PPD test, one nurse to read the 

PPD induration, one health assistant to offer BeG 

vaccine , and one health assistant to administer and 

complete the questionnaires. 
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Data Collection 

The variables fo r wh i ch data were co l lected wer e : 

age, sex, address, presence of BCG scar, presence of PPD 

induration and size of PPD induration (annex 2). 

The first part of the questionnaire was administered 

for eligible children on arrival at the study sites and 

tuberculin PPD test administered. Subsequently, 96 - 120 

hours later, the tuberculin PPD induration was read and 

the questionnaire was completed. 

Test Procedure 

The administration, reading and recording of 

tuberculin tests was in accordance with the guidelines of 

the WHO standard tuberculin test. 

A trained nurse injected into the most superficial 

epidermis of the volar surface of the right forearm of 

each subjec t intradermally 0.1 ml of purified protein 

derivative of tuberculin; this was done as soon as 

possible after the disposable syringe has been filled 

under aseptic condition and the needle had not been 

withdrawn for a few seconds to minimize leakage. The 

remaining solution was kept refrigerated and stored in 

the dark. 

All results were read within 96 - 120 hours. The 

maximum transverse diameter induration (not erythema) was 

measured using the ball point technique. 
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The test was graded as non reactive «lmm 

induration) / 2 - 5mm, 6-9mm or >10mm i nduration. 

The site of the BCG vaccination was assessed by a 

single health assistant before testing; for those who had 

a scar, the horizontal diameter of the scar was measured 

with a transparent plastic ruler. Then the site of BCG 

vaccination was graded as no scar/ 1 - 2mm bud, 3-4mm 

bud, 4-5mm bud or more than 5mm bud. 

For those 60 children who had been selected for 

revaccination, O. 05ml of BCG vaccine was gi ven 

intradermally on the right deltoid muscle by a t r a i ned 

nurse . Of these 60/ some 52 children returned 2 months 

later for the 200 tuberculin PPD test. 

statistical Analysis 

The coded questionnaire responses were entered into 

the EPI-INFO computer program in order to 

tuberculin responses in different age groups 

correlate tuberculin response, BCG scar and 

variables. 

analyze 

and to 

other 

Chi-square tests were performed to compare the 

prevalence of tuberculin anergy according to different 

categories of age, sex and BCG scar; these were performed 

without and with stratif i cation. The stratified analysis 

were performed to correct the comparison for any 

imbalances in the composi tion of the sub-groups being 
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compared with respect to the other variables . eg o the age 

c ompariso n was stratifie d on s ex and BCG s c ar etc. The 

chi-square test for linear trend was used to e v aluate the 

trend of tuberculin anergy across age after adjustment 

for BCG scar status . 
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RESULTS 

A total of 980 children who had received BCG 

vaccination at birth in Addis Ababa between October 1992 

and February 1993 were tuberculin PPD tested, but 895 

(91.3%) returned for the test to be read. 

Characteristics of study Subjects 

The study subjects characterized by age and sex are 

summarized in table 2. It is observed that there are 

_ _ _ _____ fewer chi-ldren in the age- group 18 month"S- (B-;-2-%) than---in--- ­

the age group 2 months (28.4%). This may be due to less 

frequent attendance at the health centre during the study 

period. There was no significant difference regarding sex 

in different age groups i.e. there was a close to 50:50 

sex distribution in each age group. 

Distribution of BCG Scar by Age Group 

Table 3 shows the distribution of the size of BCG 

scar by age groups. Of the total, some 564 (63%) had a 

definite BCG scar while the rest 331 ( 3 7%) had no visible 

post vaccination BCG scar. The percentage without a BCG 

scar was almost similar between different age groups. 

However the large size of BCG scar was more frequently 

observed in school children than in preschool children 

i. e. a scar 4 - 5rnm nodule in 14.6% and a scar >5mm 

nodule in 13.3% of schoo l children compared to in only 

9 . 2% and 3.5% of pre school c hildren respectively 

(P<O.OOI). 
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As indic ated in table 4, the distribution of the 

presence and absence of BeG scar wa s similar in both 

sexes . 

BeG Induced Tuberculin Sensitivity 

Development of BeG induced tuberculin sensitivity 

was studied in different age groups of children (table 

5). overall, 368(41.1%) showed no response at all to the 

tuberculin PPD test; the percentage of non reactors in 

different age groups was 39.5% at 2 months, 34.5% at 18 

months , 39 . 1 % at 5-7 years and 46% at 9 - 11 years. Among 

tuberculin reactors in all age groups a reaction size was 

observed as 2-5mm in 39.6%, 6-9mm in 14 .9% and 10-15 mm 

in 4.3% of children (P < 0.001) . Figure 1 illustrates 

the general pattern distribution of the percentage of 

tuberculin non reactors: initially there is a slight 

decline from age 2 months and then an increase from age 

18 months onwards; the same pattern is seen for those 

reactors showing a 2 - 5mm induration. 

Although there was no statistically significant 

difference, tuberculin anergy was observed more 

fr equently in females (43 . 5%) than in males (38.5%) 

(table 6). 

The Size of BeG Scar Versus PPD Induration 

In order to determine the correlation between the 

size of BeG scar and tuberculin induration, a correlation 

analysis was made. It shows a direct correlation between 

38 



tubercu lin reactivity and the size of BeG scar. As 

presented in table 7 and Figure 2, the percentage of 

tuberculin anergy tends to dec line as the size of BeG 

scar increased. 

The percentage of low grade tuberculin reactors (2-5mm 

induration) also showed a tendency to decline as the size 

of the BeG scar increases while the percentage of 

reactors (6-9mm induration) increased substantially with 

the size of BeG scar (P< 0.001). 

Moreover, of those children without BeG scar, 55.2% 

had no tuberculin reaction while 67% of children with 

scar showed positive tuberculin reaction invariably: 43% 

had induration of 2-5mm, 19% 6-9mm and 7% 10-15 mm 

induration (P< 0 . 001). Of those children who had the 

large BeG scar ( i . e. > 4mm), 25% were Non reactors 

whereas 75 % were Tuberculin reactors. 

A positive tuberculin reaction without a BeG scar 

Of 331 children without a scar, 148(44.7) were 

tuberculin reactors invariably. The percentage 

distribution of reactors was higher in the 18 month age 

group compared to others. They have 1.63 times the risk 

of a positive reaction compared to the infants at 2 

months. However, the trend is not statistically 

significant (table 8). 
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A negative tubercu lin reaction with a BeG scar 

Among children with a scar, 185 ( 32.8 %) showed no 

tuberculin response. There was no significant difference 

observed between age groups (table 9). Also it was not 

found statistically 

significant (p=0.48). 

Tuberculin conversion with a BeG scar 

Table 10 shows the crude prevalence of a positive 

reaction in those children who had BeG scar by age groups 

and the age- s peci f ic adjusted odds ratio (Mantel 

Haenszel) comparing reactivity between those with and 

without a BeG scar. It revealed that past BeG vaccination 

contributes to current tuberculin sensitivity . In each 

age -group , there was a greater likelihood of having a 

positive tuberculin reaction when a scar was present than 

when it was absent: 2 . 65 higher in the age group 2 months 

and 2.83 in the age group 9-11 years, while in the age 

group 18 months and 5-7 years, it was 1. 92 and 2.21 

respectively. The result was found statistically 

significant in each age group except in the age group 18 

months. In general there was a higher probability of 

having a positive tuberculin reaction with a scar than 

without one in infants and older children than younger 

children i.e. 18 months and 5-7 years. 

Table 11 presents prevalence of tuberculin non 
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reactors according to different predictor variables. It 

shows that the risk of having a negative tuberculin 

reaction after neonatal BeG vaccination was lower in the 

age group of 18 months than 2 months while it was higher 

in the group 9-11 years. However, it is not statistically 

significant. 

A minimal difference regarding sex was also 

observed, but it was also insignificant statistically. 

Moreover the table indicates that children without 

a BeG scar have 2.53 times(95% eI 1.9, 3.38) the risk of 

a negative reaction compared to those with a scar (p < 

0 . 001) . 

Tuberculin response after the 2~ BeG vaccinat ion 

In order to estimate the rate of tuberculin 

conversion after the second vaccination followed neonatal 

BeG vaccination, a group of 60 children aged 10 years who 

had no response to the first tuberculin test were 

revaccinated with a single dose of BeG vaccine . When 52 

of them were retested with tuberculin 2 months later a 

reaction was observed as a size 2-5 mm in 29% , 6-9 mm in 

61.5% and 10-15 mm in 9.5% of c hildren. Also , the scar 

site was assessed before and after 2'd vaccination and it 

was observed that those children without a scar before 

the 2nd vaccination developed a large scar size as 4-5 rom 

in 19% and >5 mm in 81% of children (table 11). 
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Tuberculin response in TB patients 

As illustrated in fig.3 the distribution of 

tuberculin reactions in TB patients showed a unimodal 

pattern. It ranges in reaction size between 2 mm and 30 

IDID. The mean tuberculin reaction diameter was 16.5 IDID and 

8% had a reaction of <10 mm. 

42 



Table 2 Characteristics of st~ subjects b~ age and sex~ n=895~ in lideta awraia from oct 1992 
to feb 1993 

Cha rac ter Mate Female Total 
Age No X No X No X 

2 months 123 48.6 130 51.4 254 28 . 4 

18 months 64 55 . 2 52 44.8 118 13.2 

5·7 years 95 47 . 1 107 52 .9 202 22 .6 

9· 11 years 144 44.4 180 55.6 321 35.9 

Total 426 47 .6 469 52.4 895 100 
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Table 3 Frequency Distribution of the size of BeG Scars by age group in lideta awraja from oct 
1992 to feb 1993. 

(numbers in parentheses are percentages) 

AGE BeG Scar si ze 

Negative '-2 nm 2· 3 "'" 4-5 nm > 5 "'" Total 

2 months 79(31 . 2) 64(25 3) 76(30) 25(9 . 9) 9(3 . 6) 253( 100) 

15 months 46(39.7) 24(20 7) 33(28. 4) 9 ( 7 . 8) 4(3 . 4) 116(100) 

5-7 years 61(30.2) 25(124) 47(23 . 3) 40(19 . 8) 29(14.3) 202(100) 

9-11 years 145(44.8) 33(10 2) 68(21.0) 37(11.4) 41(12.7) 324(100) 

Total 331(37.0) 146(1 .3) 224(25 .0) 111(12.4) 83(9.3) 895(100) 

X2 = 74. 26( 12df) 

p < 0.001 
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Table 4. Frequency Distribution of BeG Scar by Sex in Lideta awraja 
from oct 1992 to feb 1993. 

Scar +ve Scar -ve 
Sex 

No Percent No Percent 

Male 272 48.2 154 46.5 

Female 292 51.3 177 53 . 5 

Total---~ 564 --- HIO 331--100 
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Table 5. Frequency Distribution of Tuberculin Reaction by age group in lideta awraja from 
Oct 1992 to Feb 1993. 

AGE PPO Induration 

o -lron 2-5 ron 6-9 ITITl 10· 15 nm Total 

2 months 100(39.5) 119(47) 28(11.1) 6(2.4) 253(100) 

18 months 40(34.5) 56(48.3) 14(12.1) 6( 5 . 1 ) 116( 100) 

5 7 Years 79(39. 1 74(36.6) 42(20.8) 7(3 . 5) 202(100) 

9 11 Years 149(46) 106(32.6) 49(15.1) 20(6.2) 324(100) 

Total 368(41.1) 355(39.6) 133(14 . 9) 39(4 . 3) 895(100) 

X' = 26.65 

p < 0.001 
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Table 6 Freguency of Tuberculin Reaction by Sex in 
Lideta awraja from oct 1992 to feb 1993 . 

PPD Male Female 
Induration No % No % 

0-1 rom 164 38 .5 204 43.5 

2 - 5 mm 177 41.5 178 38.0 

6-9 rom 63 14.5 70 14 . 9 

> 10 rom 22 5.2 17 3 . 6 

Total 426 100 469 100 

P = 0.3473 
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Table 7 Correlation between the size of BeG Scar and PPD Induration (n=89S) 
in l ideta awraj a from oc t 1992 to feb 1993 . 

PPO SIZE OF BCG SCAR 
Induration 

~eg ( X) 111m (X) 2·311m (X) 4·511m (X) > 5 rrm eX) total 

0-1 nm 183(55.2) 56(38 . 7) 80 (35 . 7) 28(25 . 2) 21(25.3) 368 
(non reactive) 

2·5 11m 112 (33.8) 73(50) 101(45.1) 44<39.6) 25(36 . 1) 355 

6-9 nm 25 (7.6) 14(9.6) 33(14.7) 33(29 . 7) 28<33 . 7) 133 

> 10 nm 11<3.3) 3(2.1) 10(4.5) 6 (5.4) 9(10.8) 39 

Total 331(100) 146(100) 224(100) 111(100) 83(100) 895 

X' ; 101. 15 

p < 0 . 001 

48 



CORRELATION BETWEEN ~CG 
SCAR SIZE AND PPD INDURATION 

"10 PPD INDURATION 
60 1,-----------------------------------------+-----------, 

50 

40 

30 

20 

10 

o 
1 mm papule 2-3 mm papule 4 -5 mm papul~ ) 5 mm papule 

size of BCG SCAR 

PPD INDURATION 

_ 0-1 mm ~ 2-5 mm 1« 1 6-9 mm _ 110-15 mm 

FIG 3 

, 

I 
! 

i 
t 

t 



Table 8. Relationship Between the Absence of BCG Scar and 
positive Tuberculin Reaction by Age Groups. 
In lideta awraja from oct 1992 to feb 1993. 

+ve tuberculin reaction 
without BCG scar 

Age groups No Percent OR 

2 months 35 44.3 1. 00 

18 months 26 56.5 1. 63 

5 - 9 yrs 29 47.5 1.14 

9 - 11 yrs 58 40.0 0.84 

x' =1. 81 (p =0.17) 

The presence or 
never be assessed by 
significance . 

absence of confounding should 
using a statistical test of 
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Table 9. Relationship Between the Presence of BCG Scar 
and Negative Tuberculin Reaction by Age Group. 
in Lideta awraja from oct 1992 to feb 1993. 

-ve Tuberculin Reaction 
with BCG Scar 

Age 

Groups No Percent OR 

2 months 56 32 .2 1. 00 

18 months 20 28.6 0.84 

5 - 7 yrs 47 33.3 1. 05 

9 - 11 yrs 62 34.6 1.12 

x' =0.49(p =0 . 48) 
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Table 10. Prevalence of Tuberculin Conversion in those wi th a BCG Scar b:t: age grQ!:!2 in 
l ideta awraja f rom oct 1992 to feb 1993 . 

* 
Age Group No X MH CI OR P -va lue 

2 month s 118 67.8 2.65 1.48, 4.78 < 0 . 001 

18 months 50 71.4 1.92 0.82, 4 .52 0. 1 

5-7 Years 94 66.7 2.21 1.14,4.27 < 0.01 

9-11 Years 117 65 .3 2.83 1.76,4.57 < 0.001 

* For exa"llle, those 2 month old children with a POSlti"VeS-C'C scar were 2765 time"sCM"""""r • .-·--- ­
likely to have a pos itive tuberculin react i on than s imilar aged children who did not 
nave a BCG scar. 
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Table 11. 

Variabl e 

AGE 

Sex 

BCG 
Scar 

• 

Crude Prevalence and Adjusted Odds Ratios of Tuberculln Hon Reactors by 
selected characteristics in lideta awraia from oct 1992 to feb 1993. 

Category Non reac t ive 

No X 

2 months 100 39. 5 

18 mon ths 40 34 .5 

5-7 Years 79 39. 1 

9- 11 Years 149 46.0 

Ma l e 164 38.5 

Female 204 43.5 

Yes 185 32 . 5 

No 183 55 .3 

MH • 
~ 

1.00 

0.81 

0.98 

1.30 

1.00 

1. 23 

1.00 

2.53 

Adj us ted for other variables in table 

95% CI P·value 

0.50, 1.31 0.35 

0.66 , 1.46 0.92 

0 .92, 1.84 0.12 

0.93, 1. 62 0. 1 

1.9, 3. 38 <0.001 

The p· value should be considered not as a hard or fast rule for es tabl i shi ng 
the rote of chance but as a guide that chance is an al ternative explanation. 
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Table 12 Relationship between BeG Scar sizes before and 
after t he 2~ BeG vaccination in Lidet a awraia from 
oct 199 2 to feb 199 3 . 

Before 2nd vacc. 
BeG Scar size 

After 2nd Vacc . BeG Scar size 
4-5 mm > 5rnrn Total 
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DISCUSSION 

In many developing countries like Ethiopia, 

tuberculosis is still a major public health problem. BeG 

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 BeG vaccination depends on the quality 

of vaccine, its transportation and on the technique of 

the vaccination (59). However currently there is no 

evidence that when administered to newborns, different 

preparations of BeG vaccine exhibit different efficacies 

( 15) . 

The policy of the Ministry of Health in Ethiopia is 

to offer a single BeG vaccination to all babies within 

the first few days after birth. Nevertheless, the 

efficacy of neonatal BeG vaccination in older children 

and adults has shown some controversy (9,38). BeG 

vaccination at birth does not give protection for life 

and thus revaccination is necessary at schoo l age. This 

stimulated us to eva l uate the effectiveness of neonatal 

BeG 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 BeG scar 

The presence of BeG scar is used as an indicator to 

assess the coverage of the vaccination (48,50). The 

heat-killed BeG vaccine, with poor sensitizing capacity, 

can produce a large vaccination (9,47), while the absence 

of a BeG scar after BeG vaccination has been found 

between 3 and 30% in different studies (47, 50, 51, 52, 

53. 54). In a study among Sri-Iankan children (47), 3% 

of those neonatally vaccinated showed no visible BeG 
----

scar, whereas in the Swedish study (54),30% had no scar, 

while t he f igur e was 37% in our study. Of these the 

proportion of children who had a tuberculin reaction 

(>6rnrn induration) was 11% and the proportion with a 

negative tuberculin reaction (O-lrnrn) 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. 

BeG scar is a local skin lesion resulting from the 

residual virulence of the BeG 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 BeG 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 tuberculi n 

sensitiv ity represents elimination of BeG-induced 

immunity (10). The negative tuberculin response in 55% 

of those chi l dren without a scar revealed that they were 

un-protected with BeG vacc ination _ At the same time, 11% 

of children showed a strong response ( >6mm induration) 

despite the absence of BeG scar_ This might be due to 

sensi tization by atypical mycobacteria. Because, when we 

analyze the tuberculin response in different age groups 

after adjusting with BeG scar, it revealed that the 

likelihood to have positive tuberculin response, despite 

the absence of BeG scar , was higher in children aged 18 

months and 5-7 years compared to infants at 2 months . 

However, the trend is not statistically significant on 

c hi squared trend analysis (ta ble 8) i these groups of 

c hildren had more chance to be exposed to environmental 

mycobacteria. Sensit i zat ion by atypical mycobacteria may 

induce some protection against tubercle bacilli but such 

protection is weaker than that induced by a potent BeG 

vaccine (8) _ Moreover these group of children hav e a well 

developed immune system compared to infants a t 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 exp l anat ion . 

Tuberculin Response in the Presence of BeG Scar 

In our study, among group of children showed 

tuberculin anergy 50% of them had a definite BeG 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 BeG scar as indicator to vaccination coverage may 

over estimate the real situation. 

The percentage distribution of tuberculin anergy of 

those who had BeG scar was found similar between 

different age groups (table 9). But, it tends to decline 

a s a size of the BeG s car inc rea ses: 15 % when there was 

a Imm 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 BeG 

vaccination is proportional to the total bacterial mass 

or residual viru l ence (1 5) . Hence the l arge scar size is 

a good indicator for coverage eva luation, while taking 

only the l arge scar size also under-estimates the 

coverage of BeG vaccination because some of small BeG 
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scar had BCG induced allergy partially in d i ffe r e n t 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 

tuberculin response was observed. 

currently available vaccine 

of them, a positive 

This revealed that the 

is 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 tuberc ulin 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<O.OOl) (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 BeG scar and tuberculin 

induced induration and the likelihood of having a 

positive tuberculin reaction of those children with a 

scar is higher compared to those without. However, in 

this study 50% of them showed tuberculin anergy despite 

the presence of BeG scar. Thus the use of a BeG 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 

vacc ination tuberculin testing for a c cur ate estimates of 

the coverage of vaccination(48) . 

Tuberculin Response Between Different Age Groups 

In this study, the distinction between tuberculin 

reaction representing BeG vaccination and atypical 

mycobacter ia is not precise. The reason is that in 

tropical countries like Ethiopia post-vaccination 

sensitivity can not be entirely attributed to BeG in the 

presence of naturally acquired low grade sensitivity due 

to env ironmenta 1 mycobacteria. Also, recent studies 
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display wide variation in tuberculin sensitivity ; 

indurations in excess of 10 mm we re documented in 

children vaccinated at birth. Although this may pose a 

problem in the determination of BeG induced 

hypersensi ti vi ty, the rate of tuberculin anergy (negative 

reaction) has been used to assess the effectiveness of 

our neonatal BeG vaccination policy. 

The negative tuberculin reaction indicates the 

elimination of the living BeG bacteria from the 

vaccinated host (10). The negative tuberculin response 

after BeG 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 BeG 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 BeG 

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 BeG vaccine to 

the newborns causes further decreases immunological 

responses to a specific mycobacterial antigen (47). 

Nevertheless / post vaccination tuberculin sensi ti vi ty 

appears to be lower in the newborn than in older children 

given the same dose of BeG (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 BeG vaccination and those children who had been 

revaccinated at the age of 10 years with a low dose of 

BeG vacc ine (O.05ml) / all of them showed BeG induced 

tuberculin allergy in our study . Similarly , 83% of 

revaccinated children with a low dose of BeG vaccine 

showed tuberculin conversion in Karalliedde's study (47) . 

Hence a low dose of BeG 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 BeG 

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 BeG, 
- - -

given at the end of the 3,d 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 proport ion of newborns whose mother 

contracted tuberculosis prev iously surely would be 

higher. Besides this, the current policy in the c ountry 

is that BeG 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 BeG 

vaccination. 

For this reason we suggest that probably to giv e BeG 

vaccine at a dose of O.lml 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 obj ections . However, deciding the 

age of the firs t vaccination requires a considerable 

amount of data on the age specific prevalence of 

tuberculosis infection, which merely reflects the 

accumulated ep i demiological 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 t uberculous menlngitis­

in children is also important(48). 

optimal Time for Revaccination 

As discussed in the above pa rag r a ph, 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 resul t indicates the wani ng effect of 

tuberculin response was at the age of 5 y e ars compa red t o 

18 months following neonatal BeG 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 e nvironmental 

mycobacteria. 

Based on this, we suggest that the optimal time for 

revaccination should be at the age of 5 years and that it 

be a dministered without prior tube rculin test . There i s 

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 

c ost is of ma j or importa nce, it would more than double 

the cost . 

Addi tionally, this study demonstrates that when 

children who had no tuberculin response in the first 

tuberculin test were revaccinated with low dose of BeG 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 BeG scar before the 2~ 

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

(19 %) and >5mm (81%) after the 2,d BeG vac cination. 
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In genera l , al l children who u nderwent a second BeG 

vaccination in our study showed a positive tuberculin 

reaction and exhibited a maximal BeG 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 BeG vaccination at birth. It was observed 

that there was a waning of the tuberculin response at 5 

years and a strong tuberculin r e sponse after a second BeG 

vaccination. with this, they suggested the optimal time 

f o r rev a cc ina tion 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 a t school leaving age following 

BeG 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 BeG re vaccination 

policy. with this policy the incidence of childhood 

tuberculosis ha s 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 BeG was last administered, the 

lower is the risk of a positive reaction, since the 

effect of BeG vaccination on tuberculin sensitivity wanes 

with time (55). 

Moreover, the WHO expert committee (8) notes that 

the reduced dose of BeG given to the newborn will never 

induce a lasting significant level of protection. Hence, 

vaccination at school age should be underta ken 

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 BeG 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 envi r onmental 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 
~~~-

.J 

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 s c ar, 11 % of c hildren with a l a rge scar 

size( >5mm) and 10 % of revaccinated children also showed 

a reac tion si ze 10 - 15mm without a ny evidenc e of 

tuberculosis infection. BCG vaccinated children may also 

have enhanced ability to recognize environmental 

mycobacteria (57); this might have a boosting effect on 

tuberculin r esponse . 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 mycobac terium tuberculosis infection. 

Therefore in our country, with a high prevalenc e 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 

- - -J.is highly prevale~t _ 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 c hildren 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 in 50% of 

c h i l dren with a BCG Scar revea l ed that ther e 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 rom). 
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Thus the large scar size ( >5mm) is a better estimate of 

the degree of protection offered by BeG 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 BeG vaccination coverage in the 

community , it would be preferable to take the percentage 

of tuberculin reactors in children who had BeG scar. 

However, there was no observed difference in the 

percentage of tuberculin anergy between different age 

groups despite the presence of BeG Scar . 

All children who had the second BeG 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 c urrently a vailable 

vacc ine is safe a nd potent but the problem lies on the 

technique of administering the vaccine and maintenance of 

the cold c ha in 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 BeG 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 (3 9% ) compared to 18 

months (34.5%) indicates the waning of BeG 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 BeG 

induced allergy, because these age groups had more chance 

to be exposed to environmental mycobacteria bacteria. 

Therefore since the waning of BeG induced allergy 

begun a t the age of 5 years, we suggested that the 

optimal time for reva cc ination 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 tube rculin r esponse of 10 -15rom 

indurat i on wa s observed in 4.3% of c hildren va c cinated a t 

birth a nd in 10% o f r evacc ina t e d c hildren 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 BeG by itself also 

can induce allergy> 10 rom induration, therefore the 

diagnostic value of the test becomes less specific and 

highly sensitive at the cut off point of 10 rom 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 BeG Scar, used as an indicator for 

BeG vaccination, may over-estimate coverage of 

vaccination by almost a factor of two as it has 

been observed in this study . Therefore we recommend 

fo~accu~a~e estimate_o~coverage, to determine the 

rate tuberculin reactors in population who had BeG 

scar rather than to take only BeG scar. 

2. The prevalence of Post vaccination hypersensitivi ty 

following low dose of neonatal BeG 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 . 

3 . A single BeG vaccination at birth could not be 

expected to provide life long immunity and waning 

of BeG induced allergy was observed at the age of 5 

years. Therefore we strongly recommend the second 

BeG vaccination at the age of 5 years without prior 

tuberculin testing . 

4. 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 

74 



.~----- --~~- -_ .. -.. -._. -. -- .•...• __ ._---_. ,--_. _ ...... 

better estimate that a cut off point of 15 mm and 

above should be considered. 

5. The currently available BeG vacc ine offered is 

potent and safe but it requires skilled health 

personnel for a good administration of a vaccine as 

well as the necessary e quipment such as maintenance 

of cold chain system, sharp needles to properly 

administer the vacc ine intraderma lly and regular 

monitoring of the vacc ination programme. 
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ANNEXl 

written informed consent was obtained using a 

written d ocument which stated that 

1. The purpose of study was to evaluate the efficacy 

of BCG 

vaccination at birth could protect older children 

against tuberculosis and description of the 

------------------------~pFoeeduFe •. ------------------------------------------------------~ 

2. Non of the procedures, that is BCG vaccination, PPD 

test, and others pose a risk or complication to 

s tudy subj e cts. 

3. Based on the finding of the study, the e xpected 

be nefit c ou l d be revacc i nat i on o f school c hildre n 

in order to reduce childhood morbidity and 

mortality caused by tuberculosis . 

4. Parents will be informed that they will be returned 

onc e or twic e to the heal t h institution depending 

on the results in the study subjects. 

5. 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 beginn ing of t h e 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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CJ)ossary 

Effectiveness ~ the actual outcome or benefits of the 

vacc ination 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 ce ll 

mediated immunity. 

Tuberculin non reactor ~ a person or animal t hat elicits 

no tissue response (a reaction 

size >lmm ) for a given 

tuberculin test. 

Tuberculin reactor a person or a nimal capable of 

el i citing a tisue response 

( a reacti o n size < 2rnm ) 

for a given tuberculin test. 
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