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ABSTRACT

Objective: To assess the Mantoux test rzaction pattern in healthy BCG vaccinated Primary Schoel Children aged
6 -10 years in Nnewi, South ~East Nigena. '

Materials and methods Four primary schocls were randomly selected out of 43 government owned primary
schools in the town. The entire BCG vaccinated pupils in each school were the sample frame. Mantoux test was
administered in 662 pupils that met the inclusion criteria and had their results read 72 hours later.

Results Three groups of children were identified: First group of 470 (75.6%) were negative, 76 {12.2¢%) had
intermediate reaction, while 76 (12.2%) had positive Mantoux test. Increasing age, sex, presence of BCG scar

and age at vaccination did not affect the pattern of Mantoux test reaction.

Conclusion: The result indicates that the use of Mantoux test in the diagnosis of Tuberculosis may not be affected

by BCG vaccination at birth and therefore, BCG vaccination at birth should be continued.
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INTRODUCTION

Tuberculosis is a communicable disease that
contributes  significantly to global morbidity and
mortality."* It is estimated that about 2 billion® people
all over the world are infected with tuberculosis. About
8 million new cases occur every year worldwide,
resulting in about 3 million deaths.® Of these cases,
86% occurs in the developing world with more than
12% occurring in sub-Saharan Africa.* Tuberculosis is
expected to result in the death of about 30 million
people in this decade in developing countries.”

The emergence of human immuno-deficiency virus
(HIV) infection in mid 1980s has led to an increase in
the incidence of tuberculosis™. HIV sero-prevalence
among tuberculosis patients in Nigeria has been
reported to have increased from 2.2% in 1991 to 13.2%
in 1996.” Also contributing to this recent increase of
tuberculosis incidence is multiple drug resistaace.®* In
sub-Saharan Africa, worsening cases of civil conflicts
have led to worsening economic situation, destruction
of health services, displacement. overcrowling and
malnutrition contributing significantly tc the increasing
incidence of tuberculosis.'™'  The buden of
tuberculosis is even more in children in developing
countries, which have little organizationzl and financial
capabilities to fight the scourge.™ > '° It is estimated -hat
only about 15% of the cases are deteced,
corresponding to a detection rate of 45 pzr 10(.000 as
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reported by the National Tuberculosis Control
Programme of Nigeria.’

The use of BCG as a control strategy for
tuberculosis in  Nigeria predates the National
Tuberculosis Control Programime. Bacille Calmette-
Guerin (BCG), a live attenuated vaccine derived from
Mycobacterium bovis was first introduced in 1921."
Despite the conflicting reports on its efficacy in the
prevention of tuberculosis, BCG has been generally
accepted as protective against the serious forms of
tuberculosis infection."” BCG, is mostly given at birth
in Nigeria. Though the duration of protection from
BCG vaccination has not been fully determined", the
delayed hypersensitivity reaction following BCG
vaccination is initially high (up to 95%) a few months
after vaccination.”This however wanes progressively
but may last up to 10 years."

Tuberculosis infection in children is usually very
difficult to diagnose because it often restlts in
paucibacilliary infection and is frequently silert. Th
use of tuberculin skin test (TST,Mantoux anc Heaf
tests) and chest radiograph'® in the ciagncsis cf
tuberculosis is usually invaluable in cases wita higa
index of suspicion. Tuberculin skin test is ba ed on
delayed hypersensitivity reaction to M. tuberculosis
antigen. Its value in the diagnosis of tubercul)sis is
however diminished by a number of factors. One of th:
most important is that it does not differen:iate present
or past tuberculosis infection or BCG vaccination. This




may affect the diagnosis of tuberculosis in children in
the region with high rate of BCG vazcination at birth.

This study is cesigned to determine the
hypersensitivity reaction pattern t> Mantoux test in
healthy BCG vaccinated primary school children aged
between 6 and 10 years in Nnewi, South Eastern
Nigeria.

MATERIALS AND METHODS
Area of Study
This study was done in Nnewi, Nnewi North Local

Government Area of Anambra State., in Southeastern’

Nigeria. It is an urban area as well as a one town Local
Government Area. Its projected population for the year
2000 is 121,065."

~The majority of its inhabitants are of Igbo
extraction mostly engaged in trading and subsistence
farming, with a few public servants. The town is
divided into four quarters with a total of 43 Local
jovernment-run  primary schools and a  pupil
population of 16734 in the year 2002.

Period of Study

This study was carried out between February and
April 2003, a period of three months. Four schools, one
from each quarter, were randomly selected for the
study. Three weeks were allocated to each school. The
first week of study for each school was used for the
distribution and collection of questionnaires. The
questionnaires were analyzed and the subjects for the
study selected. The next two weeks were used for the
administration of the tests and reading of results. The
tests were administered on Mondays, Tuesdays and
Fridays while the readings were done 72 hours later on
Thursdays, Fridays and Mondays respectively.

Study Design
Permission for the study was obtained from the

Ethical Committee of the Nnamdi Azikiwe University
Teaching Hospital, State Primary Education Board and -

Nnewi North Local Government Education Authority.
The aim and methods of the study were explained to
the parents and guardians at a Parent Teachers
Association Meeting organized by the school heads
following a directive from the Local Government
Education Authority.

‘Study Population .
This comprised all BCG vaccinated primary school
children aged 6 — 10 years.

Inclusion Criteria

Healthy subjects who had BCG vaccination as
evidenced by the presence of 3CG scar or documented
in the immunization card were included for the study.

Exclusion Criteria
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- questionnaire

Subjects with present or past history of tuberculosis
or present history of cough, which has lasted for more
than one month, recent hisiory oi measles, or receiving
steroids or cytotoxic therapy were excluded.

Sample Size
The sample size for the study was calculated
using the formula'®:

n =ZP(1-P)
dl

Where n = sample size

Z = 1.96 at 95% confidence interval.

P = estimated population proportion. Since this
proportion for the community is not known, a value of
50% (0.5) is assigned to obtain maximum value for P,
d = absolute precision required on either side of the
proportions = 5%.

n = (1.96)" x 0.5(1 —0.5) =384
(0.05)*

Substituting the figures in the formula,  the
minimum sample size n was calculated as 384; rounded
off to 400. A minimum of 600 subjects were targeted
for the study on attrition rate of 50% which was guided
by the experience of another focal study'” that involved
the use of needle puncture in primary school children.
There were also uncertainties about the number of
subjects that will properly fill their questionnaires or
those that will falt within the exclusion criteria.

Pre-Test

A hundred copies of the study questionnaire which
also served to convey parental consent was distributed
to pupils in a primary school in a pilot study. They
were self-completed at home by the parents and
guardians. The same questionnaire was equally
distributed to parents randomly by one of the authors
for self-completion. Fifty-five percent of the completed
questionnaire was returned and analyzed. Their
responses were similar to those obtained by the
authors. Based on this, it was concluded that the
was understandable and can be
completed at home easily by the parents and guardians.

A follow-up on the defaulters showed that their
main reasons for not completing the questionnaire
were:

a. Fear that their children hae received too many
vaccines and another was abut to be given.

'b. False assumption that their children will be

sterilized by the test as it ‘vas presumed to be a
family planning injection.
c. False assumptions that they may be asked to pay
for the test.
Based on this experience. the authors attended the
meeting of the Parent Teacherz Association in each
school used for the study to exoslain the study to the
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parents and guardians of the pupils in order to reduce
this high default rate. '

Sampling Strategy

All the gecgrapical quarters of the study area were
involved in the study. The schools in each quarter were
listed and one school per quarter was randomly
selected by ballot. '

In each school selected per quarter. the school
register was used to stratify the entire school

population per class into the age strata of 6. 7, 8, 9 and

10 years. For the purpose of analysis, each age stratum
was further stratified into male and female subgroups.
A total of 1,120 questionnaires were distributed. Of

this number, 839 (75%) were duly filled and returned -

with implicit parental consent. Out of this number, 172
children (20.5%) were not included because their
questionnaires were either not properly fifled (93) or
the subjects were within the exclusion criteria (79). A
total of 067 subjects with properly completed
questionnaires had physical examination done on them.
The subjects were further examined for- signs of
nephrotic syndrome, heart discases, and asthma and
other conditions that may require steroids in their
management. Three subjects had features of sickle cell
anaemia and two were asthmatic and on medication
including steroids. They were consequently eliminated
from the study. A total of 662 subjects were: “thus
enrolled for the study. :

Administration of PPD

‘The PPD used was obtained from Aventis-Pasteur
and was composed of purified tuberculin  with
stabilizing agents at appropriate pH made up of
glycine, sodium chloride and dipotassium phosphate.
The PPD was in freeze dried forms of 100 i.u.
ampoules for dissolution in lml of accompanying
diluent. It was stored in the refrigerator at a
temperature of 2-10 degree centigrade. The refrigerator
was powered by public electricity supply with standby
generator services during power failure. It was
transported in ice-packed immunization bags to the
schools. The PPI) was reconstituted shortly before use
as required for each session. Each reconstituted
ampoule was finished before reconstituting another.
Each ampoule was used for 10 (ten) subjects and lasted
between 30 and 45 minutes.

Mantoux test was administered to the subjects
using standard techniques' ***' Using an indelible
marker, the injection site was demarcated with a circle
of about 4cm diameter with the site of the wheal at the

- center. The sunjects were asked not to scratch the area

or sponge it during bath. The reaction (induration) was
measured 72 hours later at its widest diameter with a
transparent millimeter ruler at right angles to the
vertical axxs of the forearm using the ball point pen
method.”*
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Grading of the Results

The resuhc of the readings were grouped into three

kR
categories and interpreted as rec ommcndcd' 0 as
shown in ;

| Table 1: Grading of Tuberculin Reactions.

Group Size(mm) Interpretation

[ 04 Negative mantoux reaction

I 5-9 Intermediate mantoux reaction
111 >10

“Posilive mantoux reaction

Those in Group I (tuberculin reaction of 0 - 4mm)
were negative and sent for revaccination.

Those in Group Il (tuberculin reaction of 5 - 9mm)
showed intermediate hypersensitivity reaction which
could be due to BCG effect or previous tuberculosis
infection. This, however, does not correspond to
adequate immunity.”

Those in Group 11 (tuberculin reaction of 210mm)
were positive and may have active tuberculosis. They
were sent to Nnamdj Azikiwe University Teaching
Hospital for further assessment for tuberculosis.

Statistical Analysis

The results were analyzed by snnplc frequency
counts, percentages and proportions using Microsoft
Excel package. Chi-square test was employed for the
test of "significanw in each of the characteristics of the
study population at P < 0.05.

RESULTS

The skin test results were read after 72 hours in
622 subjects, leaving out 40 subjects who were absent
from school at the time of reading. This gave a default
rate of 6.0%.

The sex distributions of the subjects were 298
males and 324 femah.s, a M/F ratio of 1:1.1.Their age
and sex distributions are as shown in

‘Table 2: Age and sex distribution of the 622 children

studied. Age (years)

Sex 6 7 8 9 10
(n) (n) (n) (n) (n)

Male 56 48 70 50 74

Female 70 44 068 64 78

Total 126 92 138 114 152

Tul)),erculil; reaction. C.C. Ifezulike ct. al.



Of the 622 subjects studied, 215 had BCG scar while
407 had documented evidence of vaccination in their
immunization cards

Table 3: Tuberculin reaction in relation to BCG scar

Reaction| BCG Scar No BCG P Significance

(mm) n (%) Scar Value Level
n_(%) S

0-4 147(68.4) 323(79.4 0.13 S.

59 32 (149 46011.3) 0.23 S

=10 36 (16.7) 38(9.3) 0.0l NS

Total 215(100)  407(100)

The negative and intermediate TST reactions did
not show any difference in their reactions, however, the
positive TST reaction showed statistically significant
difference (P = 0.02).

Sex did not influence TST reactions
Table 4 : Sensitivity pattern by sex per age group
Age Tuberculin Male  Female P Significance
Yrs Reactions n(%) n(%) value level (S)
6 O0-4mm 40(71.4 48 (68.0) 0.85 NS
S ~9mm 6(10.1) 16(229) 0.11" NS
z 10mm 10(17.9 6(8.7) 0.15 NS
7 0~4mm 36 (75.0 32(77.7) 090 NS
S -9mm 4(8.3) 06(13.6) 044 NS
2 10mm 8(16.7y 6(13.6) 071 NS
8 0-4mm 46 (65.8 60 (88.3) 0.13 NS
5-9mm 12 (17.1 6(8.8) 0.18 NS
2 10mm 12(17.1 2(2.9) 0.01 S
9 0-4mm 38(76.0 52 (81.3) 0.75 NS
-5 -9mm 8 (16.2) 8(l2.5) 0.62 NS
2 10mm 4(8.0) 4(6.3) 0.73 NS
10 0-4mm 58 (78.4 60(76.9) 092 NS
5 -9mm 4354y 6(1.7 0.58 NS
2 10mm 12(16.2 12(15.4) 0.90 NS

There is no pattern of reaction to TST among the
different sexes-per age group. Positive TST for the
females seem to have decreased significantly at the age
of 8 years but. however. rose to an insignificant level at
10 years. The males did not show this pattern of
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response. It was also observed that the subjects who
received BCG vaccination after 2 months of birth
reacted more positively 1o TST (19.0%) when
compared to those who received BCG vaccination
within two months of birth (11.7%). The negative TST
reactions are the same in both groups. This however is
not statistically signiticant (1'>0.05)

Tuble 5 : Sensitivity pattern by age at vaccination

Tuberculin Vaccinated Vaccinated P Significance
within after
Reaction  2months of 2months of  Value level
birth birth
(mm) n (%) n (%)
0-4mm 438(75.5) 32(76.2) 096 NS
5-9mm  74(12.8) 2 (4.8) 0.15 NS
Z10mm 68(11.7) 8(19.0) 0.19 NS
TOTAL 580 (100) 42 (100)
DISCUSSION

The high negative Mantoux test noted in this study
(75.6%) compares with the findings of many other
studies.™™ One notable exception™ reported a
negativity rate of 23%. This can be attributed to the
fact that the study involved only subjects treated of
confirmed tuberculosis. The high negative TST in this
study may signify that delayed hypersensitivity to BCG
wanes rapidly after vaccination and probably before the
age of 6 years as no further significant decline in
hypersensitivity rate was observed from 6 — 10 years.
This rapid decline in hypersensitivity following BCG
vaccination has been documented by earlier
researchers. °

This study shows an intermediate reaction to
tuberculin in 12.2% of the subjects. This is much
higher than 0.7% and 1.7% from Middle East studies™
** and lower than 19.4% reported in Lagos®'. The low
intermediate reaction in the Jordianian study™ could be
accounted for by the presence of anergy since the study
was carried out among sick children, while Nottidge et
al * studied unvaccinated children, in whom a negative
reaction would ordinarily be expected. The
intermediate TST of 12.2% noted in this study could be
the effect of BCG vaccination or hypersensitivity
reaction to natural TB infection.

The positive reaction of 12.2% observed in this
study is comparable to the findings of 7% in BCG
vaccinated children in Botswana™ and 9.3% reported in
adolescent school boys in Lagos.*' It is higher than the
rate of 0.4% and 1.7% reported by workers in Jordan
and Saudi Arabia™ respectively, but much lower than
49% and 68% reported in Turkey” and Qatar™
respectively. The fairly high positive TST of 12.2%
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observed in this study at ages 6 — 10 ycars may be
because of the epidemiological factors associated with
tuberculosis infection rather than the effect of BCG
vaccination as increasing age did not lower the positive
reactions which would have been expected if it were
due to BCG effect. Although not statistically
significant, for unclear reasons, males seem to have
more positive TST reactions than females. Among the
factors that influence the outcome of tuberculin skin
test survey, are the potency of the PPD, the expertise
of the administrator, the sample size. the study
population and the epidemiology of tuberculosis in the
study area. This may account for the differences in the
observed results in various studies™ >,

Some explanation may be offered for the findings
of much higher positivity rates in some studies. The
study in Turkey™ was carried out in children less than
5 years at which age the effect of BCG on tuberculin
reaction is presumably still high. Also. the study
included children with positive contacts of tuberculosis
in the group studied, another factor that would enhance
tuberculin conversion. The Qatar study * was carried
out in children that were treated of tuberculosis. It is
therefore, not unexpected that the tuberculin positivity
‘rate in that study would far exceed the observation in
this work done on healthy children. Of the BCG
vaccinated subjects studied, 215 had BCG scar against
407 without BCG scar. Generally, there was no
statistically significant difference in their reactions to
Mantoux test (P=0.062), but on testing for significance
along the reaction patterns, positivity rate (2 10mm)
showed some significant difference. Those with BCG
scar showed more positive TST than those without
BCG scar (P < 0.01). This finding contrast the finding
of workers in Turkey.” They found that those without
BCG scar had more positive TST reactions than those
with BCG scar. The finding in this work is more in
keeping with the expected as BCG scar is an indication
that the subject has responded adequately to BCG
vaccination, and therefore, is expected to have more
hypersensitivity reactions on tuberculin stimulation
later. This pattern of response was also observed in
Iran.”’ :

Sex differences did not affect the pattern of
response to tuberculin at each age group (Table 4). This
result is comparable to the findings of other workers
who studied non-vaccinated primary school children
under 5 years™ and post tuberculosis treated subjects™
respectively. In this study, a significant difference in
the positive reaction between the sexes was observed at
8 years. This trend was not observed in any other age
strata and did not affect the overall pattern of the
reaction. The reason for this difference is unclear.

This study also revealed that the subjects who were
vaccinated within 2 months of birth did not show any
difference in their pattern of reaction to tuberculin
(Table 5). This finding, however, is unexpected as it is
theoretically assumed that BCG vaccination at an older
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age will elicit more conversion which ought to give
stronger hypersensitivity reaction than when vaccinated
at a younger age when inunune maturity is less.™ This
therefore implies . that the age at which BCG
vaccination is given does not affect the pattern of
hypersensitivity reactions.

The general TST reaction shows very high negative
Mantoux test in the study population, and since
increasing age and sex did not influence the pattern of
TST reactions, Mantoux test is still useful as an integral-
aid in the diagnosis of tuberculosis in this age group
and BCG immunization should continue.
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