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Background. The impact of tuberculosis (TB) is highest in the developing countries of Asia and Africa, especially among 
children, in whom the diagnosis is challenging. Periodic skin testing by the Mantoux method is recommended in children 
living in regions of high TB prevalence. 

Objective. To determine the prevalence of Mantoux test positivity among bacille Calmette-Guérin (BCG)-vaccinated and non-
vaccinated children aged under 5 in Maiduguri, Nigeria.

Method. The study was descriptive and cross-sectional, conducted in 500 apparently healthy children aged 3 - 59 months and 
attending the child welfare clinics of the University of Maiduguri Teaching Hospital and two primary health care centres in 
Maiduguri, Nigeria, from May to August 2008. All children who fulfilled the inclusion criteria were evaluated for a history of 
BCG vaccination and Mantoux tested.

Results. It was possible to perform a Mantoux reading in 78.0% (390/500) of the children. Of these 201 (51.5%) were males 
and 189 (48.5%) females (male/female ratio 1.1:1). Thirty-one of the 390 children (7.9%) had a positive Mantoux reaction, 27 
(87.1%) with an induration of 10 - 14 mm and the remaining 4 (12.9%) with an induration of 15 - 20 mm. The prevalence of 
Mantoux positivity was higher among vaccinated than non-vaccinated children (10.1% v. 1.1%, p=0.0034). Differences were 
also observed between the sexes (p=0.087) and between different age groups (p=0.159), but these were not significant.

Conclusion. Although a positive Mantoux response is usually attributed to TB infection, the effect of previous BCG vaccination 
on Mantoux test reactivity, especially in children, should be taken into consideration when interpreting Mantoux test 
responses.
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Tuberculosis (TB) is a major public health problem globally, 
with the highest incidence recorded in the African sub-region.1 
The World Health Organization TB control programme aims 
at case-finding and treatment, with priority given to sputum 
smear-positive infectious cases, improvement in living 
standards and bacille Calmette-Guérin (BCG) vaccination at 
birth.

Although the burden of TB is high in children, the diagnosis 
remains challenging because of the nonspecific clinical 
presentation and laboratory findings. For example, the 
identification of Mycobacterium tuberculosis in clinical specimens 
(the gold standard for diagnosis of TB in adults) is seldom 
possible in children.2,3 Periodic skin testing by the Mantoux 
method is recommended in children living in regions of high 
TB prevalence4 and should be done at intervals based on the 
epidemiology of TB in the region. This study was undertaken 
to determine the prevalence of Mantoux test positivity among 
BCG-vaccinated and non-vaccinated children aged under 5 in 
Maiduguri, Nigeria.

Methods 
A descriptive cross-sectional study was conducted among 
apparently healthy 3 - 59-month-old children attending the 

child welfare clinics of the University of Maiduguri Teaching 
Hospital (UMTH) and two primary health care centres and 
selected by a simple random method. A lower age limit of 3 
months was decided on because tuberculin conversion occurs 
from 3 weeks to 3 months after contact with mycobacteria.3 
Children vaccinated with BCG at a later date (not at birth) 
were recruited only if at least 3 months had elapsed since 
vaccination (also to allow for tuberculin conversion). 

Inclusion criteria. Apparently healthy children were defined 
as children with: (i) absence of fever (axillary temperature 
<37.5oC) or skin rash, as fever and/or skin rash with or without 
other symptoms could be a manifestation of an infection such 
as varicella, influenza, measles, malaria, HIV, etc., which are 
known to lower tuberculin skin test reactivity;3 (ii) no abnormal 
findings on general physical examination, including the spine, 
and absence of significant peripheral lymphadenopathy;5 (iii) 
no abnormal findings in the chest, abdomen, ears and throat; 
(iv) normal weight (>80% of expected weight for age);6 and (v) 
normal length or height (>90% of expected height for age).6 For 
a child to be included, informed consent had to be obtained 
from the parents or guardians.

Exclusion criteria were: (i) children who did not meet the 
criteria of apparent health (as indicated above); (ii) recent 
vaccination with live attenuated vaccine, e.g. measles, oral 
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polio vaccine, etc., as these vaccines temporarily suppress the 
delayed-type hypersensitivity response to the Mantoux test7 
until at least 6 weeks after administration;8 (iii) past or present 
treatment for TB; (iv) concurrent treatment with steroids or 
cytotoxic agents; (v) a recent Mantoux test (less than 1 year), to 
avoid boosting effect;9 (vi) age <3 months or >59 months; and 
(vii) non-consent of parent or guardian.

Ethical approval for the study was obtained from the Ethical 
Committee of the University of Maiduguri Teaching Hospital 
and informed consent was obtained from the parents or 
guardians of each child before recruitment.

Children who fulfilled the inclusion criteria were Mantoux 
tested. Purified protein derivative-Siebert (PPD-S) stabilised 
in Tween 80 (0.005%) (BB-NCIPD Ltd, Sofia, Bulgaria), batch 
number 4240106, was used in all children studied. 

The injection of PPD and the reading of the reaction were 
done by one of the authors (MGM) after undergoing 1 week 
of training under the head of the Immunology Department 
at UMTH, where Mantoux testing is routinely done. The 
investigator’s Mantoux readings were validated and found to 
be highly reproducible, with a 98% degree of concordance. The 
diameter of the induration was measured along the transverse 
axis of the forearm 48 - 72 hours after injection of the PPD4,8 with 
a plastic transparent meter rule and also using the ‘ball point 
pen’ technique of Sokal,10 which helps to make measurements 
more accurate. Reading of the reaction was done in a good 
light, and an induration of 10 mm and above was considered 
positive. The Mantoux reactions of the subjects were stratified 
into (modified from Egbagbe et al.11): (i) negative, induration 
0 - 4 mm; (ii) borderline, induration 5 - 9 mm (intermediate); 
(iii) positive, induration 10 - 14 mm; (iv) moderately positive, 
induration 15 - 20 mm; and (v) strongly positive, induration 
21 - 30 mm.

Children with a positive Mantoux test were followed up and 
managed appropriately. 

Data were entered into a computer and analysed using 
SPSS version 13.0. Results were presented in percentages 
and frequencies were compared using the chi-square test or 
Fisher’s exact test, as appropriate. A p-value of <0.01 was 
considered significant. 

Results
A total of 500 children aged 3 - 59 months were Mantoux tested 
at the three health facilities between May and August 2007. 
Of these 390 (78.0%) were brought back so that the reaction 
could be read 48 - 72 hours after the test. The remaining 110 
did not return at the appropriate time, giving a default rate of 
22%. The study group consisted of 201 males (51.5%) and 189 

females (48.5%) (male/female ratio 1.1:1). The age and gender 
distribution of the study population is shown in Table I. 

Thirty-one of the 390 children in the study had a positive 
Mantoux reaction, giving a Mantoux positivity prevalence 
of 7.9%. Of these children 58.0% were males (male/female 
ratio 1.4:1). No significant statistical difference for Mantoux 
positivity was observed between the sexes (p=0.087) or 
between the different age groups (p=0.159). Twenty-seven of 
the 31 children (87.0%) had indurations of 10 - 14 mm and 
the remaining 4 (13%) had indurations of 15 - 20 mm. Table 
II shows the age and gender distribution of the children with 
positive Mantoux reactions. 

The prevalence of Mantoux positivity among the vaccinated 
children was 10.1% (30/296) and that among the non-vaccinated 
children 1.1% (1/94). There was a significant difference in the 
overall prevalence of Mantoux positivity (≥10 mm) between 
BCG-vaccinated and non-vaccinated children (p=0.0034). 
Further analysis showed that among the children with a 
moderately positive Mantoux reaction (15 - 20 mm) there was 
no significant difference between the BCG-vaccinated and non-
vaccinated children (p=1.0). However, in the children with an 
induration measuring 10 - 14 mm a significant difference was 
observed between the BCG-vaccinated and non-vaccinated 
groups (p=0.0007). No child had an induration of  >20 mm.

Discussion
The importance of Mantoux testing both in the clinical and 
the epidemiological settings has been highlighted.2,3,8 The 
prevalence of Mantoux test positivity among apparently healthy 
BCG-vaccinated and non-vaccinated 3 - 59-month-old children 
in Maiduguri is documented in this study. 

The significant effect of BCG on the prevalence of Mantoux 
positivity (≥10 mm) seen in this study is similar to the observation 
made in validation of a risk assessment questionnaire of targeted 
testing of children for TB12 conducted in northern California, 
where a history of BCG vaccination was observed to have the 

TABLE I. AGE AND GENDER DISTRIBUTION OF 
THE STUDY POPULATION

Age groups  Gender    
(mo.)             Male       Female     Total  %
3 - 11  116    99  215 55.1
12 - 23  15   20   35 9.0
24 - 35  12   15   27 6.9
36 - 47  18   21    39 10.0
48 - 59  40   34   74 19.0
   Total 201  189 390 100
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TABLE II. AGE AND GENDER DISTRIBUTION OF THE CHILDREN WITH POSITIVE MANTOUX  
REACTIONS

                    Mantoux reaction (mm)          
Age groups                    10 - 14                             15 - 20
(mo.)                           Male       Female                       Male       Female  Total 
3 - 11 14   5  0  3    22
12 - 23  4   0  0 0      4  
24 - 35  0    0  0   0     0
36 - 47  0 2  0 1       3  
48 - 59  0 2  0 0     2     
   Total 18  9  0 4    31
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highest odds ratio of all factors studied. Similar observations 
of a higher prevalence of Mantoux positivity among BCG-
vaccinated subjects compared with non-vaccinated subjects 
have been reported by workers in Africa as well.13,14 However, 
other studies15-17 showed no significant difference in Mantoux 
positivity between BCG-vaccinated and non-vaccinated 
subjects. This variability may be explained by vaccine-related 
factors, for example dosage, age at immunisation, time since 
immunisation, type of BCG vaccine used, and prevalence of TB 
infection and type of BCG vaccine used in the community.18,19 
Different BCG vaccines have been documented to give rise 
to widely varying tuberculin conversion rates, depending on 
the strain used to prepare the vaccine.17,18 Another factor that 
may be responsible for the variability of the Mantoux results is 
exposure to non-tuberculous mycobacteria,8,17 but the subjects 
in this study were young children and the likelihood of such 
exposure is therefore remote.

The lack of a significant difference in the prevalence of positive 
Mantoux reactions between the various age groups in this study 
is corroborated by the findings of Ifezulike et al. in Nnewi, 
south-eastern Nigeria.20 Similar observations were also made in 
Botswana and Uganda.15,21 However, other studies have shown 
an increased prevalence of Mantoux positivity with increasing 
age.22,23 Differences in Mantoux positivity with age may be due 
to the different age groups studied. While our study was limited 
to children younger than 5 years, the studies that showed an 
increased prevalence with age included older children. The 
increase in prevalence with age in these studies may be because 
of cumulative exposure to various mycobacterial antigens with 
age, especially among BCG-vaccinated subjects.13

The lack of a difference in Mantoux positivity between the 
genders observed in this study corresponds with other 
reports.15,20,21 However, Fine et al.13 reported a higher prevalence 
of Mantoux positivity among males after puberty, which was 
attributed to increased exposure of males to M. tuberculosis, in 
addition to adult males having a greater tendency than females 
to develop hypersensitivity to mycobacterial antigens. Lack of 
a difference between males and females in this study and the 
others reported may be due to the younger age of the subjects.

The lack of a significant difference between the BCG-vaccinated 
and non-vaccinated children with moderately positive Mantoux 
reactions (15 - 20 mm induration) in this study is similar to the 
findings of Fine et al. in Malawi.13 However, Chadha et al.22 found 
significant differences between BCG-vaccinated compared 
with non-vaccinated children with Mantoux indurations of 
15 - 19 mm. This was attributed to BCG vaccination, although 
the possibility of TB infection was also considered. Similarly, 
the Tanzanian Tuberculin Survey Collaboration14 also reported 
a higher proportion of children with Mantoux reactions of 5 - 
22 mm among BCG-vaccinated children compared with non-
vaccinated children. It is unfortunate that Mantoux reactivity 
to BCG cannot be distinguished from reactivity due to true 
infection with M. tuberculosis, but data support the conclusion 
that children from countries with high case rates of TB disease 
are more likely to have a positive Mantoux test from TB infection 
than from BCG immunisation.2 These findings further support 
the fact that in interpreting Mantoux test reactions the age of the 
subjects, the epidemiological and clinical characteristics of TB 
in the community and the BCG status of the subjects, especially 
children, should be taken into consideration. Depending on 
the risk factors for TB, children with identical Mantoux test 
reactions should be evaluated individually. The physician 
managing children needs to have a clear understanding of TB 
in his or her community. 
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