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ABSTRACT

Introduction: The tuberculin skin test is one of the most valuable tests for demonstrating tuberculous infection in both
symptomatic and asymptomatic children. However, its application is often undermined by difficulties in interpretation of results
arising from its low sensitivity and specificity.

Objectives: This review aimed to use the concept of induration distribution analysis to estimate the induration size demarcating
positive from negative results in a group of children with suspected tuberculosis, and to compare this cut-off with available
guidelines for interpretation of the Mantoux test in the diagnosis of tuberculosis in children.

Methods: The results of Mantoux tests of children presenting with suspected tuberculosis over a 12-month period were retro-
spectively reviewed and plotted on a frequency distribution curve. The distribution was used to define a dematcation between
positive and negative reactions. The resultant cut-off was compared with cutrently published guidelines for interpretation of the
Mantoux test.

Results: Two hundred (200) Mantoux results were analysed out of 202 records reviewed. Induration sizes ranged from 0 to 60
mm, with a mean of 9.4 mm. The induration distribution showed a bimodal pattern, with 103 patients showing no reaction (0
mm), and 96 (48%) patients with an induration size of > 5 mm, with the second mode at 15-19 mm. The demarcating antimode
was at 5 mm.

Conclusions: The induration distribution showed that a cut-off induration size of 5 mm was appropriate for this group of
patients. This was in agreement with currently published guidelines for the interpretation of the Mantoux test in the diagnosis of
tuberculosis in children.
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INTRODUCTION tuberculosis in individual patients, as well as in
epidemiological settings, to measure the prevalence of
tuberculous infection in populations.” Howevet, various
factors both in the host and inherent in the test lower both
its specificity and sensitivity.*” Consequently, its applica-

Tuberculosis remains a leading cause of
morbidity and mortality in the world especially in
developing countries. A combination of factors

including high costs, limited resources and the poor
tion in any group of patients will usually yield a wide range

of results, from the presence of a reaction in un-infected
children to the complete absence of a reaction in some
children with confirmed TB disease.*’ The disttibution
of results generally falls into one of two patterns
depending on the rate of false-positive (cross-reactions
from other mycobacterial infections) in the population.®
For the test to be useful in the clinical setting, an
appropriate cut-off needs to be defined to demarcate

performance of various diagnostic tests make the
diagnosis of tuberculosis in children difficult in the
developing countries. The problem is compounded
by the frequent co-infection with HIV in children
suspected for tuberculosis, which affects both the
clinical presentation as well as the interpretation of
the common diagnostic tests." ? Despite this, the
number of children treated for tuberculosis has been
shown to be on the increase.**

Short of demonstrating viable organisms
in body tissues and fluids the tuberculin skin test is
the only method of detecting M. tuberculosis infec-
tion in an individual, and is used in the diagnosis of

positive and negative reactions.

We aimed to examine the distribution of reactions
to the standard Mantoux test in a group of children with
suspected tuberculous disease, to use this to estimate a
useful cut-off, and to examine how this compares with
current guidelines for the interpretation of the result of
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TB clinic. Suspected TB was defined according to
standard guidelines, and included both children with
symptoms and signs suspicious of TB as well as
those investigated as household contacts of adult
TB patients."

Mantoux testing was performed using 5
TU of tuberculin PPD RT23. Three attending
doctors who were responsible for the care of the
children did the testing. Results were read between
48 and 72 hours and recorded as the transverse
diameter (in millimetres) of palpable induration. For
purposes of diagnosis and treatment indurations
of 5 mm or more were interpreted as positive,
regardless of nutritional status, history of BCG
vaccination and HIV status where it was known.

The nutritional status at the time of inves-
tigation was recorded as the weight-for-age stan-
dard deviation (Z-) score.
Analysis

Data were entered into a computer and
analysed using the Epi Info version 6.04 statistical
analysis package. Induration sizes, grouped in a range
of 5 mm, were plotted on a frequency distribution

graph. A curve was superimposed onto the graph and
the modes and antimode identified. The antimode was
taken to represent the demarcation between negative and
positive results.

The nutritional status of the group, presented as
Z-scores, was plotted on a distribution curve allowing
comparison with a National Centre for Health Statistics
(NCHS) standard reference population.

The analysis of this data was retrospective and
did not affect the treatment of this particular group of
patients.

RESULTS

Over the 12-month period reviewed 202 patients were
registered for treatment for tuberculosis treatment. Two
hundred (200) of these had results of Mantoux tests
recorded. 104 patients were male and 96 female.

Age distribution

The age distribution of the patients is shown in figure 1.
Patients ranged from 2 months to 12 years, with a mean
age of 46.3 months (S.D. = 40.8).

Figure 1: Age distribution of patients
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Mantoux results

Two hundred patients had results of Mantoux tests
recorded. Results ranged from 0 to 60 mm, with a
mean of 9.4 mm. The majority (103 patients) had
no detectable induration reaction (recorded as 0
mm). Positive reactions (= 5 mm) were recorded
in 96 (48%) patients.
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Figure 2 shows a graphic presentation of the frequency
distribution of Mantoux results. The distribution shows a
bi-modal pattern with the primary mode at 0 mm and a
second mode at 15-19 mm. The antimode between the
two modes is at 5-9 mm. From this distribution the 5
mm point demarcated the negative from the positive
reactions.
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Figure 2: Frequency distribution of Mantoux results
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Weight statistics

The distribution of weight-for-age Z-scores in relation to a reference population (NCHS) is shown in figure 3.
The z-scores ranged from —5.70 to +4.91, with a median of — 2.45.

The vast majority of patients (63%) had a weight-for-age Z-score less than — 2.00.

The nutritional status, expressed as the weight-for-age Z score, was not directly (linearly) related to the size of
reaction to tuberculin (r = 0.27, > = 0.07, confidence interval — 0.07 to 0.21). However patients with a Z-scote <
-2.00 were significantly more likely to have a negative reaction (78/126 vs. 26/74, rel. risk 1.76, 95% CI 1.26 —
2.47).

Figure 3: Weight-for-age z-score distribution for study patients

25

—— Reference
——ae—Sex Combined
Boys

frequency (%) Girls

z-score

African Health Sciences Vol 5 No 2 June 2005 154



DISCUSSION

A correctly applied Mantoux test can be
invaluable in the assessment of a child with suspected
tuberculosis. The interpretation of the result,
however, is often difficult, with different workers
using different induration sizes to indicate a posi-
tive reaction.”'> 1

Various guidelines have been developed to
improve the predictive value of the test by
recommending varying the cut-off induration size
with the perceived epidemiologic risk for true
tuberculous infection in each individual (table 1).
14151617 However, it is not always practical for the

practitioner to estimate a different level of such risk for
each individual patient.

The utility of the tuberculin skin test depends on
the prevalence of tuberculosis infection in the particular
group on the one hand and the relative prevalence of
cross-reactions from other mycobacterial infections on the
other. A group of patients with suspected clinical
tuberculosis (as opposed to a population survey, for ins-
tance) would inevitably have a high prevalence of true M.
tuberculosis infection and thus a low risk of false positive
reactions. Therefore, although the test itself is neither 100%
sensitive nor 100% specific, the predictive value of a po-
sitive reaction is very high in such a group.®

Table 1: Cut-off size of reaction for a positive Mantoux test

25 mm

210 mm

215 mm

Childtren in close contact
with patients with infectious
tuberculosis

Children with clinical evidence
of possible tuberculosis

Children with increased
risk of disseminated disease

Children with increased
risk of exposure to tuberculosis

Children with no risk factors

Children with radiological
features suggestive of previous
or active tuberculosis

Children with immune-
suppressive conditions

(including HIV)

* Source '

The technique of induration distribution analysis is
more often applied to community surveys seeking
to estimate the prevalence of tuberculosis infection
in populations. It is recognised that when applied
to patient groups, the distribution is similar to that
obtained in populations with a low rate of false-
positives (i.e. the test is highly specific).® In both
cases the results usually show a bi-modal distribu-
tion with a clear anti-mode demarcating positive
from negative reactions. If such a distinct anti-mode
is present it may be used as a rational cut-off for
that particular group.>®

Results from this group of patients
showed the expected bi-modal distribution, with a
large proportion having no or mild reactions (0-4
mm) and the rest having stronger, more cleatly
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positive reactions ranging from 5 to 60 mm. The anti-
mode was at 5 mm indicating that this would be a
reasonable cut-off for this patient group.

All the patients, having initially presented with
clinical features suspicious of possible TB or having had
recent contact with a case of active TB, would have been
considered to have a high risk for tuberculosis infection.
Furthermore, most patients had additional risk factors such
as malnutrition and HIV infection. Most children in this
group were significantly malnourished, and although HIV
status was not specifically recorded for this study, previous
studies have shown that the majority of them would be
expected to be HIV infected.” ' Therefore, according to
the common guidelines they would all be in category 1
(see table 1), and a reaction of 25 mm would have been
considered positive. Itis, therefore, interesting to find that
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the results of the induration distribution analysis
appear to agree with the current guidelines.

Malnutrition has previously been shown to
affect the results of tuberculin testing. As in other
studies, underweight children in this study were
significantly more likely to have a negative Mantoux
result. > 1

As in many other studies, the majority of
children did not have any reaction to tuberculin
despite having received BCG immunisation soon
after birth. The reasons for this are not always clear
but clearly whatever tuberculin sensitivity BCG might
have caused could not have been significant or per-
sistent. This agrees with the current recommendation
that for patients with a high risk for tuberculosis the
history of BCG vaccination should not be a
consideration in the interpretation of the tuberculin
test."
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