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A b s t r a c t: Introduction: The interpretation of the Mantoux test, as well as 
knowledge of factors that affect the test's induration size, is significant for the early dia-
gnosis of tuberculosis in children. 

Aims: To determine the Mantoux test induration cut-off size which distinguishes 
between positive and negative results in Macedonian children suffering from tuberculosis. 

To find whether there is any correlation between the nutritional status (malnu-
trition) and the Mantoux induration size. 

Materials and methods: A retrospective and descriptive study was carried out 
in 270 patients up to 14 years old with diagnosed tuberculosis, treated during the period 
of 2003–2007 in the Pediatric Tuberculosis Department at the Kozle Institute for Respi-
ratory Diseases in Children, Skopje, Macedonia. 

The cut-off value of the Mantoux test induration size was determined by ana-
lysis of the test results distribution. The nutritional status was calculated as the weight 
for age standard (z-score). Correlation between the TST results and the nutritional status 
was calculated with Pearson's coefficient of correlation. 

Results: Two hundred and seventy (270) children with tuberculosis were inclu-
ded in the study. The lung form of tuberculosis was present in 87.8% of the children. 
53.7% of the patients were male, and 46.3% were female. The age group of 1–2 years 
was the most numerous (15.2%), followed by the group aged 7–8 years (10.4%). 33 
children (12.2%) were undernourished (z-score < –2). The Mantoux test induration size 
was in the range of 0 to 32 mm, with an average of 13.4 mm. The distribution of the 
frequencies of the indurations had a bimodal form, with the primary mode at 0 mm, the 



258 Taushanova B, et al. 

Contributions, Sec. Biol. Med. Sci., XXXII/1 (2011), 257–268 

secondary mode at 15–19 mm, and antimode at 5–9 mm. The Mantoux test had a sensi-
tivity of 82.5%, specificity of 62%, positive predictive value of 68.46% and negative 
predictive value of 78.61%. Pearson's coefficient of correlation (r) of 0.175 showed a weak 
positive correlation between the results of TST (induration size) and the nutriational status. 

Conclusions: The cut-off value of the induration which distinguishes negative 
from positive Mantoux reaction was 5 mm. The interpretation of the test is recommen-
ded to be carried out depending on the risk factors for TB development, which surround 
the children. The Mantoux test in malnourished children should be interpreted with 
caution. 
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Introduction 
 

The tuberculin skin test, developed by Koch over a century ago as a 
means to treat tuberculosis, has emerged as the definite means to identify infec-
tion with Mycobacterium tuberculosis. The tuberculin skin test has been used 
extensively to identify individuals who have been infected with Mycobacterium 
tuberculosis and who would most likely benefit from treatment of latent tuber-
culous infection [1]. The tuberculin skin test using the Mantoux technique is the 
standard tuberculin test in most countries, including ours. However, BCG vac-
cination can confound TST reaction in the diagnosis of latent tuberculous infec-
tion. Information provided by the purified protein derivative (PPD) reaction 
becomes unreliable because it is unable to distinguish between natural infection 
and the bacille Calmette–Guerin effect [2]. In fact, there is a new, in vitro whole 
blood test (Quanti–Ferron- TB-Gold = QFT-G) which measures the amount of 
Interferon-Gamma (IFN-Gamma) produced by CD4-T cells previously exposed 
to the peptides ESAT-6 and CFP-10, which are present in the antigens of M.tu-
berculosis, but absent in Mycobacterium bovis (BCG) and in non-tuberculous 
mycobacteria. But the assay is expensive and not suitable for routine use, though its 
specificity is superior to that of the tuberculin skin test (TST) [3]. 

The World Health Organization (WHO) does not recommended a uni-
que cut-off value of Mantoux induration valid for the whole world. Instead, it 
recommends different cut-off points for different regions, rep. groups, taking 
into the account the prevalence of tuberculosis and the immunobiological chara-
cteristics of the group (e.g. HIV infection). 

The cut-off value of the Mantoux induration is 5 mm. transverse diame-
ter, which demarcates positive from negative responders in our paediatric popu-
lation [5]. 

Recently, a group of authors from Uganda [6] has developed a new method 
for determining the cut-off value of the Mantoux induration, which separates the 
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positive from the negative reaction. Using the same technique, we wanted to 
determine the critical cut-off value of Mantoux induration in Macedonian chil-
dren suffering from tuberculosis and who had previously been vaccinated with 
BCG. 

In addition, we wanted to see if malnourisment has any effect on the 
results of the tuberculin skin test. 
 
 

Material and Methods 
 

A retrospective study was carried out in 270 children and adolescents 
aged 0 to 14 years, treated for TB at the Kozle Institute for Respiratory Diseases 
in Children, Skopje, in the period from January 2003 to December 2007. The 
Institute is a specialized paediatric hospital for the treatment of childhood TB in 
R. Macedonia. The number of children treated at the Institute represents the 
prevalence and incidence of TB in children of R. Macedonia [17]. 

The sources of information were the patients' records (case histories) 
and the patients’ data were filled in a questionnaire specially designed for this 
study. A total of 420 case history records were reviewed, of which 270 were 
retained for the study. Inclusion criteria for this study were: newly registered 
TB cases, Mantoux test result, age under 14 years and weight in kilograms (kg) 
noted in the case history of the patient. 

Variables taken into consideration for this study were: gender, age in 
months, Mantoux induration size and nutritional status (z-score) of the patients. 
The tuberculin skin test (Mantoux method) was administered by injecting 0.1 
ml of 5-TU PPD–T 23 intradermally into the volar surface of the left forearm [20]. 

 The injection is made using a one quarter to one half inch, 27-gauge 
needle and a tuberculin syringe. A discrete, pale elevation of the skin (a weal) 
6–10 mm in diameter should be produced when the injection is done correctly. 
Tests are read between 48 and 72 hours, when the induration is maximum. The 
basis of the reading is the presence or absence of induration, which should be 
determined by palpation. For standardization, the diameter of induration should 
be measured transversally to the long axis of the forearm and recorded in 
millimetres. For the purpose of diagnosis, indurations of ≥ 5 mm were interpre-
ted as positive, regardless the nutritional status or history of BCG vaccination. 

The nutritional status was calculated as the weight for age standard (z-
score), using the Epi Info 3.5 software. 

A z-score of < –2 shows undernourishment. 
A z-score of –2 to 2+ shows normal weight. 
A z-score of > 2 shows overweight. 
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The statistical analysis of the variables was done by means of the SPSS 
statistical software, version 16.0 (SPSS Inc. Chicago). The level of significance 
was set at p < 0.05 for all analyses. Distribution of frequencies was analyzed for 
each of the variables: age in months, gender, induration size and z-score. Corre-
lation between the TST results and nutritional status was calculated with Pear-
son's coefficient of correlation. In order to define the cut-off value of the Man-
toux induration size, which demarcates positive from negative reactions, the 
results of Mantoux induration size were plotted on a frequency distribution 
graph, grouped in the range of 5 mm. A curve was superimposed onto the graph 
and the modes and antimode were identified. The antimode was taken to repre-
sent the cut-off point between negative and positive results. 

The study was retrospective and did not affect the treatment of the patients.  
 
 

Results 
 
A total of 270 children treated for tuberculosis at the Kozle Institute for 

Respiratory Diseases in Children, Skopje, satisfied the inclusion criteria and 
were included in the study.  
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Figure 1 – Age frequency distribution of children 
 
One hundred and forty five (145) (53.7%) of the patients were male and 

one hundred and twenty five (125) (46.3%) female. The ratio male/female was 
1.6 : 1 for the males. The age of the patients ranged from 1 month to 165 months 

 

Age in months
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(14 years) with an average of 75 months (6 years and 3 months ± 1SD of 4.208). 
The median value was 77.5 months. 

The age distribution curve showed a bimodal form, the most numerous 
age group being from 12–23 months (41 patients), followed by the group aged 
between 84 and 95 months (28 patients). 
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Figure 2 – Frequency distribution of Mantoux test induration results 
 

The Mantoux test results ranged from 0 to 34 mm, with a mean of 14.6 
mm. 49 (18.1%) patients had no detectable induration or reaction with a trans-
verse induration size of < 5 mm. In the majority of patients (221) (81.9%) a 
positive reaction was recorded, with induration size of ≥ 5mm.  

Figure 2 shows a graphic presentation of the frequency distribution of 
Mantoux test results. The distribution shows a bi-modal pattern, with the ante-
rior mode at 0 mm and the posterior mode between 15 and 19 mm. The anti-
mode between the two modes was at 5–9 mm. From this distribution, the 5 mm 
cut-off point demarcated the negative from the positive reactions.  

 
 
 
 

Mantoux test in mm 
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Figure 3 – Weight for age z-score frequency distribution 

The weight for age (z-score) frequency distribution ranged from –3.63 
to +4.68, with a median of –0.46. The mean value of the weight for age z-score 
was –0.4016 with a SD of 1.4282. 

Thirty-three (12.26%) of the patients had a < –2.00 z-score, while 236 
(87.73%) patients had a weight for age z-score of > –2.00. 

Figure 3 shows that the weight for age z-score nutritional status of the 
patients does not show a normal distribution of frequencies, but there is a 
movement of the average value of the weight for age z-score of -0.4016 to the 
left, in relation to 0.00 on the abscisse (x system) from the coordination system. 
This shows malnutrition in 12.26% of the study population. 

The linear regression of the correlation between the Mantoux reaction 
and the nutritional status of the patients had r2 = 0.031; B constante = 0.193; ß 
coefficient = 0.175, with p = 0.004. The confidence interval was in the limits 
between 0.062 and 0.323 (95% CI) and showed a partial positive correlation 
between these two variables. More precisely, by moving the z-score of the 
nutritional status towards the negative scores (malnutrition), the results of the 
Mantoux test in mm were also moving to the negative scores. 

Histogram 

z-score for nutrional status
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The Pearson's coefficient of correlation of 0.175 for the Mantoux results 
and nutritional status of the patients (weight for age z-score) showed a weak 
positive correlation between these two variables.  

The American Academy of Pediatrics [4] accepts 15 mm or more indu-
ration as positive in children who are over 4 years of age and who do not carry 
any risk. Ten (10 mm) or 5 mm induration could be accepted as positive for 
those who are at risk. The American Academy of Pediatrics accepts a maximum 
of 10 mm induration in BCG vaccinated people and it also states that no effect 
would be seen 3–4 years following vaccination [10]. 

Some other authors (Menzies D, and Amdekar YK) also advise igno-
ring the BCG vaccination status while interpreting a tuberculin skin test. They 
state that more than 50% of children demonstrate a negative tuberculin test after 
BCG vaccination. Of those who are positive initially, the majority become negative 
within a year of vaccination, while the remaining go within the next 2–3 years. 
 
 

Discussion 
 

Tuberculosis is one of the deadliest diseases in the world. The World 
Health Organization (WHO) estimates that each year more than 8 milion new 
cases of tuberculosis occur and approximately 3 milion persons die from the 
disease [7]. With the increasing incidence of tuberculosis worldwide, childhood 
cases now constitute 40% of the total [8]. 

Short of demonstrating viable organisms in body tissues and fluids, the 
tuberculin skin test is the only method of detecting Mycobacterium tuberculosis 
infection in an individual and is used in the diagnosis of tuberculosis in indi-
vidual patients as well as in epidemiological settings to measure the prevalence 
of tuberculous infection in a population [9]. However, various factors, both in 
the host and inherent in the test, lower its specificity and sensitivity [10]. 

Interpretation of the Mantoux test in our paediatric population is of 
great importance as the large majority of them (95–97%) have been vaccinated 
with BCG at birth. For the test to be useful in a clinical study, an appropriate 
cut-off needs to be defined to demarcate positive and negative reactions. In this 
study, we aimed to examine the distribution of reactions to the standard Man-
toux test in a group of children suffering from tuberculosis, and to use this to 
estimate the cut-off value of the induration. Results from this group of patients 
showed a bimodal distribution, with a large proportion having no, or mild reac-
tion (0–4 mm), and the rest having stronger, more clearly positive reactions, 
ranging from 5 to 34 mm. The antimode was at 5 mm, indicating that this would 
be a reasonable cut-off for this patient group. The estimated 5 mm cut-off point 
corresponds to the arbitrarily chosen 5 mm cut-off value of Mantoux induration, 
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already used in the paediatric population of R. Macedonia, in accordance with 
the criteria of the American Thoracic Society. 

There is no specific agreement on the influence of the BCG vaccine in 
the interpretation of the Mantoux results. The reaction of the TST in a vac-
cinated person depends on the potency of the vaccine, the time passed from the 
moment of vaccination (it is the strongest in the first years after immunization), 
as well as on the prevalence of TB in the area where such a person lives. Since 
these data are usually not known, the diameters of 10 mm and 15 mm are arbi-
trarily used as upper limits [9, 11].  

However, the 10 mm and 15 mm cut-off are not general criteria for dif-
ferentiation between postvaccinal reaction and reaction as a result of an infec-
tion with Mycobacterium tuberculosis [12]. Furthermore, different regions and 
populations have different cut-off values for the TST [8, 12]. 

For a population not vaccinated with BCG, The American Thoracic 
Society [10] has recommended three cut-off points for defining a positive tuber-
culin reaction, on the basis of the sensitivity, specificity and prevalence of tu-
berculosis in different groups: 

a.) A cut-off point of ≥ 5 mm for individuals who are at great risk of 
developing tuberculosis disease if they are infected with M.tuberculosis. Tuber-
culin reactions in persons who have had recent close contact with a patient with 
infectious tuberculosis and in persons with abnormal chest radiographs consi-
stent with tuberculosis, are more likely to represent infection with M. tubercu-
losis than a cross-reaction. Persons who are immunosuppressed because of 
disease (e.g. HIV infection) or drugs (e.g. corticosteroids) are more likely to 
progress to tuberculosis disease if they are infected with M. tuberculosis. 

b.) A cut-off point of ≥ 10 mm is suggested for persons who have nor-
mal or mildly impaired immunity and a high likelihood of being infected with 
M. tuberculosis but are without other risk factors which would increase their 
likelihood of developing active disease.  

c.) Persons who are not likely to be infected with M. tuberculosis should, 
generally, not be tuberculin tested, as the predictive value of a positive test in a 
low prevalence population is very low. However, if the skin test should be done 
(e.g. at entry into a work-place where some risk of exposure to tuberculosis is 
anticipated), a higher cut-off point of ≥ 15 mm is suggested in order to improve 
the specificity of the test. 

The specificity of the TST is the percentage of people free of the dise-
ase, who have a negative test. It is about 99% in populations who are not expo-
sed to non- tuberculous mycobacteria and are not vaccinated with BCG. False 
positive results decrease the specificity of the test. 
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In populations with a high prevalence of tuberculosis, sensitivity and 
specificity of the test are approximtely 90%, which results in a high positive 
predictive value of the test [2]. In our study, the real positivity of the test (a po-
sitive test in patients having TB disease) was 68.46%, which points to a mo-
derate prevalence of TB in the population of R. Macedonia.  

The sensitivity of the Mantoux test reflects its ability to identify chil-
dren suffering from tuberculosis [10]. In our study the sensitivity of the test was 
82.5%, a significantly high result, which confirms the importance of the Man-
toux test in discovering tuberculosis in children. 

Since malnutrition and TB are very often common for certain regions, 
the negative TST could lead to misdiagnosis of TB infection in such popula-
tions [16]. In two surveys conducted in R. Macedonia, in the periods 1982–1991 
and 1992–1996, malnutrition was observed in 43.8% and 48.1% of the children 
with TB, respectively [17]. 

In our study, covering the period 2003–2007, malnourishment (z-score 
< –2) was observed in 12.26% of the patients with TB, which is lower than the 
63% underweight children with TB in the recent study of Kiwanuka [6]. 

There is no agreement as to the influence of malnutrition on the results 
of the tuberculin skin test.  

While the results of the majority of authors show no influence [6, 18, 
19], a small number of authors show with their results that undernourishment 
suppresses the tuberculin skin test, as well as the whole immune response of the 
organism. Recently, this group of authors has received substantial support from 
a group of Peruvian authors who have produced evidence that protein-malnutri-
tion, but not caloric, suppresses the immune reaction to TB antigen. The associ-
ation between relative protein deficiency and negative TST implies antigen-
specific energy to tuberculin in those with lower body protein reserves [16]. 

The nutritional status of children with TB in our study was not directly 
linearly related to the size of reaction to tuberculin (r = 0.175; r2 = 0.031). The 
results were similar to the results obtained by Kiwanuka J. (r = 0.27; r2 = 0.079 
[6] and Ganapathy KT. (r = 0.3) [19]. 

However, underweight children in our study were significantly more 
likely to have a negative tuberculin test. 

 
 

Conclusion 
 

Following the WHO recommendations, we carried out this investigation 
in order to determine the cut-off Mantoux induration size, demarcating positive 
from negative reactions, which would be valid for our childhood population. 
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The obtained 5 mm cut-off point coincides with that already arbitrarily chosen, 
in accordance with the criteria of the American Thoracic Society and routinely 
used in interpreting the results of the tuberculin skin test (Mantoux) in children 
in R. Macedonia.  

The Mantoux test in malnourished children with tuberculosis is often 
negative and should be read with care by health providers. 
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GRANI^NA VREDNOST NA MANTOUX INDURACIJA  
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I NIVNIOT NUTRITIVEN STATUS 
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Voved: Interpretacijata na Mantoux testot, kako i poznavaweto na 
faktorite koi vlijaat vrz goleminata na induracijata na testot od zna-
~ewe se za ranata dijagnoza na tuberkulozata kaj decata.  

Cel: Odreduvawe na goleminata na induracijata na Mantoux testot, 
koja ja razgrani~uva pozitivnata od negativnata reakcija i e validna za 
makedonskite deca bolni od tuberkuloza.  
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Materijal i metodi: Izvedena e retrospektivna i deskriptivna 
studija kaj 270 deca na vozrast do 14 godini, lekuvani od tuberkuloza na In-
stitutot za respiratorni zaboluvawa kaj decata „Kozle“, Skopje, Makedo-
nija, vo periodot od 2003 do 2007 godina. 

Grani~nata golemina na Mantoux induracijata be{e opredelena po 
pat na analiza na distribucijata na rezultatite od testot. Nutritivniot 
status be{e presmetan kako standard te`ina za vozrast (z-score). Korelaci-
jata pome|u rezultatot od TST i nutritivniot status be{e presmetana so 
Pearson-oviot koeficient na korelacija. 

Rezultati: 270 deca, bolni od tuberkuloza, bea vklu~eni vo ispitu-
vaweto. Belodrobnata forma na tuberkulozata be{e prisutna vo 87,8% od 
ispitanicite. 53,7% od pacientite bea od ma{ki pol a 46,3% bea od `enski 
pol. Najbrojnata starosna grupa be{e najmladata, na vozrast od 1 do 2 go-
dini, so u~estvo od 15,2%. Sledna po brojnost be{e starosnata grupa od 7 do 
8 godini, so u~estvo od 10,4%, a 33 deca (12,2%) bea pothraneti (z-score < 
‡2). Goleminata na induracijata na Mantoux testot be{e vo granicite od 0 
do 32 mm, so sredna vrednost od 13,4 mm. Distribucijata na frekvenciite na 
incidencijata ima{e bimodalna forma, so primarniot mod vrz 0 mm i 
vtoriot mod vrz 15‡19 mm, a antimodot vrz 5‡9 mm. Mantoux testot ima{e 
senzitivnost od 82,5%, specifi~nost od 62%, pozitivna prediktivna vred-
nost od 68,46% i negativna prediktivna vrednost od 78,6%. Pearson-oviot 
koeficient na korelacija (r) od 0,175 poka`a slaba pozitivna korelacija 
pome|u induracijata na TST i nutritivniot status.  

Zaklu~ok: Grani~nata vrednost (golemina) na induracijata na Man-
toux testot, koja ja razgrani~uva pozitivnata od negativnata reakcija, be{e 
opredelena na 5 mm. Se prepora~uva interpretacijata na testot da se izve-
duva vodej}i smetka za faktorite na rizik za razvivawe na tuberkulozata, 
koi gi opkru`uvaat ispitanicite.  

Mantoux testot kaj deca so malnutricija treba da se interpretira so 
golemo vnimanie. 
 
Klu~ni zborovi: tuberkuloza, Mantoux-test, induracija, cut-off vrednost, te-
`ina za vozrast z-score.                                                                
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