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Abstract: 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
0f 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
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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

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



Cut-off value of Mantoux induration in tuberculous. .. 261

(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 > Smm.

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.
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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 ? =0.031; B constante = 0.193; B
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.
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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 23 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; r* = 0.031). The
results were similar to the results obtained by Kiwanuka J. (r = 0.27; r* = 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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Pesume

ITPAHUYIHA BPEJHOCT HA MANTOUX THAYPALILJA
KAJ MAKEJOHCKWTE JEIA BOJTHU OO TYBEPKYJ/IO3A
N HUBHUOT HYTPUTUBEH CTATYC

Taymanosa b.!, IlaBnoscka H.!, Apcescka E.?

Hnuciauiiyitl 3a eiudemuonozuja u 6uocilaimiuciiuka co MeOUyUHCKa
un@opmaitiuxa, Meouyuncku gaxyaitieid,
Ynusepsuiteit ,,Ce. Kupua u Meitioouj*, Ckoiije, P. Maxedonuja
MuHucitiepcitieo 3a azpuKyAilypa, ulymapcitiéo u 6000CIOUAHCINBO,
Hupexyuja 3a seitiepunapcitiso, Ckoiije, P. Maxeooruja

Boseo: NaTeprperanyjara Ha Mantoux TeCTOT, KaKO 1 MO3HABAKHETO Ha
(hakToprTe KOM BIMjaaT Bp3 TOJIEMHUHATA HA WHAypandjaTa Ha TECTOT Off 3Ha-
Yerme ce 3a paHaTa ujarHo3a Ha TyOepKyJo3aTa Kaj Aenara.

Lea: OapenyBame Ha rojieMrHaTa Ha MHAypanujaTa Ha Mantoux TECTOT,
KOja ja pasrpaHWdyBa MO3WTHBHATA Of HETaTMBHATA Peaklyja W ¢ BajHWgHA 3a
MaKeJOHCKHTE fienia O0IHN off TyOepKyno3a.
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Maitiepujan u meitioou: VI3BegeHa e peTpPOCIEKTHBHA M JIECKPUITHBHA
ctynuja kaj 270 gera Ha Bo3pacT Ao 14 ropuHw, IeKyBaHU Off TyGepKyno3a Ha VH-
CTHTYTOT 3a pecnupaTopHH 3abonyBama Kaj fenara ,,Kozne®, Ckomje, Makepo-
Hyja, Bo nepuoaoT off 2003 go 2007 ropuHa.

I'panmunaTa rojemMuHa Ha Mantoux MHAypam@jaTa Oellle ompefeseHa Mo
naT Ha aHanW3a Ha AMCTpUOyLUjaTa Ha pe3yinTaTtuTe Off TecToT. HyTpuTuBHHOT
crartyc Oellle mpecMeTaH KaKo CTaHAapy TeKHHa 3a Bo3pacT (z-score). Kopemnamu-
jata momery pesyaraToT o TCT u HyTPUTHBHHOT cTaryc Oelle mpecMeTaHa co
Pearson-oBHOT KOe(UIIUEHT HA KOpealuja.

Pezyaiuaiuu: 270 gena, 001HA 0 TyOEPKYI03a, O€a BKIYUEHH BO UCIIUTY-
BameTo. benogpobHaTa popma Ha TyOGepKyno3ara Oelle npucyTHa Bo 87,8% of
ucnutaaumre. 53,7 % op namueaTnTe 6ea of Mamky noi a 46,3% 6ca of JKEHCKH
nosn. HajOpojaaTa crapocHa rpyna Oellle HajMiagaTa, Ha Bo3pact of 1 o 2 ro-
IWHH, co yuecTBO off 15,2%. CnegHa mo 6pojHOCT Geliie cTapocHaTa rpyma off 7 0
8 romuuu, co yuectso of 10,4%, a 33 gena (12,2%) Gea morxpaneTu (z-score <
—2). F'onemuHaTa Ha WHAypanujaTa Ha Mantoux TecToT Gelle BO rpanunute of 0
1o 32 MM, co cpepHa BpegHOCT off 13,4 MM. [IuctpubynujaTa Ha (ppeKBEHIMATE Ha
MHIOUJEHIjaTa uMaile OmMopanHa ¢opma, co MpUMapHHOT Mopx Bp3 0 MM u
BTOPHOT MOJ| Bp3 15-19 MM, a aHTUMOAOT Bp3 5-9 MM. Mantoux TecTOT MMalie
CEeH3UTHUBHOCT off 82,5%, cnenuduuHocT off 62% , HIO3UTUBHA NPEAUKTUBHA Bpef-
HOCT off 68,46% W HeraTWBHaA NPENUKTHBHA BpemHOCT off 78,6%. Pearson-oBHOT
koedunueHt Ha kopeianmja (r) op 0,175 mokaxka ciaba MO3UTHBHA KOpeJaluyja
nomefy napypanujata Ha TCT 1 HyTpUTUBHHOT cTaTyc.

3akayuok: 'pannyHaTa BpeHOCT (TOJIEMIHA) Ha MHAYypanujaTa Ha Man-
toux TECTOT, KOja ja pa3rpaHMTyBa MO3UTHBHATA Off HeTaTUBHATA peakmwja, Gerre
ompenenena Ha 5 MM. Ce mpenopadyBa HHTepIpeTanyjaTa Ha TECTOT a ce M3Be-
IyBa BOJIEjKM cMeTKa 3a (haKTOPHUTE Ha PHU3MK 32 pa3BHBame Ha TyOepKyro3aTa,
KOU 'l OTIKPY>KYBaaT UCTUTAHUIIUTE.

Mantoux TECTOT Kaj jielia Co MaJIHyTpuIHja Tpeba fja ce MHTepIpeTnpa co
rojieMo BHUMaHWE.

Kayunn 360poBu: TyGepKyno3a, Mantoux-Tect, mHAypanuja, cut-off BpegHocr, Te-
>KMHA 32 BO3PACT Z-SCore.
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