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Abstract

Background. Tuberculosis (TB) is world’s endemic infection, especially in developing
countries. In children, tuberculosis infection can be seen as the great masquerade because
have non-specific symptoms. Diagnosis of tuberculosis infection is more difficult in
children because of chest x-ray are less specific; standard sputum samples are often
difficult to collect; lower bacterial loads made microscopic and culture more difficult.
Bacteriological examination as a gold standard is limited used in children. Several
diagnostic approaches are developed to overcome diagnosis problem of TB in children.
Various scoring systems and diagnostic classifications have been developed as screening
test that may help clinical judgment in diagnosing tuberculosis in children. Among
different scoring systems, the Keith-Edwards scale (WHO TB scores) is the most widely
used in clinical setting. Kenneth-Jones' criteria (KJS) has been used in several centers as
diagnostic approach in diagnosing TB. **™Tc-Ethambutol SPECT/CT can be used to detect
and to localize tuberculosis infection. The aim of this study is to describe the role of *"Tc-
Ethambutol Scintigraphy in diagnosing tuberculosis in children based on KJS and WHO
TB score as diagnostic approaches.

Material and methods. Our study population comprised of 84patients (42 boys and 42
girls with age range 3—168 months). SPECT/CT was done 1 and 3 hours after injection of

7-444 MBq *™Tc-Ethambutol. Sedation was given before acquisition for uncooperative

patients to avoid movement. KJS and WHO TB score were used as diagnostic approach in



diagnosing TB. KJS consists of variables such as: AFB smear, chest X-ray, BCG
vaccination, granulomatous lesions in histophatological result, physical findings, tuberculin
test, history of contact with TB patient or sputum smear positive, age below 2 years, history
of anti tuberculosis drugs, and degree of malnutrition. According to KJS scoring system,
score > 7 indicates unquestionable TB. The variables in WHO TB score includes : duration
of illness, nutritional state, history TB in family, tuberculin test, malnutrition, symtomp of
fever and night sweats, local clinical findings of tuberculosis lesions. WHO TB scores > 7
indicates a high likelihood of TB.

Result. From total 84 patients, positive *™Tc-Ethambutol scintigraphy were found in 52 of
58 patients with KJS > 7 (89.66%) and 53 of 58 patient with WHO TB score > 7(93.10%).
Negative *™Tc-Ethambutol scintigraphy was found in 32 subjects with KJS criteria < 7
(38.1%), and 30 subjects with WHO TB score < 7 (35.7%). Discordance of these results: 7
subjects (positive scintigraphy while negative KJS criteria), 6 subjects (positive
scintigraphy while negative WHO TB score), and 1 subject (negative scintigraphy while
positive KJS criteria or WHO TB score). Agreement result between **™Tc-Ethambutol and
KJS criteria; kappa index 0.843 (p < 0.001). Agreement result between **™Tc-Ethambutol
with WHO TB score; kappa index 0.815 (p < 0.001). There was no adverse effect observed
from all subjects. *™Tc-Ethambutol is safe, effective, and non-invasive diagnostic modality
that can be used in children.

Conclusion. *™Tc-Ethambutol can be used as one of diagnostic modality to diagnose TB
in children.
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Background
Tuberculosis (TB) is a global endemic infection problem, particularly in developing

countries. Approximately one third of the world population was infected with latent
tuberculosis, and each year there were about 1.6 million people in the world die from
tuberculosis.! eleven percentage of all new worldwide cases of tuberculosis were found in
children.’It has been estimated, that the burden of childhood tuberculosis in some endemic
areas were as high as 40%.°

TB can involve any part of the body as a single or multiple sites. Multifocal
tuberculosis is characterized by the presence of multifocal tuberculosis areas in the same or
different organs. Extrapulmonary tuberculosis usually presents with diagnostic problem
than pulmonary tuberculosis. Difficulty on diagnosis of tuberculosis may lead to a delay in
treatment of tuberculosis infection. In addition, extrapulmonary tuberculosis involves
relatively in accessible sites for bacteriologic confirmation.In children, tuberculosis
infection can be seen as the great masquerade because have non-specific symptoms.
Diagnosis of tuberculosis infection is more difficult in children. The initial investigation of
tuberculosis patient is chest x-ray, but this modality is less helpful in children because the
findings can overlap with other respiratory pathology.*

Sputum samples are often difficult to collect and not helpful for culture due to the low
bacterial load and children often swallow their sputum. Lower bacterial loads made
microscopic and bacterial culture more difficult. Bacteriological examination to visualize
bacteria as a gold standard is limited used in children.® Bacteria are only visible in 10-15%
of cases of childhood tuberculosis compared with 60% in adults by using Ziehl-Neelson

staining or fluorescence microscopy.®



Several diagnostic approaches are developed to overcome diagnosis problem of TB in
children. Various scoring systems and diagnostic classifications have been developed as
screening test that may help clinical judgment in diagnosing tuberculosis in children.
Among different scoring systems, the Keith-Edwards scale (WHO TB score) is the most
widely used in clinical setting. Modified Kenneth-Jones' criteria (MKJ) had been used in
several centers as diagnostic approach in diagnosing TB.”® *™T¢-Ethambutol SPECT/CT
Is one of imaging modality in nuclear medicine can be used to detect and localize
tuberculosis infection. The aim of this study was to evaluate the role of *"Tc-Ethambutol
Scintigraphy in diagnosing tuberculosis in children based on KJS criteria and WHO TB

scores as diagnostic approaches.

Material and methods

Retrospective cross sectional study was conducted in Department of Nuclear Medicine
Dr. Hasan Sadikin General Hospital involving subjects with inclusion criteria suspected of
having tuberculosis infection and never been diagnosed and treated as tuberculosis. *™Tc-
Ethambutol SPECT/CT scintigraphy was done in 1 and 3 hours after intravenous injection
of 67-444 MBq *"Tc-Ethambutol. Sedation was given prior to data acquisition for
uncooperative patient to avoid movement. Positive *™Tc-Ethambutol scintigraphy was
considered as tuberculosis infection if specific increased pathological uptake was found.
KJS criteria and WHO TB scores were used as diagnostic approaches in diagnosing TB.

KJS criteria consists of variables such as: AFB smear, chest X-ray, BCG vaccination,
granulomatous lesions in histophatological result, physical findings, tuberculin test, history
of contact with TB patient or sputum smear positive, age below 2 years, history of anti

tuberculosis drugs, and degree of malnutrition. According to KJS scoring system, score 7



or more indicate unquestionable TB; 5-6 points indicate probable TB, therapy may be
justified; 3-4 points indicate that further investigations are needed.”®

The variables in WHO TB score include: duration of illness, nutritional state, history
TB in family, tuberculin test, malnutrition, symptom of fever and night sweats, local
clinical findings of tuberculosis lesions. WHO TB score > 7 indicates a high likelihood of
TB. Statistical analysis using Kappa statistic (Kappa coefficient of agreement=k) was used
to analyze the agreement between as **"Tc-Ethambutol scintigraphy and KJS criteria, and

between as **™Tc-Ethambutol scintigraphy and WHO TB scores.

Results

This study was involving 84 subjects who met the inclusion criteria, consist of 42 boys
and 42 girls with age range 3-168 months old. Positive and negative result of *™Tc-
Ethambutol scintigraphy, KJS criteria, and WHO TB score were 58 (69,0%) and 26
(31,0%), 52 (61,9%) dan 32 (38,1%), 53 (63,1%) dan 31 (36,9%) respectively (Table 3).
Concordance result between ®™Tc-Ethambutol scintigraphy and KJS criteria was found in
76 (90%) subjects and discordance in 8 (10%) subjects. Positive concordance was found in
51 subjects and negative in 25 subjects. Discordance between positive " Tc-Ethambutol
scintigraphy and negative KJS criteria was found in 7 subjects and on the opposite negative
9MTc-Ethambutol scintigraphy and positive KJS criteria was found in one subject.
Agreement analysis between results of *™Tc-Ethambutol scintigraphy and KJS criteria was
done and kappa index was kappa index 0.843 with p value< 0.001 (Table 4).

Concordance result between *™Tc-Ethambutol scintigraphy and WHO TB score was
found in 77 (92%) subjects and discordance in 7 (8%) subjects. Positive concordance was

found in 52 subjects and negative in 25 subjects. Discordance between positive *™Tc-



Ethambutol scintigraphy and negative WHO TB score was found in 6 subjects and on the
opposite negative *™Tc-Ethambutol scintigraphy and positive WHO TB score found in
one subject. Agreement analysis between results of *™Tc-Ethambutol scintigraphy and
WHO TB score was done and kappa index 0.815 with p value < 0.001) (Table 5).

There were no adverse effects observed from all subjects underwent **™Tc-Ethambutol
scintigraphy.

Table 3. Result of *™Tc-Ethambutol scintigraphy, MKJ
criteria, and WHO TB score.

Variable (n=84)

o *™Tc-Ethambutolscintigraphy

Positive 58 (69,0%)

Negative 26 (31,0%)
o Moddified Kenneth Jones criteria

Positive 52 (61,9%)

Negative 32 (38,1%)
e WHO TB score

Positive 53 (63,1%)

Negative 31 (36,9%)

Table 4. Agreement result between *°"Tc-Ethambutol scintigraphy,

KJS criteria

KJS Kappa
criteria p value coefficient

Ethambutol Positive | Negative

scintigraph n=52 n=32) | Total

tigraphy (n=52) = (n=32) <000 0843
Positive 51 (98,1%) 7(21,9%) 58
Negative 1(1,9%) 25(78,1%) 26

Table 5. Agreement result between *™Tc-Ethambutol scintigraphy
and WHO TB score.

WHO TB score Kappa

Positive Negative otal p value coefficient
(n=53) (n=31)

Ethambutol

scintigraphy 0,815
Positive 52 (98,1%) 6 (19.4%) 58 <0-001
Negative  1(19%) 25(80,6%) 26




Table 6. Comparison of all diagnostic modality.

Diagnosis of TB Total | pvalue
Positive Negative
KJS criteria 52 (61.9%) 32 (38.1%) 84
WHOTB 53 (63,1%) 31 (36.9%) 84 0,583
score
Ethambutol

9 0
scintigraphy 58 (69,0 %) 26 (31,0%) 84

Discussion

Tuberculosis (TB) is one of the most important causes of seriously infectious due to
Mycobacterium tuberculosis. TB is more likely to develop severe disease in infant and
children.Children are exposed to TB usually through contact with infectious adults and as
long as those adults remain untreated they will continue to be at risk for TB. The diagnosis
of TB in children is notoriously difficult as the early symptoms and signs are easily missed
and it is hard to confirm by mycobacterial culture even with sufficient laboratory facilities.
It is important to get appropriate specimen but in some location its need an invasive
procedure to obtain it. Positive microbilogical test for TB was found only 10-15% in
children with TB. In developing countries sometime the empirical treatment with anti
tuberculosis drug usually was use to diagnose TB.®™ This difficulty resulting misdiagnosis
of TB in some children or may be falsely negative TB. Thus, other diagnostic modality
which is safe, non-invasive, and effective to diagnose tuberculous infection in children is
needed.

There are scoring systems proposed by Stegenet al,Nair and Philip, etc. Scoring
system proposed by Dr. Keith Edwards (Table 1)] was endorsed and advocated by WHO
for use in National TB Control Programs of different countries. The clinical criteria were
relevant as predictors of TB in children are as follow; contact history with a case of TB,
positive PPD skin test, persistent cough, under weight, and unexplained/prolonged fever.?

Cough has not been taken as criteria in Keith Edwards’s scoring system. In this study we



found 52 (61.9%) of subjects showed positive TB by using Modified Keith Edwards
scoring system7 or more dan 32 (38.1%) were negative with score less than 7. Sarkar et al
found the sensitivity, specificity, and positive prediction value of the KJS scoring system
were 84.9, 78, and 80.36%, respectively. Pondicherry showed the sensitivity and
specificity of KJS scoring system was 91% and 88%, respectively.® By using WHO TB
score we found positive TB with score 7 or more in 53 (63,1%) subjects and negatif in 31
(36,9%) subjects.

Ethambutol is dextro-2,2.-(ethylenediimino)-di-1-butanol) was initially reported to
have anti-tuberculosis activity in 1961. Ethambutol is bacteriostatic agent used as treatment
for tuberculosis infection. The primary pathway affected by ethambutol appears to be that
of arabinogalactan biosynthesis through inhibition of cell wall arabinan polymerization.®
Ethambutol could be labeled by *™Tc labeled. This radiopharmaceutical agent can be used
as diagnosing modality to detect and localize tuberculosis infection. The highest binding
capacity (84,3%) between this radiopharmaceutical and micobacterium tuberculosis was
found at 1 hour after contact. The binding capacity decreased to 63.4% and 23.2% at 2 and
24 hours respectively. The optimal images are taken at 1 and 2 hours post injection of
%M Tc-etambutol. '’

9mTc-ethambutol scan is specific to localize Micobacterium sp. and more sensitive in
deep seated infection. SPECT-CT with ®™Tc-Ethambutol is non-invasive diagnostic
modality enable whole body scan can be used to detect multiple lesion of pulmonary and
extra-pulmonary tuberculosis infection. In this study positive and negative result of *™Tc-
Ethambutol scintigraphy were found in 58 (69%) subjects and 26 (31%) subjects
respectively. Concordance result between ™ Tc-Ethambutol scintigraphy and KJS criteria
was found in 76 (90%) subjects and discordance in 8 (10%) subjects. Positive concordance

was found in 51 subjects and negative in 25 subjects. Discordance between positive *™Tc-



Ethambutol scintigraphy and negative KJS criteria was found in 7 subjects and on the
opposite negative *™Tc-Ethambutol scintigraphy and positive KJS criteria was found in
one subject. Kappa coefficient Agreement analysis between results of *Tc-Ethambutol
scintigraphy and KJS criteria was done and kappa index was 0.843 with p value < 0.001
(Table 4). Its mean that the result of *™Tc-Ethambutol scintigraphy was almost perfect
agreement with result of KJS criteria in diagnosis of TB in children.

Concordance result between *™Tc-Ethambutol scintigraphy and WHO TB score was
found in 77 (92%) subjects and discordance in 7 (8%) subjects. Positive concordance was
found in 52 subjects and negative in 25 subjects. Discordance between positive *™Tc-
Ethambutol scintigraphy and negative WHO TB score was found in 6 subjects and on the
opposite negative *™Tc-Ethambutol scintigraphy and positive WHO TB score found in
one subject. Kappa coefficient Agreement analysis between results of ™ Tc-Ethambutol
scintigraphy and WHO TB scores was done and kappa index was 0.815 with p value <
0.001) (Table 5). Its mean that the result of *™Tc-Ethambutol scintigraphy was almost
perfect agreement with result of WHO TB scores in diagnosis of TB in children.

The advantage of SPECT-CT **™Tc-Ethambutol is the capability to provide more
accurate anatomical site of infection. While high scoring systems as screening test may be

considered as wide tuberculosis infection or multifocal tuberculosis.

Conclusion

%M Tc-Ethambutol is promising imaging diagnostic modality to detect and localize the
site of tuberculous infection in children. This modality is safe, effective, and non-invasive

diagnostic modality that can be used in children.
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