Pre prints.org

Article Not peer-reviewed version

Treatment-Decision Algorithm of Child
TB: Evaluation of Who Algorithm and
Development of Indonesia Algorithm

Rina Triasih ~ , Finny Fitry Yani, Diah Asri Wulandari , Betty Weri Yolanda Nababan,
Muhammad Buston Ardiyamustaqgim , Fransiska Meyanti , Sang Ayu Kompiyang Indriyani ,
Tiffany Tiara Pakasi , Ery Olivianto

Posted Date: 6 January 2025
doi: 10.20944/preprints202501.0256.v1

Keywords: paediatric; tuberculosis; algorithm; treatment-decision

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4099246
https://sciprofiles.com/profile/4102545
https://sciprofiles.com/profile/4103762

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 January 2025 d0i:10.20944/preprints202501.0256.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Treatment-Decision Algorithm of Child TB:
Evaluation of WHO Algorithm and Development of
Indonesia Algorithm

Rina Triasih '*, Finny Fitry Yani 2, Diah Asri Wulandari 3, Betty Weri Yolanda Nababan 4,
Muhammad Buston Ardiyamustaqim !, Fransiska Meyanti >, Sang Ayu Kompiyang Indriyani °,
Tiffany Tiara Pakasi 7 and Ery Olivianto 8

Department of Child Health, Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada/Dr. Sardjito
Hospital, Yogyakarta, Indonesia; rtriasih@ugm.ac.id

Department of Child Health, Faculty of Medicine, Universitas Andalas, West Sumatera, Indonesia

Department of Child Health, Faculty of Medicine, Universitas Padjajaran, West Java, Indonesia

Centre for Tropical Medicine, Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada/Dr. Sardjito
Hospital, Yogyakarta, Indonesia

CV Data Narya Amerta Semesta, Jakarta, Indonesia

Department of Child Health, Faculty of Medicine, University of Mataram, West Nusa Tenggara, Indonesia

National Tuberculosis Program, Ministry of Health, Indonesia

Department of Child Health, Faculty of Medicine, Universitas Brawijaya, East Java, Indonesia

* Correspondence: rtriasih@ugm.ac.id; Tel.: (+62-813-9276-4269 (R.T.)

Abstract: Clinical algorithms for child tuberculosis (TB) are a valuable guide for healthcare-workers
to initiate treatment. We evaluated the 2022 WHO treatment decision algorithm and developed a new
Indonesia algorithm for child TB. We conducted a retrospective study at 10 hospitals in Indonesia,
involving children (0-10 years), who were evaluated for TB diagnosis in 2022. A panel of child TB
experts used participant’s records to make a diagnosis using the 2022 WHO algorithm and the 2016
Indonesian algorithm. We assessed agreement between the diagnosis made by the attending doctor
and those determined by the expert panel. A new Indonesia guideline was developed based on the
findings and consensus of various stakeholders. Of 523 eligible children, 371 (70.9%) were diagnosed
with TB by the attending doctors, 295 (56.4%) by WHO algorithm, and 246 (47%) by Indonesia
algorithm. The Cohen’s Kappa of TB diagnosis was: attending doctor vs WHO algorithm (0.27),
attending doctor vs Indonesia algorithm (0.45), and WHO algorithm vs Indonesia algorithm (0.42). A
detailed review of both algorithms revealed limitations for implementation. An algorithmic approach
for child TB diagnosis may not be universally applicable or implementable due to variable access to
diagnostic tests and wide variety of clinical presentations.

Keywords: paediatric; tuberculosis; algorithm; treatment-decision

1. Introduction

It is estimated that 1.25 million children developed tuberculosis (ITB) in 2022, but half of them
were not diagnosed and/or not reported to the national TB programs.! One of the reasons for high
number of missing cases among children is the lack of confidence or competence of the healthcare
worker to diagnose TB in children and the poor diagnostic performance of the currently available
bacteriological tests in young children. Bacteriological confirmation of pulmonary TB (PTB) in
children is challenging because of its paucibacillary nature and the difficulty in collecting sputum.?
The yield of bacteriological examination is low, around 15% for smear microscopy and 40% for
culture among children admitted to hospital, and even lower in children attending ambulatory care,
who tend to have less severe disease.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Clinicians often need to decide whether to treat for TB while awaiting the result of microbiology
tests, or when the test is negative or indeterminate, or when there is no test due to inability to collect
an appropriate sample or no access to the laboratory diagnostic.

Therefore, the decision is often made clinically based on a combination of symptoms, evidence
of TB infection—either tuberculin skin testing (TST) or interferon gamma release assay (IGRA)—and
TB-related abnormalities on the chest X-ray (CXR). The clinical diagnosis of PTB can be challenging,
particularly in young children.? The usual symptoms of PTB (chronic cough, prolonged fever, and
weight loss or failure to thrive) are common in young children living in poverty and may be caused
by conditions other than TB, and so lack specificity. Tests to support a clinical diagnosis such as CXR
and tests for TB infection are not always available in primary level health facilities in endemic
settings. Various scoring systems have been developed and applied in some countries for many
decades: these are usually based on expert opinion with adaptation based on local experience.*567:8910
These scoring systems have not been well validated because evaluation of diagnostic accuracy is
limited by the lack of a “gold” reference standard. Despite these limitations, a clinical approach that
includes a scoring system has value for guiding health care workers’” decision making for diagnosing
and treating TB in children.*

In 2022, the World Health Organization (WHO) published an example of a treatment decision
algorithm for children aged <10 years (Figure 1 &2).112 The treatment decision algorithm included
two scoring systems: one that scored CXR findings; and one that did not for when CXR was
unavailable or uninterpretable. The weighting and cut-offs for these scoring systems were developed
and validated using data from over 4000 children with presumptive PTB.!* The cut-off scores were
chosen prioritizing sensitivity over specificity to minimize the numbers of children with TB not
treated while accepting that this would lead to overdiagnosis and the treatment of children without
TB.

In Indonesia, the Indonesia Paediatric Society (IPS) developed a scoring system to diagnose TB
in children in 2000 (Table 1), with a total score of > 6 is diagnosed as TB disease. This scoring system
had recognized limitations such as the potential for overdiagnosis and inability for some health
facilities to perform CXR or TST."* Therefore, in 2016 the IPS in collaboration with the Indonesian
National TB Program (NTP) developed an algorithm to diagnose TB in children, which incorporated
the scoring system and provided options for those who work in limited resource settings, in which
access to CXR or TST is limited (Figure 2). Following the release of the WHO treatment decision
algorithm in 2022, we planned to revise the approach to diagnosis and treatment decisions for
children in Indonesia. We describe the evaluation of the WHO algorithm in our setting and the
process to develop the latest Indonesian algorithm.

Table 1. The 2000 Indonesia scoring system to diagnose TB in children.

0 1 2 3
Contact No or not - A.FBl () or AFB! (+)
clear patient report
TST2 Negative - - Positive
Weight - W/A3<80% W/A <60% -
Fever - >2 weeks - -
Cough <3 weeks >3 weeks - -
Multiple, > 1
Lymph node enlargement - cm, - -
tenderness (-)
Joint - Swollen - -
Suggestive
CXR4 Normal ES

T AFB: acid fast bacilli; 2 TST: tuberculin skin test; 3 W/A: weight for age; *CXR: chest X-Ray;  TB: tuberculosis.
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Child <10 years with symptoms suggestive of pulmonary TB
q e YES "
Algorithm Presence of dange.r signs requiring urgent Stabilize and/or transfer as
A medical care? needed
. NO RETAIN TRANSFER
Child <2 years old, living
with HIV, and/or severe Exit
acute malnutrition
YES ; . NO Treat most likely non-TB
: e COnditiOﬂ{S)
Follow-up in 1-2 weeks
NO
Persistent/worsening symptoms Exit
' YES
Collect respiratory/stool specimens for mMWRD testing (e.g., Xpert MTB/RIF or
Ultra), including in children living with HIV, urine LF-LAM, if available
If performed, did mWRD or LF-LAM detect Mycobacterium tuberculosis?
YES NO/NOT PERFORMED/RESULT NOT YET AVAILABLE
Close or household TB contact in the previous 12 months?
YES NO
Score signs and symptoms and CXR features

Signs and symptoms Chest X-ray
Cough >2 weeks +2 Cavity/Cavities +6 Do not treat
Fever >2 weeks +5 Enlarged lymph nodes +17 with TB
Lethargy +3 Opacities +5 treatment.
Weight loss +3 Miliary pattern +15 Follow-up in
Haemoptysis +4 Effusion 48 1-2 weeks
Night sweats +2
Swollen lymph nodes +4
Tachycardia +2
Tachypnoea -1

SumA: SumB;

NO
Is Sum A + Sum B > 10?
YES
Initiate appropriate TB treatment

Figure 1. The 2022 WHO treatment decision algorithm with CXR for children <10.
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Child <10 years with symptoms suggestive of pulmonary TB
. T YES &
Algorithm Presence of danger signs requiring urgent Stabilize and/or transfer as
B medical cara? neaded
NO
: RETAIN TRANSFER
Child <2 years old, living
with HIV, and/or severe * Exit
acute malnutrition
YES NO Treat most |likely non-TB
condition(s)
Follow-up in 1-2 weeks
MO
Persistent/worsening symptoms Exit
YES
Collect respiratory,/stool specimens for mWRD testing (e.g., Xpert MTB/RIF ar
Uitra), including in children living with HIV, urine LF-LAM, if available
If performed, did mWRD or LF-LAM detect Mycobacterium tuberculosis?
' YES NO/NOT PERFORMED/RESULT NOT YET AVAILABLE
Close or household TR contact In the previous 12 months?
YES NO
Score signs and symptoms
Signs and symptoms
Cough >2 weeks +5 Do not treat
Faver =2 weeks +10 with TB
Lethargy +4 treatment.
Weight loss +5 Follow-up in
Haemoptysis +9 1-2 weeks.
Might sweats +6
Swollen lymph nodes  +7
Tachycardia +4
Tachypnoea +2
Sum :
; MO
Is Sum > 10%
YES

Initiate appropriate TB treatment

Figure 2. The 2022 WHO treatment decision algorithm without CXR for children <10.

2. Methods
2.1. Evaluation of the WHO Treatment Decision Algorithm

We conducted a retrospective study, involving 10 hospitals (eight district hospitals and two
provincial hospitals) in five provinces (West Sumatra, West Java, Yogyakarta, East Java, and West
Nusa Tenggara) in Indonesia. The study included all children aged 0-10 years who were evaluated
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for PTB by attending doctors in the study hospitals in 2022 based on an ICD-10 code of Z03.0
(observation of suspected tuberculosis), Al5 (respiratory tuberculosis, bacteriologically and
histologically confirmed), A16 (respiratory tuberculosis not confirmed bacteriologically, molecularly
or histologically), or A19 (miliary tuberculosis) in their medical record. We then reviewed these
records and excluded children with incomplete medical record data; and children with comorbidities
other than HIV or malnutrition.

For children included in the study, we then retrospectively reviewed their medical records and
extracted data on symptoms, signs, results of TST or IGRA, CXR, sputum laboratory test (smear or
rapid molecular diagnostic) and the final diagnosis made by the attending doctor at each hospital.
We only recorded the interpretation of CXR and TST written in the medical record. A panel of
paediatricians with child TB expertise and experience (RT, FFY and DAW) then assessed the data for
each child using two different to make a diagnosis: the WHO algorithm published in 2022 (Figure 1
if information on the interpretation of CXR was available and Figure 2 if information on the
interpretation of CXR was not available) and the Indonesia algorithm developed in 2016 (Figure 3).
Each paediatrician assessed all patients independently, with discordance resolved by consensus to
reach a final TB diagnosis. We then compared the number, proportion and agreement of TB diagnosis
made by the attending doctor with those made by the expert panel using the WHO algorithm and
those made by the expert panel using the 2016 Indonesian algorithm. We also did a detailed review
in each case.

Child with at least one TB symptom
v

Sputum collection for

Rapid molecular test (Xpert MTB/RIF)

! : 1

M.TB detected Not detected Sputum not available
1 / \

Access for CXR and/or NO access for CXR and/or
Confirmed TB

/\ 4

Score >6 Score <6* TB contact?
/\‘ No Yes
Contact (+) Contact (-)

e s e o L 4
Anti TB /

\ Observe for 2
7'y

weeks, and treat for

et a SRR

Figure 3. The Indonesia algorithm of child TB diagnosis 2016. * Use the Indonesia scoring system (Table 1)

2.2 Development of the New Algorithm

Based on the findings of the evaluation, the study team developed a proposed new algorithm
by revising the 2016 algorithm with adaptations informed by the 2022 WHO algorithm. The proposed
algorithm was then reviewed through a series of in-person and online meetings, attended by child
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TB experts from the IPS, representatives from the NTP, general practitioners from primary health
centers, pediatricians from district hospitals, the province and district TB officers, and representative
from non-government organizations to reach consensus.

2.3. Data Analysis

Data were analyzed using STATA, presented as counts, mean or median and proportion, as
appropriate. Cohen’s Kappa was used to evaluate agreement between: the expert panel in making
the diagnosis; the attending doctors and the expert panel; and the WHO algorithm and the 2016
Indonesian algorithm. Kappa scores were categorized using the following cutoffs: 0 = no agreement,
0.10-0.20 = slight, 0.21-0.40 = fair, 0.41-0.60 = moderate, 0.61-0.80 = substantial, 0.81-0.99 = near
perfect, 1 = perfect). Comparison was also made on patient characteristics between those diagnosed
as TB or as not TB with full agreement by all three approaches using Chi-square test for categorical
variables, Wilcoxon Rank Sum test for medians, with a p value of less than 0.05 considered significant.

2.4. Ethical Clearance

We obtained ethical approval from the Medical and Health Research Ethics Committee, Faculty
of Medicine, Public Health and Nursing, Universitas Gadjah Mada, Yogyakarta, Indonesia.

3. Results

A total of 523 eligible children were included to the study. The characteristics of the children are
summarized in Table 2. More than half of the children were less than 5 years of age. The most
common symptom at initial presentation was cough. HIV test was not routinely performed in all
children and of those who were tested, seven children had a positive result. Most children underwent
TST and CXR as part of TB work-up. Microbiology tests were performed in 51.2% of the children. Of
these, 13 were bacteriologically confirmed: eight on Xpert MTB/RIF, six on sputum smear and one on
both.

Table 2. Baseline characteristics of the subjects.

Variables N =523 (%)
Age: median (range), years 4.1 (0.08 - 10.0)
Age <5 years 313 (59.8)
Male 274 (52.4)
Known HIV-positive* 7
Initial symptom
Cough 382/466 (82.0)
Fever 237/420 (56.3)
Poor weight gain or weight loss 239/364 (65.7)
Reported contact with TB patient 101 (19.3)
TB work-up performed
Tuberculin skin test 435 (83.2)
IGRA 3(0.6)
Chest Xray 451 (88.2)
Smear microscopy 66 (12.6)
Xpert/MTB/RIF assay 202 (38.6)
Diagnosed with PTB by attending doctors 371 (70.9)
Bacteriologically confirmed TB 13/371(3.5)
Clinically diagnosed TB 358/371 (97.5)

* HIV status was unknown in majority as only recorded if positive.

The proportion of children diagnosed with TB by the attending doctors was 70.9% (371 / 523),
diagnosed by the expert panel using WHO algorithm was 56.4% (295 / 523) and using the Indonesia
guideline was 47% (246 / 523). The agreement of TB diagnosis between the attending doctor and the
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expert panel using the WHO algorithm was fair (Cohen’s Kappa 0.27); meanwhile the agreement
when the expert panel using the Indonesia algorithm was moderate (Cohen’s Kappa 0.45). The
agreement between the WHO algorithm and the Indonesia algorithm was moderate with Cohen’s
Kappa of 0.42.

By all three approaches, there was full agreement on the diagnosis of TB in 185 children and that
99 children did not have TB. The characteristics of these children are presented and compared in
Table 3. The ages of these groups were similar but those diagnosed with TB were significantly more
likely to have a known TB contact or a CXR with abnormalities suggestive of TB.

Table 3. Characteristics of children with concordant diagnoses between all three approaches (WHO algorithm,
2016 Indonesian algorithm and attending doctor diagnosis).

Variables N= ;FS]Z %) Nl\iogt 91;];0) p Value
Age: median, (range) years 4.7 (1.8-7.6) 4.6 (2-6.7) 0.83
Age <5 years 98 (53) 50 (50.5) 0.69
Male 100 (54.1) 58 (58.6) 0.46
HIV status known
HIV-positive 6 (3.2%) 0 0.01
Initial symptom
Cough 149/175(85.1) 69/88 (78.4) 0.17
Fever 87/161 (54.0) 32/81(39.5) 0.03
Poor Welgifsiam or weight 107/156 (68.6) 37/56 (66.1) 0.73
Reported cor.ltact with TB 68 (36.9) 6(6.1) 0.00
patient
CXR suggestive for TB 127 (68.7) 12 (12.2) 0.00

To develop a new algorithm in Indonesia, we analyzed the above results and reviewed each
case. Our findings reveal that attending doctors diagnosed a larger number of TB cases (371; 71%)
compared to the expert panel, either using the Indonesia algorithm (246; 47%) or the WHO algorithm
(295; 56.4%). A detailed review of each case revealed concerns with both algorithms, which may lead
to overdiagnosis. We revised the Indonesian algorithm with adaptation from the WHO algorithm. In
the new algorithm, there is opportunity for a doctor to make decisions based on each condition of the
patient (Figure 4).
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Children with one or more of these symptoms:

- Cough >2 weeks

- Fever >2 weeks

- Weight loss or poor weight gain in previous 2 months
- Malaise

Stabilize the patient and consider to
give TB treatment if there's close
contact to TB patient

Is there any dangeror| Yes
emergency signs?

No

Is there any of these:
Yes Age <2 years old, living with HIV,
severe acute malnutrition

o]

- Consider other differential diagnosis
- If there's probability of other cause, give
treatment based on it

Improved

Worsen

Presumptive of TB

mWRD test l
Positive Negative or not performed
v v
Access to chest X-ray and No access to chest X-ray
TST/IGRA and TST/IGRA

{
Score 26 Contact (+) There's no TB contact

or unclear history

i Observe and give treatment
Diagnosis is decided by for 2 weeks - 2 months**
Contact (+)/TST Contact (-) doctor based on clinical { 1
(+)/IGRA (+) and| |and TST/IGRA— condition of each patient
chest X-ray (-) with consideration of other HSYmPt.UmS Sym ptoms
suggestive of TB dlﬁ’erenha: diagnosis persist improve

Bacteriologically
confirmed TB

@ Not T8

Figure 4. The new Indonesia algorithm to diagnose and to make decision to treat TB in children.

4. Discussion

This study documented that doctor in hospital setting in Indonesia diagnosed TB in more
children than the expert panel did. Confirming a tendency towards overdiagnosis challenging due to
the lack of a reference standard, and quantifying this tendency is complicated as the WHO and
Indonesia algorithms also have a potential bias towards overdiagnosis and overtreatment. A
tendency towards overdiagnosis is generally considered more acceptable than a tendency to not
detect and treat children with TB given the risk of severe disease and death, and the low risk of
adverse event of anti TB treatment in this population.’> However, best practice would indicate that
unnecessary treatment should be minimized whenever possible. While treatment decision algorithms
serve as valuable guides, the diverse characteristics of individual patients and varying access to
diagnostic tools require clinicians to make a clinical decision based on each patient’s findings.
Therefore, ongoing clinical training with monitoring of practice and mentorship are necessary to
support healthcare workers in providing optimal decision.

Our careful review of the WHO algorithm highlighted that a decision to treat TB disease could
easily be reached by a single abnormal finding, such as hilar lymphadenopathy or a positive test for
infection. Hilar lymph nodes enlargement is the most common radiological finding in the CXR of
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children with TB'%!7 and represents a highly specific radiological abnormality for PTB in children.
However, interpreting this finding can be very challenging especially without training.'$192 The
hilum, which is composed of pulmonary arteries and veins, major bronchi, and lymph nodes, is the
most complex region to interpret in the chest radiogram.?'?2 Previous studies documented that inter
and intra-observer agreement in interpreting hilar lymph node enlargement on the chest radiogram
was poor to moderate.?»24?5 Insufficient experience as well as lack of competence of doctors in reading
chest radiogram in children should be taken into account. Progress is being made in computer-aided
detection of common radiological patterns of TB in children, which offer promising solutions to
address these challenges. TST and IGRA are tests for TB infection and cannot distinguish between TB
disease and infection. Despite the limitation, the tests can help clinician to decide the diagnosis of TB
in children when history of close contact with a TB patient was unknown or unclear. This was a
reason for their inclusion in the Indonesia scoring system and algorithm. However, this may also lead
to overdiagnosis when the diagnosis is made based on positive result of TST/IGRA and symptom
only. On the other hand, the unavailability and lack of sustainability of these tests in health facilities
can be a barrier for diagnosis if they are required as an essential component of the assessment. To
address this issue, in 2016 the Indonesia algorithm was developed to include guidelines for making
diagnostic decisions in the absence of TST/IGRA and CXR. This allows clinicians to start TB
treatment without delay even if these tests are not available.

The new algorithm for child TB in Indonesia adopts some of the approaches in the WHO
algorithm, such as identification of danger signs and high-risk children. We did not adopt the WHO
scoring system but used the scoring system developed by the IPS because of time and resources
constraints to conduct a study to develop a new scoring system. This is one of the limitations of the
new algorithm because the Indonesia scoring system was developed based solely on literature review
and expert consensus, rather than on the local data from Indonesia. Additionally, how the variables
were chosen and how the weight of each variable was determined, is not well-described. In the
revised algorithm we included an option allowing healthcare workers to make their own clinical
decisions if the child’s clinical condition does not align with the algorithm’s guidelines. While this
flexibility is intended to accommodate individual clinical judgement, it may not be suitable for all
healthcare workers. A simpler and “strict” algorithm may be preferable, in particular for those with
less clinical confidence and experience. There is also a risk that allowing healthcare workers
discretion could lead to varying diagnostic approaches and potential overdiagnosis. As for any new
tool, training and dissemination with ongoing review and mentoring of healthcare workers will be
vital for uptake and maintaining quality of care.

Ideally, external validation of the WHO algorithm should be conducted in a prospective design
study and compared to the reference standard of microbiological confirmation. The main limitation
of this study is its retrospective design, which relies on data from medical record without a reference
standard. This study was not aimed to evaluate the diagnostic values of the three approaches, but
rather to evaluate their agreement. Although this may not provide robust scientific evidence, it gives
a description of the diagnostic yield of both WHO and Indonesia algorithm for tuberculosis in
children. This information is important as one of the considerations for implementing the new WHO
treatment decision algorithm in Indonesia. Another significant limitation was that the study did not
review the chest radiograph directly; instead, it used interpretations recorded in the medical records.
Further prospective studies are needed to evaluate the Indonesia childhood TB algorithm and to
develop a new scoring system, including assessment of the diagnostic value, feasibility and cost-
effectiveness.

5. Conclusions

This study shows that diagnosing TB in children using algorithm and scoring systems has
limitations in interpretation and accuracy. While a simple algorithm is essential to assist healthcare
workers in making clinical diagnosis and treatment decision, especially at the peripheral levels of
care, it is challenging to develop a universal algorithm applicable across all patient contexts, resources
and skill levels. A prospective evaluation of the new algorithm is needed to assess its potential for
overdiagnosis and underdiagnosis, as well as the acceptability and feasibility is required.
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