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TB Disease in Young Children Globally

 Estimate 1 million childhood TB cases/year (~half <5 years)

 Most never diagnosed and treated

 Most cases that are diagnosed are “clinical” and not 

bacteriologically confirmed



Diagnosis of TB Disease in Young Children: Challenges

 Bacteriologic diagnosis 

• Low bacterial load (paucibacillary disease)

• Lack of readily obtained specimens

 Clinical diagnosis

• No strict diagnostic criteria

• Clinical features (e.g., fever, cough, 

wasting, lymph nodes) common 

in other childhood illnesses

• Subtle chest X-ray findings

• Based on longitudinal assessment 

Guidelines for Management of Tuberculosis and Leprosy in Kenya, July 2013 Edition.



Filling in the Diagnostic Gap: “Clinical” Disease

Nicol et al. (2015) CID 61: Suppl 3.



Evaluation of Biomarker-based Tests
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Simplified Algorithm for Diagnosis of Disease

Symptoms or Risk

Evaluate further 

for TB disease

Triage

Do not evaluate 

further for TB disease

Diagnosis

No TB Disease TB Disease

Bacteriologic 

Diagnosis 

Non-bacteriologic 

Diagnosis (biomarker)

Tests/Signs/Symptoms

Tests/Signs/Symptoms
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TB Diagnostics Study Goals

 Determine best combination of specimens and tests for 

bacteriologic diagnosis

 Evaluate performance of biomarker-based tests

 Determine the impact of co-infections and malnutrition on 

performance of diagnostic tests

Develop improved approach for screening and diagnosis of TB disease



Study Overview

 Prospective cohort study children <5 years of age

 300 symptomatic children: prolonged symptomatology 

despite treatment for other causes

• Cough > 4 weeks, malnutrition >3 weeks, cervical 

lymphadenopathy > 4 weeks, fever > 1 week

• Parenchymal abnormalities on CXR

 50 healthy controls (asymptomatic): non-invasive testing only

 TB treatment and TB preventive therapy as indicated

 Location: Kisumu, Kenya

 Collaboration between Kenya Medical Research Institute

(KEMRI), CDC, Harvard



Study Procedures

Time Point Procedure Details

Baseline Clinical Evaluation Symptoms and physical findings

Nutritional assessment

Digital chest X-ray

Bacteriologic diagnostic testing Specimen collection 

Diagnostic  tests

Biomarker testing Specimen collection 

Biomarker testing

Co-infection testing HIV, malaria, schistosomiasis, viral 

respiratory pathogens

Nutritional testing Blood micronutrient tests

Repository specimen collection Plasma, serum, whole blood 

(PAXgene), urine and stool,NP 

swabs,OP swabs, gastric aspirate

Follow-up 

(2 weeks, 2 months, 6 

months)

Clinical Evaluation Symptoms and physical findings

Nutritional assessment



Tests and Specimens for Bacteriologic Diagnosis

Procedure* Test

2 nasopharygeal aspirates Cx + Xpert

2 induced sputum Cx + Xpert

2 gastric aspirates Cx + Xpert

2 string tests Cx + Xpert

2 stool specimens Cx + Xpert

2 urine specimens Cx + Xpert

1 lymph node fine needle aspirate Cx + Xpert

1 blood specimen Cx

* Symptomatic cohort only



Tests and Specimens for Biomarkers
Specimen Host-based Pathogen-based

Tuberculin skin test (TST)

Breath Electronic nose for detection of volatile organic compounds (VOCs)

Urine Electronic nose for VOC detection

Urine Proteomics ELISA-based peptide detection

Urine LAM

Urine Cytokine/Chemokine profiling

Blood Proteomics

Blood Transcriptomics

Blood Standard and immunomodulated IFN-γ

assays

Blood Cytokine/Chemokine profiling

OP swab Multiplex PCR, Metagenomics

NP swab Multiplex PCR, Metagenomics

Gastric asp Multiplex PCR, Metagenomics



Preliminary Study Results

* Citations, references, and credits

300 symptomatic children enrolled

~1/3 treated for TB disease

~1/3 bacteriologically confirmed

~ 2/3 not bacteriologically confirmed



Diagnostic Yield of Specimen Types (n=32)

Smear Microscopy Xpert or MGIT

Gastric Aspirate 5 22

NP Aspirate 6 22

Induced Sputum 4 15

String Test 2 13

Stool 4 14

LNA 3

Urine 1 4

Blood 1



Diagnostic Yield of Specimen Types (n=32)

Reference standard 

2 IS 20

1 GA + 1 IS 24

2 GA 24

Minimally invasive

1 NPA 22

2 NPA 24

1 NPA + 1 stool 25

Invasive

1 NPA + 1 GA 27

2 NPA + 2 GA 29

1 NPA + 2 GA + 1 stool 30
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Preliminary Conclusions: Bacteriologic Diagnosis

 A combination of minimally-invasive specimens 

(nasopharyngeal aspirate and stool) had same yield as 

invasive gold-standard specimens (induced sputum or gastric 

aspirate) [utility: routine programmatic settings]

 Bacteriologic diagnosis may be improved by using a 

combination of invasive and non-invasive specimens [utility: 

concern for drug resistance, clinical trials]

 Despite extensive sampling and testing, a large proportion of 

TB disease not bacteriologically confirmed



Next Steps

 Evaluating combination of stool and NPA under 

programmatic conditions

 Evaluating biomarker-based tests against research clinical 

case definition

 Evaluating impact of co-infections and nutritional status on 

performance of diagnostic tests

 Developing an improved algorithm for TB diagnosis in 

children
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For more information please contact Centers for Disease Control and Prevention

1600 Clifton Road NE,  Atlanta,  GA  30333

Telephone: 1-800-CDC-INFO (232-4636)/TTY: 1-888-232-6348

Visit: www.cdc.gov | Contact CDC at: 1-800-CDC-INFO or www.cdc.gov/info

The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the 

Centers for Disease Control and Prevention.
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