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• In 2020, an estimated 9.9 
million people fell ill with 
TB worldwide 

•    5.5 million 
   3.3 million 
   1.1 million 

•     80 thousand (8% of the 
total) 

  

 
World Health Organization (WHO). Advocacy package (who.int) 
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https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021/advocacy-package
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Latent Tuberculosis Infection (LTBI） 

LTBI 
Active TB 5-15% 



• T-cell-based interferon gamma release assays 
(IGRAs) 

– QuantiFERON TB Gold in tube (QFT-GIT) 第三代 

 QuantiFERON-TB Gold Plus (QFT-Plus) 第四代 

– T-SPOT.TB 

 

 

 

 

 

– 優點:特異性高、接種BCG疫苗不影響檢驗結果 

– 缺點:費用昂貴、再現性不佳 
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疾管屬LTBI檢驗與治療簡介 
https://www.cdc.gov.tw/Uploads/5eb26623-b179-4e8b-b860-98810501b821.pdf 
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  LTBI治療 



A recent meta-analysis of cohort studies indicated that TB contacts with 
a positive IGRA result have a 10.8-fold higher rate of progression to 
active TB  

 Absolute risk of tuberculosis among untreated populations with a positive tuberculin skin test 

or interferon-gamma release assay result: systematic review and meta-analysis | The BMJ 7 

https://www.bmj.com/content/368/bmj.m549
https://www.bmj.com/content/368/bmj.m549
https://www.bmj.com/content/368/bmj.m549
https://www.bmj.com/content/368/bmj.m549
https://www.bmj.com/content/368/bmj.m549
https://www.bmj.com/content/368/bmj.m549


In addition, recent individual studies have suggested a need to further examine 
the entire distribution of IGRA values for risk analyses of subsequent active TB  
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Nienhaus A, Costa JT. Screening for tuberculosis and the use of a borderline zone for the interpretation of the interferon-γ release assay (IGRA) in Portuguese healthcare workers. J Occup Med 

Toxicol. 2013;8(1):1 Available 

http://occup-med.biomedcentral.com/articles/10.1186/1745-6673-8-1 

Table 3 Results of the first and second QFT (negative: <0.35 IU/mL, positive: ≥0.35 IU/mL) 

Table 2 Conversion and reversion rates depending on the use of a borderline zone and the INF-γ 
concentration of the first QFT 

Some researchers have called for a 
need to report a borderline zone, an 
intermediate area between a 
negative and positive IGRA test, to 
improve the diagnostic accuracy of 
potential development of active TB 
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步驟 1：系統性文獻回顧探討的問題為何？(PICO) 

• P(Patient/Problem) 
INF-γ數值與LTBI轉變為ACTIVE TB是否具有相關性 

11 

• I(Intervention) 
貝式迴歸分析 

• C(Comparison) 
定性報告 

• O(Outcomes) 
分析INF-γ，評估各族群中LTBI轉變為Active TB的風險 

FAITH 系統性文獻回顧快速評讀表 



• Literature search 

• Study selection 

• Data extraction 

• Assessment of quality of included studies 
 (Newcastle-Ottawa quality assessment scale , NOS) 

• Data analysis  
(Bayesian meta-regression Method) 

• Sensitivity analyses and subgroup analyses 
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步驟 2：系統性文獻回顧的品質如何？( FAITH) 
F－研究是否找到 (Find) 所有的相關證據？ 
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FAITH 系統性文獻回顧快速評讀表 



步驟 2：系統性文獻回顧的品質如何？( FAITH) 
F－研究是否找到 (Find) 所有的相關證據？ 

評讀結果：     是 否 不清楚 
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FAITH 系統性文獻回顧快速評讀表 



步驟 2：系統性文獻回顧的品質如何？( FAITH) 
A－文獻是否經過嚴格評讀 (Appraisal)？ 

評讀結果： ■ 是 否 不清楚 
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FAITH 系統性文獻回顧快速評讀表 



Data extraction 
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18 of which were conducted in Europe,  
8 in Asia,  
2 in North America,  
2 in the Middle East,  
2 in Sub-Saharan Africa,  
1 in Latin America, and  
1 in Australasia 
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步驟 2：系統性文獻回顧的品質如何？( FAITH) 
I－是否只納入 (Included) 具良好效度的文章？ 

評讀結果：     是 否 不清楚 
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FAITH 系統性文獻回顧快速評讀表 



• Assessment of quality of included studies 

– Newcastle-Ottawa quality assessment scale (NOS) 

• Selection of cohorts 研究對象的選擇(0-4*) 

• Comparability of cohorts 暴露組和非暴露組之間的
是否具有比較的意義(0-2*) 

• Assessment of outcome研究結果(0-3*) 

• 滿分為9*分，分數越高代表研究品質越好 

 

 

Literature search→Study selection → Data extraction →Assessment of 
quality of included studies→Data analysis →Sensitivity analyses and 
subgroup analyses 
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步驟 2：系統性文獻回顧的品質如何？( FAITH) 
T－作者是否以表格和圖表「總結」 (Total up) 試驗結果？ 

評讀結果：     是 否 不清楚 
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FAITH 系統性文獻回顧快速評讀表 



• Bayesian meta-regression method貝式回歸 

– 依據現有的實驗數據來推論未來發生的機率 

– 例如:北極的冰山在2050年完全融化的概率 

• 這個事情完全沒有發生過，所以無法用頻率來代替概率
表示，只能研究過去幾十年，北極冰山融化的速率(IGRA
數值)，來預測北極的冰山在2050年完全融化(active TB)
的概率 

Literature search→Study selection → Data extraction →Assessment of 
quality of included studies→Data analysis →Sensitivity analyses and 
subgroup analyses 

張紹勳， 張任坊 (2019)。 

《人工智慧AI與貝葉斯Bayesian迴歸的整合：應用STaTa分析》。臺北：五南。 
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Bayesian meta-regression method貝式回歸分析 

• 縱軸相對風險(發病率):利用”LTBI轉變為active TB病
例數“ &  該組別IGRA總人數 計算得來 

• 橫軸QuantiFERON IFN-gamma serum concentration 
(IU/mL):IGRAs檢測數據 

Literature search→Study selection → Data extraction →Assessment of 
quality of included studies→Data analysis →Sensitivity analyses and 
subgroup analyses 

30 

連續性風險評估 



Dose-response relationship 
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步驟 2：系統性文獻回顧的品質如何？( FAITH) 
H－試驗的結果是否相近－異質性 (Heterogeneity )？ 

評讀結果： ■是 否 不清楚 

敏感性(sensitivity analysis) 
次群組分析(subgroup analysis) 

• 卡方檢定 
• 敏感性(sensitivity analysis)：Newcastle-Ottawa quality 

assessment scale (NOS) 

• 次群組分析(Subgroup analysis)：結核病病例接觸者、
醫療相關人員、移民、HIV患者 

• 另外針對年齡:成人（> 18 歲）兒童（< 18 歲）以及是否
投藥治療進行比較。 

FAITH 系統性文獻回顧快速評讀表 



敏感性(sensitivity analysis) 

步驟 2：系統性文獻回顧的品質如何？( FAITH) 
H－試驗的結果是否相近－異質性 (Heterogeneity ) 
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● 敏感性分析（sensitivity analysis）：將某些不合適的論文（NOS
低）刪除後，看看剩餘論文合併效果是否會因此更改，藉以測
試綜合性效果的穩定度。 

High quality studies : NOS 5~6* 

Primary 

FAITH 系統性文獻回顧快速評讀表 
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步驟 2：系統性文獻回顧的品質如何？( FAITH) 
H－試驗的結果是否相近－異質性 (Heterogeneity )？ 

敏感性(sensitivity analysis) 
次群組分析(subgroup analysis) 

PLHIV 

Primary 

FAITH 系統性文獻回顧快速評讀表 
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步驟 2：系統性文獻回顧的品質如何？( FAITH) 
H－試驗的結果是否相近－異質性 (Heterogeneity )？ 

敏感性(sensitivity analysis) 
次群組分析(subgroup analysis) 

TB case contacts 

Primary 

FAITH 系統性文獻回顧快速評讀表 
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步驟 2：系統性文獻回顧的品質如何？( FAITH) 
H－試驗的結果是否相近－異質性 (Heterogeneity )？ 

敏感性(sensitivity analysis) 
次群組分析(subgroup analysis) 

Primary 

Migrants 

FAITH 系統性文獻回顧快速評讀表 
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步驟 2：系統性文獻回顧的品質如何？( FAITH) 
H－試驗的結果是否相近－異質性 (Heterogeneity )？ 

敏感性(sensitivity analysis) 
次群組分析(subgroup analysis) 

Healthcare workers 

Primary 

FAITH 系統性文獻回顧快速評讀表 
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步驟 2：系統性文獻回顧的品質如何？( FAITH) 
H－試驗的結果是否相近－異質性 (Heterogeneity )？ 

敏感性(sensitivity analysis) 
次群組分析(subgroup analysis) 

Provide preventive treatment 

Exclude preventive treatment 

FAITH 系統性文獻回顧快速評讀表 
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步驟 2：系統性文獻回顧的品質如何？( FAITH) 
H－試驗的結果是否相近－異質性 (Heterogeneity )？ 

敏感性(sensitivity analysis) 
次群組分析(subgroup analysis) 

Children 

Adults 

FAITH 系統性文獻回顧快速評讀表 



Discussion 
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Discussion 1  
Our continuous dose-response curve indicates that the risk of incident TB 
sharply increases between IFN-gamma levels of 0 and 5 IU/ml after 
which the risk continued to increase moderately but at a slower pace 
until reaching 15 IU/ml where the risk levels off. 
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Discussion 2  
Sensitivity analyses revealed that our findings are robust to the quality 
of the studies as the results did not differ significantly by the quality of 
studies. 
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High quality studies : NOS 5~6* 

Primary 



Discussion 3 
Our findings show that the risk for incident TB is 2.90-fold higher at 1 IU/ml, 
10.38-fold higher at 5 IU/ml, 19.00-fold higher at 10 IU/ml, 21.82-fold higher 
at 15 IU/ml, and 22.31-fold higher at 20 IU/ml 

IGRA POSITIVE 

IGRA NEGTIVE 
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Discussion 4 
The dose-response relationship found in this meta-analysis can be used to 
help guide clinical decisions to perform additional tests and treat latent 
tuberculosis infection within the context of TB programs and local 
epidemiology. 

54.7% 

19.5% 

https://doi.org/10.1371/journal.pone.0187313 
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Discussion 5 
Compared to our primary curve that excluded studies where the entire study 
population is HIV positive, the dose-response relationship was substantially 
higher in studies among HIV positive individuals. 
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PLHIV 

Primary 



Discussion 5 
Compared to our primary curve that excluded studies where the entire study 
population is HIV positive, the dose-response relationship was substantially 
higher in studies among HIV positive individuals. 

Detection and Prediction of Active Tuberculosis Disease by a Whole-Blood Interferon-γ Release Assay in 

HIV-1–Infected Individuals | Clinical Infectious Diseases | Oxford Academic (oup.com) 

IGRAs are sensitive tools 
for predicting TB 
progression among PLHIV 
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https://academic.oup.com/cid/article/48/7/954/327135
https://academic.oup.com/cid/article/48/7/954/327135
https://academic.oup.com/cid/article/48/7/954/327135
https://academic.oup.com/cid/article/48/7/954/327135
https://academic.oup.com/cid/article/48/7/954/327135
https://academic.oup.com/cid/article/48/7/954/327135
https://academic.oup.com/cid/article/48/7/954/327135
https://academic.oup.com/cid/article/48/7/954/327135
https://academic.oup.com/cid/article/48/7/954/327135
https://academic.oup.com/cid/article/48/7/954/327135


Discussion 6 
The relative risk of incident TB was lower for children compared to adults at the 
lower end of the curve before converging at 7.5 IU/ml. 
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Children 

Adults 



Discussion 7 
The lack of difference in the curves can be due to the fact that only a small 
proportion of participants accepted treatment in studies where it was provided 
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Provide preventive treatment 

Exclude preventive treatment 



Discussion 8 
Finally, the findings from this study bring into question the predictive value for 
progression to active TB of IGRAs. 

Predictive value of interferon-Î³ release assays for incident active tuberculosis: 

a systematic review and meta-analysis | Elsevier Enhanced Reader 

50 

https://reader.elsevier.com/reader/sd/pii/S1473309911702109?token=45CB0858A3B20E0195E35841E4ED9C6D3AF7D7CF6032355DCCEE4FF37F8443B79E9154720DA2F482E087D0CE6F6F858B&originRegion=us-east-1&originCreation=20220817082730
https://reader.elsevier.com/reader/sd/pii/S1473309911702109?token=45CB0858A3B20E0195E35841E4ED9C6D3AF7D7CF6032355DCCEE4FF37F8443B79E9154720DA2F482E087D0CE6F6F858B&originRegion=us-east-1&originCreation=20220817082730
https://reader.elsevier.com/reader/sd/pii/S1473309911702109?token=45CB0858A3B20E0195E35841E4ED9C6D3AF7D7CF6032355DCCEE4FF37F8443B79E9154720DA2F482E087D0CE6F6F858B&originRegion=us-east-1&originCreation=20220817082730
https://reader.elsevier.com/reader/sd/pii/S1473309911702109?token=45CB0858A3B20E0195E35841E4ED9C6D3AF7D7CF6032355DCCEE4FF37F8443B79E9154720DA2F482E087D0CE6F6F858B&originRegion=us-east-1&originCreation=20220817082730
https://reader.elsevier.com/reader/sd/pii/S1473309911702109?token=45CB0858A3B20E0195E35841E4ED9C6D3AF7D7CF6032355DCCEE4FF37F8443B79E9154720DA2F482E087D0CE6F6F858B&originRegion=us-east-1&originCreation=20220817082730
https://reader.elsevier.com/reader/sd/pii/S1473309911702109?token=45CB0858A3B20E0195E35841E4ED9C6D3AF7D7CF6032355DCCEE4FF37F8443B79E9154720DA2F482E087D0CE6F6F858B&originRegion=us-east-1&originCreation=20220817082730


Discussion  

1. IFN-γ落在 0 和 5 IU/ml 之間時，active TB 的風險急劇增加 
 

2. 對於每個陽性結果來說，未來的罹病風險並不相同 
單純只顯示陽性或陰性， 容易忽略高風險族群的罹病風險 
 

3. 過高的 IFN-γ數值，是潛伏感染進展為活動性 TB 的重要指標。 
 

4. 本篇的貝氏分析結果可用於幫助臨床進行醫療決策(borderline) 
 

5. IGRAs對於預測HIV患者由LTBI進展為active TB具有高度的敏感性 
 

6. 幼兒免疫系統發育不完全，影響QuantiFERON抗原管的免疫反應，
對於結果容易產生干擾  
 

7. IGRA判讀不應只侷限在定性分析 
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Strengths and Limitations 
1. In our meta-regression we were able to include data with different IFN-

gamma categories into a singular analysis while incorporating between 
study heterogeneity in our uncertainty estimation. 
 

2. This is an advantage over traditional methods that would have to take the 
midpoint of IFN-gamma categories rather than use information of the 
entire category as done in this study. 
 

3. Our study is the first meta-analysis to examine TB risk over the entire 
distribution of IFN-gamma levels, allowing for improved identification of 
individuals who may be at highest risk for progressing to active TB. 
 

4. Finally, we were able to stratify results by important at risk populations to 
evaluate for potential confounding and effect modification. 
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Strengths and Limitations 
1. First, we could not assess for effect modification by known risk factors for 

progression to active TB  
including tobacco smoke, alcohol consumption, diabetes, malnutrition, and indoor air pollution, as these data were 
not routinely included in studies. 

 

2. Second, several studies included in our systematic review used passive-
follow-up for detection of active TB through national TB registries.  
 

3. Third, our quality assessment indicated that almost all studies have some 
source of bias as all studies were considered to be of low to moderate 
quality. 
 

4. Fourth, most studies were conducted in low to intermediate TB burden 
countries, potentially limiting the generalizability of our findings. 
 

5. Fifth, time since infection may impact results as recent infection is 
associated with higher risk for active TB. 
 

6. Finally, we may have missed articles as we restricted our search to two 
databases. 
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Recommendations for Future Work 
1. We found that the risk of incident TB is not the same for everyone with a 

positive IGRA reaction. 
 

2. Future cohort studies should therefore collect granular data on IGRA levels 
and the associated risk of progression to active tuberculosis. 
 

3. Future studies may also incorporate additional risk factors for progression 
to active tuberculosis such as alcohol, smoking, malnutrition, and diabetes 
to identify individuals at greatest risk of subsequent TB. 
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Discussion 
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Discussion 
1. We developed a dose-response risk curve for the progression to active TB 

as a function of a continuous measure of IGRA values. 
 

2. Our findings show that the current practice of dichotomizing IGRA test 
results simplifies the TB infection disease continuum.  
 

3. The findings of this study showed that the risk of active TB development is 
not the same for everyone with a positive IGRA, with higher IGRA values 
being strongly associated with disease progression.  
 

4. With IGRAs starting to scale up in high TB burden areas, the findings from 
this study can help clinicians make informed decisions by providing 
different relative risks of progression to active TB for a range of IGRA 
values within the borderline zone and very high IGRA reactions. 
 

5. More investigations using detailed quantification of IGRA values will help 
to find more accurate estimates of the dose-response relationship and 
allow for a reexamination of the predictive power of IGRA tests. 
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討論：發出IGRAs報告時是否需新增備註說明 

• 維持目前報告格式 
(定性報告與檢驗數值同時呈現不另行備註) 

 

• 針對高風險族群(HIV患者)備註警語 

 

• 需要參考更多文獻 

 

• 簽退、投票連結與QR code： 
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https://forms.gle/iNk571qbAH5eGSnK6 

https://forms.gle/iNk571qbAH5eGSnK6
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