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10. AT A GLANCE COMMENTARY: 

Scientific Knowledge on the Subject: Novel point-of-care screening and 

diagnostic tools for tuberculosis (TB) have the potential to improve the efficiency 

and yield of intensified case finding (ICF) among people living with HIV. C-

reactive protein (CRP), an acute-phase reactant whose levels rise in response to 

systemic inflammatory conditions including active TB, has been identified as the 

first test to meet both the diagnostic accuracy targets (sensitivity ≥90%, 

specificity ≥70%) and operational characteristics (≤$2 per test, measured at the 

point-of-care) established by the World Health Organization (WHO) for an 

effective TB screening test. The lateral flow urine lipoarabinomannan assay such 

Determine TB-LAM test (Alere, USA) has recently been endorsed by the WHO to 

assist in establishing rapid TB diagnosis among patients with advanced HIV. 

What This Study Adds to the Field: This is the first study to evaluate novel ICF 

algorithms inclusive of both point-of-care CRP for TB screening and Determine 
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TB-LAM for confirmatory TB testing. Our results suggest that for HIV-infected 

adults with CD4 counts ≤350 cells/µL, replacing symptom-based screening 

(current recommendation) with point-of-care CRP-based TB screening could 

improve the efficiency and reduce the cost of ICF, without compromising 

diagnostic yield. Our study also supports the addition of Determine TB-LAM to 

Xpert confirmatory testing to improve the speed of TB diagnosis. Costs saved by 

using point-of-care CRP to select patients for confirmatory testing could enable 

the routine use of mycobacterial culture to greatly improve the proportion of TB 

cases detected. 

11. THIS ARTICLE HAS AN ONLINE DATA SUPPLEMENT: Supplementary 

Figure E1, Supplementary Table E1, Supplementary Table E2. 
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ABSTRACT 

Rationale/Objectives: The recommended tuberculosis (TB) intensified case finding 

(ICF) algorithm for people living with HIV (PLHIV) – symptom-based screening followed 

by Xpert MTB/RIF (Xpert) testing – is insufficiently sensitive and results in unnecessary 

Xpert testing. We evaluated whether novel ICF algorithms combining C-reactive protein 

(CRP)-based screening with urine Determine TB-LAM (TB-LAM), sputum Xpert and/or 

sputum culture could improve ICF yield and efficiency. 

Methods/Measurements: We compared the yield and efficiency of novel ICF 

algorithms inclusive of POC CRP-based TB screening and confirmatory testing with 

urine TB-LAM (if CD4 count ≤100 cells/µL), sputum Xpert, and/or a single sputum 

culture among consecutive PLHIV with CD4 counts ≤350 cells/uL initiating antiretroviral 

therapy in Uganda. 

Main Results: Of 1245 PLHIV, 203 (16%) had culture-confirmed TB including 101 

(49%) patients with CD4 counts ≤100 cells/µL. Compared to the current ICF algorithm, 

POC CRP-based TB screening followed by Xpert testing had similar yield (56% [95% 

CI: 49-63] vs. 59% [95% CI: 51-65]) but consumed less than half as many Xpert assays 

per TB case detected (9 vs. 4). Addition of TB-LAM did not significantly increase 

diagnostic yield relative to the current ICF algorithm but provided same-day diagnosis 

for 26% of TB patients with advanced HIV. Addition of a single culture to TB-LAM and 

Xpert substantially improved ICF yield, identifying 78% of all TB cases. 

Conclusions: POC CRP-based screening can improve ICF efficiency among PLHIV. 

Addition of TB-LAM and a single culture to Xpert confirmatory testing could enable HIV 

programs to increase the speed of TB diagnosis and ICF yield. 
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ABSTRACT WORD COUNT: 250 

MeSH TERMS: Tuberculosis; intensified case finding; screening; C-reactive protein; 

urine lipoarabinomannan  
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INTRODUCTION 

In 2016 alone, an estimated 1 million new cases of tuberculosis (TB) occurred among 

people living with HIV (PLHIV) and 374,000 TB/HIV patients died, representing one-

third of all HIV deaths worldwide.1 The extremely high frequency of undiagnosed TB 

reported in multiple post-mortem studies of PLHIV suggests that both the number of 

TB/HIV patients and the number of TB/HIV deaths are likely substantially higher than 

estimated.2 To reduce the burden of TB, the World Health Organization (WHO) 

recommends intensified case finding (ICF) for all PLHIV.3,4 The recommended ICF 

algorithm involves symptom-based screening, followed by confirmatory testing with 

Xpert MTB/RIF (Xpert or Xpert Ultra; Cepheid, USA) for all those who screen-positive. 

However, this algorithm results in high costs (because of the poor specificity of 

symptom-based screening)5-11 and sub-optimal yield (because of the inadequate 

sensitivity of Xpert)10-12 in the context of ICF.  

Novel screening and diagnostic tools have the potential to improve the efficiency and 

yield of ICF. We have previously reported that C-reactive protein (CRP) – which can be 

measured from capillary blood using a rapid (results in 3 minutes) and low-cost ($2 per 

test) point-of-care (POC) assay – is the first test to meet the WHO target product profile 

for an effective TB screening test (sensitivity ≥90%, specificity ≥70%, ≤$2 per test)13 

among PLHIV.10 Using a cut-point of 8 mg/L, POC CRP had 90% sensitivity and 70% 

specificity in reference to two liquid cultures.10 Compared to symptom screening, POC 

CRP-based TB screening reduced the proportion of patients requiring Xpert testing from 

87% to 37%. These results suggest that POC CRP-based TB screening could improve 
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the efficiency and reduce the cost of ICF. However, its performance in combination with 

novel confirmatory testing strategies is unknown.  

Confirmatory testing strategies that have the potential to improve the yield of ICF 

include addition of Determine TB-LAM (TB-LAM; Alere, USA) and liquid culture. TB-

LAM is a low-cost ($4 per test), POC assay that detects lipoarabinomannan, a 

lipopolysaccharide present in mycobacterial cells walls from unprocessed urine in 25 

minutes. Although multiple studies have evaluated urine TB-LAM in combination with 

sputum Xpert among inpatient and/or outpatient PLHIV self-presenting with symptoms 

suggestive for TB (i.e., passive case finding)14-17 or as an initial TB screening strategy 

for PLHIV,18,19 only one study has evaluated TB-LAM and Xpert as a combination 

confirmatory TB testing strategy among outpatient PLHIV undergoing ICF.20 Although 

addition of TB-LAM did not significantly increase yield beyond Xpert alone, TB-LAM 

(when used as the initial confirmatory test) rapidly identified 30% of all culture-confirmed 

TB cases among patients with CD4 counts ≤100 cells/µL and enabled same-day TB 

diagnosis and treatment initiation for those patients at greatest risk of dying from TB. 

Sputum liquid culture is the gold standard for TB diagnosis. Although addition of culture 

would undoubtedly increase the yield of ICF, culture is not routinely available in most 

resource-limited settings due to its high costs, high infrastructure requirements and 

need for highly-trained laboratory personnel. More efficient TB screening strategies 

and/or more sensitive POC confirmatory testing strategies may enable the routine use 

of culture if limited to a smaller subset of patients with higher likelihood of having active 

TB. 
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We report on the first prospective study to compare the yield and efficiency of the 

current ICF algorithm for PLHIV with novel rapid ICF algorithms that include POC CRP-

based TB screening and TB-LAM confirmatory testing. In addition, we assess the extent 

to which a single sputum culture further increases the yield of ICF. These results have 

been previously reported in the form of an abstract.21  

METHODS 

Study population 

We previously described patient recruitment, study procedures and the diagnostic 

accuracy of screening tests (WHO symptom screen and POC CRP) in reference to a 

gold standard of two sputum liquid mycobacterial cultures for 1177 patients initiating 

ART from two HIV clinics in Kampala, Uganda and enrolled between July 2013 and 

December 2015.10 Here, we present results on the performance of confirmatory tests 

(urine TB-LAM, sputum Xpert, and the first sputum culture) and ICF algorithms 

combining screening and confirmatory tests among consecutive HIV-infected adults 

(age ≥18 years) enrolled from April 2014 to December 2016. Eligible patients were 

ART-naïve and had a pre-ART CD4 count ≤350 cells/µL. Patients with a known 

diagnosis of active TB and/or taking medication with anti-mycobacterial activity (e.g., 

fluoroquinolones) within three days of enrollment were excluded. All patients provided 

written informed consent and the study was approved by Institutional Review Boards at 

the University of California San Francisco and Makerere University, and by the Uganda 

National Council for Science and Technology. This study conforms to the Standards for 

the Reporting of Diagnostic Accuracy Studies (STARD) initiative guidelines.22  

Study procedures 
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Data collection and TB screening: Trained study personnel collected demographic and 

clinical data and administered the WHO symptom screen at the time of enrollment. In 

accordance with WHO guidelines, we considered patients to be symptom screen-

positive if they reported any of four symptoms: current cough, fever, night sweats, 

weight loss.4 CRP concentrations were measured at study entry from capillary blood 

using a United States Food and Drug Administration (US FDA)-approved standard 

sensitivity POC assay (iCHROMA CRP; BodiTech, South Korea) that provides results in 

three minutes. We defined a POC CRP concentration of ≥8 mg/L (rounding to the 

nearest whole-number) as screen-positive for TB based on our previous work which 

identified that an 8 mg/L cut-point achieved the WHO’s thresholds for diagnostic 

accuracy (sensitivity ≥90%, specificity ≥70%) for an effective TB screening test.10  

Urine collection and urine LAM testing. Spontaneously voided urine specimens were 

collected at study entry from all study participants. TB-LAM testing was performed using 

one drop of fresh unprocessed urine applied to the TB-LAM test strip. After 25 minutes 

of incubation at ambient temperature, two independent readers, blinded to clinical and 

demographic data including symptom screen status and POC CRP concentrations, 

graded the presence and intensity of bands using the manufacturer’s reference card; 

disagreements were resolved by a third independent reader. We defined a band 

intensity of Grade 2 or higher as positive for active TB.23 

Sputum collection, Xpert MTB/RIF testing and mycobacterial culture. We collected two 

spot sputum samples from each study participant. Xpert testing was performed using a 

minimum of one mL of sputum from the first specimen and mycobacterial culture was 

performed on decontaminated sediments from both sputum specimens, as described 
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previously.10 Sediments were cultured on liquid media using the BACTEC 960 

Mycobacterial Growth Indicator Tube (MGIT) system. Laboratory technicians confirmed 

the identity of any growth by acid-fast bacilli smear microscopy and molecular 

speciation testing (Capilia TB, TAUNS, Japan or MPT64 Standard Diagnostics, South 

Korea). All staff performing Xpert testing and culture were blinded to clinical and 

demographic data including symptom screen status, POC CRP concentrations, and TB-

LAM results. 

Reference standard 

We considered patients to have active TB if Mtb was isolated from ≥1 sputum culture. 

We considered patients not to have active TB if all sputum cultures were negative for 

Mtb, with a required minimum of two cultures, regardless of TB-LAM or Xpert result. 

Patients with insufficient culture data (e.g., due to contamination) were excluded from 

analysis.  

Statistical analysis 

We compared categorical and continuous variables with the Wilcoxon rank-sum test, 

Fisher’s exact test, or chi-squared test, as appropriate; all tests of statistical significance 

were two-tailed. We calculated the point estimates and 95% CIs for the sensitivity, 

specificity, predictive values and area under the receiver operating curve (DeLong 

method) of individual TB screening and confirmatory tests and confirmatory test 

combinations, in reference to culture results; we compared differences in paired 

proportions using McNemar’s chi-squared test. To determine the diagnostic yield of 

different ICF algorithms (screening, followed by confirmatory testing of all those who 

screen-positive), we combined either symptom-based screening or POC CRP-based 
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screening to the following confirmatory testing strategies: 1) Xpert; 2) TB-LAM (if CD4 

count ≤100 cells/µL) and Xpert; and 3) TB-LAM (if CD4 count ≤100 cells/µL), Xpert, and 

first sputum culture (Supplementary Figure E1). The diagnostic yield of each ICF 

algorithm is equal to the proportion of patients with culture-positive TB detected 

(irrespective of screening status) who tested positive by the selected ICF algorithm.  

To determine the incremental yield of each novel ICF algorithm, we determined the 

number of additional TB cases detected relative to the current ICF algorithm (symptom-

based TB screening, followed by Xpert testing if screen-positive). The incremental yield 

of each novel POC CRP-based ICF algorithm is equal to the proportion of patients with 

culture-positive TB detected by the selected ICF algorithm who were missed by the 

current ICF algorithm. We compared differences in the proportion of TB cases detected 

by each novel ICF algorithm relative to the current ICF algorithm using McNemar’s chi-

squared test of paired proportions. 

To determine the efficiency of each ICF algorithm, we determined the number of 

confirmatory tests used and the number needed to test (NNT) to detect one case of 

culture-confirmed TB for each confirmatory test. We performed all analyses using 

STATA 13 (STATA, USA).24  

RESULTS 

Study population 

From April 2014 to December 2016, we consecutively enrolled 1511 eligible patients. 

We excluded 267 patients for the reasons listed in Figure 1, including 230 patients with 

insufficient culture data: 57 (4%) patients with two contaminated cultures and 173 (11%) 

patients with one contaminated culture and one culture negative for MTb. Table 1 
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shows the demographics and clinical characteristics of the remaining 1245 patients. 

Overall, 439 (35%) patients were eligible for TB-LAM testing based on a baseline CD4 

count ≤100 cells/µL, 1100 (88%) patients screened positive by symptoms and 498 

(40%) patients screened positive by POC CRP. Supplementary Table E1 shows the 

diagnostic accuracy symptom screening and POC CRP in reference to culture. A total of 

203 patients had ≥1 sputum culture positive for Mtb (16% TB prevalence). Thirty-two 

patients (7%) tested positive for TB by TB-LAM, 127 (10%) by Xpert, and 160 (13%) by 

the first sputum culture. Supplementary Table E2 shows the diagnostic accuracy of 

each individual confirmatory test and combined confirmatory testing strategy in 

reference to culture. 

Yield of ICF strategies 

The current ICF algorithm (symptom-based screening, followed by Xpert testing for all 

those who screened-positive) required 1100/1245 (88%) patients to undergo Xpert 

testing and identified 119/203 (diagnostic yield 59%, 95% CI: 51-65%) culture-confirmed 

TB cases and 7 false-positive TB cases. Table 2 shows the diagnostic and incremental 

yield of all novel symptom-based and POC CRP-based ICF algorithms relative to the 

current ICF algorithm. Below, we focus on comparing the current ICF algorithm to novel 

POC CRP-based ICF algorithms. 

POC CRP-based ICF algorithms. An ICF algorithm beginning with POC CRP-based TB 

screening required only 498/1245 (40%) patients to undergo confirmatory testing. 

Compared to the current ICF algorithm, a POC CRP-based ICF algorithm including 

Xpert only would have detected 5 fewer TB cases (incremental yield -2%, 95% CI: -5 to 

+1%, p=0.06) and would have missed 89 (44%, 95% CI: 37-51%) culture-confirmed TB 
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cases (Table 2). A POC CRP-based ICF algorithm including TB-LAM followed by Xpert 

would have detected 2 additional TB cases (incremental yield +1%, 95% CI: -3 to +5%, 

p=0.59) relative to the current ICF algorithm and would have missed 82 (40%, 95% CI: 

34-47%) culture-confirmed TB cases. A POC CRP-based ICF algorithm including all 

three confirmatory tests would have detected significantly more TB cases (39 additional 

TB cases, incremental yield +19%, 95% CI: +12 to +26%, p<0.0001) than the current 

ICF algorithm and would have missed 49 (24%, 95% CI: 18-31%) culture-confirmed TB 

cases. The number of false-positive TB cases detected was 7 for the current ICF 

algorithm, 4 for POC CRP-based screening followed by Xpert testing, and 10 for POC 

CRP-based screening followed by confirmatory testing strategies inclusive of TB-LAM.  

Number needed to test 

Table 3 shows the number of confirmatory tests used and the NNT to detect one case 

of active TB for each ICF algorithm. The current ICF algorithm would have used 1100 

Xpert assays to detect 119 culture-confirmed TB cases (NNT = 9 Xpert assays used to 

detect one case of active TB). A symptom-based ICF algorithm that includes TB-LAM 

testing prior to Xpert would have used 16 TB-LAM strips to detect one case of active TB 

and 11 Xpert assays to detect an additional case of active TB. A symptom-based ICF 

algorithm that includes TB-LAM, Xpert and a single culture would have required 21 

cultures to be performed to detect an additional case of active TB.  

For all POC CRP-based ICF algorithms, the NNT (TB-LAM, Xpert, culture) to detect one 

case of active TB was less than half that for all corresponding symptom-based ICF 

algorithms. POC CRP-based screening followed by Xpert confirmatory testing would 

have used 498 Xpert assays to detect 114 culture-confirmed TB cases (NNT = 4 Xpert 
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assays used to detect one case of active TB). A POC CRP-based ICF algorithm that 

includes TB-LAM testing prior to Xpert would have used 8 TB-LAM strips to detect one 

case of active TB and 5 Xpert assays to detect an additional case of active TB. A POC 

CRP-based ICF algorithm that includes TB-LAM, Xpert and a single culture would have 

required 10 cultures to be performed to detect an additional case of active TB.  

Test costs per TB case detected 

To demonstrate the extent to which novel ICF algorithms could reduce ICF cost and 

improve efficiency, we performed a simple costing analysis to compare test costs for 

each ICF algorithm and the cost per TB case detected. If current test costs were applied 

to this cohort of 1245 PLHIV undergoing ICF, the current ICF algorithm would cost $102 

per TB case detected while the corresponding POC CRP-based ICF algorithm (POC 

CRP-based screening followed by Xpert testing) would cost $70 per TB case detected. 

Addition of TB-LAM would not change the cost per TB case detected for either ICF 

algorithm. Addition of a single MGIT culture would greatly increase both the proportion 

of TB cases detected and cost per TB case detected. However, an ICF algorithm that 

begins with POC CRP-based screening and includes all three confirmatory tests (TB-

LAM, Xpert, a single MGIT culture) would substantially increase the proportion of TB 

cases (78% vs. 59%, p<0.0001), but cost less per TB case detected ($92 vs. $102 per 

TB case detected) than the current ICF algorithm.  

DISCUSSION 

In the first study to evaluate novel ICF algorithms inclusive of POC CRP-based TB 

screening among HIV-positive adults initiating ART, we compared the current ICF 

algorithm (symptom-based screening followed by Xpert testing) to novel ICF algorithms 
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combining POC CRP-based TB screening with confirmatory testing strategies inclusive 

of TB-LAM, Xpert, and/or a single sputum culture. We found that the current ICF 

algorithm required 88% of all patients screened to undergo Xpert testing but only 

identified 59% of all culture-confirmed TB cases. In contrast, POC CRP-based ICF 

required only 40% of all patients screened to undergo Xpert confirmatory testing while 

identifying a similar proportion of culture-confirmed TB cases. Moreover, the inclusion of 

TB-LAM and a single culture resulted in substantially higher (78%) diagnostic yield 

compared to the current ICF algorithm and, the inclusion of TB-LAM enabled rapid TB 

diagnosis for 26% of all TB patients with CD4 counts ≤100 cells/µL. These data provide 

evidence to support the immediate use and scale-up of POC CRP-based screening, 

followed by TB-LAM and Xpert testing to improve the efficiency and speed of TB 

diagnosis among PLHIV initiating ART. Costs saved from having to perform fewer rapid 

diagnostics (e.g., TB-LAM and Xpert) could be invested in liquid culture, which would 

further increase ICF yield.  

Our study confirms that the current ICF algorithm has low diagnostic yield (59%), 

primarily due to the low sensitivity (60%) of Xpert. Other outpatient studies evaluating 

Xpert in the context of ICF among PLHIV have reported similarly low sensitivity (range: 

52-58%).10-12 In our study, we found that the first sputum culture had almost 20% higher 

sensitivity than Xpert and that POC CRP-based ICF algorithms that included a single 

culture after TB-LAM and Xpert testing substantially improved diagnostic yield, detecting 

78% of all confirmed TB cases. Although Xpert Ultra (the next generation Xpert 

MTB/RIF cartridge) has been shown to be more sensitive than the standard cartridge 

and just as sensitive as a single liquid culture among PLHIV self-presenting with TB 
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symptoms (i.e., passive case finding),25 its performance among PLHIV undergoing ICF, 

where pauci-bacillary disease is more frequent, is unknown. Future studies comparing 

the diagnostic yield of ICF algorithms inclusive of Xpert Ultra with and without culture, 

are needed, as are more efficient TB screening strategies to enable routine and efficient 

implementation of ICF.   

Replacing symptom screening with POC CRP-based TB screening improves the 

efficiency and reduces the cost of ICF among PLHIV, without reducing ICF yield. Our 

prior work identified POC CRP as the only test to date to meet the accuracy targets 

(sensitivity ≥90% and specificity ≥70%) established by the WHO for an effective TB 

screening test.10 Here, we show POC CRP-based TB screening reduced the proportion 

of patients requiring Xpert confirmatory testing by more than half (40% vs. 88%, 

p<0.0001) without reducing the yield of ICF. Furthermore, if TB-LAM and a single 

culture were combined with Xpert, POC CRP-based ICF can be expected to 

substantially improve diagnostic yield (78% vs. 59%, p<0.0001) without greatly 

increasing overall ICF test costs ($14459 vs. $13326) and at lower cost per TB case 

detected ($92 vs. $102), relative to the current ICF algorithm. Formal cost-effectiveness 

analyses are needed to provide policymakers and HIV programs with the expected 

estimates of costs, yield, and number of TB cases averted (via provision of TB 

preventive therapy) when ICF is performed using POC CRP- vs. symptom-based 

screening.  

Our findings strongly support increased use of TB-LAM as part of ICF among PLHIV to 

facilitate rapid diagnosis and treatment initiation. Consistent with the prior study 

evaluating TB-LAM in combination with Xpert among symptomatic HIV-infected 
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outpatients,20 our study found that addition of TB-LAM to Xpert offered modest 

incremental benefit (incremental yield 1-4%, depending on the screening strategy used). 

We also found that if used as the initial confirmatory test for those who screen positive 

by either screening strategy, TB-LAM provided same-day diagnosis and allowed for 

same-day treatment initiation for 26% of all TB cases among patients with CD4 counts 

≤100 cells/µL. Furthermore, a stepwise approach to confirmatory TB testing beginning 

with TB-LAM led to small reductions in the number of more expensive sputum tests 

(Xpert and culture) needed. Clinic-based studies evaluating the impact of ICF 

algorithms inclusive of TB-LAM on patient outcomes are now needed to encourage 

uptake of TB-LAM testing. 

Our study has several strengths. First, we prospectively enrolled a large, consecutive 

sample of HIV-infected clinic attendees initiating ART to determine precise sensitivity 

and specificity estimates for each screening and confirmatory TB test in reference to 

two sputum liquid cultures. Second, to identify more sensitive and/or more efficient 

approaches to TB case detection, we combined two screening tests with three 

confirmatory testing strategies to evaluate the yield, efficiency and false-positive rate of 

five novel ICF algorithms. Therefore, our study represents the most comprehensive 

evaluation of ICF algorithms in PLHIV conducted to date. Lastly, our findings are likely 

generalizable to a number of other HIV programs in settings with a high TB/HIV burden 

as our study participants are representative of a prototypical population for whom ICF is 

recommended.  

Our study also has limitations. First, we chose to study patients with advanced HIV 

initiating ART because TB risk is highest and the need for ICF greatest in this 
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population. Additional studies of POC CRP-based TB screening are needed to confirm 

our findings among other HIV subgroups, especially as the median CD4 count at ART 

initiation rises over time. Second, CD4 counts were available for all patients in our 

study. CD4 counts would need to be available to implement POC CRP-based ICF 

algorithms inclusive of TB-LAM testing. Third, patients who tested TB-LAM-positive did 

not go on to Xpert testing. Settings with high rates of multi-drug resistant TB should 

consider the added value of Xpert-based rifampin susceptibility testing in patients who 

test positive by TB-LAM. Lastly, we did not perform additional tests to confirm or rule-

out extra-pulmonary TB, which may impact accuracy estimates or evaluate formally, the 

relative cost of each ICF algorithm.  

In summary, our findings have important implications for global TB/HIV public health 

policy. First, consideration should be given to revising the WHO recommendation for 

ICF to replace symptom-based screening with POC CRP-based TB screening among 

PLHIV with CD4 count ≤350 cells/µL initiating ART. This change would considerably 

reduce the costs of ICF without significantly reducing yield. Second, as the largest study 

to evaluate TB-LAM in the context of clinic-based ICF, we believe that our findings 

provide the strongest and most definitive evidence to date to support the use of a 

confirmatory testing strategy inclusive of TB-LAM for HIV-infected clinic attendees with 

CD4 count ≤100 cells/µL. Following scale-up of an ICF algorithm inclusive of POC CRP-

based TB screening and TB-LAM and Xpert confirmatory testing, HIV programs should 

consider re-allocating costs saved to include more sensitive confirmatory tests such as 

culture for patients who screen positive but test negative by TB-LAM and/or Xpert. In 

summary, these results clearly demonstrate the need for more targeted selection of 
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PLHIV for intensive confirmatory TB testing. POC CRP and TB-LAM are simple, 

inexpensive, and available POC tools that could limit the proportion of PLHIV requiring 

confirmatory testing to a smaller subset of high-risk individuals and increase the speed 

of TB diagnosis, respectively. These tests are important tools for ICF and should be 

immediately scaled-up to reduce the burden of TB among PLHIV in resource-limited 

settings.  
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FIGURE LEGENDS  

Figure 1. Patient flow diagram. Figure 1 conforms to the STARD 2015 guidelines for 

patient flow diagrams.  

Table 1. Demographic and clinical characteristics.  

Table 2. Incremental yield, diagnostic yield, and number of false-positive TB 

cases of all ICF algorithms relative to the current ICF algorithm. The current ICF 

algorithm begins with symptom-based TB screening, followed by sputum Xpert 

MTB/RIF testing for all those who screen-positive. 

Table 3. Number of confirmatory tests used and number needed to test (NNT) to 

detect one case of active TB for all ICF algorithms.  

Table 4. Individual test costs, ICF test costs and costs per TB case detected for 

all ICF algorithms.   
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Table 1. Demographics and clinical characteristics. 
 

 

Characteristic, N (%) 
Total 

N=1245 

No TB 
(N=1042) 

TB 
(N=203) 

 

p-value 

Age (years) 33 (27-40) 32 (27-40) 35 (29-39) 0.01 
 

Female 
 

648 (52%) 
 

576 (55%) 
 

72 (35%) 
 

<0.001 
 

CD4 count (cells/µL) 
 

153 (67-252) 
 

166 (74-263) 
 

101 (44-183) 
 

<0.0001 
 

CD4 ≤100 
 

439 (35%) 
 

338 (32%) 
 

101 (50%) 
 

<0.001 

BMI (kg/m
2
) 

 

20.9 (18.8-23.8) 
 

21.4 (19.2-24.2) 
 

19.1 (17.5-21.1) 
 

<0.0001 
 

Previous TB 
 

39 (3%) 
 

34 (3%) 
 

5 (2%) 
 

0.55 
 

WHO symptom screen positive 
 

1100 (88%) 
 

904 (87%) 
 

196 (97%) 
 

<0.001 
 

POC CRP ≥8 mg/L 
 

498 (40%) 
 

320 (31%) 
 

178 (88%) 
 

<0.001 
 

POC CRP (mg/L) 
 

4.03 (2.5-24.4) 
 

2.6 (2.5-11.4) 
 

49.4 (18.2-93.7) 
 

<0.0001 

Abbreviations: TB (tuberculosis); BMI (body mass index); WHO (World Health Organization); POC CRP 

(point-of-care C-reactive protein). 

Legend: Cells represent median (interquartile range [IQR]) or number (%). 
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TB-LAM + Xpert 126 (62%, 55-69) +7 +4% (0 to +7) 0.008 13 

TB-LAM + Xpert + culture 172 (85%, 79-89) +53 +27% (+20 to +34) <0.0001 13 
 

POC CRP ≥8 mg/L +  

Xpert
†

 

 

114 (56%, 49-63) 
 

-5 
 

-2% (-5 to +1) 
 

0.06 
 

4 

TB-LAM + Xpert
†

 

 

121, (60%, 53-66) 
 

+2 
 

+1% (-3 to +5) 
 

0.59 
 

10 

TB-LAM + Xpert + culture
‡

 

 

158, (78%, 71-83) 
 

+39 
 

+19% (+12 to +26) 
 

<0.0001 
 

10 

 

Table 2. Incremental yield, diagnostic yield, and number of false-positive TB cases of all ICF algorithms relative to the 

current ICF algorithm.* 
 

 

 

 

ICF strategy 

 

Diagnostic yield #, 

(%, 95% CI) all TB 

cases detected 

(N=203) 

 

 

 

 

# additional TB 

cases detected 

Incremental yield 
 

 

% additional TB 

cases detected 

(95% CI) 

 

 

 

p-value for the 

difference 

 

 

Total # false- 

positives 

Current ICF algorithm* 119 (59%, 52-65) REF REF -- 7 

Novel ICF algorithms: 

WHO symptom screen + 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: TB (tuberculosis); ICF (intensified case finding); WHO (World Health Organization); POC CRP (point-of-care C-reactive 

protein). 

Legend: 

*Current ICF strategy (symptom-based TB screening, followed by Xpert confirmatory testing of all those who screen-positive). Incremental 

yield (#, %) of all evaluated ICF strategies are shown above relative to the current ICF strategy. 
†
Diagnostic yield of POC CRP-based ICF algorithm similar to corresponding symptom-based ICF algorithm (p≥0.06). 

‡
Diagnostic yield of POC CRP-based ICF algorithm less than corresponding symptom-based ICF algorithm (p=0.0003). 
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Table 4. Individual test costs, ICF test costs and costs per TB case detected for all ICF algorithms. 
 

Individual test costs 

 

ICF algorithms 
($, US dollars)  ICF test costs 

($, US dollars) 

Cost per TB case 

detected 
 

($, US dollars) 
POC CRP LAM Xpert Culture 

 

WHO symptom screen 
 

Xpert -- -- $12000 -- $12000 $102 
 

TB-LAM + Xpert 
 

-- 
 

$1644 
 

$11682 
 

-- 
 

$13326 
 

$106 
 

TB-LAM + Xpert + culture 
 

-- 
 

$1644 
 

$11682 
 

$16252 
 

$29578 
 

$172 
 

POC CRP (≥8 mg/L) 
 

Xpert 
 

$2490 
 

-- 
 

$5478 
 

-- 
 

$7968 
 

$70 
 

TB-LAM + Xpert 
 

$2490 
 

$840 
 

$5060 
 

-- 
 

$8390 
 

$69 
 

TB-LAM + Xpert + culture 
 

$2490 
 

$840 
 

$5060 
 

$6069 
 

$14459 
 

$92 

Abbreviations: NNT (number needed to test); TB (tuberculosis); ICF (intensified case finding); WHO (World Health 
Organization); POC CRP (point-of-care C-reactive protein). 
Legend: Assume $2 per POC CRP assay, $11 per Xpert assay, $4 per TB-LAM assay and $17 per sputum liquid 
culture.

25
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SUPPLEMENTARY LEGENDS 

Supplementary Figure E1. Flow chart of combination confirmatory testing 

strategies. Figure E1 shows the three confirmatory TB testing strategies evaluated: 1) 

sputum Xpert only; 2) urine TB-LAM (if CD4 count ≤100 cells/uL) followed by sputum 

Xpert if TB-LAM negative or CD4 >100 cells/uL; and 3) urine TB-LAM (if CD4 count 

≤100 cells/uL) followed by sputum Xpert if TB-LAM negative or CD4 >100 cells/uL, 

followed by a single sputum liquid culture if sputum Xpert negative.  

Supplementary Table E1. Diagnostic accuracy of individual TB screening tests 

compared to a reference standard of two liquid cultures.  

Supplementary Tables E2A-B. Diagnostic accuracy of individual and combined 

confirmatory TB tests. Table E2A shows the diagnostic accuracy of individual 

confirmatory tests. Table E2B shows the diagnostic accuracy of combination 

confirmatory testing strategies evaluated in this study.  
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Supplementary Figure E1. Flow chart of combination confirmatory testing strategies. 
 

1. Xpert  
 
 
 
 
 
 
 

2. TB-LAM + Xpert 

 

 

 
 

 
 
 
 
	

3. TB-LAM + Xpert + culture 
  

If CD4 ≤100 cells/uL	

If CD4 >100 cells/uL	

TB-LAM	
TB-LAM-positive	

Xpert	

Xpert-positive	

Xpert-negative	

TB-LAM-negative	

If CD4 ≤100 cells/uL	 TB-LAM	

TB-LAM-positive	

TB-LAM-negative	 Xpert	
Xpert-positive	

Xpert-negative	 Culture	

Culture-positive	

Culture-negative	If CD4 >100 cells/uL	

Any CD4	 Xpert	

Xpert-positive	

Xpert-negative	
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Supplementary Table E1. Diagnostic accuracy of individual TB screening tests compared to  

a reference standard of two liquid cultures.  

Test characteristics 

WHO symptom  

screen 

(N=1100) 

POC CRP     
(N=498) 

% Difference 
(95% CI) 

p-value of the 
difference 

Sensitivity (%, 95% CI) 
 97% (93-99) 

196/203 

 88% (82-92) 

178/203 

-9%              

(-14 to -4) 
0.0001 

Specificity (%, 95% CI) 

13% (11-16) 

138/1042 

69% (66-72) 

722/1042 

+56%      

(+53 to +59) 
<0.0001 

PPV (%, 95% CI) 18% (16-20) 36% (32-40) 
+18%      

(+13 to +23) 
<0.0001 

NPV (%, 95% CI) 95% (90-98) 97% (95-98) 
+2%             

(-2 to +5) 
0.38 

AUC (95% CI) 
0.549               

(0.533-0.565)  

0.785              

(0.758-0.812) 
-- <0.0001 

Abbreviations: TB (tuberculosis); WHO (World Health Organization)"!POC CRP (point-of-care C-reactive  
protein); PPV (positive predictive value); NPV (negative predictive value); AUC (area under the receiver  
operating curve). 

 

  

Page 34 of 35 AJRCCM Articles in Press. Published on 07-September-2018 as 10.1164/rccm.201803-0490OC 

 Copyright © 2018 by the American Thoracic Society 



	

Supplementary Table E2. Diagnostic accuracy of individual and combined  
confirmatory TB tests.  
 
Supplementary Table E2A. Individual confirmatory TB tests. 

Test 
Sensitivity  
(%, 95% CI) 

Specificity  
(%, 95% CI) 

PPV  
(%, 95% CI) 

NPV  
(%, 95% CI) 

TB-LAM 26% (18-35) 
26/101 

98% (96-99) 
332/338  

81%             
(64-93) 

82%             
(78-85) 

Xpert  60% (53-66) 
121/203 

99% (99-100) 
1036/1042  

95%               
(90-98) 

93%          
(91-94) 

Culture 79% (73-84) 
160/203 

100% (100-100) 
1042/1042 

100%              
(98-100) 

96%               
(95-97) 

 
Supplementary Table E2B. Combined confirmatory TB tests.  

Test combinations 
Sensitivity  
(%, 95% CI) 

Specificity  
(%, 95% CI) 

PPV  
(%, 95% CI) 

NPV  
(%, 95% CI) 

TB-LAM + Xpert 63% (56-70) 
128/203 

99% (98-99) 
1030/1042 

91%         
(86-96) 

93%          
(92-95) 

TB-LAM + Xpert + culture  88% (82-92) 
178/203 

99% (98-99) 
1030/1042 

94%         
(89-97) 

98%          
(97-99) 

Abbreviations: TB (tuberculosis); PPV (positive predictive value); NPV (negative predictive value).  
Legend: Confirmatory tests performed sequentially until one test is positive or all tests are negative.  
TB-LAM testing if CD4 count ≤100 cells/µL. Culture refers to liquid culture performed on the first  
sputum specimen collected.  
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