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Abstract

Background—Systematic screening for active pulmonary tuberculosis (TB) is recommended for 

high-risk populations however the lack of an accurate, simple, and low-cost screening test that can 

be used in high burden areas is a major obstacle to its implementation. We evaluated whether C-

reactive protein (CRP) possesses the necessary test characteristics to screen individuals for active 

pulmonary TB.

Methods—We performed a systematic review and meta-analysis of studies evaluating the 

diagnostic accuracy of CRP (cut-point of 10 mg/L) for pulmonary TB. We searched four databases 

for eligible articles published before January 31, 2015 and extracted data for individual studies. 

We synthesized data separately for outpatient and inpatient studies and generated pooled summary 

estimates (95% CI) for sensitivity and specificity using random-effects meta-analysis. We 

performed pre-specified subgroup analyses to determine pooled summary estimates of CRP for 

diagnosis-seeking vs. screening populations and for patients with and without HIV infection.

Findings—We identified nine unique studies enrolling 1723 patients from the outpatient and 

inpatient setting. In the outpatient setting, CRP had high sensitivity (93%, 95% CI: 85–97) and 

moderate specificity (62%, 95% CI: 42–79) for active pulmonary TB. CRP was just as sensitive 

and specific for active pulmonary TB among patients with confirmed HIV-infection. Among 

hospitalized patients, specificity of CRP was poor (21%, 95% CI: 6–52).

Interpretation—CRP shows considerable promise as a tool to facilitate systematic screening for 

active TB, even among PLHIV. CRP-based TB screening should now be studied in other high-risk 

groups to determine the full impact of this simple and low-cost test.
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INTRODUCTION

Despite substantial investments in global tuberculosis (TB) control, TB incidence remains 

high with over 9 million TB cases in 2013 alone.1 High-risk groups such as people living 

with HIV (PLHIV) shoulder a disproportionately heavy disease burden.1 The World Health 

Organization (WHO) now recommends systematic screening of high-risk groups,2 but the 

lack of an accurate yet simple screening tool is a key barrier. A good screening test would 

rule-out TB in the majority of patients without disease (sensitivity ≥ 90%) and limit referrals 

for more costly confirmatory testing (e.g., Xpert and/or culture) to patients with a high 

likelihood of having TB (specificity ≥ 70%).3 A test with these characteristics that is also 

low-cost and can be performed by front-line health workers has been ranked among the 

highest priority needs for TB diagnostics.3

Current TB screening tools endorsed by the WHO are inadequate and include symptom 

assessment (cough ≥ 2 weeks for people without HIV or any of four symptoms suggestive of 

TB for people living with HIV) and chest radiography (CXR).2 A symptom-based approach 

to TB screening requires a priori knowledge of the patient’s HIV status to be sufficiently 

sensitive and has poor specificity for active TB, particularly among key high-risk groups 

such as people living with HIV (specificity range: 5–61%).4–11 Although CXR is 

sufficiently sensitive and has higher specificity,11,12 it requires costly infrastructure and 

trained interpreters, both of which are often absent in lower-level health centers where most 

patients with symptoms suggestive of TB first present for care. To facilitate scale-up of 

systematic screening of high-risk groups, there is an urgent need to identify an accurate and 

practical screening tool.

C-reactive protein (CRP) is an acute phase reactant whose levels rise in response to IL-6 

mediated pyogenic infections such as active TB. Prior studies have consistently shown CRP 

to have high sensitivity for TB13–22 and that TB-associated elevations in CRP levels are 

independent of HIV status.14 In addition, CRP can be measured using a low-cost (< 2 USD 

per test), point-of-care (POC) assay. To determine whether CRP is an adequate screening 

test, we performed a systematic review to assess the accuracy of CRP for identifying 

pulmonary TB.

METHODS

Search strategy and selection criteria

We performed an online search, with assistance from a professional research librarian, to 

identify all studies that measured blood CRP levels from patients undergoing screening or 

evaluation for active TB. We searched PubMed, Embase, the Cochrane Library, and Web of 

Science for relevant studies published on or before January 31, 2014; we updated our search 

to identify additional studies published between February 1, 2014 and January 31, 2015 

(Table 1, Online Supplement). To minimize the impact of potential publication bias, we also 

performed an online search of all relevant abstracts presented after 2004 at The Union World 

Lung Health Conference.
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We included studies that measured serum, plasma or whole blood CRP levels in children and 

adults undergoing pulmonary TB evaluation for symptoms suggestive of active pulmonary 

TB or high-risk (e.g., HIV-infected) individuals being screened for active pulmonary TB. We 

excluded: 1) non-English language studies; 2) animal studies; 3) studies presented in only 

conference abstracts, reviews, letters to the editor, case-series/reports, and case-control 

studies; 4) studies with an inadequate microbiologic or clinical gold standard method for 

diagnosing pulmonary TB (see Reference Standard below); 5) studies evaluating only extra-

pulmonary TB as the target condition; 6) studies that measured CRP using a non-quantitative 

assay; 7) studies recruiting only patients with comorbid conditions that are themselves 

associated with elevated CRP levels (e.g., inflammatory bowel disease); and 8) studies with 

< 5 active pulmonary TB cases.

Three reviewers (CY, LHC, SMP) independently screened the citations for relevance and 

reviewed full-text articles using the pre-specified eligibility criteria. The reviewers resolved 

disagreements about study selection and data extraction by consensus. We extracted study 

data using a standardized form, including the number of true positives (TP), false positives 

(FP), false negatives (FN), and true negatives (TN).

Index tests

Eligible studies used quantitative lab-based and/or point-of-care (POC) assays to measure 

CRP levels and utilized a variety of CRP cut-points. To standardize assessment of diagnostic 

accuracy, we selected a well-established CRP cut-point of 10 mg/L; large-scale 

epidemiological studies have found CRP levels ≥ 10 mg/L to be clinically significant 

because such levels are suggestive of ongoing pyogenic infection and/or another pathologic 

systemic inflammatory process.23,24 We contacted study authors via email to obtain 

additional information for studies that did not present sufficient data to allow us to extract or 

calculate the number of TP, FP, FN, and TN using a CRP cutoff of ≥ 10 mg/L. We excluded 

studies if the authors did not provide the necessary information.

Reference standard

We included studies that used as a reference standard sputum mycobacterial culture 

(Löwenstein-Jensen [LJ] and/or mycobacteria growth indicator tube [MGIT]) results. If 

microbiological testing was not performed in all patients, we included studies that used 

standardized clinical criteria including longitudinal follow-up of at least one year to exclude 

active pulmonary TB; our rationale for including studies with this clinical criteria is that 

patients with undiagnosed active TB are likely to manifest symptoms over a 12 month period 

and then identified during longitudinal follow-up.

Assessment of Study Quality

We assessed the quality of each included study using the Quality Assessment of Diagnostic 

Accuracy Studies (QUADAS-2) tool, a validated tool for diagnostic accuracy studies.25 

Because of growing concerns about conflicts of interest in diagnostic studies and guidelines, 

we also reported whether private industries had any involvement with the design or conduct 

of the study including donation of test materials, monetary support and participation in data 

analysis.
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Statistical Analysis

We used descriptive statistics to present key study characteristics. We calculated individual 

study estimates of sensitivity, specificity, and their 95% confidence intervals (CI). We 

adopted the following pre-specified approach to account for expected heterogeneity. Because 

test accuracy depends largely on the spectrum of clinical disease severity in a study 

population, we synthesized data separately for outpatient and inpatient studies. We also 

performed subgroup analyses to determine sensitivity and specificity estimates of CRP for 

diagnosis-seeking vs. screening populations and for patients with and without confirmed 

HIV infection. For all analyses, we assessed heterogeneity visually using forest plots and 

statistically using the chi-squared and I2 tests. We then calculated pooled sensitivity and 

specificity estimates of CRP for pulmonary TB using random effects modeling (hierarchical 

summary receiver operating characteristic [HSROC] models), which provides more 

conservative estimates than fixed effects modeling when heterogeneity is a concern.26,27 We 

calculated pooled estimates when ≥ four studies, each with ≥ 10 patients, were available in 

any subgroup and reported individual study estimates when < four studies were available. 

We performed secondary analyses that excluded studies that 1) did not use sputum 

mycobacterial culture as the reference standard for pulmonary TB and 2) had industry-

involvement. We performed all analyses using Stata version 13 (StataCorp, College Station, 

TX), and generated forest plots using Review Manager 5 (The Nordic Cochrane Centre, 

Cochrane Collaboration, Copenhagen).

RESULTS

Search results

Our initial search identified 1198 citations published before on or before January 31, 2014, 

including 16 abstracts presented at The Union World Lung Health Conference (Figure 1). 

After removing 361 duplicate citations, we excluded 726 citations based on title and/or 

abstract alone. We reviewed 111 full-text articles, of which 97 were excluded for the reasons 

listed in Figure 1. Of the remaining 14 articles, 5 were excluded because we were not able to 

obtain sufficient data from the authors to calculate diagnostic accuracy of CRP for TB using 

a cut-point of 10 mg/L or in reference to our pre-defined gold standard (Table 2, Online 

Supplement). We updated our literature search to include citations published between 

February 1, 2014 and January 31, 2015 and identified no additional studies eligible for this 

systematic review and meta-analysis. One study evaluated two different CRP assays (POC 

sandwich vs. lab-based immunoturbidometric assay) within the same study population and 

found no differences in their diagnostic accuracy for pulmonary TB.28 To avoid 

underestimating heterogeneity, we included accuracy data obtained from only the POC 

assay.28 None of the included studies reported enrolling pediatric patients.

Outpatients

Study quality—Five studies enrolled patients from the outpatient setting, including one 

study that enrolled patients from both the outpatient and inpatient setting.17 Figures 2A and 

2B describe the summary and individual study risks of bias and applicability concerns. Most 

studies were designed to evaluate the diagnostic accuracy of CRP for pulmonary TB.8,9,22,28 

All studies selected patients either consecutively or by random sample.8,9,17,22,28 Two 
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studies enrolled a representative spectrum of patients8,9 while three studies restricted 

enrollment to patients with a high probability of pulmonary TB (e.g., symptomatic patients 

with suspected smear-negative pulmonary TB).17,22,28 All studies reported the time elapsed 

between blood collection for CRP testing and specimen collection for pulmonary TB 

evaluation.8,9,17,22,28 Most studies reported that pulmonary TB status was assessed without 

knowledge of CRP results.8,9,22,28 All but one study used culture as the reference standard 

for pulmonary TB.9 All studies acknowledged industry involvement8,9,17,22,28 including two 

studies that reported receiving donated POC CRP assays from the manufacturer.9,28

Study characteristics—Table 1 describes the characteristics of the five studies enrolling 

1051 patients from the outpatient setting, of whom 291 (28%) had pulmonary TB. All 

studies were conducted in countries with high TB/HIV burden and included patients infected 

with HIV (936 HIV-infected patients),8,9,17,22,28 including four studies that restricted 

enrollment to HIV-infected individuals.8,9,17,28 Two studies (N=697) evaluated CRP as a 

screening test for pulmonary TB,8,9 enrolling a high-risk population for whom TB screening 

is recommended: patients with advanced HIV/AIDS (CD4 cell count ≤ 200 cells/μL) 

initiating antiretroviral therapy (ART). The remaining three studies evaluated CRP as a 

diagnostic test for pulmonary TB among patients self-reporting symptoms suggestive of 

pulmonary TB.17,22,28 The proportion of pulmonary TB cases in the included studies was 

lowest (2.5%) for screening studies9 and highest (80%) for diagnostic studies.17

Sensitivity and specificity—There was significant heterogeneity in specificity (range 

33–87%; I2=96%, p<0.0001) but not sensitivity (range 80–97%; I2=39%, p=0.16) estimates 

across studies (Figure 3A). The pooled sensitivity of CRP was 93% (95% CI: 85–97) and 

pooled specificity was 62% (95% CI: 42–79; Figure 3B).

Subgroup analyses—Sensitivity ranged from 80–85% and specificity from 58–87% in 

the two studies that evaluated CRP in the context of TB screening.8,9 As expected, 

sensitivity was higher (range 96–97%) and specificity lower (range 33–73%) in the three 

studies (N=354) that enrolled patients self-reporting symptoms suggestive of pulmonary 

TB.17,22,28 Among outpatients with confirmed HIV infection (N=936; Figures 4A and 4B), 

pooled sensitivity (93%, 95% CI: 85–97; I2=40, p=0.16) and pooled specificity (64%, 95% 

CI: 42–81; I2=96%, p<0.0001) estimates were nearly identical to the overall estimates. 

Sensitivity was 100% (95% CI: 63–100%) and specificity was 67% (95% CI: 22–96%) 

among 115 HIV-negative outpatients enrolled in one study.22

Inpatients

Study quality—Supplementary Figures 1A and 1B (Online Supplement) describe the 

summary and individual risks of bias and applicability concerns of the five studies that 

enrolled hospitalized patients.17,21,29–31 Unlike most outpatient studies, none of the inpatient 

studies were designed to evaluate the diagnostic accuracy of CRP for pulmonary 

TB;17,21,29–31 in general, these studies were judged to have higher and/or unclear risk of bias 

and greater concerns for applicability for all domains. Only two studies reported enrolling a 

consecutive or random sample of patients,17,21 while the remaining studies did not provide 

sufficient information to determine the patient selection method.29–31 Most studies did not 

Yoon et al. Page 5

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



enroll a representative spectrum of patients.17,29–31 Although all studies used culture as the 

reference standard for TB,17,21,29–31 none of the studies explicitly stated that researchers 

assessing TB status were blinded to CRP results and only one study reported the time 

elapsed between blood collection for CRP testing and specimen collection for TB 

evaluation.17 Industry involvement was unknown for three studies29–31 and acknowledged 

by one study.17

Study characteristics—The five studies enrolled 672 hospitalized patients. Two studies 

were conducted in countries with high TB/HIV burden17,29 and the remaining three studies 

were conducted in countries with low to intermediate TB burden (Table 1).21,30,31 Overall, 

185 patients (28%) had pulmonary TB, and prevalence ranged from 11 to 93%. Four studies 

included patients infected with HIV (N=287),17,21,29,31 including two studies that restricted 

enrollment to HIV-infected individuals.17,21 All studies enrolled hospitalized patients who 

self-reported symptoms suggestive of TB:17,21,29–31 two studies enrolled patients with 

pulmonary infiltrates on chest imaging,30,31 one study enrolled HIV-infected patients with 

respiratory symptoms,21 one study enrolled HIV-infected patients with suspected smear-

negative pulmonary TB,17 and one study enrolled patients with fever of unknown origin 

(FUO).29

Sensitivity and specificity—There was significant heterogeneity in sensitivity (range 

56–96%; I2=80%, p=0.001) and specificity (range 0–67%; I2=95%, p<0.0001) estimates 

across studies (Figure 2, Online Supplement). The pooled sensitivity of CRP was 78% (95% 

CI: 58–90) and pooled specificity was 21% (95% CI: 6–52).

Subgroup analyses—No study evaluated CRP as a screening tool for pulmonary TB 

among hospitalized patients. Three studies each enrolled ≥ 10 patients with confirmed HIV-

infection (N=287); study estimates of sensitivity were high (range 89–100%) while 

specificity estimates were low (range 0–40%; Figure 3A, Online Supplement).17,21,29 Three 

studies enrolled 384 HIV-negative patients; individual study estimates of sensitivity (range 

43–82%) and specificity (range 0–76%) exhibited substantial variability (Figure 3B, Online 

Supplement).29–31

DISCUSSION

Systematic screening for TB among high-risk groups is a key aspect of the WHO’s TB 

elimination strategy.32 However, current tools for systematic screening have inadequate test 

characteristics in key high-risk groups (e.g., symptom-based screening)4–11 or have high cost 

and infrastructure requirements (e.g., CXR).11,34,35 In this systematic review, we found that 

CRP – which can be measured using an inexpensive, point-of-care assay – has similar 

sensitivity and better specificity than what has been reported for symptom-based screening. 

Point-of-care CRP testing should therefore be evaluated as a tool to improve the efficiency 

and lower the cost of systematic screening programs relative to current options.

The WHO’s target product profile for a TB screening test recommends that sensitivity be at 

least 90% and specificity at least 70%.3 A recent modeling study concluded that no ideal TB 

screening algorithm exists that meets these criteria across all populations and settings.36 
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Several systematic reviews have shown that symptom-based screening is more sensitive 

(range: 84–90%) in patients with HIV infection compared to those without, limiting its 

general applicability.4,11 In addition, specificity is poor (range: 5–61%) among people living 

with HIV,4–11 particularly in sub-Saharan Africa. CXR either alone or following symptom 

screening has better and more consistent performance characteristics,11,34,35 but is not 

routinely available and requires trained personnel to interpret results. Digital imaging and 

computer-aided diagnosis have shown promise and may overcome some of these barriers, 

but start-up costs are substantial. Thus, to implement WHO systematic screening 

recommendations, there is an urgent need for a low-cost, simple and accurate screening test.

The findings from this systematic review suggest that CRP has strong potential to facilitate 

systematic screening of high-risk groups. In the outpatient context – where most systematic 

screening would take place – we found that the pooled sensitivity of CRP was 93% (95% CI: 

85–97). Moreover, results were consistent across studies and similar for patients with and 

without HIV-infection. CRP can therefore be expected to meet or exceed the minimum 

sensitivity threshold recommended for a TB screening test in most contexts. Pooled 

specificity was 62% (95% CI: 42–79) – slightly lower than the recommended threshold for a 

TB screening test. However, three of five studies evaluated CRP in the context of TB 

diagnosis rather than TB screening. Patients self-presenting with TB symptoms are expected 

to have a higher prevalence of pyogenic infections or other systemic inflammatory 

conditions mimicking TB than populations for whom systematic screening is recommended 

(e.g., people living with HIV presenting for routine HIV/AIDS care, prisoners, and 

household contacts of patients with active TB), lowering the specificity of CRP for active 

TB. Indeed, among inpatient studies – where the prevalence of diseases mimicking TB is 

high – we found that the pooled specificity of CRP was only 21% (95% CI: 6–52). At the 

other extreme, healthy outpatient populations – such as ones used to establish CRP cut-

points – have few individuals with CRP levels ≥ 10mg/L because the prevalence of pyogenic 

infections and other systemic inflammatory conditions is low. When viewed within this 

context, CRP specificity in populations targeted for systematic screening is likely to be 

higher than the pooled value of 62% that we report here.

Our systematic review has several strengths. First, we synthesized data separately for 

outpatient and inpatient studies and performed pre-specified subgroup analyses to evaluate 

the accuracy of CRP for patients self-presenting with TB symptoms vs. patients undergoing 

provider-initiated TB screening and for patients with and without HIV. These analyses 

allowed us to address additional questions important for identifying the appropriate clinical 

context for CRP testing in the work-up of TB. We found sensitivity of CRP for pulmonary 

TB to be similar among patients with and without HIV infection, in both the inpatient and 

outpatient settings. Second, we standardized assessment of diagnostic accuracy of CRP by 

using a well-established cut-point point (10 mg/L) for all studies.23,24 Third, most studies 

included in our systematic review enrolled high-risk patients (the target population for 

systematic TB screening) and/or patients living in TB endemic countries (settings most in 

need of and therefore most likely to use a simple and low-cost screening test for TB). Lastly, 

our systematic review utilized a standardized protocol as recommended by the Cochrane 

Collaboration’s Diagnostic Test Accuracy Working Group37 and reported our findings in 

accordance with the PRISMA guidelines for systematic reviews and meta-analyses.38
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Our systematic review has several potential limitations. First, we identified only two studies 

that evaluated CRP as a TB screening test,8,9 one of which did not use a microbiological 

reference standard.9 Of note, excluding this study did not meaningfully change pooled 

sensitivity or specificity estimates for outpatient studies. More studies that enroll populations 

targeted for systematic screening and that include a culture-based reference standard are 

clearly needed, and our synthesis of data from the outpatient and inpatient context provides 

the justification needed to move forward with such studies. Second, over one-third of 

eligible studies were excluded because we were unable to obtain data from authors to 

calculate diagnostic accuracy using a CRP cut-point of 10 mg/L. However, none of these 

studies evaluated CRP in the context of TB screening and only two enrolled an outpatient 

population (Table 2, Online Supplement). Last, as with all systematic reviews, there is a 

possibility of publication bias. However, many of the included studies had “negative” 

findings (i.e., poor sensitivity and/or specificity).

In summary, CRP shows considerable promise as a tool to facilitate systematic screening of 

high-risk populations. It has similar sensitivity and higher specificity than symptom-based 

screening, and is simpler and less resource intensive to implement than CXR. However, to 

support policy recommendations, high quality studies that enroll populations targeted for 

systematic screening are needed. In addition to diagnostic accuracy, such studies should also 

assess the impact of POC CRP-based TB screening on the timing of TB diagnosis and 

treatment, proportion of patients who initiate preventive therapy if eligible, and health 

system- and patient-related costs relative to current TB screening options.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Flow diagram of studies
Abbreviations: CRP (C-reactive protein); TB (tuberculosis).

Legend: An updated search performed on October 20, 2015 to identify additional studies 

published between February 1, 2014 and January 31, 2015 yielded no additional eligible 

studies
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Figure 2. Outpatient pulmonary tuberculosis study quality using the Quality Assessment of 
Diagnostic Studies (QUADAS-2) tool
A. Summary study quality.

B. Individual study quality.
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*C-reactive protein evaluated as a screening test for pulmonary tuberculosis among people 

living with HIV

†C-reactive protein evaluated as a diagnostic test for pulmonary tuberculosis among people 

with smear-negative sputa
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Figure 3. Diagnostic accuracy of CRP for pulmonary tuberculosis among outpatients
A. Forest plot.

B. Hierarchical summary receiver operating characteristics (HSROC) plot.

Abbreviations: CRP (C-reactive protein)

*CRP evaluated as a screening test for tuberculosis

†CRP evaluated as a diagnostic test for symptomatic patients undergoing tuberculosis 

evaluation

Pooled sensitivity 93% (95% CI: 85–97); test for heterogeneity I2 = 39%, p=0.16

Pooled specificity 62% (95% CI: 42–79); test for heterogeneity I2 = 96%, p<0.0001
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Figure 4. Diagnostic accuracy of CRP for pulmonary tuberculosis among ambulatory patients 
with confirmed HIV infection
A. Forest plot

B. Hierarchical summary receiver operating characteristics (HSROC) plot.

Abbreviations: CRP (C-reactive protein)

*CRP evaluated as a screening test for tuberculosis

†CRP evaluated as a diagnostic test for symptomatic patients undergoing tuberculosis 

evaluation

Pooled sensitivity 93% (95% CI: 85–97); test for heterogeneity I2 = 40%, p=0.16

Pooled specificity 64% (95% CI: 42–81); test for heterogeneity I2 = 96%, p<0.0001
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