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>  A 35 year old, HIV-infected man is seen in clinic in South Africa to 
start antiretroviral therapy. 

 

>  CD4 unknown – tested HIV+ today, blood sent for CD4, will not 
know result for ~5 days 

 

>  TB screen - 4 symptom screen: pt denies cough, fever, night 
sweats; endorses weight loss 

 

>  Plan: obtain sputum for Xpert, defer ART while ruling out TB 
 

>  Unable to produce sputum 
 

>  Now what?  
–  Trial of empiric abx 
–   ignore wt loss & start ART (what about TPT?) 
–   send to hospital for CXR, sputum inductions, other investigations 
–  *risk of LTFU 

>  Is there a better triage process to determine whether this 
person needs further investigation for TB?  

Clinical scenario



>  Determine whether person needs further 
investigation for TB 

>  “rule-out” test 
>  High sensitivity 
>  Moderate-high specificity 
>  High negative predictive value 
>  Want good confidence that a negative triage test is a 

true negative for TB à TB ruled out 
 
>  Current triage test (HIV) : 4-question symptom screen 

Triage test goal & targets



TPP for Triage Test (TPP2)
Characteristic Optimal Minimal 
Goal ●	identify	patients	with	any	symptoms	of	or	risk	factors	for	

active	(pulmonary)	TB	
●	rule-out	disease	or	refer	to	confirmatory	testing 

Sensitivity	 >95%	overall >90%	overall 
Specificity >80% >70% 
Time-to-result <5	mins <30	mins 
Price <US$1 <	US$	2 
Instrument Not	needed Small,	portable,	or	handheld,	<1	kg 

Manual	preparation	of	
samples 

Integrated	or	no	manual	
preparation 

only	2	steps 

Setting Community	or	village	
level	or	higher	levels 

Health	post	or	primary	health-care	
clinics	or	higher 



> Not on ART: 
 Sensitivity: 89.4% 
 Specificity: 28.1% 

 
> On ART 

 Sensitivity: 51.0% 
 Specificity: 70.7% 

Current triage test (HIV+): 4QSS

Hamada	et	al,	Lancet	HIV	2018	



> CRP: What is it? 
> Why look at CRP for TB screening? 
> What is the evidence for CRP as a triage test? 
> Could CRP be implemented today as a triage test 

for TB? 

C-Reactive Protein



🌊 A Sea of  
Blood Biomarkers  

Oncotarget57583www.impactjournals.com/oncotarget

Table 2: Median levels (and inter-quartile ranges in parenthesis) of host biomarkers detected in baseline plasma 
samples from pulmonary TB patients (n = 22) and individuals with other respiratory diseases (n = 33) and their 
diagnostic accuracies for TB disease.
Marker ORD

(n = 33)
TB Disease
(n = 22) P value AUC

(95% CI)
Cut-off value Sensitivity %

(95% CI)
Specificity %
(95% CI)

ADAMTS-13 3297(2569-4504) 4235
(2766-8073) 0.044 0.66

(0.51- 0.81) > 3466 68 (45-86) 64 (45-80)

Antithrombin III 803100
(624200-968800)

625700
(519000-714300) 0.01 0.70

(0.56- 0.84) <744162 91 (71-99) 61 (42-77)

Apo A-1 431400
(334100-548700)

274300
(242800-351500) 0.0014 0.76

(0.62- 0.89) < 318930 73 (50-89) 82 (65-93)

BDNF 5774
(3824-8838)

3791
(1683-6187) 0.017 0.69

(0.55-0.84) < 3467 45 (24-68) 91 (76-98)

CC4 114800
(70110-176600)

151600
(95100-291100) 0.100 0.63

(0.48- 0.79) > 212263 32 (14-55) 97 (84-100)

CFH 729100
(557000-795100)

875400
(715200-980300) 0.0072 0.72

(0.57- 0.86) > 808359 68 (45-86) 82 (65-93)

CRP 2019
(440-6330)

52980
(10020-137400) P<0.0001 0.89

(0.79 -1.00) > 9081 82 (60-95) 90 (76-98)

Ferritin 62850
(41840-120100)

161000
(116800-355300) P<0.0001 0.78

(0.64 - 0.92) > 93785 91 (71-99) 67 (48-82)

GDF-15 19.2(9.8-41.7) 49.24
(25.10-125.5) 0.002 0.75

(0.62 - 0.88) > 21.06 91 (71-99) 55 (36-72)

HCC1 108000
(73120-130200)

144100
(108500-171800) 0.0022 0.75

(0.61- 0.89) > 136956 59 (36-79) 85 (68-95)

I-309 1.24(1.1-1.4) 2.25
(1.4-3.5) 0.0002 0.80

(0.67- 0.93) > 1.945 68 (45-86) 90 (73-98)

IFN-γ 5.78(0.39-49) 31.06
(8.81-156) 0.02 0.69

(0.54 - 0.83) > 3.910 91 (70-99) 48 (31-66)

IL-33 88.77
(21.75-211.5)

164.9
(70.79-251.9) 0.100 0.63

(0.48- 0.78) > 131.8 68 (45-86) 61 (42-77)

IP-10 444 (258-876) 1469
(878-3865) P<0.0001 0.78

(0.64 - 0.91) > 746.6 86 (65-97) 73 (54-87)

ITAC 628.0
(87.49-1253)

1106
(519.1-2042) 0.022 0.68

(0.54-0.83) > 276.5 95 (77-100) 36 (20-55)

Lipocalin-2 453.9 
(300.5-567.3)

600.7
(346.7-1028) 0.062 0.65

(0.50- 0.80) > 552.8 59 (36-79) 76 (58-89)

MIG 312.4
(87.21-1028)

3076
(592.2-13830) P<0.0001 0.81

(0.69- 0.94) > 1700 68 (45-86) 88 (72-97)

MIP-4 92.5
(53.6-152)

208
(90-369) 0.012 0.70

(0.55- 0.85) > 220.9 50 (28-72) 91 (76-98)

NCAM 592100
(430200-684200)

350800
(306800-421000) P<0.0001 0.88

(0.78- 0.98) < 477229 91 (71-99) 73 (54-87)

PCT 7520
(6749-8370) 8702(8185-9888) 0.0009 0.77

(0.64- 0.90) > 8101 86 (65-97) 67 (48-82)

PEDF 10790
(8852-12870)

12360
(10360-15270) 0.0502 0.66

(0.50- 0.81) > 11423 68 (45-86) 64 (45-80)

p-selectin 202(163-549) 441
(263-796) 0.030 0.67

(0.53 - 0.82) > 265.7 77 (55-92) 58 (39-75)

SAA 5972(1324-12570) 9837
(6078-43000) 0.0081 0.71 

(0.58 - 0.85) > 8626 68 (45-86) 70 (51-84)

SAP 21850
(16980-24670)

30660
(23820-45050) P<0.0001 0.85

(0.72-0.98) > 25958 68 (45-86) 85 (68-95)

sFAS 5.3 
(1.8-8.0)

8.03
(4.52-13.22) 0.065 0.65

(0.50- 0.81) >6.7 67 (43-85) 68 (49-83)

TNF-a 7.4(4.1-13.4) 15.9
(11.8-24.6) 0.0024 0.74

(0.61- 0.88) > 10.85 82 (60-95) 73 (54-87)

TPA 5895
(5187-6507) 7199 (6536-7702) 0.0002 0.80

(0.68- 0.92) > 6307 86 (65-97) 76 (58-89)

Transthyretin 544700
(398000-638500)

293700
(212700-397500) 0.0005 0.78

(0.65- 0.91) < 416242 82 (60-95) 76 (58-89)

VEGF 147 
(0-546)

289
(134.3-877) 0.081 0.64

(0.50- 0.79) > 175.6 73 (50-89) 55 (36-72)

Only analytes showing significant differences or trends between groups with the Mann-Whitney U test are shown. Optimal 
cut-off values and associated sensitivity and specificity were determined based on the Youden’s Index. The concentrations of 
CRP, SAP, SAA, antithrombin III, ADAMTS-13, p-selectin, GDF-15, Apo A-1, transthyretin, CFH, sFAS, lipocalin-2, MIP-4 
and CC4 are in ng/ml. The concentrations of all the other analytes are in pg/ml.

•  N=55	persons	with	
respiratory	symptoms	

	
•  Mix	of	HIV+	and	HIV-	
	
•  Ultimately	categorized	into	
TB	or	other	respiratory	
disease	

	
•  74	host	biomarkers	
assayed	at	baseline	

	
•  18	markedly	different	
between	TB	and	not	TB	

Jacobs	R	et	al	Oncotarget	2016	



> Nonspecific acute-phase serum 
inflammatory marker 

 
>  Synthesized in response to IL-6 
 
> Hepatic production 
 
> Normal adult range 0.8-3 mg/L 
 
> Quickly (6-12 hours) elevates in setting 

of tissue damage, cytokine release, 
febrile illness 

C-reactive protein

Pepys	&	Hirschfeld,	J	Clin	Invest	2003;	Image	credit:	S.	Kolstoe,	Center	for	Amyloidosis,	UCL,	UK		



>  Lab-based assay (requires access to L3 lab) 
–  Blood sample – venous draw (add on to other 

blood tests, e.g. blood count) 

>  Point-of-care assays available 
–  Capillary blood – fingerstick 

 

How do you measure CRP?



>  Marker for numerous inflammatory conditions 
–  Infection (bacterial >> viral) 
–  Autoimmune disease 
–  Vascular disease (MI, atherosclerotic disease) 
–  Trauma/burns/surgery 
–  Malignancy 

>  Current clinical guidelines for CRP measurement use: 
–  Monitor anti-inflammatory treatment 
–  Differentiate bacterial vs. viral febrile illness to determine need 

for abx 
–  Evaluate cardiovascular risk 

Nonspecific host 



 

CRP is elevated in active TB
42 S. D. LAWN ETAL. 
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Figure. A. Serum concentrations ofC-reactive protein (CRP) in 
patients with tuberculosis and human immunodeficiency virus 
(HN) co-infection (TB+HIV+, n=50), tuberculosis alone 
(TB+HN-, la = 50), HIV infection alone (TB-HIV+, 
n = 25), and healthy controls (TB-HIV-, n = 25). Group 
mean values are indicated by a bar. B. Mean serum CRP 
concentrations in TB+HN+ (@, la = 15) and TB+HIV- (m, 
n = 15) subgroups of patients during the fist 3 months of 
antituberculosis treatment that resulted in sputum smear con- 
version in all patients. Results are expressed as a percentage of 
the mean pretreatmenr concentradons; vertical bars represent f 
standard error. 

ing 10 patients were attending a clinic for sexually 
transmitted diseases with HIV-related symptoms but 
were found to have neither clinical nor microbiological 
evidence of opportunistic infection and no history of 
previous acquired immune deficiency syndrome 
(AIDS)-defining illness (CDC stage B). CRP concen- 
trations were also measured in serial serum samples 
prospectively obtained from subgroups of patients with 
smear-positive pulmonary TB (TB+HIV+ and 
TB+HIV-) during short-course antituberculosis treat- 
ment (described by LAWN et aL, 2000a). 

Serum CRP concentrations were low in the healthy 
controls (mean = 2.4 m&; SD = 5.6), and levels were 
comparable in the HIV-infected patients with no oppor- 
tunistic infection (mean = 4-O mg& SD = 5-O) (Figure, 
A). In contrast, serum CRP concentrations were elevated 
to > 20 mg/L in 90 of the 100 patients with TB. How- 
ever, there was no significant difference between the 
mean and the distribution of Cm concentrations in the 
TB-tHIV- and TB+HIV+ groups (86.9 f 57.7 mg/L 

versus 83.4 ?C 55.1 m& P= 0.7; Figure, A). Patients 
in the TB+HIV-+ group had a broad range of CD4+ 
lymphocyte counts (21 X 106/‘L to 1000 X 106/L); how- 
ever, no correlation was observed between serum CRF 
and CD4+ count (? = 0.010). This indicated that the 
degree of elevation of serum CRP concentration in 
patients with TB and HIV co-infection was independent 
of the stage of HIV infection. We have previously shown 
that declining serum concentrations of CRP provide an 
early index of disease resolution during anti-TB treat- 
ment in persons not infected with HIV (LAWN et QZ., 
2000b). In this study, short course anti-TB treatment 
resulted in sputum smear conversion in all patients in the 
TB+HIV+ and TB+HIV- subgroups, but no signifi- 
cant difference was found between the 2 groups in the 
rate of decline of mean serum CRP level (Figure, B) . 

These data demonstrated that, compared to levels in 
healthy control subjects, serum CRP concentrations 
were not elevated in HIV-infected persons (CDC stages 
A and B) who did not have an opportunistic infection. In 
patients with TB, the degree of elevation and the rate of 
decline during treatment were independent of HIV co- 
infection. CRP may thus serve as a useful marker in HIV- 
infected patients to detect and monitor the resolution of 
TB and, potentially, other opportunistic bacterial infec- 
tions as well. The positive predictive value of an elevated 
serum CRP concentration for identifying opportunistic 
infections in persons with HIV infection and AIDS 
should be further evaluated. 
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Ph’ElJMOCYSTIS CARINII PNEUMONIA IN AIDS 

al., 1996). Spontaneously expectorated sputum can be a 
useful source of material for diagnosis of PCP (METER- 
SKY et a1.,1998). 

Adverse reactions to TMPiSMX are rare in Africans 
receivine moderatelv hi& doses of 1600-3200 ma/d 
SMX (EOLEBUND&S et nl., 1987). In our coh&, 
receiving higher doses of TMPISMX, rash developed 
rarely, but haematological and other side effects were 
relatively common in patients with adequate follow-up. 

In conclusion, future studies in Africa designed to 
evaluate rates of PCP in AIDS patients should enrol 
cases with CD4 cell counts < 100 /mm3 and shouid allow 
for the possibility of dual pulmoiary infection. 
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Serum C-reactive protein and 
detection of tuberculosis in persons 
co-infected with the human 
immunodeficiency virus 
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C-reactive protein (Cm) is an acute-phase protein 
synthesized by hepatocytes, primarily in response to 
systemic interleukin (IL)-6 (reviewed by GABAY & 
KUSHNER, 1999). Se& concentrations-of CRP are 
normallv < 10 ma but increase within 6 h of induction 
of an i&ammat&y process, reaching levels as high as 
several hundred m&L. While an elevated serum con- 
centration of Cl3P his no diagnostic specificity, its broad 
dvnamic range and verv short half-life in the circulation 
&ake it a iseful me&s of detecting inflammatory 
processes and monitoring their resolution. 

Among infectious diseases, marked elevation of serum 
CRI? is characteristically associated with acute bacterial 
infections, while more moderate increases occur in 

Address for correspondence: Dr Stephen D. Lawn, Tubercu- 
losis / Mycobacteriology Branch, Mail-Stop G-35, Cemers For 
Disease Corm-ol and Prevention, I600 Clifton Road NE, 
Atlanta, GA 30333, USA; phone +l 404 639 1477, fax -tl 
404 639 1287, e-mail sil3@cdc.gov 

patients with chronic bacterial and deep fungal infec- 
tions. In contrast, uncomplicated viral infections stimu- 
late either no increase or a comparatively small increase 
in levels of this serum marker. BREEN et aE. (1990) found 
that human immunodeficiency virus (HIV) 1 infection i7a 
vivo was associated with a small elevation of plasma IL-6 
concentration and that the mean plasma CRP concen- 
tration was increased in a group of HIV-infected indivi- 
duals, some of whom had opportunistic infections. 
However, the relative effects of HIV-l infection and 
opportunistic bacteria1 infection on induction of CRP 
synthesis are not known. More recently, it has been 
shown in vitro that infection of macrophages with HIV-l 
per M does not lead to release of E-6, but instead primes 
the cells for production of this cytokine in response to 
lipopolysaccharide (BERGAMINI et al., 1999). Thus, 
serum CRP might be significantly increased in HIV- 
infected persons only in the presence of opportunistic 
infection, thereby serving as a potentially useful marker. 

The aim of this study was to investigate the use of CRP 
as a marker for detecting and monitoring the treatment of 
opportunistic bacterial infection in HIV-infected per- 
sons. We studied groups of patients with and without 
tuberculosis (TB), a common opportunistic infection 
that occurs at all stages of HIV infection. We measured 
CRP in serum samples from 150 out-patients attending 
medical clinics in Cote d’Ivoire and Ghana, using the 
Virgo CRP 150TM enzyme immunoassay (Hemagen 
Diagnostics Inc., Waitham, Massachusetts, USA). Ser- 
um samples were obtained from 100 patients with TB 
before treatment (described bv ACKAH et al., 1995‘1 and 
were categorized into 2 age- -and sex-matched grbups: 
those with TB onlv RB+MIV-. n = 50) and those with 
TB and HIV co-i&ction (TB+‘I-IIV-t-, & = 50). Among 
the patients with TB, 80 had smear-positive pulmonary 
disease and the remaining patients with extrapulmonary 
disease were equally distributed between the 2 groups. 
Fifty additional serum samoles were obtained from 
patients who did not have TBand were categorized into 
2 further erouas: those with HIV infection alone (TB- 
HIV+, i= ~3) and healths controls (TB-l%V~, 
n = 25) (descr&ed by LAw~N it al., ZOOOa).‘Among the 
TB-HIV+ oatients, 15 were asvmotomatic women 
(CDC stagei) attending an antenaial clinic; the remain- 

Lawn	SD	et	al	Trans	R	Soc	Trop	Med	Hyg	2001	

Mean	CRP	(mg/L)		
TB+:		 	85.0	
TB-:		 	4.0	



Can CRP be used as a screening test?

>  Systematic review & meta-
analysis of CRP vs. TB culture 

>  CRP threshold >=10mg/L 
>  Outpatients, mix of HIV+/- 

–  High HIV burden settings 
–  High TB burden settings 

>  Mix of TB diagnostic 
evaluations (symptoms; high 
clinical suspicion) & routine 
screening scenarios 

Pooled	sensitivity:	93%	
Pooled	specificity:	60%	

Yoon	C	et	al,	Int	J	Tuberc	Lung	Dis	2017	



>  Meta-analysis of 14 studies of CRP 
for TB dx 

 
>  Includes more studies of HIV-

negative only; low HIV-prevalence 
settings 
–  China, India, South Korea, UK 
 

>  Mix of hospitalized and outpatient 
cohorts, mix of lab & POC test 

 
>  Variable CRP cutoff (5-12.5), most 

used 10mg/L 

CRP diagnostic accuracy for TB

Pooled	sensitivity:	89%	
Pooled	specificity:	57%	

Santos	VS	et	al,	Clin	Micro	Infect	2019	



Revisit WHO TPP
Characteristic Optimal Minimal 
Goal          ●	identify	patients	with	any	symptoms	of	or	risk	factors	for	active	(pulmonary)	TB	
																					●	rule-out	disease	or	refer	to	confirmatory	testing 

Sensitivity	 >95%	overall >90%	overall ý 
Specificity >80% >70% ý 
Time-to-result <5	mins <30	mins þ 
Price <US$1 <	US$	2 þ 
Instrument Not	needed Small,	portable,	or	handheld,	<1	kg þ 
Manual	preparation	
of	samples 

Integrated	or	no	manual	
preparation 

only	2	steps þ 
Setting Community	or	village	

level	or	higher	levels 
Health	post	or	primary	health-care	
clinics	or	higher þ 



Pros & Cons of CRP as a triage test

Pro	 Con	

Measurement	gives	
objective	value	

Cost	of	measurement,	
device	procurement,	
training/replacement	

Point-of-care	test	available	 Consistent	for	HIV	+/-	?		
All	CD4?	

Rapid	result	<3mins	

Blood	test	(PTB	&	EPTB?)	

Low	cost	~$2-3/test	



>  At the time of HIV testing, consideration of ARTàExclude 
active TB 

>  Necessary for immediate ART initiation (goal) 
>  Eligibility for TB preventive therapy initiation  
>  4SS inadequate 
>  Need to have a test that works across CD4 count range 
 
>  What about periodic screening after TB initially excluded? 

(e.g. picking up ART refills, return clinic visits) 

TB triage test in HIV+



>  1237 Ugandan HIV+ adults, 
CD4<350  

 
>  screened with 4QSS & POC CRP 

prior to initiating ART 
 
>  Reference standard: TB culture 

& Xpert   

CRP as triage at ART initiation
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Summary
Background Symptom-based screening for tuberculosis is recommended for all people living with HIV. 
This recommendation results in unnecessary Xpert MTB/RIF testing in many individuals living in tuberculosis-
endemic areas and thus poor implementation of intensified case finding and tuberculosis preventive therapy. Novel 
approaches to tuberculosis screening are needed to help achieve global targets for tuberculosis elimination. We 
assessed the performance of C-reactive protein (CRP) measured with a point-of-care assay as a screening tool for 
active pulmonary tuberculosis.

Methods For this prospective study, we enrolled adults (aged ≥18 years) living with HIV with CD4 cell count less 
than or equal to 350 cells per µL who were initiating antiretroviral therapy (ART) from two HIV/AIDS clinics in 
Uganda. CRP concentrations were measured at study entry with a point-of-care assay using whole blood obtained 
by fingerprick (concentration ≥10 mg/L defined as screen positive for tuberculosis). Sputum samples were collected 
for Xpert MTB/RIF testing and culture. We calculated the sensitivity and specificity of point-of-care CRP and WHO 
symptom-based screening in reference to culture results. We repeated the sensitivity analysis with Xpert MTB/RIF 
as the reference standard. 

Findings Between July 8, 2013, and Dec 15, 2015, 1237 HIV-infected adults were enrolled and underwent point-of-care 
CRP testing. 60 (5%) patients with incomplete or contaminated cultures were excluded from the analysis. Of the 
remaining 1177 patients (median CD4 count 165 cells per µL [IQR 75–271]), 163 (14%) had culture-confirmed tuberculosis. 
Point-of-care CRP testing had 89% sensitivity (145 of 163, 95% CI 83–93) and 72% specificity (731 of 1014, 95% CI 69–75) 
for culture-confirmed tuberculosis. Compared with WHO symptom-based screening, point-of-care CRP testing had 
lower sensitivity (difference –7%, 95% CI –12 to –2; p=0·002) but substantially higher specificity (difference 58%, 
95% CI 55 to 61; p<0·0001). When Xpert MTB/RIF results were used as the reference standard, sensitivity of point-of-
care CRP and WHO symptom-based screening were similar (94% [79 of 84] vs 99% [83 of 84], respectively; difference –5%, 
95% CI –12 to 2; p=0·10).

Interpretation The performance characteristics of CRP support its use as a tuberculosis screening test for people 
living with HIV with CD4 count less than or equal to 350 cells per µL who are initiating ART. HIV/AIDS programmes 
should consider point-of-care CRP-based tuberculosis screening to improve the efficiency of intensified case finding 
and increase uptake of tuberculosis preventive therapy.

Funding National Institutes of Health; President’s Emergency Plan for AIDS Relief; University of California, 
San Francisco, Nina Ireland Program for Lung Health.

Introduction
Since 2000, the global incidence of tuberculosis has 
fallen by an average of 1·5% per year.1 Yet tuberculosis 
remains the leading infectious cause of death, responsible 
for 1·5 million deaths overall and 400 000 HIV-related 
deaths (a third of all HIV-related deaths) in 2015 alone.1 
To reduce the burden of tuberculosis, WHO recommends 
systematic screening for the disease in all people living 
with HIV, irrespective of symptoms.2

The goals of screening are to detect active tuberculosis 
early to reduce the risk of poor disease outcomes and 
tuberculosis transmission, and to identify individuals 
eligible for preventive therapy to reduce incident 
tuberculosis.2 A major barrier to implementing systematic 
screening of high-risk groups is the absence of an 
adequate tuberculosis screening test. The WHO target 

product profile for such a test requires that sensitivity is at 
least 90% and specificity at least 70%.3 The high sensitivity 
requirement ensures that individuals who screen negative 
have a low probability of active tuberculosis and 
can therefore initiate preventive therapy safely. The 
moderately high specificity requirement limits the need 
for confirmatory diagnostic testing to a small subgroup of 
high-risk individuals. In addition to these technical 
requirements, the test should be simple, low cost, and 
available at the point of care so that tuberculosis screening 
can be done by front-line health-care workers.

For people living with HIV, no current test or algorithm 
satisfies the minimum criteria for a tuberculosis screening 
test. Although simple and highly sensitive (>90%) for active 
tuberculosis, symptom-based tuberculosis screening, 
recommended by WHO, has insufficient specificity.4,5 
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of-care CRP testing would perform particularly well in 
patients with low CD4 cell counts. Additional studies are 
needed to confirm whether point-of-care CRP-based 
screening with a cutoff point of 8 mg/L or 9 mg/L would 
further improve the effectiveness of tuberculosis 
screening, and formal cost-effectiveness studies are 
needed to better estimate the costs and yield of this 
approach relative to current options.

In most settings that use Xpert MTB/RIF as the 
confirmatory test, our data show that point-of-care CRP 
testing would detect 94% of all Xpert MTB/RIF-positive 
patients but reduce by more than half (60% absolute 
reduction) the number of patients who would require 
Xpert MTB/RIF testing relative to symptom-based 
screening. Therefore, point-of-care CRP-based screening 
would identify nearly all Xpert MTB/RIF-positive 
tuberculosis cases (cases that pose the greatest infectious 
risk to the community), but substantially lower the cost 
of intensified case finding activities.

Our study has several strengths. First, our findings are 
likely to be generalisable to several other HIV-endemic 
settings because our study participants represent a 
prototypical population for whom tuberculosis screening 
is recommended. Second, all patients, irrespective of 
symptoms, were screened and then assessed for 
tuberculosis with a robust standard for tuberculosis 
diagnosis: two MGIT cultures. Third, CRP concentrations 
were measured with a commercially available, simple, 
and low-cost point-of-care assay. As such, point-of-care 
CRP testing is available for immediate scale-up for 
HIV/AIDS clinics wishing to implement this method 
of tuberculosis screening and further strengthen its 
evidence base. Future studies should also assess whether 
the diagnostic accuracy of point-of-care CRP-based 
tuberculosis screening could be further improved when 
used in combination with chest radiography or other 
promising biomarkers, particularly in patients with high 
CD4 cell counts or patients treated with ART.

Our study also has limitations. First, we chose to study 
ART-naive patients with advanced HIV-associated 
immuno suppression because tuberculosis risk is 
greatest in this population. Our findings might therefore 
be less applicable to other HIV subgroups. Future studies 
should assess the diagnostic accuracy of point-of-care 
CRP testing in ART-treated people living with HIV, other 
high-risk populations (eg, household contacts, miners, 
prisoners) for whom systematic tuberculosis screening is 
also recommended, and other high-burden settings.2 
Second, we classified tuberculosis status on the basis of 
culture results, the gold standard for tuberculosis 
diagnosis. Although tuberculosis classification based on 
clinical criteria might have resulted in additional cases 
identified for our analysis, empirical tuberculosis 
treatment was uncommon in our screening cohort (ie, 
people living with HIV undergoing active case finding 
rather than those seeking care for symptoms suggestive 
of tuberculosis). Third, we did not compare CRP 

concentrations measured with a point-of-care assay 
versus a laboratory-based assay because previous studies, 
including an FDA-led investigation, have demonstrated 
excellent correlation of the iCHROMA point-of-care 
CRP assay with the reference standard, and minimal 
variation with repeated testing of the same sample over a 
large range of CRP concentrations.28 Lastly, we did not 
assess patients for extrapulmonary tuberculosis or 
for non-tuberculosis disease. Future studies should 
investigate the diagnostic accuracy of point-of-care CRP 
for extrapulmonary tuberculosis and assess the causes 
and significance of a raised CRP concentration in people 
living with HIV with non-tuberculosis disease.

In conclusion, our findings have important implications 
for clinical care and programme implementation. Point-of-
care CRP-based tuberculosis screening could substantially 
increase the number of people living with HIV initiating 
ART identified as eligible for tuberculosis preventive 
therapy and reduce the number of people requiring 
confirmatory tuberculosis testing. Thus, point-of-care CRP 
testing could increase uptake of tuberculosis preventive 
therapy and decrease costs of implementing intensified 
case finding beyond that of symptom-based screening. 
These results support the use of point-of-care CRP testing 
as a part of a public health strategy to reduce the global 
burden of tuberculosis in people living with HIV.
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Figure 4:  Receiver operating characteristic curves for the detection of culture-confirmed pulmonary 
tuberculosis by point-of-care CRP testing
Area under the receiver-operating curve for 10 mg/L (0·81, 95% CI 0·78–0·83), 9 mg/L (0·81, 95% CI 0·78–0·83), 
and 8 mg/L (0·80, 95% CI 0·77–0·83) cutoff points. CRP=C-reactive protein.
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saving time and costs, and who thus could more rapidly
proceed to therapies requiring TB exclusion such as ART
and IPT. No additional TB cases were missed by CRP
compared to symptom screen in the gold-standard
screening evaluation.

In this study, as in many high-burden settings, symptoms
from the WHO screen are highly prevalent among persons
with newly diagnosed HIV being evaluated for ART. The
symptoms comprising the screen are nonspecific for TB –
many common co-infections as well as HIV itself can cause
nonspecific TB-related symptoms. When the symptom
screen is used to indicate further diagnostic testing, the
symptom screen can result in substantial over-testing using
tests that are expensive (prices vary by region, but Xpert
and TB culture are approximately USD 25 per test) [18,19]
and are frequently not available on-site where the person is
being screened, introducing delays. The symptom screen,

with theoretical benefits of speed, ease of use, and no
laboratory cost or delays, has limitations beyond its poor
specificity and positive predictive value [9,20]. It may be
inadvertently omitted during a brief visit in a high-volume
clinic [21]. Symptom questions are subjective; patients may
answer differently depending on how the questions are
asked, and clinicians may not act on a positive screen due in
part to subjectivity and lack of specificity [22,23]. In
contrast, an objective test like CRP provides an objective
value that could be a more concrete indicator to pursue
additional testing. CRP testing using a threshold of 5 mg/l
is an attractive alternative to exclude active TB and reduce
the need for further testing. Replacing the symptom screen
with CRP, or adding CRP testing for persons with a
positive symptom screen, are both approaches that could
decrease the need for diagnostic testing.

The current diagnostic algorithm in South African
guidelines recommends that all HIV-infected persons
with at least one TB symptom be investigated with a
sputum test (Xpert MTB/RIF). Under these recom-
mendations, 279 (66%) persons in the screening cohort
should receive a diagnostic test. However, if CRP were
used as the primary screen instead of symptoms, only 197
(46%) persons would require diagnostic testing, resulting
in a 56% increase, or 82 additional persons, who could be
immediately initiated on ARTand TB preventive therapy
at the time of screening.

In the triage cohort, all 749 individuals had a guideline
indication for a diagnostic TB test, due to a positive
symptom screen. Application of the CRP screen to this
cohort would have reduced the number needing a
diagnostic test to 424, a reduction of 42%. The negative
predictive value of 99.7% and negative likelihood ratio of
0.032 indicate excellent performance of CRP as a ‘rule-
out’ test to exclude TB in persons with symptoms. The
CRP screen would have misclassified one person (1.5% of
all TB cases) as ‘no TB’ who was categorized as having TB
by the reference definition.

C-reactive protein for TB screening Shapiro et al. 1817

Table 2. Diagnostic characteristics of screening tests for tuberculosis in HIV-infected adults.

Gold standard: TB culture Sens % (95% CI) Spec % (95% CI) PPV % (95% CI) NPV % (95% CI) LRþ (95% CI) LR" (95% CI)

(A) Diagnostic test properties of TB screening tests at selected cut-points: C-reactive protein (CRP), WHO 4-symptom screen, and combinations (N¼425)
CRP > 5 90.5 (77.4–97.3) 58.5 (53.4–63.5) 19.3 (14–25.5) 98.2 (95.6–99.5) 2.18 (1.87–2.54) 0.16 (0.064–0.42)

CD4þ $ 200 (N¼127) 96.0 (79.6–99.9%) 38.2 (28.8–48.4) 27.6 (18.5–38.2) 97.5 (86.8–99.9) 1.55 (1.31–1.85) 0.11 (0.015–0.725)

CD4þ > 200 (N¼284) 80.0 (51.9–95.7) 66.9 (60.9–72.5) 11.9 (6.29–19.8) 98.4 (95.3–99.7) 2.42 (1.78–3.28) 0.30 (0.11–0.83)
CRP > 10 78.6 (63.2–89.7) 72.3 (67.6–76.7) 23.7 (16.9–31.7) 96.9 (94.1–98.6) 2.84 (2.26–3.56) 0.30 (0.17–0.53)
CRP > 50 47.6 (32.0–63.6) 89.3 (85.8–92.2) 32.8 (21.3–46) 94.0 (91–96.2) 4.45 (2.9–6.8) 0.59 (0.44–0.78)
Any WHO symptom 90.5 (77.4–97.3) 37.1 (32.2–42.1) 13.6 (9.82–18.2) 97.3 (93.1–99.2) 1.44 (1.27–1.63) 0.26 (0.1–0.66)

CD4þ $ 200 (N¼127) 92.0 (74.0–99.0) 22.5 (14.9–31.9) 22.5 (14.9–31.9) 92.0 (74.0–99.0) 1.19 (1.02–1.39) 0.36 (0.09–1.41)

CD4þ > 200 (N¼284) 86.7 (59.5–98.3) 43.5 (37.5–49.6) 7.88 (4.26–13.1) 98.3 (94.1–99.8) 1.53 (1.23–1.92) 0.31 (0.08–1.12)

Gold standard: probable TB Sens % (95% CI) Spec % (95% CI) PPV % (95% CI) NPV % (95% CI) LRþ (95% CI) LR" (95% CI)

(B) Triage cohort: test properties of CRP in symptomatic persons (N¼749).
CRP > 5 98.7% (93.1–100) 48.3% (44.4–52.1) 18.2% (14.6–22.0) 99.7% (98.3–100) 1.91 (1.77–2.06) 0.027 (0.004–0.19)
CRP >10 94.9% (87.4–98.6) 62.3% (58.5–66) 22.6% (18.2–27.6) 99.1% (97.6–99.7) 2.52 (2.25–2.81) 0.082 (0.031–0.21)

CI, confidence interval; LR", negative likelihood ratio; LRþ, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive
value; Sens, sensitivity; Spec, specificity. Symptom, at least one of current cough, fever, weight loss, night sweats. CRP units, mg/l.
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Fig. 3. Sensitivity and specificity of CRP vs. symptom screen
in the screening cohort (gold standard: TB sputum culture),
stratified by CD4 R cell count. (%P¼0.004, %%P< 0.001).CRP,
C-reactive protein.

 Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

saving time and costs, and who thus could more rapidly
proceed to therapies requiring TB exclusion such as ART
and IPT. No additional TB cases were missed by CRP
compared to symptom screen in the gold-standard
screening evaluation.

In this study, as in many high-burden settings, symptoms
from the WHO screen are highly prevalent among persons
with newly diagnosed HIV being evaluated for ART. The
symptoms comprising the screen are nonspecific for TB –
many common co-infections as well as HIV itself can cause
nonspecific TB-related symptoms. When the symptom
screen is used to indicate further diagnostic testing, the
symptom screen can result in substantial over-testing using
tests that are expensive (prices vary by region, but Xpert
and TB culture are approximately USD 25 per test) [18,19]
and are frequently not available on-site where the person is
being screened, introducing delays. The symptom screen,

with theoretical benefits of speed, ease of use, and no
laboratory cost or delays, has limitations beyond its poor
specificity and positive predictive value [9,20]. It may be
inadvertently omitted during a brief visit in a high-volume
clinic [21]. Symptom questions are subjective; patients may
answer differently depending on how the questions are
asked, and clinicians may not act on a positive screen due in
part to subjectivity and lack of specificity [22,23]. In
contrast, an objective test like CRP provides an objective
value that could be a more concrete indicator to pursue
additional testing. CRP testing using a threshold of 5 mg/l
is an attractive alternative to exclude active TB and reduce
the need for further testing. Replacing the symptom screen
with CRP, or adding CRP testing for persons with a
positive symptom screen, are both approaches that could
decrease the need for diagnostic testing.

The current diagnostic algorithm in South African
guidelines recommends that all HIV-infected persons
with at least one TB symptom be investigated with a
sputum test (Xpert MTB/RIF). Under these recom-
mendations, 279 (66%) persons in the screening cohort
should receive a diagnostic test. However, if CRP were
used as the primary screen instead of symptoms, only 197
(46%) persons would require diagnostic testing, resulting
in a 56% increase, or 82 additional persons, who could be
immediately initiated on ARTand TB preventive therapy
at the time of screening.

In the triage cohort, all 749 individuals had a guideline
indication for a diagnostic TB test, due to a positive
symptom screen. Application of the CRP screen to this
cohort would have reduced the number needing a
diagnostic test to 424, a reduction of 42%. The negative
predictive value of 99.7% and negative likelihood ratio of
0.032 indicate excellent performance of CRP as a ‘rule-
out’ test to exclude TB in persons with symptoms. The
CRP screen would have misclassified one person (1.5% of
all TB cases) as ‘no TB’ who was categorized as having TB
by the reference definition.

C-reactive protein for TB screening Shapiro et al. 1817

Table 2. Diagnostic characteristics of screening tests for tuberculosis in HIV-infected adults.

Gold standard: TB culture Sens % (95% CI) Spec % (95% CI) PPV % (95% CI) NPV % (95% CI) LRþ (95% CI) LR" (95% CI)

(A) Diagnostic test properties of TB screening tests at selected cut-points: C-reactive protein (CRP), WHO 4-symptom screen, and combinations (N¼425)
CRP > 5 90.5 (77.4–97.3) 58.5 (53.4–63.5) 19.3 (14–25.5) 98.2 (95.6–99.5) 2.18 (1.87–2.54) 0.16 (0.064–0.42)

CD4þ $ 200 (N¼127) 96.0 (79.6–99.9%) 38.2 (28.8–48.4) 27.6 (18.5–38.2) 97.5 (86.8–99.9) 1.55 (1.31–1.85) 0.11 (0.015–0.725)

CD4þ > 200 (N¼284) 80.0 (51.9–95.7) 66.9 (60.9–72.5) 11.9 (6.29–19.8) 98.4 (95.3–99.7) 2.42 (1.78–3.28) 0.30 (0.11–0.83)
CRP > 10 78.6 (63.2–89.7) 72.3 (67.6–76.7) 23.7 (16.9–31.7) 96.9 (94.1–98.6) 2.84 (2.26–3.56) 0.30 (0.17–0.53)
CRP > 50 47.6 (32.0–63.6) 89.3 (85.8–92.2) 32.8 (21.3–46) 94.0 (91–96.2) 4.45 (2.9–6.8) 0.59 (0.44–0.78)
Any WHO symptom 90.5 (77.4–97.3) 37.1 (32.2–42.1) 13.6 (9.82–18.2) 97.3 (93.1–99.2) 1.44 (1.27–1.63) 0.26 (0.1–0.66)

CD4þ $ 200 (N¼127) 92.0 (74.0–99.0) 22.5 (14.9–31.9) 22.5 (14.9–31.9) 92.0 (74.0–99.0) 1.19 (1.02–1.39) 0.36 (0.09–1.41)

CD4þ > 200 (N¼284) 86.7 (59.5–98.3) 43.5 (37.5–49.6) 7.88 (4.26–13.1) 98.3 (94.1–99.8) 1.53 (1.23–1.92) 0.31 (0.08–1.12)

Gold standard: probable TB Sens % (95% CI) Spec % (95% CI) PPV % (95% CI) NPV % (95% CI) LRþ (95% CI) LR" (95% CI)

(B) Triage cohort: test properties of CRP in symptomatic persons (N¼749).
CRP > 5 98.7% (93.1–100) 48.3% (44.4–52.1) 18.2% (14.6–22.0) 99.7% (98.3–100) 1.91 (1.77–2.06) 0.027 (0.004–0.19)
CRP >10 94.9% (87.4–98.6) 62.3% (58.5–66) 22.6% (18.2–27.6) 99.1% (97.6–99.7) 2.52 (2.25–2.81) 0.082 (0.031–0.21)

CI, confidence interval; LR", negative likelihood ratio; LRþ, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive
value; Sens, sensitivity; Spec, specificity. Symptom, at least one of current cough, fever, weight loss, night sweats. CRP units, mg/l.

00.10.20.30.40.50.60.70.80.91

Sensitivity Speci!icity Sensitivity Speci!icity

CRPSymptoms

CD4 + ≤200 CD4 + >200

** 
* 

Fig. 3. Sensitivity and specificity of CRP vs. symptom screen
in the screening cohort (gold standard: TB sputum culture),
stratified by CD4 R cell count. (%P¼0.004, %%P< 0.001).CRP,
C-reactive protein.

Shapiro	et	al,	AIDS,	2018	

CRP	as	triage	would	have	reduced	
Xpert	tests	by	30-40%	in	this	pop’n	
vs.	symptom	triage,	same	yield	of	TB	



Published evaluations for TB: 
> Nycocard (Alere) 

–  Drain et al, IJTLD 2014 (+correlation with lab CRP) 

>  Afinion (Alere) 
>  iChroma (Boditech) 

–  Yoon et al, JAIDS 2014 
–  Yoon et al, Lancet ID 2017 

 
> Other commercial tools & 

pipeline 

POC CRP measurement tools

© 2017 Alere. All rights reserved. The Alere Logo, Alere and Afinion are trademarks of the Alere group of companies. 120003183E-01 2017/01

Pull the sampling device straight 
up from the Test Cartridge.

Alere Technologies AS
Kjelsåsveien 161
P.O. Box 6863 Rodeløkka
NO-0504 Oslo, Norway
www.alere.com

Testing Procedure

Alere AfinionTM

 CRP

1 a

b

c

2 3

4 5 6

7 8 9

Remove and immediately 
discard the used Test Cartridge. 
Close the lid manually when the 
Analyzer is not in use.

Record the result when it 
appears on the screen.  
Touch  to accept.  
The lid opens automatically.

Replace the sampling device 
immediately. Analysis of the  
Test Cartridge must start  
within 1 minute.

Fill the capillary completely (c)  
with patient sample (a) or 
control (b). Do not wipe off  
the capillary.

Touch  and enter patient 
ID, or touch  and enter 
control ID. Touch  to 
confirm.

Close the lid manually to start 
analysing.

Insert the Test Cartridge  
with the barcode facing left.

Touch  for patient 
samples, or touch  
for controls. The lid opens 
automatically.

© 2017 Alere. All rights reserved. The Alere Logo, Alere and Afinion are trademarks of the Alere group of companies. 120003183E-01 2017/01

Pull the sampling device straight 
up from the Test Cartridge.

Alere Technologies AS
Kjelsåsveien 161
P.O. Box 6863 Rodeløkka
NO-0504 Oslo, Norway
www.alere.com

Testing Procedure

Alere AfinionTM

 CRP

1 a

b

c

2 3

4 5 6

7 8 9

Remove and immediately 
discard the used Test Cartridge. 
Close the lid manually when the 
Analyzer is not in use.

Record the result when it 
appears on the screen.  
Touch  to accept.  
The lid opens automatically.

Replace the sampling device 
immediately. Analysis of the  
Test Cartridge must start  
within 1 minute.

Fill the capillary completely (c)  
with patient sample (a) or 
control (b). Do not wipe off  
the capillary.

Touch  and enter patient 
ID, or touch  and enter 
control ID. Touch  to 
confirm.

Close the lid manually to start 
analysing.

Insert the Test Cartridge  
with the barcode facing left.

Touch  for patient 
samples, or touch  
for controls. The lid opens 
automatically.

https://www.finddx.org/wp-content/uploads/2018/03/CRP_List_2018_02_26.pdf	

Date of Data 
Entry/Update 

(DD.MM.YYYY)
Company Name Company Size Product Name Product Type Technology Type Biomarker Type Target Disease Target Condition (linked to TPPs)

Health Level 
(Lowest)

Status of R&D 
Project

Pathway Status

Targeted 
Market Entry 
(Regulatory 
Approval)

Certified QMS Funder names FIND Portfolio Website/Source

21.08.2017 Alere_Abon Large CRP Semi-Quantitative RTD Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
No NA

http://www.alere.com/content/dam/web
/alere-

com/au/InfectiousDiseases/PINewsLett
er/ABCCR-

402%20Abon%20CRP%20rapid%20pa
ck%20insert.pdf 

21.08.2017
Alere_Diagnosti

c Nord
Large CRP rapid test (Ref. CRP-K10) Dx assay Immunoassay Protein Fever

Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
Yes NA

http://www.diagnostik-
nord.de/en/158/clinical-

diagnostic.html/86/CRP%20(C-
reactive%20protein)%20test.html#25/8

6 

21.08.2017 Assure Tech Large Ecotest CRP RTD W23 Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
Yes NA www.diareagent.com

21.08.2017 Biosynex Large
Biosynex CRP Test Cassette 

(Ref.1100001)
Dx assay Immunoassay Protein Fever

Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
Yes NA http://www.biosynex.com/rapid-

diagnostic-tests/

21.08.2017 BTNX Large
Rapid Response CRP Test 

Casette Protein (Ref.13C40)
Dx assay Immunoassay Protein Fever

Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
Yes NA www.btnx.com

21.08.2017
Cortez 

Diagnostics
Medium

OneStep CRP Serum/Whole 
Blood RapiCard InstaTest

Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
Yes NA

http://www.rapidtest.com/pdf/C-
Reactive_Protein_%20CRP_%20Seru

m_166770-1(5-15-12).pdf

21.08.2017
Creative 

Diagnostics
Large

CRP Serum Whole Blood 
Rapid Test Cassette (Ref. 

DTS233)
Dx assay Immunoassay Protein Fever

Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active 3-Validation No NA
http://www.creative-

diagnostics.com/CRP-Rapid-Test-
227794-449.html

21.08.2017
Creative 

Diagnostics
Large

CDIA CRP Semi-Quantitative 
Rapid Test Kit (Ref. DTSJL-

1602)
Dx assay Immunoassay Protein Fever

Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active 3-Validation No NA
http://www.cd-diatest.com/cdia-sup-tm-
sup-one-step-c-reactive-protein-semi-
quantitative-rapid-test-kit_p571.html

21.08.2017 Getein Biotech
One Step Test for hsCRP + 

CRP
Dx assay Immunoassay Protein Fever

Bacterial versus non-bacterial 
differentiation test for fever

L1-Microscopy 
Center

Active
4-Regulatory 

achieved
Yes NA

https://www.alibaba.com/product-
detail/CVD-risk-rapid-test-High-

sensitive_60028585021.html?spm=a27
00.7724838.0.0.zeH327

21.08.2017 Hotgen Biotech Large UPTquick CRP kit Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
Yes NA http://www.hotgen.com.cn/en/proInfos.

aspx?nid=1443&sid=822

21.08.2017 iChroma Large iChroma CRP Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
Yes NA http://www.ichroma.at/en/crp-rapid-

test/

21.08.2017
Medix 

Biochemica
Large

Actim CRP rapid test (Ref. 
31031ETAC)

Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
Yes NA https://www.medixbiochemica.com/en/

21.08.2017
Rapid 

Diagnostics RPS
Medium FebriDx Dx assay Immunoassay Protein Fever

Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
No NA

https://www.rpsdetectors.com/in/wp-
content/uploads/2015/05/SPEC-MKT-
044.2_FebriDx-Package-Insert-CE-

Mark.pdf

21.08.2017 SCREEN Italia Medium CRP Rpaid Test Cassette Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
No NA

http://www.screenitalia.it/wp-
content/uploads/2015/09/Istruzioni-

Screen-CRP-Test-SING.pdf

21.08.2017 Abaxis Large Piccolo Metlyte Plus CRP Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L2-District 
Lab/Hospital

Active
4-Regulatory 

achieved
No NA http://www.poct.co.uk/product.cfm/pID/

102

21.08.2017
Alere 

Technologies
Large

Alere Afinion CRP (Ref. 
1116058)

Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L1-Microscopy 
Center

Active
4-Regulatory 

achieved
No NA http://www.alere.com/en/home/product-

details/afinion-crp.html

21.08.2017
Alere 

Technologies
Large NycoCard CRP test Dx assay Immunoassay Protein Fever

Bacterial versus non-bacterial 
differentiation test for fever

L1-Microscopy 
Center

Active
4-Regulatory 

achieved
Yes NA http://www.alere.com/en/home/product-

details/nycocard-crp.html

21.08.2017 R&D Systems Large CRP quantikine ELISA kit Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L2-District 
Lab/Hospital

Active 3-Validation No NA
https://www.rndsystems.com/products/

human-c-reactive-protein-crp-
quantikine-elisa-kit_dcrp00

21.08.2017
Siemens 

Healthcare 
Diagnostics

Large
Dimension Flex reagent 

cartridge CRP
Dx assay Immunoassay Protein Fever

Bacterial versus non-bacterial 
differentiation test for fever

L2-District 
Lab/Hospital

Active
4-Regulatory 

achieved
No NA

https://www.healthcare.siemens.com/in
tegrated-chemistry/systems/dimension-

exl-lm-integrated-chem-sys/assays

21.08.2017
Siemens 

Healthcare 
Diagnostics

Large
Siemens Dimesnion CRP (Ref. 

DF34)
Dx assay Immunoassay Protein Fever

Bacterial versus non-bacterial 
differentiation test for fever

L2-District 
Lab/Hospital

Active
4-Regulatory 

achieved
No NA www.healthcare.siemens.com

21.08.2017
Thermo Fisher 

Scientific
Large

CRP Human ELISA kit (Ref. 
P02741)

Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L2-District 
Lab/Hospital

Active 3-Validation No NA
https://www.thermofisher.com/order/cat
alog/product/88-7502-28?ICID=search-

product

21.08.2017 SD Biosensor Large Standard F CRP FIA Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
Yes NA

http://en.sdbiosensor.com/xe/index.php
?mid=product&_filter=search&search_t
arget=title&search_keyword=CRP&doc

ument_srl=2637

21.08.2017 SD Biosensor Large SD Multicare CRP Dx assay Immunoassay Protein Fever
Bacterial versus non-bacterial 
differentiation test for fever

L0-Community Active
4-Regulatory 

achieved
Yes NA

http://en.sdbiosensor.com/xe/index.php
?mid=product&_filter=search&search_t
arget=title&search_keyword=CRP&doc

ument_srl=2614

CRP Landscape - FIND (2017)
DISCLAIMER: The Information used in this list was supplied directly from the companies or found in the public domain associated with the specific products, and should be considered “as is” (“Information”). Under no circumstances shall FIND be responsible or warrant for the accuracy of any of the Information used in the List. FIND shall not be responsible and will not indemnify any third party in any way, for loss, claim, damage, or liability, of 

whatsoever kind or nature, which may arise from or in connection with the use of the Information. Use of any such Information, for whatever purpose, shall be at the users own risk and liability. Images, status and time estimates are to be taken as indicative. The timeline uses latest best estimates for when technologies are expected to receive WHO recommendation. However, not all of the products in earlier stages are expected to receive WHO 
recommendation and therefore the timelines are only estimates. FIND encourages product developers to provide updates relevant to their products using the “Submit/Update a product” functionality in the FIND Dx Pipeline Tracker to ensure the most up-to-date Information is always provided.



> Uganda (HIV+, pre-ART):  
–  CRPàXpert algorithm: same yield of TB, but >50% 

reduction of Xpert tests vs. 4QSSà Xpert  algorithm 
 (Yoon et al AJRCCM 2019) 

 

> Modeling study, simulated Ugandan population 
(HIV+/-): 
–  CoughàCRPàXpert algorithm is cost-effective in select 

populations/conditions: 
> Background prevalence of TB ~5% (at least 2%) 
> High risk of death from untreated TB (1% per month) 
à ICER: $588/year of life gained 

(Murray et al BMJ Global Health 2016) 
 

Cost-effectiveness



Revisit WHO TPP: for HIV+ outpatients
Characteristic Optimal Minimal 
Goal          ●	identify	patients	with	any	symptoms	of	or	risk	factors	for	active	(pulmonary)	TB	
																					●	rule-out	disease	or	refer	to	confirmatory	testing 

Sensitivity	 >95%	overall >90%	overall þ 

Specificity >80% >70% þ 

Time-to-result <5	mins <30	mins þ 
Price <US$1 <	US$	2 þ 
Instrument Not	needed Small,	portable,	or	handheld,	<1	kg þ 
Manual	preparation	
of	samples 

Integrated	or	no	manual	
preparation 

only	2	steps þ 
Setting Community	or	village	

level	or	higher	levels 
Health	post	or	primary	health-care	
clinics	or	higher þ 



>  Plan: check POC CRP 
> CRP = 3.5 
>  Low risk of active TB, high confidence 
> No Xpert test needed 
>  Initiate ART today 
>  Initiate TB preventive therapy today 
>  Follow up on schedule for refill, evaluation 
> Do we still need symptom screen? 

Revisit clinical scenario
•  35yo	man,	HIV+,	CD4	
unknown	

•  Sx:	h/o	weight	loss	
•  No	sputum	



>  Meets TPP criteria to use in HIV+ adults, initiating ART  
 

>  Exceeds symptom screen performance 
–  Replace symptom screen entirely? 
 

>  Remaining questions: 
–  For other populations will CRP be a good triage test? 
–  Evidence/performance in HIV-uninfected? Low-incidence settings? 
–  Optimal CRP threshold to use? 5? 10? 
–  Performance in HIV+ on ART? 
–  Frequency of repeat screening? 
–  Performance in children? 
 

>  Good POC device options now; new developments may 
improve cost, performance, portability 
 

CRP as triage: review



>  Setting-specific cost implications 
–  Need more research in other populations 
 

>  High-burden (TB/HIV) settings: likely high-use, cost-
effective strategy to exclude TB à implement now! 

 
>  Follow this space:  

–  Upcoming RCT (PI: Yoon, UCSF) in Uganda in HIV+ adults 
initiating ART 

–  Control: symptom screen 
–  Intervention: POC CRP 
–  Outcomes: TB diagnosed, IPT started, cost-effectiveness 

(incl. Xperts averted)  

CRP as triage

Grantome.com	



The future of CRP triage – back at sea 🌊?

Oncotarget57586www.impactjournals.com/oncotarget

although not very promising individually in the current 

study, were included into the top diagnostic biosignatures 

for TB disease. 

 Acute phase proteins are primarily produced by 

the liver, and act as opsonins at inflammatory sites [18]. 
Serum CRP has been extensively studied and shown to 

be promising for both the diagnosis of TB disease and 

monitoring of TB treatment response [19] [20]. SAP, 

a homologue of CRP, has also been shown to have a 

protective role against bacterial infections [21]. Ferritin is 

a well-recognised protein in iron storage processes. It has 

long been established that iron acquisition is an essential 

virulence mechanism for pathogenic bacteria [22] [23]. 

The concentrations of all the acute phase proteins that 

showed potential in the current study were elevated in 

the TB patients, and this is in agreement with previous 

findings [23] [11] [24]. 
The chemokines; MIG(CXCL9), IP-10(CXCL10), 

ITAC(CXCL11) and I-309(CCL-1) are found in 
abundance in activated bronchial epithelium [25]. MIP-

4(CCL18) is a chemokine that is produced mainly by 
antigen presenting cells [26]. These chemokines play 
vital roles in the recruitment of activated T-cells to the 

site of infection [25] [27]. Our finding of significantly 
higher levels of these chemokines in the plasma of 

patients with active TB is in agreement with previous 

observations [16] [28] [29] [26]. The relatively new host 
markers investigated in the study (GDF-15, antithrombin 
III, HCC1 and NCAM) showed potential individually, 

in the diagnosis of TB disease. Other markers including 

Figure 2: Accuracy of multi-marker models in the diagnosis of TB disease. Receiver operator characteristics (ROC) curve 

showing the accuracy of the most accurate six-marker biosignature (NCAM, SAP, IL-1β, sCD40L, IL-13 and Apo A-1) in the diagnosis of 
TB disease in all study participants, regardless of HIV infection status A., frequency of analytes in the top 13 general discriminant analysis 

(GDA) models that most accurately classified study participants as TB disease or ORD irrespective of HIV status B., ROC curve showing 

the accuracy of the most accurate six-marker biosignature (NCAM+A2M+IL-22+ferritin+ myoglobulin+IL-12(p40) or NCAM+A2M+IL-
22+ferritin+TNF-β+MIP-4) in the diagnosis of TB disease in HIV negative study participants C., and frequency of analytes in the top 34 

GDA models that most accurately classified study participants as TB disease or ORD in the absence of HIV infection D.. The bar graphs B. 
and D. indicate the frequency of analytes in the most accurate GDA models. 

HIV-negative	

HIV	+/-	
•  6-analyte	panel	to	best	
correctly	categorize	TB+	or	TB-	

	
•  None	contain	CRP	
	
•  Multi-marker	signatures	have	
better	performance	than	single	
biomarkers	

	
•  	No	current	POC/NPOC	
platform	to	assay	panels…yet	

Jacobs	R	et	al	Oncotarget	2016;	MacLean	et	al	Nature	Microbiol	2019	



TB WARS  
Episode iv: A new hope 

C-3PO			
CRP	

POC	CRP	is,	in	fact,	the	droid	triage	test	you’re	looking	for!*	
*For	HIV+,	not	on	ART	
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