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Background: Tuberculosis (TB) continues to cause an outsized burden of morbidity and mortality 
worldwide, still missing efficient and largely accessible diagnostic tools determining an appropriate control 
of the disease. Serological tests have the potentially to impact TB diagnosis, in particular in extreme clinical 
settings. 
Methods: The diagnostic performances of the TB-XT HEMA EXPRESS (HEMA-EXPRESS) 
immunochromatographic rapid test for active TB diagnosis, based on use of multiple Mycobacterium 
tuberculosis (MTB) specific antigens, have been evaluated in a large study multicentre TB case-finding 
study, in populations with different exposure level to TB. A total of 1,386 subjects were enrolled in the six 
participating centres in Peru: 290 active-TB and 1,096 unaffected subjects.
Results: The TB prevalence (overall 20.5%) varied between 4.0% and 41.1% in the different study groups. 
Overall, the HEMA-EXPRESS test had 30.6% sensitivity (range 3.9–77.9%) and 84.6% specificity (range 
51.6–97.3%). A significant inverse correlation between test accuracy (overall 73.5%, range 40.4–96.4%) and 
TB prevalence in the various study populations was observed (Pearson’s r=−0.7985; P=0.05).
Conclusions: HEMA-EXPRESS, is rapid and relatively inexpensive test suitable for routine use in TB 
diagnosis. In low TB prevalence conditions, test performance appears in line with WHO Target Product 
Profile for TB diagnostics. Performances appear suboptimal in high TB prevalence settings. Appropriate set-up  
in operative clinical settings has to be considered for novel serological tests for TB diagnosis, particularly for 
formats suitable for point-of-care use. 
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Introduction

Tuberculosis (TB) continues to cause an outsized burden 
of morbidity and mortality, remaining one of the human 
infections with the highest prevalence worldwide, with an 
estimated 8.6 million new cases every year, of whom about 
1/3 can transmit the disease (i.e., sputum smear-positive 
pulmonary TB) (1). Furthermore, the lethal combination 
of TB with human immunodeficiency virus (HIV)  
co-infection, the prevalence of co-morbidities (i.e., tobacco 
smoke and diabetes epidemics among the principals) and 
the spread of Mycobacterium tuberculosis (MTB) multidrug 
(MDR) and extensively drug-resistant (XDR) strains is 
worsening the efficiency of TB control efforts while making 
TB elimination more difficult to reach (1-4).

The essence of TB control is represented by rapid 
identification and effective treatment of individuals 
transmitting the bacillus (1,5-7). Moreover, pauci-bacillary 
active-TB cases [i.e., Acid Fast Bacilli (AFB)-negative subjects], 
although less effective in spreading MTB, are difficult 
to diagnose and might receive empirical treatment until 
culture and drug susceptibility test results are obtained, thus 
potentially contributing to MDR/XDR strain diffusion (8,9). 

In addition, over 50% of the active-TB cases remain 
without any laboratory confirmation or with delay in 
diagnosis for unavailability of (or missing accessibility to) 
efficient diagnostic tools (1,5).

Rapid MTB culture methods and molecular assays may 
all play important roles in securing a rapid diagnosis of TB, 
directing decision making on isolation and treatment of 
patients, and on screening of contacts (10,11). However, the 
implementation of these methodologies are not possible in 
all clinical settings (12,13) and also if portable molecular 
assays for MTB diagnosis (i.e., Xpert-MTB/RIF) are 
starting to be available, their relative high cost in absence of 
appropriate support might limit their impact.

Sero log ica l  te s t s  for  TB have  potent ia l ly  the 
characteristics to overcome these problems and to be used 
in extreme settings (5,14). However, serological tests for 
TB has shown sub-optimal sensitivity and specificity (14), 
due to the complex (cross-reactive) antigens used that may 
be recognized by non-specific antibody reaction (15-19).  
In addition, the low reproducibility and specificity of 
the lateral flow immunochromatographic test format 
(particularly in those based on complex MTB antigen largely 
used in India and other South-East Asian Countries) (20),  
contributed to the World Health Organization (WHO) 
policy recommendation not to use them (21). There is room 

to support the development of novel TB serological tests 
based on more specific reagents, while defining stringent 
criteria for developing novel rapid tests (which include 
immunologically-based ones) (22,23).

In this context, serological tests based on the detection 
of antibodies against recombinant MTB-complex specific 
protein antigens, show a variable sensitivity (20% to 85%) 
with high specificity (5,14,24,25). It is well documented 
that the combined use of test based on multiple MTB 
complex antigens can increase sensitivity maintaining a high 
specificity of serological tests (24,26-28).

In line with these considerations and the WHO indication 
for TB serological tests, we performed a multicentre study 
to evaluate a lateral flow immunochromatographic assay 
for TB diagnosis based on multiple MTB-specific antigens 
under different clinical settings and MTB exposure levels. 

We defined the diagnostic performances of this rapid test 
for active TB diagnosis based on a large study, in clinical 
setting conditions with the effective “ex vivo” evaluation of 
the tested samples, more than an “in vitro” evaluation on 
serum-bank bank samples.

The  s tudy  be longs  to  the  ALAT (Asoc i ac ión 
Latinoamericana de Tórax) and ERS (European Respiratory 
Society) SinTB project focused on eliminating TB in Latin 
America.

Methods

Study design and study populations 

A multicentre TB case finding study has been performed 
between May and August 2015 to assess specificity and 
sensitivity of the rapid 123 TB-XT HEMA EXPRESS test 
under different clinical settings and in populations with 
different exposure level to TB. To this end, subjects were 
enrolled in different areas and defined for being active 
TB patients or TB unaffected subjects in six different 
participating centres in Peru. Demographic characteristics 
of the study groups and of different exposure levels are 
reported in Table 1.

A total of 1,386 subjects were enrolled in the six 
participating centres. 

Active TB was identified in 290 enrolled subjects according 
to Centers for Disease Control and Prevention (CDC)/
American Thoracic Society (ATS) criteria (29). All active TB 
patients were microbiologically confirmed by culture test.

The rest of the enrolled subjects (being culture negative) 
were considered to be TB unaffected and therefore used 
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as control groups (N=1,096). In addition, individuals with 
signs and symptoms compatible with TB were excluded 
accordingly by CDC/ATS criteria. 

For each individual recruited into the study data have 
been collected on a Clinical Data Collection Form. 
Laboratory personnel performing the serological test was 
blinded to the status of the study subjects. 

The study was approved by the institutional review 
boards of all participating Clinical Institutions and an 
informed consent was obtained from each study subject 
before blood sample collection.

Rapid 123 TB-XT HEMA EXPRESS test

The rapid 123 TB-XT HEMA EXPRESS test (hereafter 
referred as HEMA-EXPRESS) is a lateral flow immune-
chromatographic assay for the detection of IgG antibodies 
against MTB-complex specific proteins in blood and 
serum samples. The test allows detection of antibodies 
directed against the following MTB-complex specific 
immunodominant protein antigens: Rv2031c (14 kDa protein 
also known as HspX or alpha-crystalline), Rv0934 (38 kDa 
protein also known as PstS1 or Phosphate Binding Protein), 

Rv3875 (6 kDa protein also known as EsxA or Esat-6)  
and Rv3763 (16 kDa protein also known as LpqH) (30).  
The test was performed and scored positive or negative 
according to the manufacturer’s instructions. 

Statistical analysis

Data are expressed as the mean ± standard deviation (SD) 
of the mean or percentage as appropriate. Sensitivity, 
specificity, accuracy, predicting values and prevalence were 
calculated as previously indicated (31) Comparison between 
groups was made by using paired or unpaired Student’s t-test 
or Chi-square test as appropriate. A P value below 0.05 was 
considered statistically significant.

Results

TB prevalence and characteristics of the study populations

Figure 1 shows the geographic distribution of the study 
sites with the observed TB prevalence in each evaluated 
population, in comparison with the official TB incidence 
registered in the areas where the study was performed. 

Table 1 Characteristics of the study populations in the various enrolment centres

Population Area and characteristic Group N Age (years) Sex TB prevalence (%)

1 Health Care Workers at “Surquillo TB Health 
Centre”, Lima. The centre is located in a densely 
populated urban area with TB high incidence rate

Active TB 9 48±20 9 M; 0 F 4.0

Controls 213 46±18 103 M; 110 F

2 Urban area of Huaycan. A marginal urban area with 
high incidence of TB 

Active TB 60 46±17 41 M; 19 F 15.4

Controls 330 45±17 157 M; 173 F

3 Workers enrolled in the popular food market 
Wanchaq. A marginal urban area of the city 
department of Cusco 

Active TB 51 44±15 27 M; 24 F 16.7

Controls 254 43±16 126 M; 128 F

4 General population enrolled at Paucartambo, rural 
area of the Cusco department

Active TB 15 46±21 10 M; 5 F 31.9

Controls 32 43±20 14 M; 18 F

5 Workers enrolled in a company located in a middle-
income area of Surquillo—medical district of Lima 

Active TB 3 59±16 0 M; 3 F 5.4

Controls 52 44±16 23 M; 29 F

6 Health care workers of regional hospital Huacho, 
located in a rural area densely populated with high 
incidence of TB

Active TB 152 43±16 83 M; 69 F 41.4

Controls 215 45±17 91 M; 124 F

Total Active TB 290 44±16 170 M; 120 F 20.5 

Controls 1,096 45±17 514 M; 582 F

TB, tuberculosis; M, males; F, females.
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The TB prevalence in the study populations groups 
varied between 4.0% and 41.1% (overall 20.5%, Table 1). 
The populations are representative of various situations 
and settings over the Country according to the reported 
incidence of TB for the areas (32).

In particular, in study population 1 [“Surquillo TB 
Health Centre”—Health Care Workers (HCWs)], 
the enrolled population includes doctors, nurses and 
technicians, at a Ministry of Health facility specialized 
on TB patients treatment. The facility is located within 
a crowded urban area presenting a TB incidence 6 times 
higher than the national average (and 8 times higher than 
the average for the region of the Americas).

Study population 2 (Huaycan—general population), 
includes a general population seeking for TB diagnosis and 
care at the local hospital in Huaycan village (Shanyty town 
region), located east of Lima, in a poor urban area.

Study population 3 (Wanchaq—popular Market 
workers), includes workers interested in TB screening of the 
Cusco Popular Market (general sales of vegetables, fruits 
and groceries), located in a poor urban area in Wanchaq (a 
county located at the Cusco downtown).

Study population 4 (Paucartambo—general population) 
includes a general population interested on TB screening in 

the only health facility of Paucartambo village. Paucartambo 
is the poorest rural village located South of Cusco capital.

Study population 5 (Lima—industry workers) includes 
healthy workers (managers, employers, administrative 
officers and assistants) of a company located in Lima within 
an area with the lowest pulmonary TB incidence.

Finally, study population 6 (Huacho—HCW) includes 
HCW of the “Regional Hospital of Huacho”, northeast of 
Lima, specialized on TB patients’ treatment. The hospital 
is located in Huacho, a complex semi-urban area, with 
poverty, high violence and drugs abuse rate, and lack of 
sanitation. The area reports the highest pulmonary TB 
incidence rate in Peru.

Performance of the HEMA-EXPRESS test in the different 
clinical and TB-exposure settings

Table 2 reports the results of sensitivity, specificity, accuracy 
and predicting values for the HEMA-EXPRESS rapid test 
for active TB diagnosis in the different participating centres 
and study populations. 

Overal l ,  the HEMA-EXPRESS test  had 30.6% 
sensitivity (range 3.9–77.9%) and 84.6% specificity (range 
51.6–97.3%), with lower performances than those proposed 

Figure 1 The geographical distribution in the Republic of Peru of the six study sites is shown. The insert reports a magnification of the 
province of Lima, capital of Peru, where 3 study sites are present. Site locations (stars) are coloured according to the observed TB prevalence 
(as indicated in the “prevalence” colour array, see also Table 1). Official incidence of TB in various administrative Departments of Peru is 
reported by colour gradient (as indicated in the “incidence” colour array), as for the official report of the Ministry of Health of Peru for 2015 
(published on February 2016) elaborated on 2014 data. TB, tuberculosis.
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by WHO in the high-priority target product profiles (TPP) 
for new TB diagnostics (22). 

However, the analysis of the performance in the different 
sites (Table 2), indicates that, with lower TB prevalence 
(study sites 1, 2 and 5), the test performances are more in 
line with WHO TPPs, with 58.3–77.8% sensitivity (P<0.05 
vs. study sites 4 and 6, chi-square test, all comparisons), 
and 96.1–97.3% specificity (P<0.05 vs. study sites 3 and 4,  
chi-square test, all comparisons). 

In line with the above consideration, a significant inverse 
correlation was found between test accuracy (overall 73.5%, 
range 40.4–96.4%) and TB prevalence in the various study 
populations (Pearson’s r=−0.7985, P=0.05).

Discussion

Despite the major efforts undertaken by WHO and 
partners, which contributed to reduce TB incidence 
globally by approximately 2% per annum, much still needs 
to be do done in order to improve TB control and achieve 
TB Elimination (2,3,33).

In particular, better diagnostics are necessary, together 
with other interventions, to approach the pre-elimination 

phase by 2035 in low-TB incidence countries (2,3). 
Due to the current limitation of tests to diagnose active 

TB (5), serology is still an important alternative (20,25), 
in particular (as underlined by WHO) for tests based on 
MTB-specific antigens (21,22). 

In this study, we report the performance of a lateral flow 
immunochromatography assay for active-TB diagnosis 
based on multiple MTB-specific antigens in various clinical 
settings for TB case-finding. The overall performances 
of the test appear sub-optimal if compared to the WHO 
TPPs for a novel TB test (22). However, the accuracy of 
the test inversely correlate with the TB prevalence in the 
study populations. Therefore, in study populations at low 
TB prevalence, its performance appears to be in line with 
WHO TPPs indication. 

This is suggesting that appropriate set-up of novel 
serological tests for TB diagnosis should be performed in 
operative clinical settings, in particular for test formats 
suitable for point-of-care use in populations with high TB 
incidence (such as lateral flow immunochromatography 
assays and other rapid test formats). 

The detailed analysis of the study results shows that some 
of the critical populations were represented by HCW exposed 

Table 2 Performance of HEMA-EXPRESS test for active-TB diagnosis in the different study populations

Population 
TB prevalence 

(%)
Group N

HEMA-EXPRESS 
positives

Sensitivity Specificity Accuracy
Positive 

predicting value
Negative 

predicting value

1 4.0 Active TB 9 7 77.8 97.2 96.4 53.8 99.0

Controls 213 6

2 15.4 Active TB 60 35 58.3 97.3 91.3 79.5 92.8

Controls 330 9

3 16.7 Active TB 51 36 70.5 51.6 54.7 22.6 89.7

Controls 254 123

4 31.9 Active TB 15 2 13.3 53.1 40.4 11.8 56.7

Controls 32 15

5 5.4 Active TB 3 2 66.6 96.1 94.5 50.0 98.0

Controls 52 2

6 41.4 Active TB 152 6 3.9 94.4 56.9 33.3 58.2

Controls 215 12

Total 20.5 Active TB 290 88 30.6 84.6 73.5 34.0 82.5

Controls 1,096 167

HEMA-EXPRESS, rapid 123 TB-XT HEMA EXPRESS test; TB, tuberculosis.



3312 Manga et al. Lateral flow immunochromatography test for the rapid diagnosis of active tuberculosis

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2016;8(11):3307-3313jtd.amegroups.com

to TB. In this context, in a previous report (34), we found a 
correlation with exposure level to TB in the workplace, with the 
development of an antibody response against MTB-specific  
antigens, including most of the antigens present in the 
HEMA-EXPRESS test. This suggests that HEMA-
EXPRESS test performance in HCWs might be influenced 
by the specific level of TB exposure, as generally measured 
in this study by the TB prevalence. 

HEMA-EXPRESS test has been previously analysed 
showing variable performances in sensitivity (29–42%) 
and specificity (65–80%) (30). The current test version 
used in this “on site” study, under various clinical settings, 
appears to over-perform the original test. However, the test 
variability we have observed in this study might be also due 
to the relative low reproducibility reported for this test (30). 

Serological tests might play a major role in diagnosing 
AFB-negative patients with signs and symptoms suggesting 
TB, since their culture results may not be available for 
15–40 days after the sample collection. 

The data show that with the HEMA-EXPRESS, TB 
can be diagnosed up to 78% sensitivity and 97% specificity 
in case-finding settings. In this context, evident differences 
were identified in the responses to antigens included in the 
HEMA-EXPRESS test when comparing AFB-negative 
and AFB-positive TB patients (12-16). Although in the 
current study we did not rule out the performance of the 
test with respect to AFB-smear status, the use of multiple 
antigens in the same test might overcome the differences in 
performances in AFB-negative and AFB-positive TB patients. 

In conclusion, although rapid molecular tests are 
available for the diagnosis of TB (in particular in  
AFB-negative patients) the practical diffusion of these tests 
is still sub-optimal (1). Serological tests, although not 
as sensitive as the molecular tests, are rapid, relatively 
inexpensive and suitable for routine use. The use of 
multiple-antigen based tests using recombinant MTB 
immunodominant proteins antigens such as in HEMA-
EXPRESS, might greatly enhance the power of serological 
diagnosis of TB for those patients who may, otherwise, 
receive delayed treatment. However, it is fundamental 
that novel tests are set-up in appropriate operative clinical 
settings to avoid significant differences in test performances.
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