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The rapid diagnosis of tuberculosis (TB) and latent tuberculosis infections (LTBI) is a significant 
problem in clinical practice. The aim of this study was to evaluate the diagnostic value of an enzyme-
linked immunosorbent spot (ELISPOT) assay measuring interferon-γ in hepatitis C patients with LTBI. A 
total of 160 hepatitis C patients at the Jilin University Hospital, Changchun, China, were prospectively 
enrolled from January 2009 to December 2010; 43 had been positively diagnosed with TB, 38 with non-
TB diseases, and 79 with a history of TB. All patients were evaluated by the tuberculin skin test (TST) 
and ELISPOT assays. Among the 43 diagnosed TB patients, the ELISPOT assay had a sensitivity of 
92.1%, compared to a sensitivity of 60.5% for the TST. Among the 79 TB exposure patients, the 
ELISPOT assay was more sensitive (90%) than the TST (61.5%), the specificity of the ELISPOT assay 
was 90%, and the specificity of the TST was 61.5% in LTBI. Among the 38 subjects with non-TB 
diseases, the specificity of the ELISPOT was better than the TST’s. In conclusion, this ELISPOT assay 
could provide useful support in diagnosing LTBI in hepatitis C patients and may provide guidance 
regarding the treatment of LTBI and hepatitis C co-infection. 
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INTRODUCTION 
 
Hepatitis C virus (HCV) is a major public health issue, 
and approximately 200 million people are infected with 
HCV worldwide, representing about 3.3% of world’s 
population (Berger, 2011). Surveys have found that the 
patients with chronic hepatitis C are often elderly, and 
patients at this stage often have a high incidence of latent 
tuberculosis infection (LTBI) (Grasso et al., 2008). 
Interferon is the immune enhancers with broad-spectrum 
anti-viral effect, which can inhibit viral replication and 
block the spread of hepatitis viruses. Interferon can 
stimulate   the  body's  own  anti-viral  effect  of  interferon 
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system, but also can improve the body's natural anti-viral 
ability to change the body's immune response to hepatitis 
virus infection, to reduce or block viral pathological 
immune hepatitis injury. Interferon treatment of hepatitis 
C was considered the only effective drug, but not all 
patients are applicable to treat with interferon, when a 
patient suffered from TB and LTBI, the interferon could 
speed up TB's condition. It is necessary to determine 
whether the patients with chronic hepatitis C suffered 
from latent tuberculosis infection at the time of hepatitis 
detection or whether the LTBI was directly related to the 
treatment of hepatitis C. Interferon is an effective 
treatment for hepatitis C. 

However, interferon may convert latent tuberculosis 
into active tuberculosis if hepatitis C patients also suffer 
from LTBI (Vaddady et al., 2010; Corstjens et  al.,  2007).   
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Table 1. Study participants. 
 

Characteristics TB TB exposure No. TB exposure 

Age, mean years ± SD 30.7±17.6 42.9±18.6 37.8±17.6 

Male sex 24 42 21 

    

Clinical diagnosis    

HCV 43 79 38 

Pulmonary TB 25 4 1 

Disseminated TB 15 6 0 

Possible TB 0 29 1 

    

Underlying condition or illness    

Heart disease 2 3 2 

Diabetes 4 7 4 

Liver cirrhosis 8 10 5 

Solid tumor 2 3 0 

Chronic renal failure 0 2 0 

No underlying illness 27 55 21 
 

 
 

Interferon therapies may accelerate the progression of 
tuberculosis. Therefore, it is very important to diagnose 
latent tuberculosis in hepatitis C patients. The tuberculin 
skin test (TST) is the predominant means of diagnosing 
LTBI; however, the specificity of this test is limited 
because the purified protein derivative used as the 
antigen broadly cross-reacts with antigens derived from a 
number of mycobacterial species, including the vaccine 
strain Bacillus Calmette-Guerin (BCG) and other non-
tuberculous mycobacteria (NTM) (Chen et al., 2011). The 
TST has poor specificity and the misdiagnosis rates are 
very high in diagnosing LTBI. Therefore, there is an 
urgent need for a more sensitive and specific 
immunological tool for the diagnosis of latent tuberculosis 
infections. 

An IFN-γ ELISPOT assay is based on detecting the 
interferon-γ (IFN-γ) released by activated T lymphocytes 
(T cells) that are stimulated by a number of secretory 
proteins encoded by the RD1 locus of the Mycobacterium 
tuberculosis (M. tuberculosis) complex but are absent 
from the majority of environmental isolates, including 
BCG strains (Eisenhut, 2010). The early secretory 
antigenic target 6 (ESAT-6) and culture filtrate protein 10 
(CFP-10) proteins were initially tested and shown to elicit 
a strong T cell response in subjects with active TB or 
LTBI (Girlanda et al., 2010). Therefore, in this study, we 
evaluated the clinical value of this ELISPOT assay for the 
diagnosis of LTBI in hepatitis C patients. 
 
 
MATERIALS AND METHODS 

 
Participants 

 
One hundred and sixty hepatitis C patients were recruited at the 
Jilin University Hospital, Changchun, China, from  January  2009  to 

December 2010. TB exposure group (n= 79) comprised patients 
who had a history of exposure to tuberculosis and did not do clinical 
diagnosis of TB, the clinical symptoms were obvious; non-TB 
exposure group (n= 38) comprised patients who had no history of 

exposure to tuberculosis and no clinical symptoms; TB group (n= 
43) comprised patients who were clinical diagnosed with TB and 
the clinical symptoms were apparent. These 160 patients were 
selected as the subjects of our research and divided into three 
groups. The TB group contained 43 TB patients with a mean age of 
30.7 ± 17.6, including 24 males and 19 females. In this group, 27 
patients were retrospectively confirmed to be smear-positive by the 
TST test, and 16 patients were retrospectively confirmed to be 
smear-negative by other detection methods (chest X- ray, PPD test, 

bronchoscopy and bacteriological test). The TB exposure group 
contained 79 subjects with a mean age of 42.9 ± 18.6, including 42 
males and 37 females. The non-TB exposure group contained 38 
subjects with a mean age of 37.8 ± 17.9, including 21 males and 17 
females. Details of patients and controls enrolled in the study are 
shown in Table 1. 
 
 
Tuberculin skin test 

 
A standard TST was performed by intradermal injection (Mantoux 
method) of 0.1 mL (5 U) of PPD according to current recommend-
dations for LTBI prophylaxis in candidate patients for anti-TNF-α 
therapy (Kobashi et al, 2010). The diameter of cutaneous induration 
was measured with a ruler by a trained physician 72 h after 
injection. The TST was considered positive when the transverse 
diameter of induration was ≥5 mm. 

 
 
IFN-γ ELISPOT assay 

 
The IFN-γ ELISPOT assay (Beijing Gaoke Life and Technology 
Inc., China) was performed according to the manufacturer’s 
recommendations. Briefly, 200,000 peripheral blood mononuclear 
cells (PBMC) were plated for 24 h in 96-well plates that had been 

pre-coated with mouse anti-human IFN-γ antibody. Cells were left 
unstimulated (negative control), stimulated with 50 μl PHA (positive 
control), or with 50 μl of CFP-10 and ESAT-6  peptides  in  separate  
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Figure 1. The optimized experimental conditions of the ELISPOT assay. (A) The 

comparison of different PBMC numbers for the TB patient in the ELISPOT assay. 
Lane 1 is the negative control. Lanes 2-4 are test wells in which 1×10

5
, 2×10

5
, or 

3×10
5
 PBMC were stimulated with 20 μg/ml CFP-10/ESAT-6 for 20 h. (B) 

Comparison of different incubation times when 2×10
5 

PBMC/well were stimulated 
with CFP-10/ESAT-6 protein in the ELISPOT assay. Lane 1 is the negative 
control. Lanes 2-4 are test wells in which 2×10

5
 PBMC/well were stimulated with 

20 μg/ml CFP-10/ESAT-6 for 10, 20, or 30 h. (C) Comparison of different CFP-
10/ESAT-6 protein concentrations when 2×10

5 
PBMC/well were stimulated in the 

ELISPOT assay. Lane 1 is the negative control. Lanes in the figure, 2-4 are test 

wells in which 2×10
5 

PBMC/well were stimulated with 10, 20, or 30 μg/ml of CFP-
10/ESAT-6 antigen for 30 h. 

 
 

 

wells. The response of stimulated cultures was considered positive 
when one or both test wells contained at least six more spots than 
the negative control wells or had at least twice as many SFCs as 
the negative control wells (Taniguchi et al, 2010). 

 
 
Statistical analysis 

 
Diagnostic performance was expressed in terms of sensitivity, 
specificity, positive predictive value, and negative predictive value. 
Analyses were performed using the commercial statistical software 
SPSS version 12.0 (SPSS, Inc., Chicago, IL, USA). Continuous 

variables were compared using the Manne-Whitney U test or 
Student’s t test. All tests of significance were 2-tailed, and P˂0.05 
was considered to be significant. 
 
 

RESULTS 
 

ELISPOT assay in TB group 
 

We used 43 TB patients to optimize the ELISPOT assay 
to detect latent tuberculosis infection in chronic HCV 

hepatitis patients, and we evaluated multiple 
experimental conditions. First, we determined the optimal 
number of peripheral blood mononuclear cells (PBMC) 
per well from a TB patient. We used 1×10

5
, 2×10

5
, and 

3×10
5
 cells/well of PBMC in a 30 h experiment, and the 

results demonstrate that 2×10
5
 cells/well produced the 

optimal number of SFC (Figure 1A). We then determined 
the optimal incubation time, testing 10, 20, and 30 h with 
2×10

5
 cells/well of PBMC stimulated with CFP-10/ESAT-

6 protein; the results show that 30 h of incubation 
produced an optimal number of SFC (Figure 1B). We 
then determined the optimal concentration of the CFP-
10/ESAT-6 protein for use in this assay. We tested 10, 
20, and 30 μg/ml using 2×10

5
 cells/well of PBMC for 30 h, 

and the results show that 20 and 30 μg/ml of CFP-
10/ESAT-6 protein resulted in no significant difference in 
SFC (Figure 1C). These optimization studies led us to our 
final set of conditions; 2×10

5
 PBMC/well, an incubation 

time of 30 h, and 20 μg/ml of CFP-10/ESAT-6 protein 
were used in all subsequent experiments.  
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Table 2. Comparison of the ELISPOT assay and the TST in TB and non-TB subjects. The sensitivity of the ELISPOT assay 
was 74.4%, which was higher than the TST (62.8%) in sputum test-positive subjects; * denotes a significant difference from 
controls (P< 0.05). In the non-TB group, the specificity of the ELISPOT assay was 92.1%, and the specificity of the TST was 
60.5%.The specificity was calculated as follows: (negative sample / total sample) × 100%. 
 

Diagnosed case Smear No. of case 
No. of positive (positive rate) 

TST (%) ELISPOT assay (%) 

TB group + 27 20 (74.1) 23 (85.2) 

 - 16 7 (43.75) 9 (56.25) 

 Total 43 27 (62.8) 32 (74.4)* 

Non-TB group  38 15 (39.4) 3 (7.9) 

 
 
 

Table 3. Comparison of the ELISPOT assay and the TST in LTBI. In 79 TB exposure cases in HCV hepatitis patients, 9 

cases were TB-positive, 31 cases were suspected to have TB but did not have the symptoms of TB, and 39 cases were 
non-TB. The sensitivity of the ELISPOT assay was 71%, which was higher than the TST (61.3%), * denotes a significant 
difference from controls (P< 0.05). In the non-TB group, the sensitivity of the ELISPOT assay was 90% and the sensitivity of 
the TST was 61.5%, making the false positive rate of the TST higher than that of the ELISPOT assay. The sensitivity was 
calculated as follows: (positive patient sample / total patient sample) × 100%. 

 

Diagnosed case Smear No. of case 
No. of positive (positive rate) 

TST ELISPOT assay 

TB exposure group + 9 5 (55.6) 7 (77.8) 

 - (suspected TB) 31 19 (61.3) 22 (71) 

 Total 40 18 (45) 29 (72.5)* 

 - 39 15 (38.5) 4 (10.3)* 
 
 
 

Comparison of the ELISPOT assay with the TST for 
detecting TB  
 
Using clinical data from our retrospective survey, we 
selected 43 confirmed TB cases (TB group) and 38 non-
TB cases (non-TB group) of HCV hepatitis patients and 
compared available data from the ELISPOT assay and 
the TST performed at the same time point. The results 
are shown in Table 2 for the 43 TB cases, which were 
classified as having either smear-positive (62.8%, 27/43) 
or smear-negative (37.2%, 16/43) TB. For these TB 
cases, the diagnostic sensitivity of the ELISPOT assay 
was 74.4%, and the diagnostic sensitivity of the TST was 
62.8%. The ELISPOT assay was more sensitive than the 
TST in smear-positive TB cases. In non-TB cases, the 
diagnostic specificity of the ELISPOT assay was 92.1%, 
and the diagnostic specificity of the TST was 60.5%. 
These results suggested that the sensitivity and 
specificity of the ELISPOT assay were better than the 
TST, the false positive rate of the TST was higher than 
the ELISPOT assay and that the ELISPOT assay was 
more sensitive than the TST in diagnosing TB. 
 
 
Comparison of the ELISPOT assay with the TST in 
LTBI 
 
LTBI is a special case in which the host is infected with 

M. tuberculosis but does not have the symptoms of TB. 
We selected 79 cases of hepatitis C patients who had a 
history of TB contact (TB exposure group), 9 of who had 
TB and 31 of who had suspected TB but without 
symptoms of TB, and 39 of who had non-TB diseases. 
We compared available data from the ELISPOT assay 
and the TST performed at the same time point. As the 
results in Table 3 show, the diagnostic sensitivity of the 
ELISPOT assay was 71%, and the diagnostic sensitivity 
of the TST was 61.3%. In suspected TB cases (smear-
negative), the specificity of the ELISPOT assay was 90%, 
and the specificity of the TST was 61.5%. The results 
showed that the ELISPOT assay had a high sensitivity in 
diagnosing LTBI. In non-TB cases, as shown in Figure 
2A, data from one representative patient who was smear-
positive are shown in which the diameter of the TST 
lesion was 11.5 mm and the ELISPOT assay was 
positive. Data from another representative patient are 
shown in Figure 2B, in which the smear was negative, the 
diameter of the TST lesion was 2 mm and the ELISPOT 
assay was positive. Data from a third representative 
patient are shown in Figure 2C; in this case, the smear 
was negative, the diameter of the TST lesion was 10 mm, 
and the ELISPOT assay was negative. The above results 
show that the TST had a higher false positive rate than 
the ELISPOT assay such that compared to the available 
data from the TST; the ELISPOT assay had a high 
diagnostic sensitivity and low  false  positive  rate  for  the
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Figure 2. Image comparison of the ELISPOT assay and the TST in LTBI. This 

figure shows representative results of the ELISPOT assay from three patients. 
(A) Patient in which the smear was positive, the TST was positive, and the 
ELISPOT assay was positive; (B) patient in which the smear was negative, the 
TST was negative, and the ELISPOT assay was positive; (C) patient in which 
the smear was negative, the TST was positive, and the ELISPOT assay was 
negative. This figure suggests that the ELISPOT assay has a higher diagnostic 
sensitivity and lower false positive rate in the diagnosis of LTBI. 

 
 

 

diagnosis LTBI, making it an effective diagnostic tool for 
LTBI in HCV hepatitis patients. 
 
 
DISCUSSION 
 
Interferon is an effective way to treat hepatitis C that can 
effectively control the disease progress. Hepatitis C 
patients often have other infectious diseases (Drumright 
et al, 2011). TB is one of the most common diseases co-
occurring in hepatitis C patients. TB cases consist of 
latent tuberculosis infections (LTBI) and active 
tuberculosis infections. LTBI is the special case in which 
the host is infected with M. tuberculosis but does not 
have the symptoms of TB. If hepatitis C patients suffer 
from LTBI, this will directly affect the choice of treatment 
(Hoshino, 2010; Mack et al., 2009; Sismanidis and 
Williams, 2008). Interferon can convert latent tuberculosis 
into active tuberculosis and interferon therapies can 
accelerate the progression of tuberculosis. 

The TST is the diagnostic method for TB and LTBI; 
however because cross-reactivity exists between M. 

tuberculosis and Mycobacterium BCG, TST cannot 
distinguish between TB infection and BCG immunization, 
and it has poor specificity for the diagnosis of TB and 
LTBI (Figures 2B and 2C) (Diel et al., 2009). Therefore, it 
is very important to have fast and accurate diagnosis of 
LTBI in hepatitis C patients to provide guidance for the 
treatment of hepatitis C.  

The ELISPOT assay is a new generation of diagnostic  
TB assay that uses M. tuberculosis-specific antigens 
encoded by genes located in region of difference 1 (RD1) 
(Ryan et al., 2010). In this study, we used the ELISPOT 
assay to evaluate the sensitivity of TB diagnosis and 
obtained promising results on the diagnosis of latent TB 
infection and active TB in hepatitis C patients. We used 
43 TB patients to optimize the ELISPOT assay for TB in 
HCV hepatitis patients and determine the best 
experimental conditions (Figure 1). We used the optimal 
experimental conditions (2×10

5
 PBMC/well, 20 μg/ml of 

CFP-10/ESAT-6 protein incubated for 30 h) in all subse-
quent experiments. We used 79 HCV hepatitis cases that 
had a history of TB contact (TB exposure group) and 
found   that   the  diagnostic  sensitivity  of  the  ELISPOT  



 
 
 
 
assay was 71%, and the diagnostic sensitivity of the TST 
was 61.3%. In suspected TB cases (smear-negative), the 
specificity of the ELISPOT assay was 90%, and the 
specificity of the TST was 61.5%, the false positive rate 
of the TST was higher than of the ELISPOT assay, as 
shown in Table 3 and Figure 2. The ELISPOT assay was 
more sensitive than the TST for the diagnosis of TB. In 
Korea, Kim et al. (2007) found that the sensitivity of the 
ELISPOT assay was 94% in a study of 72 patients with 
suspected extrapulmonary TB, and Cho et al. (2007) 
found that the sensitivity of the ELISPOT assay for active 
TB osteoarthritis was 100%. Although our findings for the 
ELISPOT assay in Chang chun are not as good as these 
two studies in Korea, they suggest that the ELISPOT 
assay appears to be a useful supplementary tool for 
diagnosing skeletal TB. These results are related to the 
release of IFN-γ in the ELISPOT assay (Chambers et al., 
2010). 

The release of IFN-γ was induced by the specific 
tuberculosis antigens ESAT-6 and CFP-10. ESAT-6 and 
CFP-10 are present in the RD1 region of all M. 
tuberculosis strains, whereas BCG lacks the RD1 region. 
The majority of mycobacterial species do not have this 
RD1 region. Therefore, ESAT-6 and CFP-10 induce 
specific IFN-γ release that is a highly effective method to 
distinguish between healthy and infected individuals. 
Therefore, the ELISPOT assay has strongly specificity in 
the diagnosis of TB and LTBI (Zhang et al., 2010). How-
ever, the TST could not distinguish between TB infection 
and BCG immunization (Figure 2C), which resulted in a 
higher false positive rate in the diagnosis of TB and LTBI. 

In summary, our results demonstrate that the ELISPOT 
assay has a high diagnostic sensitivity and low false 
positive rate in the diagnosis of LTBI, suggesting that it 
may be effective in diagnosing LTBI and providing 
treatment guidance for HCV hepatitis to prevent latent TB 
from turning into active TB. 
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