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ABSTRACT Background: Little is known about the characteristics of tuberculosis (TB) in chronic hepatitis C (CHC). We 
aimed to investigate the co-infection between TB and HCV and estimating their common impact on pro-

gression rates of fibrosis. Methods: A total of 558 individuals constituted this study (TB=126; CHC=322; Healthy=110).
Western-blot and ELISA were used for identifying TB-55kDa and HCV-NS4 antigens.Results: A single immunoreactive 
band was shown at 55-kDa and 27-kDa corresponding to TB-55kDa and HCV-NS4, respectively, due to binding with 
their respective antibodies.TB-55kDa provided area under ROC curve (AUC) of 0.90 for identifying TB patients with 
sensitivity=82% and specificity=100% while HCV-NS4 provided AUC=0.96 for identifying HCV with sensitivity=97% and 
specificity=90%. TB-55kDa significantly correlated with the progression of liver disease (r=0.50, P<0.0001) and its de-
tection rate was 6%, 27%, 35% in patients with fibrosis, cirrhosis and hepatocellular carcinoma, respectively, with an 
increase in its level. Furthermore, HCV was detected in 66% of TB-infected patients indicating that TB-patients are 
susceptible to HCV. Conclusion: Detection rate of TB-55kDa was found to increase with the progression of liver pathol-
ogy indicating that advanced liver stages are more likely to be susceptible to TB. Moreover, TB may be a potential risk 
factor on liver fibrosis progression.
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INTRODUCTION 
Globally, tuberculosis (TB) remains a grave burden to pub-
lic health(1) and is considered one of the most life threat-
ening infectious diseases that is caused by Mycobacterium 
tuberculosis. In 2012, an estimated 8.6 million people de-
veloped TB and 1.3 million died from the disease (2). Ac-
cording to a 1997  report from the Egyptian National TB 
Program, the annual risk of TB infection in this country is 
0.32% (3). TB typically attacks the lungs, but can also af-
fect other parts of the body. TB infection is transmitted by 
respirable droplets generated during forceful expiratory 
manoeuvres such as coughing (4). On the other hand, hep-
atitis C virus (HCV) is considered to be one of the lead-
ing causes of end-stage liver disease requiring liver trans-
plantation (5). HCV infection remains a major global health 
burden affecting approximately 160–170 million people 
worldwide and causes significant liver-related morbidity 
and mortality due to hepatic decompensation and devel-
opment of hepatocellular carcinoma (HCC)(6). HCV is es-
timated to be the cause of 27% of cirrhosis and 25% of 
hepatocellular carcinoma cases worldwide (7). Worldwide, 
the prevalence of HCV infection among patients with TB 

has not been extensively investigated, and very limited 
data on rates of HCV co-infection among patients with TB 
exists. Moreover, little is known about the characteristics of 
TB in chronic hepatitis C (CHC) patients. For the majority 
of individuals with normal immune function, proliferation of 
Mycobacterium tuberculosis is arrested once cell-mediated 
immunity develops, even though small numbers of viable 
bacilli may remain within the granuloma (8). But, the abil-
ity of the host to respond to Mycobacterium tuberculosis 
may be reduced by certain diseases. Therefore, this work 
is concerned with the identification of both TB and HCV 
antigens. Then, we aim to estimate if there is a significant 
increase in the progression rates of fibrosis in the co-in-
fected group compared to the HCV monoinfected group 
and deciding whether advanced stages of liver disease are 
more likely to be susceptible to TB or not. 

MATERIAL AND METHODS
Samples
A total of 558 consecutive Egyptian individuals composed 
of three different groups constituted the present study. The 
first group included serum samples of 126 pulmonary TB 
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patients that were obtained from the Abbassia Chest Hos-
pital, Cairo, Egypt. This cohort comprised 106 men and 
20 women with a mean (±SD) age of 40.81 (±13.05) years. 
These patients were diagnosed as having active pulmonary 
tuberculosis by acid-fast bacilli using Ziehl-Neelsen stain-
ing and culture of sputum, in combination with confirmed 
clinical symptoms. The blood and sputum samples were 
obtained from all patients before initiation of TB treat-
ment. The second group included serum samples of an-
other 322 CHC patients [224 with liver fibrosis (F1-F3), 26 
with liver cirrhosis (F4) and 72 with HCC] that were col-
lected from the Tropical Medicine department, Mansoura 
University hospitals, Mansoura, Egypt.These patients were 
tested positive for the presence of HCV-RNA using quanti-
tative polymerase chain reaction assay (COBAS Ampliprep/ 
COBAS TaqMan, Roche Diagnostics, Pleasanton, USA). 
Histopathological classification for liver fibrosis and cir-
rhosis was performed according to the METAVIR score (9). 
Liver fibrosis was defined as a Metavir score of ≤3 (F1-F3) 
whereas cirrhosis was defined as a Metavir score of 4 (F4). 
The diagnosis of HCC in those patients was carried out ac-
cording to the American Association for the Study of Liver 
Diseases (AASLD) Practice Guidelines (10). The diagnosis 
of HCC relied on an elevated AFP value ≥400U/L or the 
presence of a malignant liver nodule as established by im-
aging techniques (ultrasound, computed tomography and 
magnetic resonance). The final diagnosis was confirmed by 
histopathologic analysis on ultrasound assisted fine-needle 
biopsy. The third group included serum samples of an-
other 110 healthy volunteers used as a control group. This 
cohort comprised 81 males and 29 females with a mean 
(±SD) age of 40.37 (±13.25) years.

SDS-PAGE and western blot  
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) was carried out in 0.75 mm-thick, 12% verti-
cal slab gels according to the method of Laemmli(11). Se-
rum samples separated on SDS-PAGE were electrotrans-
ferred ontonitrocellulose membrane (0.45 mm pore size, 
Sigma) in a protein transfer unit (12).Next, they were im-
munostained using monoclonal anti-TB-55 antibody and 
mono specific anti-HCV-NS4 antibody  separately as previ-
ously described by Attallah et al.(13, 14).

Detection of TB and HCV antigens using ELISA
In brief, this procedure is a four step test. In step 1, di-
luted serum samples (1:250) in coating buffer (50 mM car-
bonate/bicarbonate buffer, pH 9.6) were tested (50 µl/well) 
for TB antigen bound on a 96-well microtiter plate at 4°C 
overnight. At the end of this step, the plate was washed 
three times using 0.05% (v/v) PBS-T20 (pH 7.2) and the 
free active sites were blocked with PBS+0.5% Tween 20 
(200 µl/well). In step 2, 50 µL/well of a monoclonal anti-
body to the TB 55- kDa antigen at a dilution 1:150  in PBS 
was added and incubated at 37ºC for 2 h. In step 3, 50 
µL/well of anti-mouse IgG alkaline phosphatase-conjugated 
(Sigma), diluted 1:400 in 0.2% BSA in PBS-T20, was add-
ed. At the end of the third step, the wells were washed to 
remove any unbound material. The conjugate was bound 
to monoclonal antibody to TB antigen coating the micro-
well surface. At the end of step 3, the micro-wells were-
washed to remove any unbound conjugate. In step 4, an 
enzyme detection system composed of nitrophenyl phos-
phate substrate (50 µL/well) was added to the micro well. 
In the presence of bound conjugate, the p-nitrophenyl 
phosphate was hydrolyzed; resulting in a colored end 
product and the absorbance was read at 450 nm after 10 
minutes using a microtiter plate reader (Σ960, Metrete-
chInc, Germany). Color intensity was proportional to the 

amount of bound conjugate and therefore is a function of 
the concentration of TB antigen present in the serum sam-
ple. Similarly, the aforementioned steps was performed in 
respect of HCV-NS4 antigen using the same quantities and 
intervals but in different concentrations as the following: 
sera dilution (1:250) in coating buffer, monospecific anti-
HCV-NS4 antibody at dilution 1:200 in PBS and alkaline 
phosphatase-conjugated goat anti-rabbit IgG (Sigma) was 
diluted 1:450 in 0.2% BSA in PBS-T20.

Statistical analysis
All statistical calculations were done by SPSS software 
v.15.0 (SPSS Inc., Chicago, IL) and GraphPad Prism pack-
age; v.5.0 (GraphPad Software, San Diego, CA). Con-
tinuous variables were expressed as mean ± standard 
deviation. A value of P<0.05 was considered statistically 
significant. Chi-square (X2) test was used to compare cat-
egoricaldata. The correlation was evaluated by Spearman’s 
rank correlation coefficient. The diagnostic value of TB and 
HCV-NS4 antigens were assessed by calculating the area 
under the receiver operating characteristic (ROC) curves. 
An area under the curve (AUC) of 1.0 is characteristic of 
an ideal test, whereas 0.5 indicates a test of no diagnostic 
value. Based on the receiver-operating characteristic (ROC) 
analysis, the best cutoff points were selected and diagnos-
tic performances (sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV)) were de-
termined.

RESULTS 
Identification of TB antigen in patients with pulmonary 
TB
The target TB antigen was identified based on SDS-PAGE 
procedure followed by Western blotting. As a result, a sin-
gle immunoreactive band was shown at 55-kDa molecular 
weight corresponding to TB in sera of patients with pulmo-
nary TB. That’s due to the binding with its respective mon-
oclonal antibody. No specific reaction was observed in sera 
of healthy individuals thatwere used as a control group as 
depicted in Figure 1.A. 

Identification of HCV-NS4 antigen in patients with pul-
monary TB and CHC
The serum samples of patients with pulmonary TB, patients 
with CHC and healthy individuals were separated by SDS-
PAGE followed by Western blotting. As a consequence, 
a single band was identified at 27 kDa corresponding to 
HCV-NS4 antigen in serum samples ofpulmonary TB and 
CHC patients. No specific reaction was observed in sera of 
healthy individuals as shown in Figure 1.B.

Diagnostic accuracy of TB-55 kDa antigen 
In order to estimate the diagnostic accuracy of TB-55 kDa 
antigen, ROC curve was used. As a result, The TB-55 kDa 
enabled the correct identification of patients with pulmo-
nary TB with an AUC of 0.90 (Figure 2.A). Based on ROC 
analysis, the best cutoff point greater than 0.25 was cho-
sen for the optimal prediction of TB infection. A cutoff of 
0.25 gave 82% sensitivity and 90% accuracy for detecting 
TB infection. At this point, absolute specificity (100%) was 
obtained for discriminating patients with pulmonary TB 
from healthy individuals. Moreover, at this point, TB infec-
tion could be confirmed with an absolute PPV (100%) as 
presented in Figure 2.B. The difference in TB-55 kDa levels 
was statistically significant in patients with pulmonary TB 
versus healthy individuals as shown in Figure 2.C.

Diagnostic accuracy of HCV-NS4 antigen
The diagnostic accuracy of HCV-NS4 antigen was then 
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estimated based on ROC analysis giving an AUC of 0.96 
(Figure 3.A). HCV-NS4 antigen provided a superior sensi-
tivity of 97%, specificity of 90% and accuracy of 95% for 
discriminating HCV-infected patients from healthy individu-
als. Based on this method, HCV-infection could be exclud-
ed with a high NPV of 92%, i.e. only 8% of HCV-infected 
patients would be classified falsely. In addition, HCV-in-
fection could be confirmed with 96% PPV and only 4% of 
healthy individuals would be classified falsely (Figure 3.B). 

Prevalence of TB-55 kDa antigen among CHC patients
Characteristics of CHC patients at the time of liver biopsy 
are summarized in Table 1. TB-55 kDa antigen was detect-
ed in 14 (6%) out of 224 patients with liver fibrosis but was 
detected in 7 (27%) out of 26 patients with cirrhosis, and 
25 (35%) out of 72 patients with HCC (Figure 4.A). This 
may indicate that the detection rate of the TB-55 kDa an-
tigen increased with the progression of liver pathology. In 
addition, Bivariate Spearman’s rank correlation coefficient 
(r) was calculated to measure the relationship of TB-55 kDa 
antigen to the progression of liver pathology. As a result, 
TB-55 kDa antigen significantly correlated with the pro-
gression of liver disease with a correlation coefficient (r) of 
0.50 (P<0.0001). Next, the levels of TB-55 kDa antigen in 
relation to different groups of liver diseases is presented in 
Figure 4.B showing an increase in the level of TB-55 kDa 
antigen with the severity of liver disease. Moreover, Odds 
ratio (OR) was used as a measure of association between 
TB-55 kDa antigen and different groups of liver diseases. 
Patients with HCC were associated with higher odds ra-
tio (OR=10.12) than those who developed liver cirrhosis 
(OR=5.98) or liver fibrosis (OR=2.11) as depicted in Figure 
4.C. On the other hand, HCV-NS4 antigen was detected 
in 82 (66%) out of 124 patients infected with pulmonary 
TB indicating that patients with TB are more likely to be 
susceptible to HCV. Furthermore, HCV-NS4 antigen was 
detected in 66 (66%) out of 100 patients positive for Ziehl-
Neelsen staining but was detected in 18 (69%) out of 26 
patients negative for Ziehl-Neelsen staining without any 
significant difference (X2=0.097, P=0.819).

Table 1.Characteristics of healthy individuals and liver-
diseased patients (N= ± 432)

Variable a
Healthy

N=110

Fibrosis 
(F1-F3)

N=224

Cirrhosis 
(F4)

N=26

HCC

N=72
P value b

Age (years) 40.37±13.2 41.3± 
7.2

47.1± 
5.2

59.2 
±10.3 P<0.0001

AST (U/ml) 25.3±6.5 43.3 ± 
22.5 64±34 131 ±168 P<0.0001

ALT (U/ml) 28.2±4.9 45.6± 
36.1 64± 39 59 ±41 P<0.0001

ALP (U /L) 40.6±20.1 85.3 ± 
43.2 119±53 223±173 P<0.0001

Albumin 
(g/L) 45.2±2.5 41.3± 

3.5 37  ±7.3 28 ±5.2 P<0.0001

T. Bilirubin 
(mg/dl) 0.45±0.21 0.83± 

0.33
1.3 
±0.81 4.4  ±6.4 P<0.0001

PLT (×109/L) 310±30 190± 50 162 
±125 139±38 P<0.0001

AFP (U/L) 1.5±0.5 3.0 ± 
0.32 8.2±7.1 913±213 P<0.0001

 
Variables were expressed as mean ± SD. aReference val-
ues: aspartate aminotransferase (AST) (male up to 37 U/L, 
female up to 31 U/L); alanine aminotransferase (ALT) (male 
up to 41 U/L, female up to 31 U/L); alkaline phosphatase 
(ALP) 22-92 U/L; albumin 3.8-5.4 g/dL; total bilirubin up to 
1 mg/dL; platelet count (PLT) 150-400 ×109/L; alpha feto-

protein (AFP) up to 10 U/L. bP>0.05 is considered non-sig-
nificant; P<0.05 is considered significant.

DISCUSSION
TB is a dangerous disease and its death toll is increasing 
year by year(15). The occurrence of TB and viral hepatitis 
infections in the same patient poses unique clinical and 
public health challenges, because medications to treat TB 
are hepatotoxic(16). In spite of the importance of the co-
infections of HCV and TB, the association of HCV infec-
tion and TB remains to be clarified and there have been 
few studies on TB infection among HCV patients.Several 
investigators had detected various Mycobacterium tuber 
culosis antigens in different body fluidsof infected individu-
als, e.g., 30-kDa antigen and 31-kDa antigen in serum(17, 
18), 43-kDa antigen inascitic fluid(19), 43-kDa antigen, anti-
gen 5, and 14-kDa antigen in cerebrospinal fluid(20-22). In 
this work, western blot analysis revealed that monoclonal 
antibody reacted against TB antigen at an apparent mo-
lecular weight of 55-kDa in sera. That’s due to the bind-
ing of TB antigen with its respective monoclonal antibody. 
Our results showed that this antigen enabled the correct 
identification of patients with pulmonary TB with an AUC 
of 0.90 yielding 82% sensitivity, 90% accuracy and abso-
lute specificity for discriminating patients with pulmonary 
TB from healthy individuals. This finding suggest that TB-
55kDa antigen could be used as a potential markerfor di-
agnosing TB. On the other hand, liver fibrosis is a com-
mon complication of chronic viral hepatitis leading to the 
progressive destruction of normal tissue architecture or the 
replacement of hepatocytic tissue with fibrous tissue (23). It 
is worthy noting that the major hepatological consequence 
of HCV infection is the progression to cirrhosis and its po-
tential complications: haemorrhage, hepatic insufficiency 
and primary liver cancer (24). Several factors have been 
shown to be associated with fibrosis progression rate: du-
ration of infection, age, male gender, heavy consumption 
of alcohol, HIV co-infection, low CD4 count and necrosis 
grade (25). But, little is known about the prevalence of TB 
in CHC patients as a risk factor associated with fibrosis 
progression rate. In this work, we aim to assess the preva-
lence of TB infection among patients with chronic hepatitis 
C. Our findings showed that the detection rate of the TB-
55 kDa antigen increased with the severity of liver disease. 
Patients who had HCC and cirrhosis were more likely to 
be susceptible to TB. This may be explained by the fact 
that patients who develop liver cirrhosis show an acquired 
immune deficiency because of poor homeostasis and mal-
nutrition. Furthermore, all host defense systems, antigen-
specific as well as nonspecific functions, are compromised 
in cirrhotic patients (26). In addition, liver cancer has been 
shown to be a risk factor for the development of TB, ei-
ther through immune suppression by the tumor or through 
the effects of chemotherapy(27). In multivariable analysis, 
TB infection (OR=10.12, 95% CI=4.42-23.12), (OR=5.98, 
95% CI=2.13-16.78) and (OR=2.11, 95% CI=0.74-6.03) 
was found to be an independent risk factor for develop-
ing HCC, cirrhosis and fibrosis, respectively, among pa-
tients with CHC. This may give an indicator that TB pos-
sesses a threat on liver fibrosis progression. Globally, the 
prevalence of HCV infection among patients with TB has 
not been extensively investigated, and very limited data 
on rates of HCV co-infection among patients with TB exists 
(2). In this study, HCV-NS4 antigen was detected in 66% 
of patients infected with pulmonary TB. This percentage 
was higher than that obtained by Richards et al. (28) who 
reported a high prevalence (22%) of HCV infection among 
patients with TB. Torres et al.(29) also investigated the im-
portance of HCV infection in the development of TB in a 
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cohort of kidney transplant recipients using multivariate 
analysis showing that the presence of HCV infection is as-
sociated with the development of TB (P= 0.003). This may 
give clues that patients with HCV may be more likely to be 
susceptible to TB. In summary, a significant increase in the 
progression rates of fibrosis was observed in the co-infect-
ed group compared with the HCV monoinfection group 
and the advanced stages of liver disease are more likely 
to be susceptible to TB. Moreover, HCV infection seems to 
be involved in the pathogenesis of tuberculosis and further 
studies involving a greater number of patients are warrant-
ed to validate HCV infection as a risk factor predisposing 
for Mycobacterium tuberculosis infection and progression 
to active disease. 
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Figure 1.Identification of both TB-55kDa and HCV-NS4 an-
tigens using Western blot analysis (A) Western blotting us-
ing monoclonal antibody corresponding to TB-55kDa anti-
gen at 55-kDa; (B) Western blotting using mono-specific 
antibody corresponding to HCV-NS4 antigens at 27-kDa. 
The molecular mass (Mr) protein markers (not shown but 
indicated by arrows) are phosphorylase B (Mr =97.4 kDa), 
bovine serum albumin (Mr =66.2 kDa), glutamate dehydro-
genase (Mr =55.0 kDa), ovalbumin (Mr =42.7 kDa), aldola-
se (Mr =40.0 kDa), carbonic anhydrase (Mr =31.0 kDa), and 
soybean trypsin inhibitor (Mr=21.5 kDa).

 
Figure 2.Diagnostic accuracy and distribution of TB-55 kDa 
antigen for detecting tuberculosis infection (A) Receiver-
operating characteristic (ROC) curve with an area of 0.90 
for TB-55 kDa antigen; (B) Diagnostic performances (Sn: 
sensitivity, Sp: specificity, PPV: positive predictive value and 
NPV: negative predictive value) for TB-55 kDa antigen for 
identifying tuberculosis infection; (C) Distribution of TB-
55kDa antigen levels in healthy individuals versus patients 
with tuberculosis.

 
Figure 3.Diagnostic accuracy of HCV-NS4 antigen for de-
tecting HCV infection (A) Receiver-operating characteristic 
(ROC) curve with an area of 0.96 for HCV-NS4; (B) Diag-
nostic performances(Sn: sensitivity, Sp: specificity, PPV: 
positive predictive value and NPV: negative predictive val-
ue) for HCV-NS4identifying HCV infection.
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Figure 4.Distribution and odds ratio of TB-55 kDa antigen 
among patients with different liver pathology (A) Preva-
lence of TB-55 kDa antigen among patients with fibrosis, 
cirrhosis and hepatocellular carcinoma (HCC) showing an 
increase in its detection rate with the progression of liver 
pathology; (B) Distribution of observed fold changes for 
TB-55 kDa antigen between patients who had different liv-
er pathology versus healthy individuals (P<0.0001 is con-
sidered extremely significant); (C) Odds ratio (OR) and 
95% confidence intervals showing the risk of TB on liver fi-
brosis progression.
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