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A B S T R A C T   

Tuberculosis (TB) stays a major cause of death globally after COVID-19 and HIV. An early diagnosis to control TB 
effectively, needs a fast reliable diagnostic method with high sensitivity. Serodiagnosis involving polyclonal 
antibodies detection against an antigen of Mycobacterium tuberculosis (Mtb) in serum samples can be instru
mental. In our study, Rv3874 and Rv3875 antigens were cloned, expressed, and purified individually and as a 
chimeric construct in Escherichia coli BL21. Enzyme-Linked Immunosorbent Assay (ELISA) based findings 
revealed that the Rv3874-Rv3875 chimeric construct was two-fold more sensitive (59.7%) than the individual 
sensitivities of Rv3874 (28.4%) and Rv3875 (24.9%) for 201 serum TB positive samples. Furthermore, the fusion 
construct was a little more sensitive (60.4%) for male subjects than that for females (58.8%). Lastly, our pre
liminary findings, molecular insights of secondary structure, and statistical and in silico analysis of each construct 
also advocate that CEP can be considered a better immunodiagnostic tool in addition to previously reported EC 
skin test.   

1. Introduction 

Tuberculosis (TB) remained the second major infectious disease after 
COVID-19 with elevated death rates owing to disruption of services 
during the peak COVID-19 pandemic in 2021. A considerable decline in 
TB monitoring of new and existing cases resulted in an enhanced death 
toll and the primary targets of the WHO End TB Strategy 2015–2020 
could not be achieved. About 20.2 million people of all age groups 
remained untreated worldwide, which accounts for a 50% reduction in 
treatment and 1.5 million deaths due to TB [1]. Pakistan is still on the 
list of eight countries that account for two third of thirty high TB burden 
countries in 2020. For effective control of the disease, a more sensitive, 
less expensive, and optimally scaled-up diagnostic test is highly needed. 
Early diagnosis in high TB incidence countries including Pakistan, can 
be possible with the help of an overly sensitive serodiagnostic test. Given 
differential antibody detection for the same antigen in various patients, 
a combination of different antigenic proteins is needed to check the 
antibody response leading to a more sensitive diagnostic test. 

Antigenic proteins commonly used in serodiagnosis of tuberculosis 
include pstS1, HSP, LprG, MPT63, MPT64, HSPX, TB31.7, MPT70, fbpA, 
fbpB, fbpC, fbpD, esxA (ESAT-6) and esxB (CFP10) [2]. The use of single 
native antigens in TB serodiagnosis has not been successful to get 
reproducible sensitivity and specificity [3]. The development of more 
sensitive fusion antigens with enhanced epitope availability can result in 
practical and economical TB serodiagnosis. For effective antibody-based 
diagnostics, different unique combinations of TB antigens (full length 
and truncated) were designed in our labs, and their diagnostic potential 
was evaluated against a wide range of individuals [4–9]. A truncated 
variant of PstS1 antigen (tnPstS1) had improved diagnostic sensitivity 
(43%) as compared to its full form (36%). Similarly, tn2FbpC1-tnPstS1 
fusion was comparatively more sensitive (72.2%) than its individual 
truncated antigens [4,9]. Rv2031c-Tn1Rv1984c-Rv1352, a combination 
of three antigens had also shown enhanced sensitivity of 71.4% [5]. 
Another recombinant trimeric fusion protein, 
Rv1793-Rv2628-tnRv2608 had 66% diagnostic sensitivity and 100% 
[6]. Likewise, a tetrameric HSPX-EspC-CFP7-PPE57 fusion showed 
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improved sensitivity of 69% [7]. 
Regions of difference-1 (RD1) handle host interactions and virulence. 

It has gotten significant attention due to its high immune response. It is 
not present in all BCG vaccine strains and its deletion completely 
removes seven genes (Rv3872 to Rv3878) which function as a “viru
lence-associated type VII secretion system” (1◦, 12). This system in
cludes the two important secretory antigenic proteins Rv3874 (CFP10) 
and Rv3875 (ESAT-6). There is ample evidence that they engage in 
virulence in pathogenic mycobacteria [10,11]. That is why both these 
antigens are targets for a vaccination with and without combination 
with BCG in addition to their use in diagnosis. The only available live 
attenuated vaccine MTBVAC which is developed from Mycobacterium 
tuberculosis, also holds the RD1 region. Recently, it has also been re
ported that Rv3874 and Rv3875 were expressed differentially in 
MTBVAC, and so CFP10 and ESAT6 proteins were only found in the 
intracellular fraction of MTBVAC in comparison to BCG. So, Rv3874 and 
Rv3875 presence in MTBVAC can make it a strong candidate to replace 
BCG in infants at least. It has also entered first in human adult clinical 
trials [12,13]. 

Rv3874 and Rv3875 fusion had also been tried with Heat shock 
protein (HSPX) and Ag85B, and other different adjuvants to vaccinate 
TB-infected mice and guinea pigs. Although this cocktail induced both B 
and T cell immune responses in mice, it had a minor effect in guinea pigs 
infected with Mtb. So, this mixture could serve as a post-exposure pro
phylactic subunit vaccine by controlling disease progress after more 
successful animal trials [14]. 

On the other hand, recombinant fusion Rv3875-Rv3874 is being 
considered as an alternative to a tuberculin skin test for the diagnosis of 
latent TB. Both antigens are also a vital part of a cocktail of peptides used 
for differential diagnosis of TB infected and uninfected vaccinated ani
mals in the “DIVA” test [15]. So, fusions of full or truncated Rv3874 and 
Rv3875 antigens in different combinations and antigens are still areas of 
interest for TB researchers. Recently, the high specificity of 
Rv3874-Rv3875 chimeric protein has also been justified by comparing it 
with conventional skin test with the Enzyme-Linked Immunosorbent 
Spot (ELISpot) test and the Interferon-Gamma Release Assay (IGRA). 
Even more this chimeric fusion was equally effective for the diagnosis of 
latent TB infection, so there is a possibility of such neo-epitopes’ for
mation at the junction of these two proteins which are absent in native 
proteins [16]. 

In another study, it has been reported that the fusion elicited an 
immune response in intradermal and ELISpot assays with diagnostic 
accuracy superior to that of TB-PPD for diagnosis of latent TB. The area 
under the receiver operating characteristic curve (AUC) of the fusion 
was 0.870 (95% CI, 0.796–0.944) while the AUC in the TB PPD test 
remained 0.686 (95% CI, 0.585–0.786). When all participants were 
tested, also the ELISPOT assay had an AUC value of 0.908 (95% CI, 
0.852–0.965) comparable to the fusion Rv3875-Rv3874 with 0.849 
(95% CI, 0.835–0.952) with no serious side effects on participating 
subjects. So, after further determining the safety and efficacy of the 
fusion, it may be used as a promising tool in identifying TB disease [17]. 

Diagnostic accuracy of Rv3875- Rv3874 in terms of safety, speci
ficity, and sensitivity for skin test was determined for TB infection in 
adult Chinese individuals and was named as EC skin test (after ESAT-6 
and cfp10 native antigens) as contrary to Tuberculin Skin Test (TST). 
Using the EC test, a bacillus Calmette Guerin (BCG) model was set up for 
the diagnostic assessment of TB infection. The participants including 
healthy individuals and TB patients were first assessed with the T-SPOT 
TB Test which is a modified form of ELISPOT, followed by EC Skin Test 
and TST. The EC skin test showed sensitivity (87.5%) like that of the T- 
SPOT TB test (86.5%). It was concluded that the EC test had high con
sistency with the T-SPOT TB test in BCG-vaccinated adults with no 
serious adverse effects. So, the BCG vaccination had no impact on the 
accuracy of the EC skin test [18]. 

In our study, we have designed fusion constructs from full-length 
native Rv3874 and Rv3875 to produce the Rv3874-Rv3875 (dubbed 

as CEP after the names of CFP10 or Rv3874 and ESAT-6 or RV3875) by 
using reverse order of the antigens as contrary to previously reported 
[17]. The B cell immune response and diagnostic parameters such as 
specificity and sensitivity of our engineered constructs were also eval
uated using sera of TB affected and normal individuals from the Pak
istani population. 

2. Materials and Methodology 

2.1. Epitope prediction 

In this study, Rv3874 and Rv3875 antigens were included as full- 
length native antigens. One B-cell epitope for Rv3874 was obtained 
from the immune epitope database and analysis source (IEDB) [19]. As 
Rv3875 has no reported B cell epitopes, the Bepipred-1.0 Linear Epitope 
Prediction tool (http://tools.iedb.org/bcell) was used to predict putative 
B cell Epitopes. This prediction tool uses an antigenic propensity scale 
for polypeptides for the location of continuous epitopes [20]. A 
threshold of 0.35 was set as in the graph with residues positions versus 
residue outcomes (Fig. 1a). Total of seven epitopes with a threshold 
length of ten, were selected for the fusion including those retrieved from 
IEDB. The results for the position of the active residues and sequence 
length were consistent with Bepipred 1.0 linear epitope prediction re
sults. Bepipered-2 software was also used to assess any increase in the 
number or span of active epitopes in the fusion (Fig. 1 b-d). 

2.2. Cloning, expression, and purification 

Full-length Rv3874 (303-bp) and Rv3875 (288-bp) genes were 
amplified using genomic DNA of Mtb strain H37Rv [21]. The primers 
used for Rv3874 were pF1 and pR1 while pF2 and pR2 were used for 
Rv3875 (Table 1). Rv3874 and Rv3875 both were amplified using the 
same PCR program conditions as shown in Table 2. The PCR products 
were cloned into pJET1.2 followed by the transformation in E. coli 
DH10β cells. Sub-cloning was performed using pET28a (+) as described 
previously [22] followed by double digestion of the amplified Rv3874 
and the recombinant pET28a (+) with NdeI and BamHI, while the same 
was executed for Rv3875 with BamHI and HindIII. Digested products 
were ligated and transformed into DH10β cells. 

Amplified Rv3874 without stop codon and pET28a (+)-Rv3875 were 
digested with NdeI and BamHI followed by mutual ligation forming 
pET28a (+)-Rv3874-Rv3875. Ligation of the inserts was confirmed 
through restriction digestion and commercial sequencing (Apical Scien
tific Selangor, Malaysia). 

The sub-clones were expressed in E. coli BL21 CodonPlus (DE3) RIPL 
as described previously [21]. The IPTG (0.1 mM) induced cells with 
expression of the histidine-tagged recombinant protein (25 kDa), were 
pelleted, and re-suspended in the buffer having 20 mM Tris-Cl (pH 8.0), 
0.2 M NaCl, and 1 mM PMSF followed by cells ‘disruption by sonication 
(Sonics Vibra-cell 53 Churchill Hill Rd New Town CT USA). The total cell 
proteins were spun at 5000 rpm for 12 min. The supernatant having 
soluble fractions and re-suspended pellet with insoluble proteins were 
resolved on SDS-PAGE and the densitometric method was used for the 
determination of protein expression level using a gel documentation 
system (SynGene UK). RV3875 showed partial solubility while others 
were completely soluble. RV3875 was obtained in both pellets as well as 
supernatant. RV3875 was solubilized using a gradient of 8 M, 6 M, 4 M, 
2 M, and Zero molar Urea in 50 mM Tris-Cl. All proteins were purified 
through Ni column chromatography by previously reported protocols 
[22]. The purity of soluble protein fractions was assessed by SDS-PAGE 
analysis. The salts in eluted fractions were removed by dialysis using 20 
mM Tris-Cl (pH 8.0). 

2.3. Collection of plasma samples 

Blood plasma samples from 201 cultures confirmed TB patients of all 
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Fig. 1. (a) B-cell epitope prediction for CEP fusion based on protein linear sequence using Bepipred-1 (b) CFP10, ESAT-6, and CEP fusion epitopes predicted using 
Bepipred-2. Note the presence of two neo epitopes in (b3). The first one is at position 5–20 while the other is at the junction of the two genes spanning 77–109 amino 
acids with a 77–96 region common to native CFP10. The yellow-colored epitopes above the threshold show the feasible B-cell epitopes while regions with green color 
show inactive residues. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Table 1 
PCR Primer specifications for antigenic proteins (highlighted regions show the restriction sites).  

Antigen with gene size Primer Name Sequence 5′-3′ Restriction sites Genomic complement Location 

Rv3874/cfp10 (303bp) pF-1 AGAGCATATGGCAGAGATGAAGACCGA NdeI 4352274–293 
pR-1 ATTAGGATCCGAAGCCCATTTGCGAGG BamHI 4352560–576 

Rv3875/ESAT-6 (288bp) PF-2 ATATGGATCCATGACAGAGCAGCAGTG BamHI 4352609–625 
PR-2 ATATAAGCTTCTATGCGAACATCCCAGTGA HindIII 4352877–896  
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age groups and both sexes, were gathered from Gulab Devi Chest Hos
pital (GDCH), Lahore. Sample collection was done from mid of 
December 2017 to the last of February 2019. Acid Fast Bacillus (AFB) 
culture microscopy was used for further screening and samples were 
classified as culture positive and culture negative by a previously 
described protocol [23]. All the sera samples were collected from 
post-exposure but untreated patients. Clinical findings based on symp
toms were also recorded and these are reported in Table 3. Fifty healthy 
individuals volunteered their plasma samples and were designated as 
healthy controls. These controls were reported to have no TB history, 
smoking habit, or any other medical complications. All subjects in the 
study group were from urban areas and the outskirts of Lahore, Pakistan. 
Informed choice for sampling was given in written on a prescribed 
consent form. Standard operating procedures about healthcare condi
tions and dealing with TB patients were followed [24]. All these prac
tices also met the criteria given in the Declaration of Geneva for patient 
care. 

2.4. Evaluation of rabbit antisera 

Antisera for Rv3874 and Rv3875 were produced in Rabbits accord
ing to the previously described protocol [25]. In short, native antigens at 
600 μg/500μl in 1X Phosphate buffer saline were mixed with 300 μl of 
Freund’s Complete Adjuvant (FCA). Resultant emulsions were mixed in 
300 μl of Freund’s Incomplete Adjuvant (FIA) and slowly injected 
intramuscularly at equal intervals of one month after the first dose. Six 
rabbits, three male, and three female, Strain Oryctolagus cuniculus, used 
in the research were obtained from an animal house for experimental 
animals in Lahore. The rabbits were acclimatized for 14 days in a suit
able cage in the animal house of the department under the supervision of 
the veterinarian. The medical condition was vigilantly checked during 
the whole experiment. Diet in pellets was supplied regularly in addition 
to Trifolium alexandrinum (common name, berseem). The drinking water 
supply was kept on a needed basis. Rabbits were kept at a consistent 
moderate temperature of 25 ◦C. Before drawing blood, the rabbits were 
anesthetized. The immune reactivity of all proteins was checked against 
the anti-Rv3874 and anti-Rv3875 antibodies by ELISA [26]. 

2.5. Immune reactivity of the antigenic proteins 

ELISA protocol with slight modifications was used as already re
ported from our lab [26]. The readings were recorded on an ELISA 
reader (HUMAREADER plus, human GMBH) by a protocol reported 
earlier [26]. 

2.6. Statistical analysis 

Calculations based on ELISA results were made by defining a cutoff 
value. Cutoff values were calculated by adding a factor to the mean of 
OD450/630nm of all the samples from healthy controls and this factor was 
calculated by multiplying the standard deviation in the OD values of the 
samples from healthy controls by 3. All the blank subtracted OD values 
were normalized by dividing them by their relevant cutoff values. All the 
samples having a cutoff value ≥ 1, were considered positive. Sensitivity 
was calculated by dividing the number of positive samples by the total 
number of patients understudy and multiplied by a hundred to get 
percentage sensitivity. Specificity was calculated by dividing the num
ber of healthy samples having normalized OD of healthy samples greater 
than the cut-off value by a total number of healthy samples and multi
plied by a hundred. Then this value was subtracted from a hundred to 
get specificity. 

Receiver operating characteristic (ROC) analysis for all the OD 
values was used to get the AUC. Non-parametric Mann-Whitney algo
rithm was used to compare outcomes in normal individuals and patients. 
All the calculations were performed in Graphpad Prism 9 software. 
(Graph-Pad Software Inc., San Diego, CA). A diagnostic test evaluation 
calculator from MedCalc online software was used for further statistical 
analysis (Table 4). The quality of the antibody detection was also 
calculated statistically by Matthews Correlation Coefficient (MCC) 
(https://www.medcalc.org/calc/). 

2.7. In silico structural analysis 

Raptor-X Server was used for molecular modeling of proteins [27]. It 
predicts protein secondary and tertiary structures, distance map with 
improved alignment accuracy, solvent accessibility as well as functional 
annotation and binding sites. It is a template-based modeling tool. 
Different tools and servers of bioinformatics were used to design 
chimeric models followed by validation, solvent accessibility of amino 
acid residues, and their visualization as mentioned previously [25]. 
Further, the Ramachandran plot statistics analysis was performed for 
finding favorable residues in the fusion. 

2.8. Assessment of vaccine potential 

The online prediction tool Vaxijen was also used to assess the vaccine 
potential of all the recombinant antigens with favorable outcomes. 

3. Results 

3.1. Epitopes of Rv3874, Rv3875, and CEP fusion 

One epitope with IEDB ID 120421 and sequence AVVRFQEAANKQK 
(54–66) for the antigenic protein Rv3874 was found by using a quali
tative binding assay [28] while four epitopes were retrieved from 
Bepipred-1.0 which are EMKTDAATLAQEAGNFER (3–20) [29], 
DQVESTAGSLQGQWRGAAGTAA (30–51), AANKQKQELDE (61–71), 
and VQYSRADEEQQQAL (81–94). As no epitope for Rv3875 has been 
reported so far, its two predicted epitopes are AWGGSG
SEAYQGVQQKWDATATE (42–64) and SEAGQAMASTEGNV (77–90). 
To get a chimeric protein consisting of all the said epitopes, full-length 
Rv3874 and Rv3875 were fused (Figs. 1 and 2). The position of the 
epitopes in the two individual antigens and their fusion was also 

Table 2 
PCR Conditions for native antigens. (Both antigens amplified using same PCR program).  

Antigens Initial Denaturation Repeating cycles = 30 Final Extension 

Initial Denaturation Annealing Extension 

Rv3874 & Rv3875 95 ◦C for 5 min 95 ◦C for 45sec 65 ◦C for 45sec 72 ◦C for 1 min 72 ◦C for 10 min  

Table 3 
Clinical findings based on patient history.  

Clinical history Conditions TB Patients (n = 201) 

Diagnosis category culture positive 120 
culture negative 81 

Cough Yes/No 170/31 
< Two Weeks 36 
>Two weeks 134 

Fever present/Not present 155/46 
Loss of appetite present/Not present 178/23 
Weight loss present/Not present 189/12 
Night sweats present/Not present 138/63  
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analyzed using the software Bepipred-2. (Fig. 1b–d). According to this 
software, the epitope at the N terminal residues of CFP10 (5-20) [29] 
became more pronounced when the two antigens were fused. Also, the N 
terminal residues of Rv3875 (residues1-7) in association with C terminal 
residues of CFP10 (97–100) in the fusion molecule became a part of the 
active epitopic region (Fig. 1d). 

3.2. Cloning, expression, and purification 

The expressed native and fusion proteins were analyzed by SDS- 
PAGE and protein bands thus resolved were at expected sizes. The 
expression level of CEP was 90%. Rv3875 was partially soluble while the 
rest gave soluble expression. Purification by nickel column yielded 98% 
pure fusion protein (Fig. 3). The recovery of CEP was 47% after 
purification. 

3.3. Evaluation of rabbit antisera 

The antibodies raised cross-reacted with the antigens against which 
they were raised. Also, the fusion molecule Rv3874-Rv3875 cross- 
reacted with the antibodies raised against each of the constituent anti
gens. Rv3874 and Rv3875 ESAT-6 cross-reacted with the two anti
bodies. The polyclonal rabbit antisera were used to check reactivity with 
native and fusion proteins through ELISA. The antigenic concentrations 
were optimized. The CEP showed more reactivity as compared to native 
Rv3874 and Rv3875. It means antibodies showed improved response to 
concentrations of the fusion protein as shown in Fig. 4. 

3.4. Immune reactivity of the antigenic proteins 

All antigenic proteins exhibited considerable results on ELISA with a 
comparison of OD values of plasma samples from TB patients with 
healthy controls. Signal to noise ratios (ratio of average OD for the TB 
sera to the average OD of sera from healthy controls) of Rv3874, 
Rv3875, and CEP were 4.5, 2.8, and 5.58 respectively, which showed 
greater immune identification in the case of CEP as compared to indi
vidual Rv3874 or Rv3875. 

The antigen Rv3874 detected 57 (28.4%) samples out of 201 TB 
samples. Similarly, Rv3875 diagnosed 50 (24.9%) samples. The CEP 
fusion antigen detected 120 TB sera with increased sensitivity of 59.7% 
(Table 4) while the combined sensitivity of both proteins was 53.3%. 
Specificities of Rv3874, Rv3875, and CEP were 100%, 96%, and 98% 
respectively. (Fig. 5a). 

The sensitivities of Rv3874, Rv3875, and CEP in the male group were 
27.9%, 27%, and 60.4% respectively and these were 28.8%, 22.2%, and 
58.8% in females, respectively. The sensitivities of Rv3874, Rv3875, and 
CEP in the subjects of age group (1-15 years) [29] were 25%, 38%, and 
62.5%. The sensitivities in the age range (16–35 years) were 24.6%, 

Table 4 
Sero-reactivity outcomes of CEP Fusion compared with individual proteins.  

Antigens Total = 201 Culture Positive = 120 Culture Negative = 81 Specificity 

Detected 
sera 

%age Immune 
response 

MCC Co- 
efficient 

Diagnostic 
accuracy 

Detected 
sera 

%age Immune 
response 

Detected 
sera 

%age Immune 
response 

Rv3874 57 28.4 0.27 42.6% 25 21% 32 39.5% 100% 
Rv3875 50 24.9 0.20 39.04% 35 29.1% 16 19.7% 96% 
CEP 120 59.7 0.46 67.3% 63 52.5% 55 68% 98%  

Fig. 2. Schematic illustration for the construction of fusion CEP from single proteins where GS (shown as a black bar) stands for two extra amino acids added because 
of BamHI restriction site insertion at the point of fusion and resultant fusion is showing the additive effect of individual epitopes. 

Fig. 3. SDS PAGE showing expression of recombinant fusion protein: 1-purified 
fusion protein Rv3874-Rv3875 (CEP) at 25 kDa position, 2- PAGE Ruler Pre- 
Stained Protein Ladder, range, 10–180 kDa, 3 shows pellet 4 shows Superna
tant, 5 induced (or Total cell lysate having over-expressed fusion protein) at 0.1 
mM IPTG and 6 shows an un-induced sample. 
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23%, and 55.5% while the sensitivities for the 36–55 years age range 
were 38.5%, 25%, and 67.3%. The sensitivities above the age of 55 were 
26.6%, 33.3%, and 66.6%, respectively (Fig. 6c). Graphpad Prism 9 
software was used to record the ROC curve for the diagnostic potential of 
all the recombinant antigens (Fig. 5b). Values for the AUC for Rv3874, 
Rv3875 and CEP were 0.91, 0.90 and 0.97, respectively. Hence CEP 
diagnostic potential was most efficient. 

3.5. In silico structural analysis 

Raptor-X server was used to develop 3D molecular models of re
combinant proteins. All the in silico-derived protein models (Fig. 7 a-f) 
showed good authentication scores with high solvent accessibility using 
the tools and software described previously [30]. In the CEP fusion, a 
combined effect of B-Cell epitope region residues with active partici
pation in antigen-antibody interaction was observed. Ramachandran 
plot data also supported the same. It showed 96% amino acids (170 
residues) in the most favorable region as well as 3.4% amino acids (6 
residues) in additional allowed regions and zero% disallowed regions 
(Fig. 8). The plot has 2 Å resolution with an R factor >20 making the 
fusion a strong antigen in terms of maximum exposure of amino acids. 

3.6. Assessment of vaccine potential 

The vaccine potential of all the antigenic proteins was also predicted 
by Vaxijen, an online prediction tool used to foresee the protective ef
ficacy of immunogenic proteins for use as a subunit vaccine. CEP showed 
a vaccine potential of 0.67 at a threshold of 0.4, which further 

consolidated the idea of residue arrangement in a favorable orientation 
to mount an immune response. 

4. Discussion 

Fusion protein-based serodiagnosis of TB can be economical and 
handy in a high TB burden and economically poor countries like 
Pakistan, yet it is subject to the significantly increased sensitivity of 
fusion chimeras. Using multistage antigens to reach this goal may result 
in increased costs. So, the formation of fusion constructs from different 
antigens to enhance the diagnostic efficiency of ELISA will be cheaper. 
However, a fusion of multiple full-length genes may result in an unstable 
size range. Therefore, in this study, pairwise antigens were used to make 
the fusion molecule. When Rv3875, was fused to the C terminal of 
Rv3874, a soluble overexpression of Rv3874-Rv3875 chimeric protein 
was seen. Linking Rv3875 at N-terminal also resulted in the enhanced 
recovery of the Rv3874-Rv3875 to 300 mg/L/OD600. 

Irrespective of the exact stage of infection, the symptoms in patient 
history are indicative of the invasive infection stage. The serum samples 
were collected before the start of any drug intervention. It means under 
these circumstances the patient sera will yield enough antibodies due to 
ongoing immune response. 

Solvent accessibility of epitopic residues means their better exposure 
and interaction with antibodies [31]. The CPORT server uses molecular 
models for solvent accessibility analysis thereby supporting the possi
bility that the fusion of two antigenic proteins aligns the epitopes more 
effectively in an additive manner. This will allow more efficient 
antigen-antibody interaction thus enhancing its sensitivity. A sensitivity 
of 59.7% for the fusion CEP is higher than the combined sensitivities of 
the two contributing antigens (53.3%). It is because of conformational 
re-orientation of the antigens in the fusion state. It is further supported 
by the appearance of a stronger epitope at the N terminal of Rv3874 
(residues 5-20) and its C terminal residues (97–100) which became 
epitopically more active in association with N terminal (residues 1-7) of 
Rv3875 (Fig. 1b–d). 

The diagnostic evaluation outcomes for native and fusion proteins 
are consolidated by statistical analysis in the form of a ROC curve. CEP 
showed AUC value of 0.973 which is greater than any of the individual 
antigens Rv3874 or Rv3875. Further, this AUC value of CEP is greater 
than that obtained in the EC test which means changing the position of 
ESAT-6 from the N terminal to the C terminal of the fusion results in the 
enhanced epitopic potential of the fusion protein as contrary to reported 
earlier in reverse order [17,18]. 

Our fusion Rv3874-Rv3875 also shows greater sensitivity (59.7%) as 
compared to single native antigens with high and soluble expression 

Fig. 4. Rabbit antisera response against corresponding antigens where PIS re
fers to pre-immune sera and POS stands for post-immune sera. 

Fig. 5. Depiction of ELISA outcomes using Graph pad Prism 9. (a) Scatter dot plot (b) ROC curve showing the diagnostic evaluation of CEP fusion.  
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thereby making the chromatographic purification easier. This sensitivity 
is comparable to that of the EC test [17,18] as well as to the tri-protein 
fusionTriFu64 recently reported from our lab which showed a sensitivity 
of 66% [6]. Therefore, CEP has a good potential in making a cheap, 
dependable, and rapid serodiagnostic tool for TB. 

5. Conclusions 

The production of chimeric antigenic proteins is an economical and 
more applicable way compared to bulk peptide synthesis. Our Rv3874- 
Rv3875 chimeric protein may serve as a milestone for developing more 
chimeric molecules with greater serodiagnostic potential. The chimeric 
Rv3874-Rv3875 protein has shown almost a two-fold enhancement in 
sensitivity due to the cumulative effect of epitopic proteins and the 
formation of new epitopes by possible neo-peptides at the junction of 
adjacent proteins. Attachment of RV3875 to the C terminal of Rv3874 as 
compared to the reverse order used in the EC test resulted in the 
favorable epitopic arrangement of each antigen with enhanced sensi
tivity (59.7%) and AUC value (0.97). The sensitivity of CEP fusion is 
comparable to the recently reported trimeric TriFu64 fusion from our 
lab with a sensitivity of 66%. Yet, these are the preliminary findings, and 
further studies are still needed to confirm practical applications of CEP 
fusion. 
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