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ABSTRACT

Objectives: Accurate diagnosis of tuberculosis (TB) disease is a cornerstone in the management of disease spread and
initiation of proper treatment. Detection of Mycobacterium tuberculosis (MTB) antigens in biological fluids might be a
reliable way to directly diagnose TB disease. The aim of the current study is to investigate selected TB antigens as potential
diagnostic serum biomarkers. Methods: We have explored the detection of three MTB antigens, namely Rv2324, Rv2435c
and Rv1284, in serum specimens from confirmed pulmonary TB patients. In addition, serum specimens from Bacillus
Calmette-Guérin (BCG)-vaccinated healthy adults and BCG-unvaccinated infants were also tested as negative controls.
The three antigens were recombinantly expressed in Escherichia coli and purified using affinity chromatography. Murine
antibodies against the three antigens were raised by mice immunization with corresponding recombinant antigens. TB
antigen detection in the serum specimens was carried out by the dot blot test. Results: Serum samples from TB patients
showed significant reactivity (94.3-100%) with the antigen-specific antibodies. Surprisingly, the three antigens were also
detectable in serum specimens (93.1-100%) from healthy adults. On the contrary, the three antigens were barely detectable
in sera from BCG-unvaccinated infants (0-14%). Conclusion: These finding, supported by recent literature, highlight the
significant interference of BCG vaccination with the diagnosis of TB disease by direct antigen detection. Nevertheless, the
three tested antigens could represent useful TB serum biomarkers in countries where BCG vaccination is not routinely
performed.
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INTRODUCTION (MTB) complicates the antibiotic treatment regimens
and renders them longer and more toxic 2. Early and

Tuberculosis (TB) represents one of the top ten accurate diagnosis of TB disease is critical for proper

causes of death worldwide where about 1.5 million treatment and prevention of disease spreading. Several
deaths occurred in 2018 ®. Furthermore, the growing diagnostic approaches are followed to diagnose
multi-resistance profile of Mycobacterium tuberculosis pulmonary TB disease. Smear staining of tubercle bacilli
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in  sputum specimens and culture methods
are the traditional diagnostic approaches in low-
resources settings. However, they suffer from low
sensitivity and extended incubation time of about 12
weeks, respectively. Tuberculin skin test (TST)
detects delayed-type immune response against MTB.
However, it suffers from interference by many factors
including prior Bacillus Calmette-Guérin (BCG)
vaccination besides variability in the interpretation
of test results 3.

The World Health Organization (WHO)
endorses the use of Xpert MTB/RIF® (Cepheid, USA)
to detect the presence of MTB and rifampicin resistance
1. Other molecular techniques such as line probe assays
and TB-loop-mediated isothermal amplification (TB-
LAMP) besides interferon-gamma release assay (IGRA)
are also recognized by WHO !. However, the latter
methods have their own limitations in addition to their
relative high cost especially in low-income countries
where TB is endemic. Serological tests involving
detection of antibodies against TB antigens are not
recommended for TB diagnosis due to poor specificity
and sensitivity *°.

Another important approach to diagnose TB is
the direct detection of TB antigens in biological
fluids ®. Detection of lipoarabinomannan (LAM) of MTB
in urine samples is used for the diagnosis of TB in
patients co-infected with Human Immunodeficiency
Virus (HIV) but not recommended in HIV-negative
patients ®. Detection of TB-specific biomarkers in
biological fluids is a promising area which can
speed up TB diagnosis as it offers a definitive
confirmation of active disease. Thus, the search for
potential TB biomarkers is important to ultimately
establish a useful TB diagnostic test. In the current study,
we have investigated the detection of three TB
biomarkers, namely Rv2324, Rv2435c and Rv1284, in
serum specimens as a direct method for TB diagnosis.
The selection of the latter biomarkers was based on the
study made by Commandeur and colleagues who made a
genome wide approach for recognition of in-vivo
expressed MTB antigens in four mouse infection
models’. It was revealed that 16 MTB antigens, including
the three antigens of the present study, were expressed
in-vivo and were able to elicit immune response,
rendering them potential vaccine candidates 7. Hence, we
reasoned that these antigens are potential TB serum
biomarkers which can be looked for in serum specimens
for detection of active TB disease. We also chose
these three antigens due to their relatively small
molecular weights which would facilitate their
successful recombinant expression in Escherichia coli.
Up to our knowledge, this is the first report exploring
the direct detection of these three biomarkers in serum as
a means for TB diagnosis.

MATERIAL AND METHODS

Serum samples

Seventy serum samples were collected from
confirmed, newly diagnosed patients with MTB
pulmonary disease. All patients were hospitalized at
Elmaamoura Chest Hospital, Alexandria, Egypt.
Diagnosis was confirmed by microscopical examination
of sputum samples for acid fast bacilli and/or by chest X-
ray examination of infected subjects. The age of patients
ranged from 20 to 68 years with a median age of 44 years,
where 44 patients (62.8%) were males. In addition, 58
serum samples were collected from tuberculosis (TB)-
negative healthy volunteers who were previously
Bacillus Calmette-Guérin (BCG)-vaccinated and none of
them had a history of exposure to TB. The age of the
healthy volunteers ranged from 15 to 52 years with a
median age of 33 years, where 35 patients (60.3%) were
males. Moreover, 43 serum samples were collected from
newborn infants from El-Shatby University Hospital for
Obstetrics and Gynecology. Newborn infants were not
vaccinated with BCG and thus were used as negative
controls where 19 samples (44.2%) were obtained from
male newborns. The serum collection process was
performed following national ethical guidelines and in
accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) and upon
informed consent from individual patients/guardians
and approval by the research ethics committee of
Alexandria University.

Bacterial strains, plasmids and culture conditions

A clinical isolate of MTB was obtained from a
positive culture on Lowenstein-Jensen (L J) medium
from the microbiology laboratory at EImaamoura Chest
Hospital in Alexandria. Escherichia coli DH5-a was
used as a cloning host while E. coli M15 (pREP4)
(Qiagen) was used as an expression host for the tested
antigens in the present study. Luria Bertani (LB) broth
(Lab M, UK) was used to culture E. coli with incubation
at 37°C under shaking conditions.

Polymerase chain reaction (PCR) for amplification
of MTB genes

The mycobacterial antigenic determinant genes
Rv2324, Rv2435c and Rv1284 were amplified using
PCR. Briefly, few colonies of MTB, grown on L J slant
and suspended in 200ul sterile distilled water, were
boiled for 20-25 min, in a boiling water bath®
The suspension was then centrifuged and the
supernatant, which contained MTB genomic DNA, was
used as a template. PCR amplification of target genes
was carried out using MyTag® Hot start master mix
(Bioline, UK) following manufacturer’s instructions and
using the corresponding primers described in Table 1.

http://aprh.journals.ekb.eq/

242


http://aprh.journals.ekb.eg/

ISSN: 2357-0547 (Print)
ISSN: 2357-0539 (Online)

Research Article / JAPR / Sec. E
Bahey-El-Din et al., 2021, 5 (1), 241-247

Table 1. Oligonucleotide primers used in the present study

Primer code Description aSequence (5°-3”)

MTB7 Rv2324 forward primer TATAGGATCCGATGGACCGCCTGGATGACAC (BamHlI)
MTB8 Rv2324 reverse primer ATTAAAGCTTCTAGCGGTCGATGAGGTTTGACA (Hindlll)
MTB1 Rv2435c forward primer TGAAGGATCCGATGGTGCGGCCAATCCG (BamHI)

MTB2 Rv2435c reverse primer ATTAAAGCTTTTATGATCGCTCCGACAATCG (Hindlll)
MTB14 Rv1284 forward primer TAATGGATCCGATGGTTACCGACGACTACCTGGC (BamHI)
MTB15 Rv1284 reverse primer TAATAAGCTTCTAGGGCGTGACCTCGTTGA (Hindlll)

2Restriction sites are underlined, while enzyme names are given in parentheses.

Design of primers was based on published sequences of
MTB H37Rv strain found in the Mycobacterium
database (https://mycobrowser.epfl.ch/). Primers were
designed with flanking BamHI and Hindlll restriction
sites (Table 1) to enable directional cloning in the
multiple cloning site (MCS) of pQE31 plasmid vector. In
case of Rv2435c, only the C-terminal part, which
includes the cyclase domain, was cloned in order to avoid
the two hydrophobic transmembrane domains found at
the N-terminal °.

Cloning of M. tuberculosis genes in E. coli

The resulting purified PCR products were
double  digested with BamHI and Hindlll
(ThermoScientific, USA), then ligated to a similarly
digested pQE31 plasmid using T4 DNA ligase
(ThermoScientific, USA). Chemically competent E. coli
DH5-a was subsequently transformed with the ligation
reaction mixture. Transformants were plated onto LB
agar containing ampicillin (100pg/ml) as a selection
antibiotic. Positive clones were grown, and the cultures
were subjected to plasmid extraction using GeneJET
Plasmid Miniprep Kit (ThermoScientific, USA). The
extracted recombinant plasmids (pQE31-Rv2324),
(pQE31-Rv2435c) and (pQE31-Rv1284) were then used
to transform chemically competent E. coli M15 (pREP4)
as an expression host. Transformants were plated onto
LB agar containing ampicillin (100pg/ml) and
kanamycin (25 pg/ml) and positive clones were
confirmed by colony PCR. Finally, one positive clone of
each construct was stored at -80°C. Correct sequences of
cloned genes were confirmed using commercial
DNA sequencing service offered by Eurofins
Genomics, Germany.

Protein expression and purification using metal
affinity chromatography

For the purpose of overexpression of
mycobacterial antigens, cultures of E. coli M15 (pREP4)
containing recombinant pQE31 derivative plasmids

carrying the mycobacterial genes were induced with
isopropyl-p-D-thiogalactopyranoside (IPTG) for 3h at
37°C. Under native conditions, cells were lysed by bead
beating as previously described *°. Since pQE31 adds an
N-terminal His tag to expressed proteins, metal affinity
chromatography (using nickel-nitrilotriacetic acid (Ni-
NTA) agarose beads) was used for protein purification
from cell lysate following the protocol recommended by
Qiagen (The QIAexpressionist™). The eluted proteins
were checked by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE).

Raising antigen-specific polyclonal antibodies in mice

Each of the purified antigens (Rv2324,
Rv2435c¢ and Rv1284) was thoroughly mixed with equal
volume of incomplete Freund’s adjuvant (IFA) (BD
Bioscience). For each protein separately, two female
Swiss albino mice (six-weeks old) were immunized
intraperitoneally with 0.2ml of the protein/IFA mixture
containing10pg protein, on days 1, 15 and 30. Three
weeks after the last booster dose, serum samples were
collected from the immunized mice using the
submandibular  bleeding technique %2, Animal
immunization procedures were in accordance with the
EU Directive 2010/63/EU for animal experiments and
were ethically approved by the Animal Care and Use
Committee (ACUC) of the Faculty of Pharmacy,
Alexandria University.

Enzyme-linked immunosorbent assay (ELISA) and
western blot

ELISA and western blot were carried out to
confirm reactivity of the raised polyclonal antibodies.
ELISA test was carried out as previously described 3.
Western blot was carried out as previously described
with slight modifications 4. Briefly, after SDS-PAGE,
the gel containing purified recombinant proteins was
blotted against a nitrocellulose membrane. The raised
mouse antigen-specific polyclonal 1gG antibodies
(1/1000 dilution) was used as primary antibody.
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Peroxidase-labeled anti-mouse IgG antibody (KPL,
USA) was used as secondary antibody. Signals were
detected using chemiluminescent ECL substrate (GE
Healthcare, USA).
Dot blot test for detection of
mycobacterial antigens

The dot blot test was used for the detection of
the studied antigens in serum specimens as previously
described with slight modification 3. Briefly, a
nitrocellulose membrane was divided into small square
sections using a marker, according to the number of
tested samples. An aliquot (15ul) of each serum sample
was spotted onto the membrane, so that serum samples
of TB patients, BCG-immunized healthy adults and
BCG-unimmunized newborns were all spotted on
different positions on the same membrane. The
membrane was left to dry for few minutes then it was
blocked by immersion in 5% skimmed milk for 3h at
room temperature. The membrane was subsequently
washed followed by addition of the raised antigen-
specific polyclonal antibodies for 1h at 1/1000 dilution
in skimmed milk. After membrane wash, the peroxidase-
labeled anti-mouse IgG antibody (KPL, USA) was added
for 1h at 1/15000 dilution. Afterwards, the membrane
was thoroughly washed and the peroxidase substrate
0.05% DAB 3, 3'-diaminobenzidine
tetrahydrochloride), prepared in phosphate buffered
saline pH 7.4, was mixed with 1ul of hydrogen peroxide
30% per ml DAB reagent immediately before addition to
the membrane.

qualitative

RESULTS

Successful expression of recombinant MTB antigens
and raising of antigen-specific antibodies

The mycobacterial genes Rv2324, Rv2435c¢ and
Rv1284 were successfully PCR-amplified. All genes
produced single bands at expected sizes upon detection
by agarose gel electrophoresis. Sizes of amplicons of
Rv2324, Rv2435¢ and Rv1284 were 438 bp, 795 bp and
492 bp, respectively. The genes were subsequently
cloned in pQE31 plasmid vector and ultimately
transformed into E. coli M15 (pREP4) expression host.
Sequencing data showed full identity with sequences of
the corresponding mycobacterial genes as recorded in the
Mycobacterium database. The cloned genes were
expressed upon induction with IPTG and the
corresponding proteins were purified. Results of SDS-
PAGE showed successful protein expression in E. coli
strains where the proteins appeared pure at expected
sizes following Ni-NTA metal affinity chromatography
(Figure 1).

The western blotting results confirmed the
reactivity of polyclonal antibodies that were raised
through animal immunization with their corresponding

recombinant antigens (Figure 2). In addition, ELISA
assay showed that these raised polyclonal antibodies had
appreciably good titers of 32,000 for anti-Rv2324 serum
and 4000 for both anti-Rv2435c and anti-Rv1284 sera.
These raised murine antibodies were employed in the
subsequent dot blot test to detect mycobacterial antigens
in the tested sera of TB patients, healthy adults
and newborns.
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Figure 1. SDS-PAGE of purified MTB antigens. Eluates
of affinity-purified His-tagged Rv2324 (16.35 kDa) (A),
Rv2435c (30kDa) (B) and Rv1284 (18kDa) (C) were
examined by SDS-PAGE. M: lane of protein molecular
weight marker.
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Figure 2. Western blot of MTB antigens. Reactivity of the
raised murine antibodies was confirmed against the
corresponding antigens Rv2324 (A), Rv2435c (B) and
Rv1284 (C), respectively.

http://aprh.journals.ekb.eq/

244


http://aprh.journals.ekb.eg/

ISSN: 2357-0547 (Print)
ISSN: 2357-0539 (Online)

Research Article / JAPR / Sec. E
Bahey-El-Din et al., 2021, 5 (1), 241-247

Mycobacterial antigen detection in serum samples

The presence of the mycobacterial antigens
Rv2324, Rv2435c and Rv1284 was checked in serum
specimens using the dot blot test. The serum of TB
patients and healthy subjects (BCG-vaccinated) showed
100% positive results in dot blot test in case of detection
Rv2435c and Rv1284 antigens. Furthermore, Rv2324
was also detectable in 94.3% and 93.1% of tested serum
samples from TB patients and BCG-vaccinated healthy
adults, respectively. In contrast, serum samples from
newborns  (BCG-unimmunized) did not react
significantly with the polyclonal antibodies raised
against the tested mycobacterial antigens. The
percentage of positive results in newborn serum samples
were 14%, 7% and 0% concerning the detection of
Rv2324, Rv2435c and Rv1284, respectively. The
difference between antigen detection in serum samples
from newborns was statistically significant when
compared with serum samples from TB patients and
healthy BCG-immunized subjects (p value < 0.001 by
Fisher’s exact test). Statistical analysis was carried out
using GraphPad InStat version 3.10, GraphPad Software,
San Diego, California, USA. Number of positive samples
among total number of serum samples tested in the three
categories of the study are shown in Table 2.
Representative dot blot results of the detection of
Rv2324 antigen are shown in Figure 3.

BCG-unvaccinated Newborn —»

TB Patients {
BCG-vaccinated
Healthy subjects

Figure 3. Dot blot detection of Rv2324 in serum
specimens. Representative results of dot blot test for Rv2324
detection in serum samples from TB patients, BCG-
vaccinated healthy subjects and BCG-unvaccinated
newborns. Murine Rv2324-specific antibodies were used to
detect Rv2324 in the serum specimens by dot blot test.

v

DISCUSSION

The issue of TB diagnosis is an important area
that is increasingly requiring much research and
improvement. Direct TB antigen detection in specimens
such as urine, sputum and blood would represent a
definitive diagnosis of active TB disease 5. However,

search for useful TB antigen biomarkers is required to
attain  better sensitivity and specificity for TB
diagnosis®®.

In the present study, the dot blot test was used
to detect three mycobacterial antigens, namely Rv2324,
Rv2435¢ and Rv1284, in serum specimens. Serum
specimens from TB patients showed high reactivity in
the dot blot test where 94.3-100% of tested sera showed
positive results. This indicated the presence of the three
tested antigens in the serum of TB patients. Surprisingly,
serum specimens from healthy subjects showed similar
reactivity with the raised antigen-specific antibodies
where 93.1-100% reacted positively. On the contrary,
specimens from BCG-unvaccinated newborn infants did
not react significantly with the raised antigen-specific
antibodies where only 0-14% of the samples reacted
positively. These results can be interpreted based on the
status of BCG vaccination of the tested individuals. BCG
vaccination is compulsory in Egypt where all children
must be vaccinated within the first few weeks after birth.
Consequently, all adults in Egypt are BCG-vaccinated.
This is the reason we used sera from BCG-unvaccinated
newborn as a negative control since there are no BCG-
unvaccinated adults in Egypt.

The function of the tested mycobacterial
proteins was checked based on the data available for M.
tuberculosis H37Rv strain on the Mycobacterium
database (https://mycobrowser.epfl.ch/). Rv1284 is a
beta-carbonic anhydrase ¢ while Rv2324 is a putative
transcriptional regulatory protein, probably belongs to
AsnC-family. Rv2435c is a putative adenylyl- or
guanylyl-cyclase °. Our bioinformatic analysis revealed
conservation of these proteins among M. tuberculosis
and M. bovis BCG with identity of 99-100%. This means
the three tested TB antigens are present in
Mycobacterium bovis BCG strain as well. These results
raised the point that the positive reactivity observed with
the sera of adult healthy subjects was actually due to
BCG vaccination rather than active TB disease. This
interesting finding might indicate that the attenuated
BCG vaccine strain is still viable in the bodies of BCG-
vaccinated adults and is expressing its proteins at
detectable levels in blood. Interestingly, adult healthy
subjects were BCG-vaccinated very long ago, during
their early infancy, and it seems weird that the attenuated
BCG strain is still living in their bodies in adulthood.
More intriguingly, a relatively recent study by Markova
and colleagues in 2015 suggested that BCG could be
found as cell wall-deficient forms (L-forms) in the blood
of BCG-vaccinated healthy adults with no history of
exposure to TB 7. They could cultivate the proposed L-
form bacteria in vitro through a special multi-step
approach. When they examined the cultivated L-forms
genetically, it was confirmed that the L-forms were of
mycobacterial origin in about 46.4% (45 out of
97 samples) of tested L-forms. They eventually proposed
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Table 2. Summary of dot blot test results for the detection of TB serum biomarkers

No. of positive results/total number of tested sera (%)

Antigen biomarker TB patients Healthy BCG-vaccinated subjects Newborns (BCG-unvaccinated)
Rv2324 66/70 (94.3%) 54/58 (93.1%) 6/43 * (14%)
Rv2435¢ 70/70 (100%) 58/58 (100%) 3/43 * (7%)
Rv1284 70/70 (100%) 58/58 (100%) 0/43 * (0%)

* - Statistically significant (p value <0.0001) by Fisher’s exact test when compared with samples from TB patients and BCG-vaccinated healthy subjects.

that these L-forms are most likely due to persisting BCG
vaccine Y. Our results corroborate the proposal of
Markova and co-workers and draw attention to the
potential persistence of attenuated vaccine strains in
human body. This persistence can interfere with
diagnosis of active infection of virulent pathogens when
common conserved antigens are detected as in our case.
We recently reported the potential use of mycothiol
acetyltransferase (Rv0819) as a TB serum biomarker to
diagnose active TB disease using the dot blot test 2.
Although Rv0819 is a conserved common antigen in
BCG and MTB, it was detected only in sera of TB
patients but not in BCG-vaccinated healthy adults. The
specificity of Rv0819 detection by the dot blot test
reached 100% with no false-positive results 3. This
apparent discrepancy could be explained based on
difference of the level of expression of Rv0819 between
the BCG L-forms and the virulent M. tuberculosis where
it seems that only the latter expressed Rv0819 at a level
high enough to be detectable in patients’ blood. It is
noteworthy that BCG L-forms with its unusual
morphology and phenotype is expected to have
mutations and DNA rearrangements, with subsequent
changed proteomic profile, under the long-term stressful
survival conditions in human blood 7.

BCG vaccination is reported to interfere with
tuberculin skin test (TST) by eliciting a false positive
induration reaction at the intradermal injection site 3.
This reaction is due to delayed-type hypersensitivity
reaction resulting from the immune response of BCG-
vaccinated individuals. On the other hand, we were
detecting MTB antigens in the present study rather than
measuring the immune response against them. Up to our
knowledge, such interference by BCG in tuberculosis
antigen detection has not been previously reported.

CONCLUSION

Overall, the results of the present study
highlight the potential interference caused by BCG
vaccine which may happen during detection of TB
antigens in blood of BCG-vaccinated individuals. The
previously reported BCG L-forms ! seems to be a

significant reality which should be taken into
consideration during future design of TB diagnostics
where discriminating antigens should be selected.
Furthermore, the three tested antigens Rv2324, Rv2435c
and Rv1284 might be useful TB serum biomarkers in
populations where BCG vaccination is not routinely
performed as in the case of North America.
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