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Abstract
The Bacille Calmette-Guérin (BCG) is live and attenuated strain of 

Mycobacterium bovis which is used throughout the world as vaccine 
against tuberculosis. BCG vaccination contributes to the prevention 
and control of tuberculosis in limited situations when other strategies 
are inadequate. As there is currently no alternative, BCG will continue 
to be used in future as vaccine and also as a prime vaccine in a prime-
boost immunization in conjunction with new tuberculosis vaccines. 
Therefore, there is need to improve the characterization and the 
assays used for the quality control of BCG vaccine. In this article, 
we present the recent technological advancements in the quality 
control testing of BCG vaccine. Special attention has been given to the 
newly developed methods for the identification and potency testing 
of BCG taking into account the recent advancements in genetics and 
molecular biology. 
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History of BCG Development
TB is caused by Mycobacterium tuberculosis and is among 

the leading cause of human deaths from an infectious disease. 
A vaccine named BCG is available against TB for human use 
since 1920s which shows protection against childhood TB and 
tuberculous meningitis [1]. The BCG vaccine was discovered by 
two French scientists namely Albert Calmette, a physician and 
Camille Guérin, a veterinarian at Pasteur Institute, Lille, France. 
The BCG vaccine contains a live and attenuated strain of M. 
bovis that was originally isolated from a cow with tuberculous 
mastitis. The isolate was subcultured on glycerinated potato bile 
medium every 3 weeks for a period of 13 years during 1908-

1921 and a total of 231 passages. This long process resulted 
in loss of virulence of the bacillus and changes in phenotypic 
characteristics. The live, attenuated BCG strain was first given 
orally to infants in Paris in 1921. Afterwards, new methods for 
BCG vaccination were introduced including intradermal, multiple 
puncture and scarification. BCG is also used as an effective cancer 
immunotherapy [2] and developed as a recombinant vehicle for 
multivalent vaccines against other diseases [3].

The original strain of M. bovis used to prepare BCG was 
maintained by serial passage at the Pasteur Institute, until 
it was lost or discarded. Before its loss, it was distributed to 
different laboratories in many countries that maintained their 
own daughter strains through passaging. Serial subculturing on 
various culture media under different conditions maintained by 
different laboratories has resulted in the production of many 
heterogeneous daughter strains (substrains) that differed widely 
in colony morphology, growth characteristics, biochemical 
activity and their efficacy to provide protection against TB. 

Quality Control of BCG Vaccine

Quality control testing of BCG vaccine is performed by 
manufacturers and control laboratories in compliance with the 
pharmacopoeial requirements to ensure the quality, safety and 
efficacy [4]. The current methods for BCG vaccine testing have 
their own limitations as they were developed many years ago. 
A number of unresolved issues in the quality assessment of BCG 
vaccines have been identified. These include genetic differences 
of substrains and their implications to phenotypic characteristics, 
immunological mechanisms of efficacy and protection induced 
by different BCG vaccines, immunogenicity and efficacy in animal 
models and the impact of vaccine characteristics on the safety 
profile of vaccine preparations. In addition, recently reported 
findings on antimicrobial resistance of some strains raised an 
issue of their relevance in the quality assessment of BCG vaccines 
[5].

Molecular Advancements in Identification of BCG 

The current method employed for identification of BCG is ZN 
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staining together with colony characteristics on solid medium [4]. 
The ZN staining method is inadequate because of inherent non-
specificity of the procedure. Moreover, the slow growth of BCG 
on the solid medium makes its identification delayed upto four 
weeks. BCG is genetically and phenotypically similar to M. bovis 
and to other species of the M. tuberculosis complex. Therefore, 
biochemical properties and growth characteristics used for 
identification of M. bovis BCG have their own limitations and are 
not definitive. Also, these methods provide only limited substrain 
differentiation. The current pharmacopoeial monograph for 
freeze-dried BCG vaccine states that molecular biological 
techniques may be used as alternatives for identification [4]. 

Subtractive genomic hybridization had identified genetic 
differences between virulent strains of M. bovis and M. 
tuberculosis and avirulent BCG [6]. Among the genetic differences 
identified, the RD1 region is shown to be absent in BCG strains 
and present in M. bovis and M. tuberculosis complex strains [7]. 
Based on these findings the RD1 region is targeted to develop 
multiplex PCR system to distinguish different BCG substrains and 
differentiate BCG from virulent mycobacterial strains [7,8]. This 
method has also been evaluated to assess its accuracy, robustness 
and reproducibility for use as an identity test for BCG vaccine [8]. 
In another study, multiplex PCR assay has demonstrated itself to 
be rapid, specific, reproducible and robust and is proposed as a 
novel test for BCG identification [9]. 

Viable Count for Potency of BCG 

Assay of potency plays a central role in the quality control 
of BCG vaccine and ensures that the successive vaccine lots are 
consistent and within predefined specifications. The current 
method for determination of the number of viable cells in a 
BCG vaccine depends on the counting of CFU produced after 
culture on solid medium [4]. LJ medium is the culture medium 
of choice for this test. Although viable count per se is not an 
assay of potency; however, it is used as a surrogate marker for 
BCG potency. Determining the content of viable cells by CFU in 
production lots of freeze-dried BCG vaccine has disadvantages 
in relation to the length of time required to obtain results and 
lack of reproducibility of the assays due to aggregation of cells. 
Hence manufacturers and control laboratories are looking for a 
rapid and reproducible potency assay for BCG. Various methods 
have been proposed as alternative of CFU for the BCG vaccine 
including assays based on bioluminescense, colorimetry and flow 
cytometry.

ATP Bioluminescence Assay

As an alternative to the viable count method, a bioluminescense 
assay has been developed and may be used for potency testing of 
BCG provided that the method is properly validated against the 
culturable particle test. ATP bioluminescence assay for viability 
testing of the BCG vaccine is developed and validated at Statens 
Serum Institute, Denmark [10]. Authors used lyophilized BCG 
vaccine samples from Danish collection and stored for various 
periods at different temperatures to obtain variations in viability. 
Intracellular ATP was then extracted using boiling tris-EDTA 
buffer and the ATP concentration was measured in presence of 

luciferin/luciferase. Simultaneously, the number of CFU per vial 
was determined by plating of serial dilutions and the results 
of two methods were compared. The ATP bioluminescence 
method was shown to be robust and applicable to determine 
ATP content in lyophilised BCG for estimating viability in the BCG 
samples with high correlation with the viable count [10]. The 
ATP assay is more rapid and provides good reproducibility but 
has disadvantage in quantitatively extracting total ATP and the 
subsequent stability of the extracts. In addition, this technique 
like conventional viable count is adversely affected by bacterial 
cell clumping. 

Colorimetric Assay

Colorimetric assays make use of the tetrazolium salts which 
have been used extensively in determining the viability of cells 
including bacteria. In colorimetric assays tetrazolium salts are 
metabolically reduced to highly colored end products called 
formazans, the quantity of formazan produced being directly 
proportional to viable cell count. Colorimetric assays using 
oxidation-reduction dyes have also developed for determining 
minimum inhibitory concentrations of antibiotics for pathogenic 
mycobacteria [11]. These assays are simple, inexpensive and 
give rapid results in comparison with conventional methods. 
Using the same principle, Kairo et al. have used two tetrazolium 
salts, namely XTT and MTT, to develop a colorimetric method for 
determining number of viable BCG organisms [12]. This assay 
provides more rapid and reproducible results in comparison 
with the conventional viable count. XTT showed greater 
sensitivity than MTT with lower detection limit of about 7 x 104 
CFU/ml. Assay results show good correlation with CFU; however, 
disagreements were observed for the BCG lots which were on the 
borderline of acceptability for viable counts. Colorimetric assay 
takes 48 hours to give final results as compared with 4 weeks 
for conventional method. One major concern associated with the 
use of colorimetric assays is the generation of aerosol resulting in 
safety concerns [11].   

Flow Cytometry Assay

Flow cytometry is a very sensitive, efficient assay and does 
not require any cell culturing or enrichment procedures. These 
assays utilize fluorescent dyes as sensitive indicators to detect 
and distinguish the cell viability in many cell types. A flow 
cytometric assay has been developed to measure the viable 
counts of M. bovis BCG and to compare with the conventional 
viable count method [13]. In the assay propidium iodide is 
generally used to label dead cells. To evaluate the reliability of 
the developed flow cytometric assay, the viable counts obtained 
for BCG vaccine samples from the flow cytometric method were 
compared to the conventional viable counts on LJ medium. The 
total cell numbers in BCG preparations were measured by Coulter 
counter Z1 directly or counted by the Flow-Count Fluorespheres 
during the flow cytometric assay. The results showed that 
the total cell numbers measured by the Coulter counter Z1 
directly were more accurate. This newly developed assay needs 
only 4 hours to be fully completed as compared to 4 weeks by 
conventional method. The results of the flow cytometry assay are 

http://europepmc.org/abstract/MED/18614376/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=luciferase&sort=score
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all read out from instruments, which reduces the variation from 
different operators to overcome the limitation of conventional 
CFU method. 

Protective Potency Assay

In terms of quality control of BCG, a key issue is lack of 
correlates of protection and therefore the absence of a tool to 
distinguish ‘protective’ from ‘non-protective’ vaccines in the 
laboratory. Various animal models (such as mouse, guinea pig) 
have been used to develop assays for quantitative measurement 
of protective efficacy of BCG vaccines [14]. Among these 
models, different challenge routes (respiratory, intra-tracheal, 
intravenous, subcutaneous, intra-peritoneal) and different 
challenge strains (H37Rv, Erdman, Beijing) are in use. Protective 
potency assay of guinea pig model has been used for seed lot 
testing of BCG vaccine in Japan [15]. However, there is a need for 
standardization of these assays before their use in routine testing 
of BCG vaccines.

In vitro Approaches in Testing Virulence 

Virulence of the BCG is tested to ensure the safety of vaccine 
preparation and guinea pigs are used for routine monitoring 
of the presence of virulent mycobacteria in BCG vaccine [4]. 
This assay is very time consuming as the animals are under 
observation over six weeks after injection of BCG vaccine. As an 
alternative, a PCR-based in vitro assay has been developed which 
differentiates BCG strains and virulent mycobacteria. This PCR 
procedure targets the intergenic region separating two genes 
encoding a recently identified mycobacterial two-component 
system, named SenX3-RegX3 [16]. The  senX3-regX3 intergenic 
region contains a novel type of repetitive sequence, called 
MIRUs. All tested BCG strains exclusively contained 77-bp MIRUs 
within the  senX3-regX3  intergenic region, whereas all non-
BCG M. tuberculosis complex strains contained a 53-bp MIRU, in 
addition to the 77-bp MIRUs. Application of this method in future 
will reduce the time required for testing absence of virulent 
mycobacteria in BCG products. Also, replacement of animal assay 
with PCR based method will solve the ethical considerations. 

Characterization of BCG in Post Genomic Era

Availability of genomic and proteomic tools to study 
molecular genetics of the mycobacteria has paved the way for 
rigorous analysis of genomic characterization as well as to 
understand the protective immunity of different BCG strains. 
The complete genome sequence were determined for various 
BCG strains in recent past [17,18,19]. Comparative genomic tools 
have been used to study various daughter strains of BCG and 
regions of difference such as deletions, insertions and SNPs have 
been identified [20,21]. One such region named RD1 region has 
been shown to be associated with BCG attenuation [22]. Based 
on their genomic characterization, BCG vaccines were divided 
into the early strains, represented by BCGs Japan, Sweden, and 
Russia and the late strains, including BCGs Pasteur, Danish, Glaxo, 
and Prague [20]. Each substrain has its own signature genetic 
profile and molecular methods are described in the literature for 
characterization of BCG substrains. Genetic typing of BCG strains 

based on VNTR at MIRU loci has been suggested by WHO [23] and 
can be used for monitoring the consistency of BCG lot production.

Studies have reported that the estimates of the protection 
against TB imparted by BCG strains varied widely and several 
factors, such as genetic differences in the BCG strains used 
for immunization, environmental influences and host genetic 
factors contribute to this protection variability [1]. Using the 
proteomic approaches it is possible to identify the variations 
in protein profiles of different vaccine strains. Identification of 
differences in protein expression offers a way to decipher the 
genetic differences and their expression in the final vaccine 
preparation. Proteomic studies have shown that BCG strains 
with similar genomic content exhibit phenotypic differences 
that can be of significant importance for pathogenesis, immune 
response and variable efficacy of BCG vaccine [24]. Orduna and 
colleagues have used 2-D gel electrophoresis, protein sequencing 
and blotting methods to study the protein profile of BCG vaccine 
[25]. These proteomic approaches may also be utilized to identify 
any changes in protein profiles from working seed, different 
passage levels to final lot preparation of the BCG product. The 
exploration of the proteome of M. Bovis BCG strains provides 
valuable information regarding specific proteins, many of which 
have been implicated in protective immune responses, and helps 
defining the candidates for future vaccination strategies.

Conclusions
It is clear from the above description that quality control testing 

of BCG vaccine using current methods is time consuming and 
shows variations in results indicating the need for improvements 
in methods. Technological advancements, particularly in the field 
of genomics and proteomics, have enriched our understanding 
towards BCG and also led to the development of new methods 
for BCG testing to ensure the quality, safety and efficacy of 
BCG vaccine preparations. These methods provide rapid and 
consistent results and may replace the classical methods after 
proper validation.      
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