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Summary 
Eleven laboratories from nine countries participated in the international collaborative study to 

evaluate three candidates WHO Mycobacterium bovis BCG Reference Reagents in lyophilised 

ampoule presentation, Danish BCG 1331-2, Tokyo BCG TY-1002 and Moscow BCG 254-2. 

These candidates were quantified using both cultural viable count and modified ATP assays, and 

identified using multiplex PCR (mPCR).  

 

On the basis of the results from these studies, we propose all three substrains of BCG vaccine 

preparations (NIBSC code: 07/270: Danish BCG 1331-2, NIBSC code: 07/272: Tokyo BCG TY-

1002 and NIBSC code: 07/274: Moscow BCG 254-2) are established as Reference Reagents 

with assigned CFU and ATP contents per ampoule and defined PCR fingerprints for each BCG 

substrain when used in the mPCR described in this document. The intended uses of these 

proposed Reference Reagents for BCG vaccine are as comparators for viability assays (such as 

cultural viable count and modified ATP assays), residual virulence/ local reactogenicity assays 

and protection assay in animal model; and as Reference BCG substrains for identity assays using 

molecular biological techniques. The mPCR assay is proposed as a method for the identification 

of different substrains of BCG including the three proposed Reference Reagents. The modified 

ATP assay is proposed as an alternative method for the cultural viable count assay for viability. 

 

Introduction 
The WHO 1st International Reference Preparation (IRP) for BCG vaccine was established in 

1965. In addition to the stock of this preparation being very low, the viability of this live, 

lyophilised BCG preparation has reduced by more than half of the original estimation over the 

years. Traditional BCG vaccine is often used as a comparator or reference in many laboratory 

biological assays in the development of new tuberculosis vaccine. The use of a reference 

preparation is also very important for BCG vaccine manufacturers and national control 

laboratories in performing the quality control assays of this product. Based on collective 

international opinions from three WHO consultation meetings [1-3] on BCG vaccine, there is a 

demand for the replacement of the WHO 1st IRP for BCG vaccine. Three different substrains of 

BCG were identified and they represent the predominant substrains used for BCG vaccine 

production and distribution for use worldwide. As requested by WHO, three BCG Reference 

Reagent (RR) candidates of different substrains were sourced from three well-established BCG 

vaccine manufacturers.  A collaborative study using three independent assays was carried out to 

evaluate these candidates and their content will be defined as number of Colony Forming Unit 

(CFU) and amount of ATP (ng) per ampoule. 

 

BCG vaccine contains live bacteria and although viable count is not in itself an assay of potency, 

it has been used as a surrogate marker for BCG potency. The cultural viable count assay, often 

known as CFU test, is routinely used by vaccine manufacturers and National Control 

Laboratories as Quality Control test for the quantification of vial content of BCG vaccine. 

However, this method is problematic and very time consuming as mycobacteria are very slow 

growing bacteria, thus re-testing of bulk samples before formulation is usually impossible. 

Together with the poor reproducibility and high variability of test results, it is the main driving 

force for manufacturers and control laboratories to look for a rapid, more reproducible 

alternative viable count assay. 

 

The modified ATP assay, including the step of overnight incubation of reconstituted BCG in 

suitable culture medium, has been introduced and developed by Statens Serum Institut (SSI) as 

alternative rapid assay for viable count of BCG vaccine [4], and evaluated in a collaborative 

study for its suitability to be included as a method to quantify the viability of BCG vaccine 
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preparation in the establishment of 2nd RR of BCG vaccine [5]. The method for estimation of 

ATP content in BCG vaccine is based on the reaction of firefly luciferase reaction with ATP and 

results in bioluminescence production. The intensity of light emission measured is directly 

proportional to ATP content in the sample which can be estimated by using the ATP standards 

for calibration. The ATP content of a lyophilised BCG preparation is proportional to the number 

of viable bacteria [4]. 

 

The use of several substrains of BCG for vaccine production produces the need for a method to 

distinguish each substrain. Traditional methods of identifying mycobacteria include microscopic 

examination, acid-fast staining and observation of colony growth on solid media. However, none 

of these techniques have the ability to differentiate between substrains. Genome sequencing of M. 

tuberculosis has enabled the use of comparative genomics of BCG vaccines by whole-genome 

DNA microarrays and has revealed the absence of all or some of 16 regions in BCG genomes 

that are present in the M. tuberculosis genome. These regions of deletions (RD) have since 

become the target sites for nucleic acid techniques in the attempt to distinguish between 

substrains. Of the 16 identified regions, RD1, 2, 8, 14 and 16 have been successfully exploited to 

produce a fingerprint that differentiates between substrains. In addition to these 5 targets, the 

SenX3-RegX3 mycobacterial two-component system (responsible for the virulence of M. 

tuberculosis, and for phosphate dependant gene expression) has also been identified as a 

successful target site for use in identifying BCG substrains [6]. The proposed mPCR assay was 

developed to identify different substrains of BCG and is intended to replace the traditional acid-

fast staining method as identity test. 

 

Aims of study 
The purpose of the collaborative study was to determine and define the content of the three BCG 

RR candidates in terms of viability (in both CFU and ATP content) and their suitability for use 

as reference reagents in viability assays; and to evaluate the suitability of mPCR assay for 

identification of the substrains of BCG vaccine and to define a positive result using this method. 

Participants 
BCG samples were sent to eleven participating laboratories in nine countries. These include 

seven BCG vaccine manufacturers and four national control laboratories worldwide. For this 

report, a code number was allocated at random to each participant, not necessarily representing 

the order of listing in Appendix I. All participants have extensive experience in cultural viable 

count assay for lyophilised BCG but the experience of modified ATP and mPCR assays is varied 

with some participants only performing these methods for the first time. 

Organisation of the collaborative study 
Three independent assays were proposed to be included in the collaborative study to evaluate the 

2
nd

 BCG RR candidates and they are the cultural viable count, modified ATP and multiplex PCR 

assays. Eleven participants agreed to perform one, two or all three assays as listed in Table 1. All 

BCG samples and reagents were shipped on dry ice and recipients were advised to store them at -

20°C until testing. Participants were requested to test all three BCG RR candidates following the 

protocols provided (Appendix III to V). Some minor modifications of the test method were 

allowed to accommodate different equipment availability. Results were recorded on a result 

template provided (Appendix III and IV) or as recommended (Appendix V) and data sent to 

NIBSC for collation and analysis. 
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Materials 

BCG Reference Reagent candidates 
Three BCG vaccine preparations of the different substrains were obtained. Five thousand 

ampoules each were generously donated by three BCG vaccine manufacturers to WHO as listed 

below.  

 

BCG 

substrain 

Lot 

number 

NIBSC 

code 

Manufacture 

site and date 

Donated by Precision of 

fill (CV, %) 

Moisture 

content (%) 

Danish D1331-2 07/270 Japan BCG 

Laboratory 

20 May 1998 

Statens Serum 

Institut 

0.45 3.1 

Moscow 254-2 07/274 BB-NCIPD 

Limited 

11 Jul 2006 

BB-NCIPD 

Limited 

2.18 Not 

provided 

Tokyo 172 TY-1002 07/272 Japan BCG 

Laboratory 

20 Jul 2006 

Japan BCG 

Laboratory 

0.34 2.9 

 

All BCG vaccine preparations were sterile-filled and lyophilised in ampoules at manufacturer 

sites with Good Manufacturing Practices (GMP) as standard. The Certificate of Analysis of each 

preparation was provided (Appendix IIa-c) by the manufacturers. All BCG RR candidates are 

stored at -20°C at NIBSC which is the current custodian of these materials. All shipments of 

these materials were transported on dry ice and stored at -20°C until testing. 

 

Test sample blinding 
Sample blinding was only performed for DNA samples used in the mPCR assay for identity. 

Study design and assay methods 

Cultural viable count assay for estimation of CFU 
Participants were requested to perform their established routine in-house method for the cultural 

viable count assay using the BCG RR candidates provided (10 ampoules for each BCG 

substrain). The study design was reflected in the study protocol (Appendix III) which comprised 

the following: 

• Split the 10 ampoules of each substrain of BCG into at least 2 - 3 independent 

experiments and use different batches of the solid medium preparation, i.e. do not test all 

10 ampoules of each strain in one experiment using the same batch of solid medium 

preparation. 

• Reconstitute each ampoule with 1 ml of suitable solution. No pooling of samples should 

be carried out for this study and each ampoule should be tested individually. 

• Three 1:2 serial dilutions (with the optimal dilution as the middle of the serial dilutions) 

should be prepared from each reconstituted ampoule. Each dilution should be plated on 

solid medium in triplicates, thus giving three colony counts per dilution; a total of nine 

colony counts per ampoule. 

 

Modified ATP assay for estimation of ATP content 
Participants were requested to test the 10 ampoules of each substrain of BCG preparation using 

the modified ATP assay with protocol provided (Appendix IV). Some minor modifications of the 

test method were allowed to accommodate different equipment (luminescence plate or cuvette 
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reader) availability. The modified ATP assay was developed by Statens Serum Institut [4] and 

the same method was recommended, except that for the statistical purposes of this collaborative 

study, additional dilutions were included in the testing protocol with the intention of making 

statistical analysis more accurate. The study design was reflected in the following instructions: 

• Split the 10 ampoules of each substrain of BCG into at least 2 - 3 independent 

experiments, i.e. do not test all 10 ampoules of each strain in one experiment. 

• Reconstitute each ampoule with 1 ml of suitable culture medium. No pooling of samples 

should be carried out for this study and each ampoule should be tested individually. 

• Three 1:2 serial dilutions are prepared from each ampoule and each dilution is tested in 

triplicate, thus generating three luminescence readings per dilution; a total of nine 

luminescence readings per ampoule. 

 

Multiplex PCR assay for identity of BCG substrain 
Participants were requested to perform the mPCR assay with protocol provided (Appendix V) on 

the three BCG RR candidates (2 ampoules each substrain). Prior to the PCR procedure, DNA 

extraction from these preparations could be performed using the participants’ in-house 

procedures. In the study design it was recommended to split the 2 ampoules of each candidate 

into two independent experiments, i.e. not to test the 2 ampoules of each substrain in one 

experiment. In addition, the participants were also requested to test the purified DNA extracted 

from Danish BCG 1331-2, Tokyo BCG TY-1002, Moscow BCG 254-2, Glaxo BCG F10, 

Moreau BCG FAP 03P, M. tuberculosis H37Rv and salmon testis. These samples were randomly 

blinded and given a number for identification. 

 

Stability study 
BCG vaccine is a live bacterial preparation and its stability is monitored by cultural viable count 

assay in terms of CFU/ ampoule. Routine accelerated degradation studies used for other 

biological standards where the material is stored at temperatures up to 56°C cannot be applied to 

these samples as this temperature will kill most of the live bacteria in the preparations. As an 

alternative to determine the stability of these BCG RR candidates, the temperature stability assay 

(incubation of lyophilised BCG at 37°C for 4 weeks) stated in both WHO Requirements for 

freeze-dried BCG vaccine [7] and European Pharmacopoeia monograph for BCG vaccine, 

freeze-dried [8] was performed at NIBSC in 2008. Temperature stability assay was also 

performed by the manufacturers who donated the preparations (Appendix IIa-c). Real-time 

stability study with material stored at -20°C has been carried out at NIBSC for the first year 

(three tests over a year period) and will be on-going for the next 10 years with one test per year. 

 

Statistical Analysis 
For cultural viable count assays all responses were converted to CFU/ ampoule and mean 

estimates for each ampoule were calculated after exclusion of any results found to be outliers 

using an in-house program [9]. The mean CFU/ ampoule of each candidate were calculated from 

the mean estimates of colony counts of each dilution. As commented by some participants, the 

mean CFU/ ampoule was re-calculated following the WHO/TB/Technical Guide/77.9 (In vitro 

assays of BCG products, unpublished working document in 1977) which recommends that 

appropriate weight should be given to colonies for each dilution level according to the number of 

colonies yielded. For modified ATP assays, standard curves were generated by linear regression 

of log response on log concentration of ATP standard. Responses for the test ampoules were 

converted to pmol ATP/ 100 µl using the fitted regression lines and then converted to ng/ 

ampoule.  
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For both assays the mean of laboratory means was calculated as the final estimate for each 

substrain. An estimate of uncertainty combining the standard deviation of the mean (reflecting 

variability between laboratories) with the pooled laboratory standard deviation (reflecting 

between-ampoule homogeneity and variability between assays) was used to calculate an 

expanded uncertainty corresponding to a 95% level of confidence. 

 

Results 
All samples used in the collaborative studies were shipped on dry ice to participating laboratories 

and no major problems were reported for the shipment conditions although some delay in custom 

clearance and shipment due to local circumstances of the country was noted. In those cases, 

during the delay in custom, the samples were stored at -20°C as reported. Results were received 

from all participants. 

 

Cultural viable count assay for estimation of CFU 
Twelve data sets were collected from all participants. The key experimental conditions of 

cultural viable count assay used by participating laboratories in this study are listed in Table 2. 

The means, standard deviations (SD) and coefficient of variations (CV) of the individual 

ampoule estimates for each laboratory calculated from the mean estimates of colony counts of 

each dilution are summarised in Table 3a. The mean ampoule estimates from each participant are 

shown in Tables 4a-c and the graphical presentations for each substrain are shown in Figures 1a-

c. Any ampoules found to be outliers using Grubbs’ test [10] are indicated and were excluded 

from further analysis. 

 

Following participants’ comments, the viable count results were also calculated using the 

WHO/TB/Technical Guide/77.9 and the means, standard deviations (SD) and coefficient of 

variations (CV) of the individual ampoule estimates for each laboratory are summarised in Table 

3b. The mean ampoule estimates from each participant are shown in Tables 4a-c. Two sets of 

data were excluded in this analytical method as Laboratory 8 did not provide viable count data 

with three 1: 2 serial dilutions; and Laboratory 4 did not provide the optimal count ‘ω’ value for 

their cultural viable count assay. As for direct comparison of the two methods estimating the 

mean CFU/ ampoule, the results shown in Table 3a were also presented if Laboratory 4 and 8 are 

excluded. 

 

Modified ATP assay for estimation of ATP content 
Ten data sets were collected from participants. Details of the modified ATP assay conditions 

used by participating laboratories in this study are listed in Table 5. Among them, two sets of 

data (Participant 4 and 7) were not used and considered invalid for direct comparison. The 

results from Participant 4 were excluded as the calculated ATP contents for each set of 10 

ampoules were highly variable in two of the substrains and undetectable in the other. For 

Participant 7, highly variable ATP standard calibration curves were observed and the ATP 

content from most BCG samples fell below the calibration range. 

 

The mean ATP content (ng/ ampoule), SD and CV of the individual ampoule estimates obtained 

when tested as neat (Danish and Moscow strains) or 1: 5 dilution (Tokyo strain) for each 

laboratory are summarised in Table 6. The results obtained for Participant 8 were subsequently 

excluded from calculation of overall means as they were highly variable (CV>50%) and analysis 

of variance showed significant between-assay variability (p≤0.001) for all substrains. 

 

The mean ampoule estimates obtained at each dilution are shown in Tables 7a-c and the 

graphical presentations for each substrain are shown in Figures 2a-c. Any ampoules found to be 
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outliers using Grubbs’ test [10] are indicated and were excluded from further analysis. A 

significant dilution effect (p<0.05 in analysis of variance to compare results obtained at different 

dilutions) was noted for Participant 6 (all substrains), Participant 8 (Moscow strain), Participant 

9 (Danish strain) and Participant 11 (Moscow strain). 

 

Multiplex PCR assay for identity 
Data were obtained from all eight participants who returned results from either neat DNA 

extraction or both neat and 1: 10 dilution preparations as suggested in the study protocol 

(Appendix V). Occasionally the mPCR reaction of neat DNA preparations can produce bands in 

gel electrophoresis that are too intense to distinguish between products of similar size. This was 

found not to occur in this study. The expected mPCR products from each BCG substrain are 

outlined in Table 8. 

 

Seven out of the eight laboratories generated the expected profile for each of the three BCG RR 

candidates (Figure 3a-c). Participant 7 failed to produce the requisite number of bands for all 

three BCG preparations and also generated an unexpected band at approximately 1,500 bp from 

all samples. 

 

All Participants also performed the mPCR on seven blinded purified DNA samples from five 

BCG substrains (Danish, Tokyo, Moscow, Moreau and Glaxo), M. tuberculosis H37Rv and 

salmon testis (as negative control). An outline of the results obtained is presented in Table 9. 

Seven of the eight participants obtained the correct profile of mPCR products from all BCG 

substrains used. The results from M. tuberculosis H37Rv varied with just two of the eight 

participants obtained the expected profile. Salmon testis was included as a negative control and 

all participants did not generate any PCR products using the mPCR assay as expected. 

 

Stability study 
The thermal stability study by incubating the BCG RR candidates at 37°C for 4 weeks was only 

performed at NIBSC. Five ampoules of each preparation underwent thermal stability study and 

in-house cultural viable count assay were used. The calculation of % survival in CFU of these 

candidates is based on the average mean CFU of each preparation from the collaborative study of 

cultural viable count assay and the results are shown in Table 10. 

The real-time stability is to monitor the cultural viable counts in the BCG RR candidates in 

storage at -20°C in a yearly basis (one cultural viable count assay per year) and will be 

performed in NIBSC only. Three assays has been performed in 2008/ 9 (with 4 - 5 months 

intervals) to form the base line and this will be used to assess the % survival in CFU of each 

preparation over the years. 

 

Discussion 
The content of all three BCG RR candidates were estimated using both cultural viable count and 

modified ATP assays. The mean CFU counts and ATP content per ampoule with standard 

deviation (SD) of each substrain preparation is listed below. 

 

BCG RR 

candidates 

Mean CFU/ 

ampoule 

SD of mean 

(%) 

Mean ATP 

(ng)/ ampoule 

SD of mean 

(%) 

Danish 7.29 x 10
6
 12.3 56.06 15.4 

Moscow 3.39 x 10
6
 14.7 7.52 19.7 

Tokyo 49.37 x 10
6
 11.9 217.60 12.6 
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The mean CFU per ampoule was estimated from ten data sets calculated using the 

WHO/TB/Technical Guide/77.9 (Table 3b). All participants were using their own in-house 

routine cultural viable count assay to estimate the content of each BCG RR candidate. Some key 

experimental conditions but not all were compared among all participating laboratories as shown 

in Table 2. The same solid culture medium was used for all three different substrains of BCG in 

each laboratory. The distribution of the mean CFU results obtained from all participants was 

very wide. The expanded uncertainty (95% confidence) for Danish strain is 3.37 to 11.22 million; 

Moscow strain is 0.95 to 5.83 million; Tokyo strain is 29.60 to 69.14 million. The estimation of 

CFU in a BCG preparation is expected to be variable if different culture media and 

methodologies are used. Thus the observations in this study are not out of the ordinary. The 

coefficient of variation (CV) in each participating laboratory for all BCG preparations (3 to 10 

ampoules tested per preparation) ranged from 1.9% to 29.1% with one exception at 45.0% (Table 

3b). The calculated mean CFU/ ampoule of each BCG substrain preparation were compared 

using two different statistical methods. These methods either incorporated an appropriate weight 

for each dilution level according to the number of colonies yielded in the overall calculation or 

did not perform this extra step. The results showed that the mean CFU estimates from the two 

methods were very similar. It is very reassuring and is also a good indication that the data 

provided by our participants are of high level of consistency in the three 1: 2 serial dilutions. 

 

The mean ATP content per ampoule was estimated from seven data sets. The modified ATP 

assay conditions varied among all the laboratories as shown in Table 5. The major difference 

was in the number of ampoules tested per experiment, i.e. between 1 and 15 ampoules were 

tested with a single run of a standard curve. The distribution of the mean ATP (ng) content 

obtained from all participants was also very wide. The expanded uncertainty (95% confidence) 

for Danish strain is 18.7 to 93.4; Moscow strain is 0 to 16.8; Tokyo strain is 106.3 to 328.7. The 

CV in each participating laboratory for all BCG preparation (when tested as neat or 1:5 for 

Tokyo strain; 10 – 13 ampoules tested per preparation) ranged from 5.6% to 57.7% excluding the 

data from Laboratory 8 (Table 6). The relatively high variability of the modified ATP results was 

unexpected. The dilution effect of samples is not at all consistent and was observed in a few 

laboratories but only in Laboratory 6 for all BCG RR candidates as described in the Results 

section. Thus the ATP contents from neat reconstituted samples (or 1:5 diluted for Tokyo 

substrain) were used in the estimation of the mean ATP content in each BCG preparation. 

 

The modified ATP assay is a rapid, simple to use alternative method for estimating the viability 

of the lyophilised BCG preparation. A separate collaborative study using this alternative assay 

has shown that, like the cultural viable count assay, it can differentiate preparations of 

lyophilised BCG stored at control or heat-treated (at 37°C for 4 weeks) conditions [5]. In this 

collaborative study, a direct comparison of the results of both cultural viable count and modified 

ATP assays was assessed using three BCG RR candidates tested in different laboratories. The 

present observations did not indicate that the modified ATP assay is a better method than the 

cultural viable count assay in terms of providing more consistent estimation of the viability in a 

lyophilised BCG preparation. However, the inexperience of some laboratories in performing this 

modified ATP assay resulting in exclusion of data sets from three participants and with 

unexpected high variability of mean ATP content estimation in all three BCG RR candidates 

should also be considered. 

 

For the multiplex PCR assay for identification of BCG substrain, there was good consistency 

among the results obtained from seven of the eight participating laboratories and the expected 

PCR fingerprints for each BCG substrain analysed in the present study (Table 8). Seven 

participants successfully differentiated the three BCG RR candidates from each other (Figures 

3a-c). They were also able to identify the blinded purified DNA samples of different BCG 
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substrains. The negative control salmon DNA failed to produce any bands as expected. The 

results for DNA extracted from M. tuberculosis H37Rv were variable as some laboratories 

obtained the expected profile while others failed to do so. This may be due to the unexpectedly 

low concentration of DNA in the preparation and the sensitivity of the mPCR assay may have 

varied among all participating laboratories. 

 

It was previously reported by Bedwell et al [6] that a Copenhagen commercial preparation of 

BCG vaccine gave two SenX3-RegX3 products of 353 and 276 bp using this mPCR assay. The 

BCG Danish candidate also gave both 353 and 276 bp PCR products in the mPCR assay. Further 

investigation using DNA extracted from randomly chosen single colonies from culture of BCG 

Danish candidate also revealed two subpopulations of mPCR fingerprints with close resemblance 

to either Tice (472, 401, 276, 252 and 196 bp) or Glaxo (472, 401, 353, 252, 196 bp) substrain. 

This is an indication of mixed subpopulations in the BCG Danish candidate, even though there 

was no different in visual appearance in the morphology of different colonies in the solid 

medium culture. Similar phenomenon is also reported by Honda et al [11] that two 

subpopulations of different genotypes (Type I and II) of BCG Tokyo 172 substrain are identified 

using PCR technique. 

 

Participant 7 failed to generate the exact PCR fingerprints for each of the BCG substrains used in 

the present study. This may be due to the insufficient separation of PCR products in the gel 

electrophoresis. If the electrophoresis is stopped prematurely the 276 and 252 bp bands of 

Danish and Moscow BCG may not be fully resolved along with the 379 and 353 bp of Tokyo 

BCG. Participant 7 also generated an unexpected band at approximately 1,500 bp from all 

samples. This may be due to contamination or non-specific primer binding during PCR. 

To conclude, multiplex PCR has proved to be a rapid and effective method to identify and 

differentiate between BCG substrains and to distinguish between both these strains and M. 

tuberculosis. The results obtained are reproducible, and closely mimic the results achieved by 

previous studies. 

 

Proposal 
Based on the results from the cultural viable count, modified ATP and multiplex PCR assays, we 

propose the all three candidates are established as three independent Reference Reagents for 

BCG vaccine of Danish, Moscow and Tokyo substrain. The content estimated in this study of the 

RRs for BCG Danish (NIBSC code: 07/270) is 7.29 million CFU or 56.06 ng ATP per ampoule; 

BCG Moscow (NIBSC code: 07/274) is 3.39 million CFU or 7.52 ng ATP per ampoule; BCG 

Tokyo (NIBSC code: 07/272) is 49.37 million CFU or 217.60 ng ATP per ampoule. Due to the 

relatively large variations in the estimation of the content of these preparations, they are not 

recommended to be used as calibration standards. The intended uses of these proposed RRs for 

BCG vaccine are as comparators for viability assays (such as cultural viable count and modified 

ATP assays), residual virulence/ local reactogenicity assays and protection assay in animal 

model; and as Reference BCG substrains for identity assay using molecular biology techniques. 

 

Comments from participants on the Draft report 
Comments were received from all participants on the draft report. There was no objection with 

the recommendations of the draft report and all three BCG substrains are proposed as WHO 

Reference Reagents. Some participants had the following specific comments: 

 

Lab 1 The information contained in the International Collaborative Study Report add 

appreciably to the issue of the replacement of the WHO 1st International Reference Preparation 

for BCG Vaccine as well as to the improved quality control of BCG vaccines. We agree that 



WHO/BS/09.2114 

Page 10 
 

separate standards for the three substrains (Danish, Tokyo and Moscow BCG I) that now account 

for most world BCG production should be established. 

 

The results of the collaborative study serve as a basis for this proposal. These results demonstrate 

the suitability of the three BCG Reference Reagent (RR) candidates for use as reference reagents 

in viability assays and residual virulence/local reactogenicity assays. Concerning the application 

as a reference for protection assays we believe it would be reasonable to use the three RR 

candidates as a reference for protection assays for new BCG vaccines. 

 

Uncertainty of measurement in both cultural count and modified ATP assays due to additional 

sources of error was not estimated. We are intending to implement the modified ATP assay as an 

alternative method for the cultural viable count assay for viability in the routine quality control 

testing of the final product. 

 

Lab 2 I do not have many comments because we participated in the study only for cultural viable 

count assay, and we do not have experience in two others. I am very pleased because our results 

are very close to the results of mean CFU/ ampoule, that are presented in the report. (Except for 

Tokyo substrain, but I have mentioned that yet - for Tokyo strain we have different results on 

two media because the colonies on Middlebrook 7H11 Agar Base with OADC are too small and 

difficult to count. Our results of the number of culturable particles are most about 3 to 10 or 15 x 

10
6
 cfu and very rarely above 20 x 10

6
. 

 

It was proposed all three substrains of BCG vaccine preparations as Reference Reagent for BCG 

vaccine, but I think, that real-time stability study with these three BCG RR candidate stored at -

20°C is important to make choice of them. Also, thermal stability (lyophilised samples incubated 

at 37°C for 4 weeks) is better for Tokyo substrain than for two others.       

I do not have experience, but the results of modified ATP assay are too different and I am not 

sure that we have results that correlate with CFU. 

 

Lab 6 Cultural viable count: The probable reasons of high measurement of uncertainty in 

cultural viable count may be due to the difference in the testing methodology from one 

laboratory to another. It could also be due to the factors like pipetting error and clump forming 

nature of BCG organisms. The test methods applied for cultural viable count are known to give 

wide variation therefore analysis of variance (χ2) and difference between dilution level ‘t’ value 

shall be required for considering test to be valid. In current study some laboratories have shown 

less variation in terms of CV and some laboratories have shown high CFU count, therefore we 

feel that testing protocol of these laboratories shall be shared for the comparison.  However, we 

agree with the proposal to use these three independent reference reagents for BCG vaccine in the 

viability test for comparison purpose only. As per statistical method mentioned in 

WHO/Technical Guide/TB/77.9, we have calculated CFU results of our laboratory and it is 

observed that there is a difference in CFU values obtained from international collaborative study 

report and those calculated by us.  If possible, you are requested to share the method used for 

CFU calculation during this study. 

 

Modified ATP Test: The measurement of uncertainty in ATP test is also observed which could 

be due to not using this method regularly for estimation purpose in many laboratories. It is 

observed in case of our laboratory that we have got less variation in the results so that the ATP 

estimation method can be used as a rapid alternative method for viable count. As for present 

study due to the large variation in cultural viable count and ATP test results, proposed reference 
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reagent of three different sub-strains of BCG vaccine may be used as a comparative vaccine for 

viability and ATP test. 

 

Multiplex PCR assay: Instead of running the gel at 40V for 3 hours, protocol may be altered to 

100V for 1 hour which will significantly decrease the run time. This protocol has been tested in 

our laboratories with very comparable results. Positive, negative and reagent control should be 

included in test to self validate each run. Multiplex PCR assay shall be used as an alternative 

method for identity test. 

 

Response from authors – The results of cultural viable count assay has been recalculated using 

the method described in WHO/Technical Guide/TB/77.9 and compared with the results 

calculated from the mean estimates from each dilutions without giving any weight on the number 

of colonies. 

 

Lab 7 I think it is perfect as shows all the different aspects of the difficult task of BCG handling 

even by reference laboratories! Anyway, these results show that a workshop on these different 

techniques should be done before they are implemented. 

 

Lab 9 We have checked the data in the draft report. I assume that the CFU/ ampoule was 

calculated from the mean estimates from each dilutions without giving any weight regardless of 

the number of colonies. WHO/TB/TECHNICAL GUIDE/77.9 recommends that appropriate 

weight should be given to colonies for each dilution level according to the number of colonies 

yielded. I wonder if the method described in the guide should be employed in this study. 

 

Response from authors – The results of cultural viable count assay has been recalculated using 

the method described in WHO/Technical Guide/TB/77.9 and compared with the results 

calculated from the mean estimates from each dilutions without giving any weight on the number 

of colonies. 

 

Lab 11 Uncertainity of measurement: The variability mentioned for our laboratory in Table 3 for 

Moscow and Tokyo strains seems in the same order as our uncertainity of measurement 

statistically established in our laboratory for BCG bacterial count. The variability for Danish 

strain was slightly higher than our internal uncertainity of measurement. This higher variability 

can be explained by counting difficulties for this specific strain due to the small size of the 

colonies. 

 

Use of proposed BCG reference vaccines : We initially intended to use the BCG reference 

vaccine to check the accuracy of our method. As mentioned in the report, the BCG reference 

vaccine is not recommended as a calibration standard because of the high inter-laboratories 

variability on the bacterial count results on the three BCG candidates. Nevertheless we intend 

to select one strain to check periodically (once a year) the accuracy of our method according to 

our historical results on this specific strain. This control will complete our control chart 

established on an internal BCG reference vaccine tested in each assay. 

 

Implementation of alternative tests: We have already successfully applied PCR for strain 

characterisation on the BCG-based speciality controlled in our laboratory. The method may also 

be used for routine purposes in the near future. Concerning the ATP viability test, we don't 

intend to set up the test for routine purposes in the near future. Indeed, our BCG product presents 

a very high percentage of viable but non-culturable bacteria due to strong loss of viability during 

lyophilisation. This characteristic leads to overestimate the result in the viability test compared to 

the culture test. 
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Table 1. Summary of contributions by participating laboratories in the collaborative study 

 

Laboratory Cultural viable 

count assay 

Modified ATP assay Multiplex PCR 

assay 

1 + + - 

2 + - - 

3 + + - 

4 + + + 

5 + + + 

6 + + + 

7 + + + 

8 + + + 

9 + + + 

10 + + + 

11 + + + 

 

 
Table 2. The key experimental conditions of the cultural viable count assay used by participating 

laboratories in the collaborative study  

 

Laboratory Culture medium used Samples prepared 

per ampoule 

Colony counts 

per sample 

1 Löwenstein-Jensen 3 4 or 8 

2a Middlebrook 7H11 3 6 

2b Löwenstein-Jensen 3 6 

3 Löwenstein-Jensen 3 2 

4 * 4 3 

5 Ogawa 3 3 

6 Löwenstein-Jensen 3 3 

7 Löwenstein-Jensen 3 3 

8 Dubos 2 or 4 3 

9 Ogawa 3 3 

10 Dubos Oleic 3 3 

11 Middlebrook 7H10 3 3 

 

Key: * information on culture medium used is not supplied by the participant. 
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Table 3a.  Summary of results from cultural viable count assays calculated from the mean estimates 

of colony counts of each dilution. The mean content of each BCG Reference Reagent candidate is 

presented as CFU x 106 / ampoule. 

  

 Danish Substrain Moscow Substrain Tokyo Substrain 

Laboratory Mean SD CV Mean SD CV Mean SD CV 

1 3.53 0.44 12.4% 2.98 0.22 7.3% 23.41 1.86 7.9% 

2a 8.02 1.07 13.3% 3.61 0.17 4.8% 37.68 1.69 4.5% 

2b 9.00 0.49 5.4% 2.66 0.29 10.8% 54.33 0.84 1.5% 

3 8.53 1.68 19.8% 2.63 0.23 8.6% 59.64 2.02 3.4% 

4 8.78 0.51 5.8% 4.05 0.80 19.8% 50.32 3.75 7.4% 

5 4.71 0.77 16.4% 1.40 0.24 16.8% 38.93 2.42 6.2% 

6 12.51 2.04 16.3% 3.88 0.46 11.8% 63.96 9.82 15.3% 

7 3.02 0.87 28.7% 1.34 0.36 26.5% 16.90 3.51 20.7% 

8 10.46 2.12 20.3% 4.54 0.45 9.9% 58.35 10.25 17.6% 

9 7.44 1.80 24.2% 3.53 0.71 20.2% 49.99 6.58 13.2% 

10 6.91 0.59 8.6% 4.68 1.99 42.5% 60.63 6.07 10.0% 

11 7.20 1.88 26.1% 6.90 1.36 19.7% 75.00 8.81 11.8% 

Mean 7.51 3.52 49.10 

SD of mean 0.79 (10.6%) 0.44 (12.5%) 4.91 (10.0%) 

Pooled between-ampoule 

SD 
1.35 (18.0%) 0.87 (24.6%) 6.20 (12.6%) 

Combined uncertainty 1.57 (20.9%) 0.97 (27.6%) 7.90 (16.1%) 

Expanded uncertainty 

(95% confidence) 
4.06 – 10.96 1.38 – 5.65 31.70 – 66.49 

    

The following results are obtained if labs 4 and 8 are excluded (for comparison with results calculated by 

WHO method): 

 

Mean 7.09 3.36 48.05 

SD of mean 0.89 (12.5%) 0.51 (15.3%) 5.85 (12.2%) 

Pooled between-ampoule 

SD 
1.31 (18.4%) 0.90 (26.9%) 5.81 (12.1%) 

Combined uncertainty 1.58 (20.9%) 1.04 (31.0%) 8.25 (17.2%) 

Expanded uncertainty 

(95% confidence) 
3.51 – 10.66 1.01 – 5.71 29.39 – 66.70 

 

Key: SD= Standard deviation; CV= Coefficient of variation 
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Table 3b.  Summary of results from cultural viable count assays calculated using the method 

described in WHO/TB/Technical Guide/77.9. The mean content of each BCG Reference Reagent 

candidate is presented as CFU x 106 / ampoule. 

  

 Danish Substrain Moscow Substrain Tokyo Substrain 

Laboratory Mean SD CV Mean SD CV Mean SD CV 

1 3.70 0.45 12.2% 3.07 0.29   9.4% 24.08 2.45 10.2% 

2a 7.89 1.14 14.4% 3.54 0.17   4.8% 40.07 3.08  7.7% 

2b 8.96 0.51   5.7% 2.67 0.29 10.9% 55.95 1.68   3.0% 

3 8.70 2.05 23.6% 2.61 0.21   8.0% 60.07 1.13   1.9% 

5 4.77 0.73 15.3% 1.44 0.25 17.4% 39.84 3.16   7.9% 

6 12.68 2.46 19.4% 4.01 0.60 15.0% 65.33 10.86 16.6% 

7 3.02 0.88 29.1% 1.34 0.37 27.6% 16.89 3.49 20.7% 

9 8.30 2.10 25.3% 3.76 0.92 24.5% 55.82 9.78 17.5% 

10 7.31 0.71   9.7% 4.84 2.18 45.0% 61.43 6.27 10.2% 

11 7.59 2.02 26.6% 6.63 1.13 17.0% 74.22 8.05 10.8% 

Mean 7.29 3.39 49.37 

SD of mean 0.90 (12.3%) 0.50 (14.7%) 5.86 (11.9%) 

Pooled between-ampoule 

SD 
1.48 (20.4%) 0.95 (28.1%) 6.59 (13.1%) 

Combined uncertainty 1.74 (23.8%) 1.08 (31.8%) 8.74 (17.7%) 

Expanded uncertainty 

(95% confidence) 
3.37 – 11.22 0.95 – 5.83 29.60 – 69.14 

 

Key: SD= Standard deviation; CV= Coefficient of variation 
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Table 4a.  Mean viable count results (CFU x 10
6 / ampoule) for Danish substrain preparation 

calculated (i) from the mean estimates of colony counts of each dilution, (ii) using the method 

described in WHO/TB/Technical Guide/77.9. 

 

(i) 

Lab Ampoule 

 1 2 3 4 5 6 7 8 9 10 

1 3.73 3.39 4.50 3.45 2.82 3.58 3.40 3.76 3.16 3.49 

2a 8.00 8.54 9.29 8.35 6.11 7.84 . . . . 

2b 8.86 9.31 9.30 9.04 8.10 9.42 . . . . 

3 7.93 10.43 7.22 . . . . . . . 

4 9.07 9.16 8.48 8.45 8.27 7.98 8.87 9.42 9.34 . 

5 4.76 5.88 5.54 4.76 4.57 3.79 4.66 3.93 5.59 3.68 

6 13.78 12.16 13.91 16.60 13.04 10.20 10.13 10.33 13.13 11.78 

7 4.80 2.66 3.98 3.04 2.91 2.98 1.66 3.29 2.41 2.51 

8 12.37 12.43 12.70 11.33 6.00 9.33 10.00 9.33 10.67 . 

9 4.33 5.89 6.81 8.10 7.07 6.41 7.02 8.81 10.25 9.71 

10 6.57 7.34 6.98 7.44 6.89 6.06 7.41 7.52 5.81 7.08 

11 7.30 5.26 6.24 3.27 8.27 9.78 9.01 7.75 7.60 7.55 

 

(ii) 

Lab Ampoule 

 1 2 3 4 5 6 7 8 9 10 

1 3.65 3.34 4.45 3.73 2.87 4.04 3.63 4.19 3.42 3.70 

2a 7.92 8.52 9.29 8.21 5.94 7.46 . . . . 

2b 8.82 9.25 9.27 9.05 8.00 9.39 . . . . 

3 7.86 11.03 7.20 . . . . . . . 

5 4.82 5.88 5.55 4.75 4.48 4.01 4.70 3.93 5.69 3.90 

6 14.05 12.13 14.14 18.31 12.94 10.23 10.17 10.35 12.72 11.81 

7 4.79 2.63 4.04 3.07 2.82 2.98 1.65 3.34 2.44 2.48 

9 5.00 6.19 7.35 8.73 8.73 7.17 8.40 8.53 12.40 10.53 

10 7.08 8.37 7.44 7.48 6.76 6.97 7.67 7.70 5.76 7.84 

11 7.36 5.65 6.82 3.33 9.56 10.16 9.48 7.85 7.91 7.80 
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Table 4b.  Mean viable count results (CFU x 10
6 / ampoule) for Moscow substrain preparation 

calculated (i) from the mean estimates of colony counts of each dilution, (ii) using the method 

described in WHO/TB/Technical Guide/77.9. 

 

(i) 

Lab Ampoule 

 1 2 3 4 5 6 7 8 9 10 

1 2.73 3.08 2.91 3.02 2.61 2.95 3.05 2.99 3.00 3.42 

2a 3.72 3.40 3.44 3.55 3.73 3.83 . . . . 

2b 2.56 2.34 2.91 2.38 3.05 2.72 . . . . 

3 2.46 2.55 2.89 . . . . . . . 

4 4.07 3.83 4.36 3.57 5.05 3.22 5.53 3.62 3.23 . 

5 1.24 1.66 1.45 1.08 1.41 1.19 1.60 1.82 1.25 1.27 

6 3.81 3.34 3.82 4.28 3.28 4.27 3.56 4.62 4.30 3.56 

7 1.87 1.27 0.89 1.13 1.40 0.87 1.38 1.55 1.17 1.89 

8 4.53 4.19 3.73 5.20 4.95 4.80 4.18 4.57 4.72 . 

9 1.98 3.38 3.05 3.22 4.31 4.17 4.20 3.82 3.96 3.23 

10 1.89 2.20 3.78 5.22 6.09 4.27 3.83 4.21 7.67 7.59 

11 8.44 6.17 6.83 7.47 8.45 4.73 5.06 6.98 6.40 8.52 

 

(ii) 

Lab Ampoule 

 1 2 3 4 5 6 7 8 9 10 

1 2.74 3.31 2.93 3.10 2.60 3.01 3.10 3.06 3.18 3.64 

2a 3.58 3.35 3.37 3.52 3.65 3.78 . . . . 

2b 2.62 2.35 2.92 2.39 3.09 2.67 . . . . 

3 2.45 2.53 2.84 . . . . . . . 

5 1.42 1.71 1.44 1.07 1.41 1.20 1.74 1.84 1.26 1.27 

6 4.10 3.34 3.91 4.91 3.21 4.76 3.58 4.53 4.27 3.50 

7 1.96 1.22 0.89 1.11 1.44 0.85 1.37 1.60 1.16 1.84 

9 1.91 3.50 3.06 3.26 4.57 4.80 4.44 4.02 4.75 3.32 

10 1.88 2.23 3.78 5.62 6.24 4.26 3.83 4.22 8.04 8.26 

11 7.62 5.78 6.56 7.09 7.71 4.73 5.15 6.89 6.56 8.19 
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Table 4c.  Mean viable count results (CFU x 10
6 / ampoule) for Tokyo substrain preparation 

calculated (i) from the mean estimates of colony counts of each dilution, (ii) using the method 

described in WHO/TB/Technical Guide/77.9. 

 

(i) 

Lab Ampoule 

 1 2 3 4 5 6 7 8 9 10 

1 23.42 22.19 22.01 26.33 23.48 26.27 24.98 22.42 21.38 21.57 

2a 37.72 47.33* 40.47 35.98 36.89 37.36 . . . . 

2b 53.71 55.80 54.20 53.82 54.78 53.64 . . . . 

3 59.01 58.01 61.91 . . . . . . . 

4 49.27 53.04 56.58 43.91 46.88 49.67 53.58 50.29 49.64 . 

5 39.94 41.75 40.72 40.39 38.50 40.78 40.17 35.50 34.89 36.67 

6 73.20 59.02 71.82 62.13 56.36 52.44 49.87 78.22 62.67 73.87 

7 13.77 20.65 18.11 11.27 20.48 18.12 12.07 17.63 16.16 20.75 

8 72.83 65.83 59.83 66.67 66.67 46.67 46.67 46.67 53.33 . 

9 19.94* 41.67 40.06 43.83 51.78 53.78 58.72 50.44 54.83 54.83 

10 58.44 56.61 59.44 57.22 57.22 54.22 57.83 73.67 63.19 68.44 

11 80.02 81.57 87.12 77.08 72.92 74.06 57.93 80.82 75.66 62.80 

 

*outlier excluded from further analysis 
 

(ii) 

Lab Ampoule 

 1 2 3 4 5 6 7 8 9 10 

1 23.82 23.05 23.22 28.49 25.06 27.73 24.40 21.85 22.13 21.03 

2a 42.45 61.04* 44.21 37.11 38.26 38.31 . . . . 

2b 56.65 58.59 55.20 56.32 55.38 53.57 . . . . 

3 59.87 59.05 61.29 . . . . . . . 

5 40.73 43.98 41.23 39.53 40.00 41.68 43.89 35.73 35.28 36.31 

6 76.14 60.04 77.49 65.05 58.02 52.87 50.05 80.35 59.69 73.66 

7 13.89 20.65 18.09 11.20 20.35 18.12 12.07 17.63 16.16 20.75 

9 20.24* 44.68 43.87 50.83 54.58 54.45 73.13 51.96 66.29 62.56 

10 58.89 56.25 64.56 60.00 57.92 54.07 56.34 74.77 65.24 66.30 

11 78.81 78.28 86.17 74.99 70.99 74.15 57.98 80.28 75.71 64.80 

 

*outlier excluded from further analysis 
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Table 5. Details of the modified ATP assay conditions used by participating laboratories in the 

collaborative study  
 

Laboratory Culture 

medium 

used 

No. of ampoules 

tested per 

experiment 

Samples 

prepared per 

ampoule 

Luminescence 

reading per 

sample 

Type of 

luminescence 

reader 

1 Dubos 1, 2, 3 or 4 3 3 Cuvette 

3 Dubos 15 1 1 Cuvette 

4 Dubos 15 3 3 Plate 

5 7H9 3 or 4 3 3 Cuvette 

6 Dubos 3 or 6 3 3 Plate 

7 Dubos 1, 4 or 8 3 3 Plate 

8 7H9 9 or 15 3 3 Plate 

9 7H9 1 or 3 3 3 Plate 

10 Dubos 3 or 6 3 3 Plate 

11 7H9 3, 6 or 7 3 3 Plate 

 

Table 6.  Summary results of modified ATP assay. The mean ATP content is presented as ng/ 

ampoule. 

  

 
Danish Substrain 

(tested neat) 

Moscow Substrain 

(tested neat) 

Tokyo Substrain 

(tested diluted 1:5) 

Lab Mean SD CV Mean SD CV Mean SD CV 

1 34.33 6.50 18.9% 4.11 0.88 21.4% 124.25 6.95 5.6% 

3 99.32 23.82 24.0% 14.38 8.29 57.7% 322.16 27.19 8.4% 

5 69.09 7.23 10.5% 10.46 3.82 36.5% 271.19 18.49 6.8% 

6 48.84 4.76 9.8% 4.86 0.64 13.2% 173.52 14.23 8.2% 

8 75.16 53.54 71.2% 15.38 9.06 58.9% 502.34 266.63 53.1% 

9 61.58 14.21 23.1% 8.74 2.36 27.1% 279.99 42.39 15.1% 

10 41.77 10.61 25.4% 6.46 2.26 35.0% 174.81 73.54 42.1% 

11 37.48 12.90 34.4% 3.62 1.05 29.0% 177.28 20.47 11.5% 

Mean 58.45 8.50 253.19 

SD of mean 7.87 (13.5%) 1.62 (19.0%) 42.84 (16.9%) 

Mean* 56.06 7.52 217.60 

SD* of mean 8.65 (15.4%) 1.48 (19.7%) 27.52 (12.6%) 

Pooled between-

ampoule SD* 
12.57 (22.4%) 3.49 (46.4%) 35.62 (16.4%) 

Combined 

uncertainty* 
15.26 (27.2%) 3.79 (50.4%) 45.01 (20.7%) 

Expanded 

uncertainty* 

(95% confidence) 

18.71 – 93.40 0 – 16.79 107.47 – 327.74 

 

Key: SD= Standard deviation; CV= Coefficient of variation; *=results from Laboratory 8 

excluded in the calculation of mean, SD and uncertainty. 
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Table 7a.  Mean ATP content (ng/ampoule) in each diluted preparations for Danish substrain 

 
Lab Dil Ampoule 

  1 2 3 4 5 6 7 8 9 10 11 12 13 

1 1 30.8 37.6 30.7 35.8 28.3 29.5 25.3 30.5 43.5 43.0 42.6 . . 

 2 36.0 42.1 32.1 34.1 32.9 34.2 30.2 33.3 46.6 40.9 37.8 . . 

 4 36.0 41.1 27.9 34.4 30.1 32.0 27.9 34.9 42.4 38.1 33.9 . . 

3 1 66.1 86.9 85.2 132.1 97.2 80.7 91.9 133.3 252.4* 120.6 . . . 

5 1 62.0 68.0 78.3 77.9 62.7 77.2 72.0 60.3 61.3 71.3 . . . 

 2 65.8 70.6 77.9 79.0 62.4 78.7 76.0 62.2 62.9 72.7 . . . 

 4 64.6 70.5 77.1 76.4 65.3 78.2 74.2 62.5 65.0 74.3 . . . 

6 1 51.5 42.2 45.7 44.1 50.5 48.0 53.3 56.4 52.8 43.9 . . . 

 2 60.2 55.1 58.1 53.0 63.9 59.0 63.2 56.1 63.0 51.8 . . . 

 4 69.6 57.3 61.7 56.0 69.8 69.7 74.0 63.6 71.0 56.2 . . . 

8 1 13.0 12.0 8.9 110.8 70.5 128.5 163.6 151.5 330.8* 68.6 65.8 70.3 38.6 

 2 10.2 11.8 11.8 202.3 93.2 71.6 193.1 211.8 145.0 87.6 87.9 93.5 59.8 

 4 12.3 16.8 14.4 280.8 105.3 192.3 238.3 255.1 174.0 94.4 221.8 93.7 51.9 

9 1 51.3 38.8 61.6 72.2 86.5 74.1 56.9 47.9 70.1 56.6 . . . 

 2 50.1 48.0 69.1 88.2 102.6 76.8 74.6 71.2 71.6 76.8 . . . 

 4 71.3 52.0 75.0 88.7 102.9 85.3 72.6 70.2 80.9 75.4 . . . 

10 1 41.1 41.9 40.7 39.7 51.7 42.5 65.6 33.7 33.4 27.4 . . . 

 2 . 39.9 41.8 47.0 57.2 45.6 70.3 37.7 34.2 28.3 . . . 

 4 . 44.7 37.0 49.5 63.0 50.5 62.4 37.6 39.3 37.5 . . . 

11 1 48.5 17.0 37.7 21.9 49.7 43.7 26.8 526.9* 53.2 38.9 . . . 

 2 40.8 29.5 43.2 30.6 43.0 32.3 36.2 250.8* 33.5 27.5 . . . 

 4 38.7 39.0 37.0 27.1 44.4 36.5 34.3 224.5* 40.4 27.5 . . . 

 

Key: Dil = Dilution factor used in the samples; *outlier excluded from further analysis 
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Table 7b.  Mean ATP content (ng/ampoule) in each diluted preparations for Moscow substrain 

 
Lab Dil Ampoule 

  1 2 3 4 5 6 7 8 9 10 11 12 13 

1 1 3.0 3.0 4.5 5.0 4.9 3.3 4.6 4.2 3.5 5.6 3.6 . . 

 2 3.3 3.3 4.7 5.1 5.5 3.3 4.9 3.9 3.7 6.0 4.3 . . 

 4 3.7 3.5 4.5 4.5 4.6 3.7 5.0 4.0 3.8 6.0 4.1 . . 

3 1 7.5 9.3 100.4* 7.0 9.0 21.3 12.5 17.9 56.6* 30.6 . . . 

5 1 5.8 5.9 16.4 14.6 13.8 8.7 13.7 8.9 9.1 7.9 . . . 

 2 6.1 6.5 16.5 15.9 14.8 9.0 15.5 10.1 9.3 8.4 . . . 

 4 6.5 6.5 16.8 16.0 15.2 9.5 15.6 9.8 9.5 7.8 . . . 

6 1 5.1 4.7 3.6 5.5 5.3 5.2 5.0 7.6* 5.2 4.1 . . . 

 2 6.1 6.6 5.6 9.1 7.1 6.3 7.6 11.7* 8.3 6.7 . . . 

 4 7.2 7.6 6.2 9.7 8.1 7.7 8.4 13.6* 8.6 7.4 . . . 

8 1 3.1 2.7 5.6 28.7 23.2 12.1 25.5 29.0 19.0 12.7 11.7 12.3 14.6 

 2 2.6 3.6 6.6 33.2 37.3 20.8 6.9 47.0 17.9 15.3 7.3 8.2 23.9 

 4 6.3 5.9 3.8 52.3 31.6 13.7 . 66.7 49.4 30.1 22.7 9.1 84.1 

9 1 10.7 7.3 10.2 6.7 10.1 13.1 6.8 5.9 6.7 9.8 . . . 

 2 14.4 9.5 12.5 9.3 10.7 12.7 7.8 6.0 8.2 11.9 . . . 

 4 15.7 10.3 13.2 8.5 11.0 14.2 7.9 6.6 9.8 11.4 . . . 

10 1 4.3 5.9 4.1 6.8 10.5 8.3 8.0 4.0 8.2 4.4 . . . 

 2 5.9 9.1 5.4 8.5 14.4 7.9 8.9 6.6 12.7 6.4 . . . 

 4 4.6 8.4 4.4 7.6 13.3 7.7 7.8 6.7 12.8 6.7 . . . 

11 1 5.9 2.8 2.9 4.2 2.7 4.1 11.1* 3.2 2.9 3.9 . . . 

 2 5.7 4.2 4.0 5.4 4.0 4.8 15.8* 5.0 4.2 5.0 . . . 

 4 8.7 7.3 7.2 9.5 7.4 8.6 14.6* 8.5 6.5 7.9 . . . 

 

Key: Dil = Dilution factor used in the samples; *outlier excluded from further analysis 
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Table 7c.  Mean ATP content (ng/ampoule) in each diluted preparations for Tokyo 

substrain 
 
Lab Dil Ampoule 

  1 2 3 4 5 6 7 8 9 10 11 12 13 

1 5 121.0 130.0 130.0 121.7 126.6 119.5 111.1 128.6 132.5 130.3 115.5 . . 

 10 130.7 133.4 138.6 146.0 143.8 112.0 128.0 143.9 147.2 127.7 115.0 . . 

 20 133.5 132.4 128.1 158.8 133.2 148.8 122.7 146.8 135.6 38.09* 114.6 . . 

3 5 272.9 350.4 317.0 305.0 301.3 350.2 345.2 345.0 448.45* 312.7 . . . 

5 5 253.7 304.3 272.3 284.6 263.2 281.4 241.9 287.6 264.2 258.8 . . . 

 10 255.2 298.1 267.5 280.0 269.3 294.6 238.8 306.0 268.0 263.3 . . . 

 20 248.6 302.7 265.2 297.7 264.8 297.4 257.1 289.5 265.7 268.3 . . . 

6 5 172.5 155.8 182.7 195.3 166.6 198.6 162.4 165.4 165.0 170.8 . . . 

 10 185.6 167.1 207.9 203.1 224.0 222.6 190.9 183.9 187.9 182.8 . . . 

 20 188.2 181.2 215.4 202.5 237.4 233.4 207.3 185.9 183.0 187.6 . . . 

8 5 86.4 67.9 53.3 822.9 617.6 651.3 589.4 622.7 487.1 800.6 700.5 497.2 533.6 

 10 38.0 46.4 52.0 1025.0 851.6 599.6 700.6 839.5 381.5 388.9 429.5 302.2 632.9 

 20 76.2 90.7 66.8 1159.3 1105.3 836.1 799.9 1124.5 426.5 415.8 607.3 551.2 847.0 

9 5 253.4 237.9 253.4 274.7 324.3 348.2 219.1 303.2 263.2 322.6 . . . 

 10 279.9 268.1 261.0 306.4 326.4 334.3 268.7 322.3 279.5 325.8 . . . 

 20 274.2 267.7 266.5 292.6 331.8 356.2 284.1 338.3 309.2 337.7 . . . 

10 5 149.5 134.9 142.2 249.7 230.1 292.5 249.8 100.5 86.7 112.1 . . . 

 10 150.9 149.8 149.8 208.7 280.3 291.9 262.0 135.0 151.1 131.6 . . . 

 20 131.3 120.3 117.1 191.4 243.8 230.7 214.3 136.1 163.3 122.4 . . . 

11 5 197.3 169.5 165.7 187.5 160.2 172.8 188.1 155.1 219.2 157.5 . . . 

 10 133.9 148.0 120.5 139.2 162.7 193.9 145.1 132.9 189.2 102.7 . . . 

 20 119.6 164.5 139.7 153.9 151.0 153.5 137.8 153.8 162.0 125.4 . . . 

 

Key: Dil = Dilution factor used in the samples; *outlier excluded from further analysis 
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Table 8. The expected sizes of mPCR products from each BCG substrain in the multiplex PCR 

assay 

 

 Danish 

BCG 

Tokyo 

BCG 

Moscow 

BCG 

Moreau 

BCG 

Glaxo 

BCG 

472 472 472 472 472 

401 379 401 315 401 

353 353 315 276 353 

276 315 276 252 252 

252 252 252 196 196 

Expected 

bands (bp) 

196 196 196   

 

 

Table 9. Results from participating laboratories of positive identification of mycobacteria using 

mPCR assay with blinded DNA samples. 

 

 

 
Table 10. Thermal stability (lyophilised samples incubated at 37° for 4 weeks) results using 

cultural viable count assays for BCG Reference Reagent candidates 

 

BCG 

sample 

Ampoule (CFU x10
6
) Mean 

(CFU x10
6
) 

SD 

(x10
6
) 

CV 

(%) 

% 

survival* 
 1 2 3 4 5     

Danish 2.79 2.54 1.63 2.09 2.02 2.21 0.46 20.62 29.47 

Tokyo 29.89 20.56 36.28 43.22 35.67 33.12 8.47 25.57 67.47 

Moscow 0.80 0.69 0.35 2.08 - 0.98 0.76 77.43 27.89 

 

Key: SD=standard deviation; CV=coefficient of variation; *The calculation of % survival in 

CFU in BCG Reference Reagent candidates is based on the average mean CFU of each sample 

from the collaborative study of cultural viable count assay. 

Laboratory Sample 

number 

Organism used 

for DNA 

extraction 

4 5 6 7 8 9 10 11 

1 Salmon + + + + + + + + 

2 M. tuberculosis - - - - - + + - 

3 Danish BCG + + + - + + + + 

4 Moreau BCG + + + - + + + + 

5 Tokyo BCG + + + - + + + + 

6 Glaxo BCG + + + + + + + + 

7 Moscow BCG + + + - + + + + 
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Figure 1. The distribution of CFU counts of (a) Danish (b) Moscow (c) Tokyo substrains of 

BCG Reference Reagent candidates performed in each participating laboratory. 
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Figure 2. The distribution of ATP contents of (a) Danish (b) Moscow (c) Tokyo substrains of 

BCG Reference Reagent candidates performed in each participating laboratory. 
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(a) 

 

 
(b) 
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(c) 

 

Figure 3. The multiplex PCR fingerprints of (a) Danish (b) Moscow (c) Tokyo substrains of 

BCG Reference Reagent candidates obtained from each participating laboratory. 
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Appendix IIa. Certificate of Analysis of BCG Danish 
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Appendix IIb. Certificate of Analysis of BCG Moscow 
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Appendix IIc. Certificate of Analysis of BCG Tokyo 
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Appendix III. Study protocol for international collaborative study of 

2
nd

 BCG Reference Reagent candidates using cultural viable count 

assay 
 

Objective 
To estimate the number of cultural particles in the lyophilized BCG samples using cultural viable 

count assay. The information generated will form part of the specifications of the 2
nd

 BCG 

Reference Reagent (RR).  

Key materials required 
• 2

nd
 BCG RR candidates (Danish strain, lot 1331-2; Tokyo strain, lot TY-1002; Moscow 

strain, lot 254-2) 10 ampoules of each which should be stored at -20°C. All test samples will be 

shipped in dry ice. 

• Suitable diluents and solid culture medium as in participants’ own established in-house 

cultural viable count methods. 

Method 
There is no recommended protocol for the cultural viable count assay. Participants should use 

their own established in-house cultural viable count methods. However, some key steps are 

recommended: 

• Split the 10 ampoules of each strain of BCG into at least 2 - 3 independent experiments 

and use different batches of the solid medium preparation, i.e. do not test all 10 ampoules of each 

strain in one experiment using the same batch of solid medium preparation. 

• Reconstitute each ampoule with 1 ml of suitable solution. No pooling of samples should 

be carried out for this study and each ampoule should be tested individually. 

• Three 1:2 serial dilutions (with the optimal dilution as the middle of the serial dilutions) 

should be prepared from each reconstituted ampoule. Each dilution should be plated on solid 

medium in triplicates, thus giving three colony counts per dilution; a total of nine colony counts 

per ampoule. 
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Recording of results 
Record the colony counts in a result sheet template as shown below, using one sheet per 

experiment. Please give details of the procedure for dilution, such as the total volume of each 

dilution, and volume used for plating out the suspension on solid medium to avoid any 

misunderstandings in calculation. 

 

Cultural viable count assay    

     

Culture medium used:     

Date test completed:     

Incubation period (days):     

BCG strain:     

Number of sample tested:     

     

     

     

  Colony counts/ X µl  

Sample 
Dilution 

factor (x10
p
) 1 2 3 

1 S xxx xxx xxx 

 2S xxx xxx xxx 

  4S xxx xxx xxx 

2 S xxx xxx xxx 

 2S xxx xxx xxx 

  4S xxx xxx xxx 

3 S xxx xxx xxx 

 2S xxx xxx xxx 

  4S xxx xxx xxx 

etc     

NB: Serial dilution of 2S x 10
p should be the optimal dilution.  
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Appendix IV. Study protocol for international collaborative study of 

2
nd

 BCG Reference Reagent candidates using modified ATP assay 
 

Objective 
To estimate the content of ATP in the lyophilized BCG samples using modified ATP assay. The 

information generated will form part of the specifications of the 2
nd

 BCG Reference Reagent 

(RR).  

Key materials supplied by NIBSC 
• 2

nd
 BCG RR candidates (Danish strain, lot 1331-2; Tokyo strain, lot TY-1002; Moscow 

strain, lot 254-2) 10 ampoules of each which should be stored at -20°C. All test samples will be 

shipped in dry ice. 

• ATP Standard, 1 x 10
-5

 M. Stock ATP Standard should be aliquoted and stored at -20°C 

until use. Dilutions are prepared in TE buffer. Stock ATP standard = 1000 pmol/ 100 µl. 

Recommended working ATP standard is in 1: 2 serial dilutions from 10 to 0.3125 pmol/ 100 µl  

Key materials required 
• Dubos medium (supplemented with 0.045% Tween 80 and 0.5% bovine albumin; 4347, SSI 

Diagnostika, Hillerød, Denmark); Middlebrook medium, such as 7H9, as suitable alternative 

if impossible to obtain the Dubos medium. 

• ATP Kit SL (144-041, BioThema, Haninge, Sweden) includes  

o Tris-EDTA (TE) buffer (0.1 M) with 2 mM EDTA, pH 7.75 adjusted with acetic 

acid is stored at 4°C until use. 

o ATP Reagent SL. The reagent is reconstituted with 10 ml Diluent C. Aliquots of 

reconstituted ATP reagent is stored at -20°C until use. 

o ATP Standard, 1 x 10
-5

 M.  

NB: In order to ensure the same batch of ATP standard is used in all laboratories. Please only 

use the ATP standard (also BioThema’s product) found in the shipment of the BCG samples.  

BioThema has distributors in different countries, please ask the company (info@biothema.com) 

for the distributor in your country.  

• 2 ml sterile screw cap tube 

• Luminescence reader 

• Heat block to heat buffer to 96 - 98°C 

Procedure 
Split the 10 ampoules of each strain of BCG into at least 2 - 3 independent experiments, i.e. do 

not test all 10 ampoules of each strain in one experiment. 

NB: No pooling of samples should be carried out. 

1. It is recommended that three 1: 2 serial dilutions are prepared from each ampoule and that 

each dilution is tested in triplicate, thus generating three luminescence readings per dilution; 

a total of nine luminescence readings per ampoule. 

2. In a Class II EPC, a glass cutter may be used for opening the glass ampoules and extra care is 

required to avoid loss of material. 



WHO/BS/09.2114 

Page 40 
 

3. Reconstitute each ampoule with 1.0 ml Dubos medium, mix well and transfer the 

reconstituted BCG to sterile screw capped tubes. The reconstituted BCG suspensions are 

incubated at 37°C for 22-26 h. 

NB: For Tokyo strain (lot TY-1002) sample, dilute the reconstituted BCG suspension 1: 5 in 

culture medium. Then incubate the diluted BCG suspension (1 ml) samples in sterile screw 

capped tubes. 

4. Allow enough time for dried heat block to heat up and measure the temperature with 

thermometer in heat block and in 500 µl TE buffer in 2 ml screw top tube to avoid 

evaporation. The TE buffer temperature should reach between 96 - 98°C and stay at this 

temperature. 

For using luminescence reader measuring samples in 96-well plates (white 

plastic) 
5. In a Class II EPC, prepare samples of overnight BCG culture in pre-warmed Dubos medium 

as undiluted, 1: 2 and 1: 4 dilutions.  

6. ATP extraction is performed in pre-heated 500 µl TE buffer in a heat block as mentioned 

above. Add 100 µl of BCG suspension directly to the preheated buffer. The BCG-buffer 

mixture is returned to the heat block and kept for 6 min exactly. For multiple samples, add 

BCG suspension into TE buffer at 30 sec intervals. Negative control is prepared as samples 

using Dubos medium without BCG. 

7. After heat treatment, the resulting extracts are allowed to cool to room temperature (leave for 

about 30 min) before addition of ATP reagent. 

8. Prepare ATP standards in triplicate as mentioned in Material and add 100 µl of each standard 

into 500 µl of TE buffer, but no heating is required. 

In triplicate, transfer 150 µl of each ATP extract or standard-TE mix into individual wells of 

the OptiPlate-96 microplate and keep a record of the sample layout in the 96-well plate 

format. Then use a multichannel pipette to add 50 µl of ATP reagent into each well and start 

timing.  

NB: For luminescence cuvette reader,  

9. The bioluminescence of the samples and ATP standards are measured in the Luminescence 

counter (set with 1 sec reading time) at about 5 min delay after addition of ATP reagent. 

NB: Luminescence intensity decreases with time, so it is important to keep the same time 

interval between addition of ATP reagent and reading of luminescence in the equipment for 

each experiment. 

For using luminescence reader measuring samples in cuvette 
5. In a Class II EPC, prepare samples of overnight BCG culture in pre-warmed Dubos 

medium as undiluted (should have about 700 µl left after the serial dilution), 1: 2 (200 µl BCG 

culture + 200 µl pre-warmed Dubos medium) and 1: 4 (100 µl BCG culture + 300 µl pre-

warmed Dubos medium) dilutions.  

6. ATP extraction is performed in pre-heated 500 µl TE buffer in a heat block as mentioned 

above. Add 100 µl of BCG suspension directly to the preheated buffer. The BCG-buffer 

mixture is returned to the heat block and kept for 6 min exactly. For multiple samples, add 

BCG suspension into TE buffer at 30 sec intervals. Negative control is prepared as samples 

using Dubos medium without BCG.  Repeat this step twice, thus triplicates are prepared for 

each dilution. Total of 9 ATP extractions for each vial/ ampoule of BCG used. 
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7. After heat treatment, the resulting extracts are allowed to cool to room temperature (min. 

30 min.) before addition of ATP reagent. 

8. Prepare ATP standards in triplicate as mentioned in Material and add 100 µl of each 

standard into 500 µl of TE buffer, but no heating is required. 

9. To each 600 µl ATP extract/ standard, 100 µl ATP reagent is added and the luminescence 

of the sample is measured in a Luminescence counter. Samples and ATP standards are read at 

exactly 5 min after addition of ATP reagent and readings must follow a fixed time intervals. 

Recording of results 
1. Collect electronic and hard copies of the results from the luminescence counter. The results 

should be transferred and recorded in a result sheet template as shown below, using one sheet 

per experiment.  

Modified ATP Assay     

Date test completed:     

BCG strain:     

Number of sample tested:     
ATP standard (pmol/ 100 
µl) 1 2 3  

10 xxx xxx xxx  

5 xxx xxx xxx  

2.5 xxx xxx xxx  

1.25 xxx xxx xxx  

0.625 xxx xxx xxx  

0.3125 xxx xxx xxx  

     

  
Luminescence count/ 100µl 

sample 

Sample Dilution factor 1 2 3 

1 1 xxx xxx xxx 

 2 xxx xxx xxx 

  4 xxx xxx xxx 

2 1 xxx xxx xxx 

 2 xxx xxx xxx 

  4 xxx xxx xxx 

3 1 xxx xxx xxx 

 2 xxx xxx xxx 

  4 xxx xxx xxx 

etc.     

          

Blank (Dubos medium in 
TE buffer and ATP 
reagent ) 1 xxx xxx xxx 
Blank (TE buffer and ATP 
reagent only) 1 xxx xxx xxx 

 

NB: The range for ATP standard is only a guide as it may depend on the sensitivity of your own 

luminescence counter/ reader. There is no restriction on how many samples you should test per 

experiment as long as each experiment is performed with ATP standard calibration. Please 

include data for the ATP standards calibration curve in each experiment. 
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Appendix V. Study protocol for international collaborative study of 

2
nd

 BCG Reference Reagent candidates using multiplex PCR assay 

as identity test 
 

Objective 
To evaluate the robustness and suitability of multiplex PCR (mPCR) as alternative identity test 

for lyophilized BCG preparation and to apply this assay to identify the substrain of BCG 

Reference Reagent (RR) candidates. The information generated will form part of the 

specifications of the 2
nd

 BCG RR.  

Key materials provided by NIBSC 
• 2

nd
 BCG RR candidates (Danish strain, lot 1331-2; Tokyo strain, lot TY-1002; Moscow 

strain, lot 254-2) 2 ampoules of each which should be stored at -20°C. All test samples will be 

shipped in dry ice. 

• Purified DNA samples (for blind testing and coded with numbers) including DNA from 

five different substrains of BCG, M. tuberculosis and non-mycobacterial negative control. 

Frozen samples should be stored at -20°C and will be shipped in dry ice. 

• 50 bp DNA ladder which should be stored at -20°C and will be shipped in dry ice. 

• Set of 13 primers at working concentrations should be stored at -20°C and will be 

shipped in dry ice. 

 

Primer Sequence Working stock (µµµµM) Final conc. in PCR 

reaction (µµµµM) 

ET1 aag cgg ttg ccg ccg acc gac c 5 0.2 

ET2  ctg gct ata ttc ctg ggc ccg g 10 0.4 

ET3  gag gcg atc tgg cgg ttt ggg g 5 0.2 

RD2l  cca gat tca aat gtc cga cc 10 0.4 

RD2r  gtg tca tag gtg att ggc tt 10 0.4 

RD8l  act cct agc ttt gct gtg cgc t 10 0.4 

RD8r  gta ctg cgg gat ttg cag gtt c 10 0.4 

RD14l  cag ggt tga agg aat gcg tgt c 10 0.4 

RD14r  ctg gta cac ctg ggg aat ctg g 10 0.4 

RD16l  atc gtt cac gga cag ccg tag t 10 0.4 

RD16r  ctc gat cca agg tca acc acg 10 0.4 

C3  gcg cga gag ccc gaa ctg c 10 0.4 

C5  gcg cag cag aaa cgt cag c 10 0.4 

 

Materials and equipment required 
• Reagents for DNA extraction or DNA extraction kit 

• Taq DNA polymerase (stored at -20°C). 

• 5X or 10X reaction buffer (supplied with Taq polymerase) (stored at -20°C). 
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• dNTPs preparation (10 mM stock).  Made up using 100 µl each of dATP, dCTP, dGTP, 

dTTP (all at 100 mM) in 600 µl autoclaved deionised water (stored at -20°C).  

• MgCl2 (25 mM stock) (stored at -20°C) 

• Thin walled 0.5 ml PCR tubes 

• Thermocycler with the following cycle: 

 

Step No. of cycles Temperature (°°°°C) Time (min) 

1 1 94 10 

2 30 94 1 

  55 1 

  72 2 

3 1 72 10 

4 1 4 Hold 

 

• Tris-borate-EDTA (TBE) Buffer (50X) (stored at room temperature) 

• 3% agarose gel added with nucleic acid stain (such as Ethidium Bromide or SafeView 

nucleic acid stain) 

• Gel loading buffer 

• Agarose gel electrophoresis equipment  

Procedure 
Split the 2 ampoules of each BCG RR candidates into two independent experiments, i.e. do not 

test the 2 ampoules of each substrain in one experiment. 

For multiplex PCR 
1. Extract DNA from ampoules of BCG RR candidates using in-house DNA extraction method. 

2. Prepare 1:10 dilution DNA samples using sterile dH2O as diluents and keep the undiluted 

(neat) and diluted (1:10) DNA samples on ice until used. i.e. four PCR reactions for each 

DNA sample. 

3. Prepare the following master-mix in a 1.5 ml microfuge tube as shown in the table. For each 

10 PCR reactions required, an 11X master-mix is prepared to allow for loss due to pipetting. 

Ensure all reagents are fully thawed and well mixed before use. Store all reagents on ice. 
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Component Stock concentration Volume in 1X 

reaction (µl) 

Volume in 11X 

master-mix (µl) 

5X reaction buffer 5X 10 110 

dNTPs 10 mM 1 11 

MgCl2 25 mM 3 33 

ET1 5 µM 2 22 

ET2 10 µM 2 22 

ET3 5 µM 2 22 

RD2l 10 µM 2 22 

RD2r 10 µM 2 22 

RD8l 10 µM 2 22 

RD8r 10 µM 2 22 

RD14l 10 µM 2 22 

RD14r 10 µM 2 22 

RD16l 10 µM 2 22 

RD16r 10 µM 2 22 

C3 10 µM 2 22 

C5 10 µM 2 22 

Taq DNA 

polymerase 

5 units/ µl 0.3 3.3 

Sterile distilled H2O  4.7 51.7 

DNA sample  5 Add to individual 

tubes 

 

NB: The above table is only a guide. Please re-adjust the volume of reaction buffer and/ or Taq DNA 

polymerase and subsequently the sterile distilled H2O if different concentrations were used. 

 

4. Dispense 45 µl of 11X master-mix into each PCR tube. 

5. Prepare PCR reactions for each DNA sample (both neat and diluted) in duplicate and transfer 

5 µl of DNA samples into the PCR master-mix. Use 5 µl sterile distilled water instead of 

DNA sample as negative control for the PCR reactions in each set of experiment. 

6. Once all the reagents have been added, mix well and spin the tubes briefly to bring all the 

mixed reagents to the bottom of the PCR tube. 

7. Use the thermocycler carry out the PCR reactions.  Once the PCR reaction has completed, 

store the PCR products at 4
◦
C until used.  

For agarose gel electrophoresis 
(The following procedure is only a guideline.) 

1. Place the 3% agarose gel into the gel tank.  Fill the tank with 1X TBE buffer to just over the 

top of the gel.  

2. Mix 15 µl of PCR products with 5 µl of gel loading buffer and directly transfer the mixture 

into the pre-formed well of the agarose gel. 
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3. For DNA marker, mix 1 µl of DNA ladder (50 base pairs marker) with 14 µl of 1X TBE 

buffer and 5 µl of gel loading buffer. One or two DNA marker lanes should be loaded in 

each gel where is appropriate. 

4. Record the position of samples and DNA marker.  

5. Connect the electrodes (DNA migrate to positive RED electrode) and turn on the power pack, 

set to 40 V or 100 mA. 

6. Run the samples until the dye is about half way through the gel. 

Recording of results 
1. Gels should be visualized using an UV light source. 

2. A photographic image of the gel should be recorded electronically if possbile. 

3. The image should be labelled or numbered clearly indicating which samples have been 

loaded into each lane in the gel. 


