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ABSTRACT

@ ® @ : The BCG vaccines on the market have employed a Mycobacterium bovis (M.

bovis) sub-strains derived from the initial strain. To date, there has been no
recommendation regarding the sub-strains with the highest effectiveness when
: administered to humans. Because it remains the standard for Tuberculosis
Copyright © 2023 by (Z) :  treatment, the quality of the BCG vaccine must be verified. The viability test is one
4 :  of the parameters for BCG vaccine quality control. The culture method has become
Razi Vaccine & Serum Research Institute :  the gold standard for viability testing with various testing media. The present study
: aimed to evaluate the performance of Lowenstein Jensen (LJ) and Ogawa media
for the viability test of Pasteur 1173P2 and Russian (Moscow) — 384 sub-strains of
M. bovis in the BCG vaccine. The number of culturable particles of each sub-strain
in the BCG vaccine was estimated and statistically evaluated using the t-test. The
colonies of the Pasteur 1173P2 have characteristics; tended to clump on both
mediums with tiny, rough, and pale yellow/cream colors. Although the colony
character of the Russian (Moscow) — 384 generally has similar feature, it did not
cluster and had a smooth texture. In terms of growth rate, LJ and Ogawa media
performed similarly for Pasteur 1173P2 and Russian (Moscow) — 384 sub-strains.
Maximum growth is reached by the fifth week. The culturable particles of Pasteur
P1173P2 sub-strains did not differ between mediums. Whereas the growth of the
Russian (Moscow) - 384 sub-strains was statistically better on Ogawa media. The
results of this study reveal that the performance of the media used for determining
the number of culturable particles is based on the sub-strains of M. bovis present in
the BCG vaccine.
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1. Introduction

The BCG is the only vaccine now available and approved
by the World Health Organization (WHO) to prevent
Tuberculosis in humans using a preventive immunization
approach. Considering that BCG vaccinations in humans
are routinely administered using many organisms
provided by various manufacturers worldwide. That fact
has sparked concerns regarding the potential contribution
of known variations among different BCG sub-strains to
variable efficacy; however, there is currently insufficient
information to determine whether Different BCG sub-
strains has genuine clinical significance (1). Recent
research has shown that licensed BCG vaccines differ
drastically in terms of bacterial viability, RNA content,
and innate immune activation. However, these data are
inadequate to suggest one sub-strain over another. One of
the parameters for the BCG vaccine quality control test is
the determination of the culturable particles or the test for
viability. Conventional culture methods are still the gold
standard for BCG vaccine viability testing, although it
takes 3 to 6 weeks to complete. Lowenstein Jensen (LJ),
Ogawa, Middlebrook 7H11, Middlebrook 7H10,
Stonebrink's, and Blood agar are among the available
medium for viability testing using culture methods. Solid
mediums containing eggs, such as LJ and Ogawa, are the
least expensive within these mediums yet can provide
reliable results. It has been demonstrated that production
through fermentation and specific chemical medium
affects viability (2). Consequently, data regarding the
influence of culture medium on the growth of
Mycobacterium bovis (M. bovis) is still required for
optimum quality control of BCG vaccines. The available
research on the impact of culture medium on growth was
carried out on mycobacterium isolated from clinical
samples (3-6). Meanwhile, no particular research in
quality control test for the BCG vaccine with multiple
sub-strains has ever been performed. By determining the
culturable particle of the BCG vaccine, the present study
intended to evaluate the performance of LJ and Ogawa
medium for the growth of M. bovis sub-strains; Pasteur
1173P2 and Russian (Moscow) — 384.

2. Materials and Methods

2.1. Medium Preparation

Sauton media, Ogawa media, and LJ media were the
mediums used in the current research. The Sauton media
preparation protocols are based on Jensen (1954)(7). The
procedure for preparing Ogawa media is based on a
publication by Obayashi (1955)(8). The Lowenstein

Jensen media were prepared following the manufacturer's
guidelines (Difco™ & BBL™ Manual, 2™ Edition).

2.2. Sample Preparation and Inoculation

This study utilized two freeze-dried BCG vaccine
samples containing either the Russia (Moscow)-384 or
Pasteur 1173P2 sub-strains. The vaccine was reconstituted
in a Sauton medium until it reached the required
concentration for human administration. Two times of
three dilution levels with 2 x 10 as the highest dilution
rates for the Russian (Moscow) - 384 and 10* for the
Pasteur 1173P2 sub-strains was used. The suspensions
were inoculated into both Ogawa and LJ medium,
incubated at 37°C, and monitored weekly. The calculation
of culturable particle follows the WHO Technical Guide
©)

2.3. Statistical Analysis

The t-test was performed to evaluate the differences
between dilutions, observation weeks, and culturable
particle count. Moreover, a P-value of less than 0.05 was
considered statistically significant. The calculations were
performed using the data analysis tool provided with the
Microsoft Excel 365 software.

3. Results

The following experiment evaluated M. bovis growth in
Pasteur P1173P2 and Russian (Moscow) — 384 sub-strains
at the fourth and fifth weeks on LJ and Ogawa media.
Table 1 displays the number of cultivated colonies that
grew on LJ and Ogawa media for each sub-strain. The
number of colonies that grew during the fifth week of
observation for BCG Russian and Pasteur strains on LJ
and Ogawa media was always higher than during the
fourth week. On the Ogawa medium, the BCG Russian
strain grew more abundant. In the meantime, the BCG
Pasteur strain's colony growth was similar on both LJ and
Ogawa medium. The deviation value of BCG Pasteur
sub-strains growth in LJ media (16.79-54.59%) and
Ogawa media (25.79-47.88%) compared to BCG Russian
strain growth in LJ media (6.53-15.62%) and Ogawa
media (8.08-18.37%). The higher dilution concentration
(>1.00 10*) tends to result in a higher deviation value for
the number of cultures in the Ogawa medium than in the
LJ medium at the time of observation during weeks four
and five, consistent for both BCG strains. In particular,
the culturable particle of the Russian BCG strain in the
two mediums (LJ and Ogawa) during the fifth week of
observation was significantly greater than that in the
fourth week. These observations were similar to the
culturable particle of Pasteur's BCG sub-strains; the
culturable particle in the fifth week of observation was
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significantly greater than that in the fourth week in the two
mediums used. The t-test regarding the type of cultivation
media revealed no potential for differences between the
BCG Russian and Pasteur sub-strains at the time of
observation in the fourth week. However, there was a
significant difference between LJ and Ogawa media for
the BCG Russian strain in the fifth week of observation;
the Ogawa media viability test yielded a higher culturable
particle than the LJ media test. In comparison, the growth
of Pasteur's BCG strain was not substantially different
between LJ and Ogawa media during the fifth week of
observation.

Table 1. The number of M. Bovis Russian (Moscow)-384 and Pasteur 1173P2 colonies on Lowenstein Jensen and

Ogawa media at 4 and 5 weeks

Culturable particle (CFU)
Lowenstein Jensen
Sub-strains Dilution concentration Ogawa medium
medium
4™ week 51 week 4" week 5" week
59.63 + 65.50 +
2.00 x 10 5142 +3.36 60.50 + 9.31
6.01 10.84
30.75 43.22 +
Russian (Moscow) - 384 1.00 x 10* 25.17 £ 2.89 28.75+3.42
3.93 7.94
1573 £ 16.21 +
0.50 x 10 13.50+£2.11 1274 £1.12
2.07 1.31
39.81+ 38.32
1.00 x 10* 37.04 +6.22 31.54+9.81
7.38 10.09
Pasteur 1173P2
18.50 £ 18.96 +
0.50 x 10 17.29 £ 3.99 17.13 +4.89
4.99 4.89
0.25 x 10 6.96 +3.80 | 7.79+4.03 | 527+2.37 | 6.39+3.06
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4. Discussion

Neither the Pasteur nor the Russian sub-strains had grown
by the end of the third week. In the fourth to the fifth
week, colonies of Pasteur began to form, gradually grew,
and tended to clump on both mediums with tiny, rough,
and pale yellow/cream colors. In general, the colony
character of the Russian sub-strains was similar to that of
the Pasteur sub-strains. Although the colonies grew
between the fourth and fifth weeks, they did not cluster
and had a smooth texture. The Pasteur and Russian sub-
strain colonies began to dry and shrink after six weeks.
On both LJ and Ogawa media, the Pasteur P1173P2 BCG
vaccine's culturable particle deviated more than the
Russian (Moscow) - 384 BCG vaccine (Figure 1).
Clumping-related bias during observations is one of the
causes contributing to the high deviation. In contrast to the
Pasteur P1173P2 strain, the Russian (Moscow) - 384
strain colonies did not exhibit clumping, resulting in a
relatively smaller standard deviation. The determination
of vaccine viability based on the number of colonies
growing at the fourth and fifth weeks was statistically
significant (P<0.05). This relevance applies to both the
medium used and the two M. bovis sub-strains cultivated.
The research by Franco-Sotomayor et al. (2020)
demonstrated the same outcome using clinical samples as
at the fourth week, mycobacterium growth was only
80.7% (LJ) and 94.8% (Ogawa). This discovery is also
positively correlated with the studies of Naveen and
Peerapur (2012)(4), who determined that the average
growth period in LJ medium is five weeks. In this work,
observations were continued until the sixth week;
however, no growth was found in the number of colonies.
It suggests that determining the culturable particle of a
vaccine requires at least five weeks. If it is done less than
that, there is a risk of underestimating the vaccine's
culturable particle. A comparison of medium
performance is conducted to evaluate the feasibility of the
following vaccine using data on the growth of colonies at
the fifth week. The culturable particle of Pasteur sub-
strain cultivated on LJ or Ogawa medium was not
significantly different. In comparison, Ogawa media
performed better than LJ media for the Russian sub-
strains. Although the composition of LJ and Ogawa media
was the same, except for the source of nitrate and the
concentration of malachite green. Colonies grew much
more on Ogawa media and the difference was statistically
significant. Tanoue et al. (2002) also observed that
variations in malachite green concentration, egg
homogenate volume, pH, and nitrate supply did not affect
Mycobacterium's growth ability. The data implies that
various sub-strains have distinct growth properties,

prompting the optimization of the medium used to
conduct the viability test. Based on the findings of this
study, the growth rate of Ogawa media was equivalent to
that of the LJ media. Both sub-strains need five weeks to
reach peak growth. The culturable particle of the BCG
vaccine Pasteur sub-strain can be assessed using Ogawa
and LJ medium, with the growth characteristics to
develop clumping. Meanwhile, the culturable particle of
the BCG vaccine Russian sub-strain was more optimally
grown utilizing Ogawa medium, with growth
characteristics that did not create clumping. The sub-strain
of M. bovis in the vaccine influences the viability of the
BCG vaccine as tested by the culture method. Therefore,
information on growth properties between various sub-
strains is essential for testing the viability of BCG vaccine
quality control.
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Figure 1. Culturable particle measured on LJ and Ogawa medium. (A) Vaccine containing Pasteur strain 1173P2; (B) The

vaccine contains the Russian (Moscow) — 384 strain
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