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THE «BIOBURDEN» CONTROL is a release
test which allows the microbial load of
products to be determined. In accordance
with the standards of the Pharmacopoeias,
it can be carried out via a culture step on
a specified medium (R2A plates for water
testing) by filtration, surface spreading or
by in-depth seeding. The result obtained
after 5 regulatory days of incubation at
30-35°C is expressed in CFU (Colony
Forming Unit) per volume filtered.

This Pharmacopeia test has known limi-
tations, such as the long duration before
obtaining the result, the high rate of
handling errors or a poor recovery of the
microflora (<1% cultivable).

Alternative methods were first developed
to reduce analysis time and are already
in place in the laboratory performing the
tests. On the industrial side, real-time
analyzers are now required in order to
monitor the "bioburden" and manage
contamination control.

» New technologies are now applied
to the "monitoring” of water systems:
AQU@Sense MB is marketed by the
company BWT, the principle of microbial
detection is based on DNA labeling and
analysis of fluorescence events by flow
cytometry.



INSTITUT NATIONAL
DES SCIENCES
APPLIQUEES
TOULOUSE

SANOFI PASTEUR v INS”

Water is a key element in the pharmaceu-
tical industry because it is used as a raw  [[HEEMACE I I AL

material, diluent, or even as a final pro- Microbial load

duct. There are 2 grades of pharmaceuti- | /100 m| (bioburden) | - 0 ¢FY | <10.000CFU
cal water: Purified Water (PW) and Water
For Injection (WFI). The microbiological
control of water is thus strictly regulated:

The AQU@Sense MB counts the actual « Automated flow

bacterial cells present in water, accurately $ cytometer

& within 20 minutes. Even bacteria which § « Continuous

are in a stress-induced state, that cannot 3 monitoring of Water
be cultivated (called VBNC), are detected S’ | « DNA specific stain

by this flow cytometer. Additionally, the 9{ e [ (SYBR Green):
method does not depend on incubational " no false measurement
and nutritional requirements. of particles

OPERATING PRINCIPLE:

@ savrune
Integrated automatic sampling and processing saves time
in the lab.

©) rreraraTiON
2 staining 3 detection ll- analysis The fully automated preparation of the sample includes
dyeing, mixing and incubation.

o MEASUREMENT

A laser induces cell fluorescence. A detector analyses the
cells based on their fluorescent response signal. The cell
count is as accurate as using lab equipment.

1 sample 5 reporting WV ° ANALYSIS

e @+ The results are available in 20 minutes. See total cell count
(TCC) and share of HNA/LNA (high and low nucleic acid
W.Z‘u = >> content).

e VISUALISATION

The information and values are displayed on the integraed
HMI. Data export is extremely user-friendly.

\” ...... C ’:‘ o CLEANING
6 cleaning 7 e

e The cleaning process is automated. Ready for the next

CARTRIDGE

sample.

o CHEMICALS AND SAMPLE
All generated waste is collected in the sealed cartridge,
which contains, at the same time, the chemicals required
for ~1.000 measurements.

RESULT ANALYSIS :

TCC = Total Cell Count

FL1 = Fluorescence at 525 nm

FL2 = Fluorescence at 715 nm

Background = SYBR Green,

cell fragments or particles
Noise = Electrical noise from

eme e the optical detector
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The objective of the technological eva-
luation of AQU@Sense MB is to determine
the performance of the system applied
for on-line water monitoring 1) by gene-
rating data from laboratory assays using
known and calibrated microbial strains
and 2) by performing measurements and
testing different water loops at sample
points.

o Equipment installation and training
of personnel < 1day

¢ Protocol for sampling, testing and
analysis according to BWT procedure
(see operating principle) < 30 min

STUDY DESIGN SPACE = Lab assays (microbial testing) and
on-line water monitoring of different water loops (production
or distribution)

O Different matrix assessed (D fluid, TBS buffer & nuclease free
water) = compatibility verification (no matrix interference)

O Spiking assay with known and calibrated strains (ATCC
reference Pharmacopeia strains (500 CFU bioball -
bioMérieux) + 2 wild isolates (from Marcy L'étoile, < - 70°C
frozen samples)

» specificity < 100 CFU = detection of all viable microflora
» range & linearity (between 10 to 10¢ CFU - duplicate assays)

O Repeatability assay (4 replicates)

O Monitoring of PW loops (production & distribution
installation of PW) and « bioburden » testing according
to the current method

« Bioburden » testing is performed
according to the  Pharmacopeia
method by a qualified person: 100 mL
sample is filtered (duplicated assay)
using Milliflex cassettes (R2A Agar
medium) that are incubated at 30-35°C
during at least 5 days. Results are inter-
preted at the 6th day of incubation by

observation of colonies present on the
surface of the membrane: number of CFU
(Colony Form Unit) per filtered volume is
then determined.

Inoculum control (duplicated assay)
is performed by culture on Agar plates
(TSA) incubated during 2 days at
30-35°C.

Escherichia coli ATCC 12923, Bacillus subtilis ATCC 10400, Pseudomonas

Reference strains

aeruginosa ATCC12924, Staphylococcus aureus ATCC 10788,

Aspergilus brasilensis NCPF 2275 and Candida albicans NCPF 3179

Environmental
isolates

Ralstonia picketti and Staphylococcus epidermidis
(in-house strains preserved according Sanofi Pasteur procedure)
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REPEATABILITY RESULTS: germ-free & nuclease-free water

2
2
2

A5 4 45 § 855 B BS A5 4 45 § 85 B GBS A5 4 45 5§ 835 B &5 A5 4 45 5§ 85 B BS

Fi1 Fi1 Ei

"
ASSAY #1 ASSAY #2 ASSAY #3 ASSAY #4
33TCC/mL 1 TCC/mL 1 TCC/mL 22 TCC/mL

REPEATABILITY RESULTS: E. COLI (500 CFU/mL) in nuclease-free water

33 04 4% 3 uh 6 6N 33 4 4% 3 5% € 6N 3 5 3 55 € 6 3 FRETET .S
1 1 L1 1
ASSAY #1 ASSAY #2 ASSAY #3 ASSAY #4
1,077 TCC/ML 1,322 TCC/ML 1,333 TCC/ML 1,348 TCC/ML

SPECIFICITY: Examples of spiked samples with known microflora detected by
AQU@Sense MB (HPC : TSA, 2days @ 30-35°C)

H2

i5 4 &5 5 55 6 65 35 4 45 5 55 6 65 35 4 45 5 55 6 65 15 4 45 5 55 & 65
CFU Colony n FL1 H1 FL1
Forming Unit 22,500 TCC/ML 700 TCC/ML 2,444 TCC/ML 2,544 TCC/ML

# TCC Total Cell 107 CFU/ML 95 CFU/ML 94 CFU/ML 70 CFU/ML

Count Bacillus subtilis Candida albicans Staphylococcus epidermidis Pseudomonas aeruginosa

LIMIT OF QUANTIFICATION:
108 CFU/mL sample is serially diluted 10-fold: the cell concentrations defined
between 1 CFU /mL and 10¢ CFU /mL are detected quasi-linearly.
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RESULTS - INDUSTRIAL EVALUATION (ON-LINE)

« ON-LINE » RESULTS IN PRODUCTION PW SYSTEM:

WITHOUT REPORTED INCIDENT (R#1)

TCC reporting every 4 hours
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« ON-LINE » RESULTS IN DISTRIBUTION PW SYSTEM:

WITHOUT REPORTED INCIDENT (R#2)

TCC reporting every 2 hours
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TCC reporting every 30 minutes
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The TCC data collected continuously showed the importance of the analysis
frequencies. Online FCM enables a detailed characterization of the frequency and
magnitude of microbiological fluctuations on a level of detail not possible with

standard methods.

« ON-LINE » RESULTS IN PRODUC-
TION PW SYSTEM: with 2 series of
reported incidents (R#2)

A TCC baseline is present with some
sporadic events that do not directly
correlate with variations in the physical
parameters of the loop (flow, filling of

the tank, pressure, total organic carbon,
or conductivity), expect for a reported
chlorometer issue with abnormal in-
jected volumes of NaOH (Oct. 30th and
Nov. 3rd). The associated events clear-
ly indicate a microbiological problem
(see examples on the right).

TCC reporting every 30 minutes
3500
PREEEN TN
3000 / \ vz ® N
7|® " \
2500 1 ® o ° \Wi \
1 y _** \
2000 . -
1 L4 ° .l ® o 1
1500 \ %% e ) 1
. e ° . & ] -’ [ A ' °
1000 ° LR ®® o 35 4 45 5 55 6 65
° \ %Xy -,
L ) o O L1
500 \ & o——2 2¢
® e o o8 ® First example
0 B P N
24-oct. 26-oct. 28-oct. 30-oct. 1-nov. 3-nov. 5-nov. 7-nov.

» As a first example, the reported 2,240 TCC (red point)
is clearly associated with a microbial event (as indicated
by the bacterial clusters within the gate). These cells are
possibly VBNC, as the plate count showed no elevated
number of CFU.

» As a second example, no microbial event is reported
= 0 TCC (green point part of the baseline).

FL2

35 4 45 5 55 6 65
FL1

Second example
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ON-LINE MEASUREMENTS WERE PERFORMED DURING DIFFERENT PERIODS OF

TIME AND AT DIFFERENT SAMPLE POINTS FROM PW LOOPS OF PRODUCTION

OR DISTRIBUTION SYSTEMS:

« R#1 system produces a demineralized and osmosis treated PW characterized
by 0.04 uS/cm conductivity, 3 ppb TOC with a variable flow: 40 - 60 m3/hr.

« R#2 system produces EDI and osmosis treated PW characterized by 0.06 uS/cm
conductivity, TOC=1 ppb with a variable flow: 9 - 13 m3/hr.
(EDI: Electrodesionization)

« R#2 distribution system is illustrated below:
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CONCLUSION

The microbial results have allowed to check the performance of the AQU@Sense
MB in terms of microbial detection in high concentration ranges

(from 1to 10° CFU/mL), except for mold (Aspergillus brasiliensis).

The technological principle remains simple and the device implementation

is fast. Alert and action limits are still to be defined during "on-line» monitoring.
Microbial quality of Purified Water is by this technology continuously

monitored and controlled to prevent contamination.

This initial industrial assessment has been performed using the first generation

of the cartridge (TCC). BWT has recently introduced a new cartridge with an
improved chemical formulation, which can directly quantify the number of viable
bacteria based on the assessment of bacterial membrane integrity (ICC: Intact Cell
Count), and it should be tested further!

© Sanofi and BWT
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