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INTRODUCTION

Most microbiologists would claim that the recorded number of colony forming units (CFU) were data. However,
that number is someone's interpretation of the number of colonies on the plate. Experience has shown that
different technicians (each skilled) can and frequently do observe different counts on the same sample and the
data recorded in the lab notebook or batch record. However, these are the best data available to us. It must
also be remembered that the CFU is only an estimate of the number of cells present. It is a skewed estimate at
best, as the only cells able to form colonies are those that can grow under the conditions of the test (e.g.,
incubation media, temperature, time, oxygen conditions). Even those do not represent a single cell, but rather
those that happened to be well separated on the plate and so can be distinguished after growth. A colony
could arise from one cell or several thousand cells.’

ABSTRACT

A novel system to
incubate and enumerate
microcolonies is
described that uses the
natural autofluorescence
of viable microorganism
colonies for detection.
The technology is
described, and the testing
performed to determine
that the enumeration was

The ability to accurately count colonies depends on many factors, accurate and not affected
e.g., acuity of the analyst vision, lighting conditions, size, and color by any compounds found
contrast of the colony against the media color. In a multi-center in microorganisms or
study by Paris et al,? a very good analysis was performed looking products that would be

at the critical parameters using beads of different sizes and colors tested by the technology.

distributed around petri plates. From the criteria influencing the
detection accuracy, the most significant appear to be:

1. A clear correlation between bead size and detection An earll_er Webeiely Ofth’s
performance. Below 212-250 pym up to 74% of incorrect results paper first appea(gd in the
are measured, and the smaller the beads, the worse the January 2023 edition
enumeration error level. (Number 76) of La Vague,

a publication of the A3P

2. Colony location was also a factor. 212-250 ym beads located at o
y K Association (A3P.org).

the middle or the edge of the plate demonstrated a significant
reduction of accurate counts, from 91.20% to 67.20%.

3. Influence of contrast was less significant, but for beads around
212-250 um there was better detection with higher contrast.

Based on those results, an accurate limit of detection for the human eye is close to 250 ym. Under this threshold,
the percentage of false negatives increases significantly.
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The use of membrane filtration to recover organisms has lower working ranges due to smaller surface area
than with a 90mm petri plate. ASTM provides countable ranges of 20-80 CFU/membrane, 20-200 CFU for
spread plates, and 30-300 CFU for pour plates.® The U.S. Food and Drug Administration Bacterial Analytical
Manual (BAM) recommends 25-250 CFU/plate as a countable range.*

Within the ranges quoted the ability of the operator to accurately count the colonies deteriorates as numbers
get higher. The inability to detect merged colonies that occur more frequently on a crowded plate also affects
accuracy. A guidance to compare the ability of analysts to count colonies is given in APHA Standard Methods
for the Examination of Dairy Products,’ advising that the analyst counts must not differ 90% of the time by
more than 10% from the mean count performed by three independent analysts.

The goal of this paper is to validate that an automated colony counter can address the key requirements to
accurately enumerate colonies on a growth media while minimizing the negative effects of some of the variables
listed above.

COLONY COUNTER TECHNOLOGY

To improve accuracy and repeatability for colony enumeration, recent advances in pharmaceutical microbiology
have seen the introduction of technologies designed to automate the enumeration of colonies on the surface of
media plates or other support matrices. The illumination and detection systems used in these technologies vary
from full spectrum white light bulbs through narrower wavelength LEDs to very narrow wavelength lasers. Data
capture is usually by a Photo Multiplier Tube (PMT) or a Charge Coupled Detector (CCD) with some form of
wavelength selecting filter(s) through a lens, that may magnify the image. The technology used will, in each
case, detect microbes as either single cells, microcolonies or full colonies and through the use of software
algorithms separate true microbial counts from non-microbial objects that could cause false positives. The
accuracy of the technology depends on the ability of the software to interpret the images of a wide range of
microbial colony shapes, colors and sizes with a range of background materials that may confuse the detection
algorithms. The growth characteristics of organisms can also create problems due to cells clumping or growing
together or swarming rapidly over the plate. With the importance of the accurate enumeration of any microbial
contaminant in a pharmaceutical product, it is critical that the accuracy of the enumeration be determined
during the validation process.

The technology used for the detection of microbial microcolonies uses a black mixed ester cellulose membrane
to support growth and reduce background fluorescence during colonial growth on traditional microbiology
media substrates. The detection of events on the membrane surface is a combination of physical size and
fluorescent intensity. The fluorescent intensity is primarily driven by the cell volume (that contains the flavin
fluorophore). Robust yeast cells with large volumes can be detected in smaller colonies, ~10 cells, than the slim
rod bacteria, ~100 cells.

The Growth Direct® System uses the natural autofluorescence of microorganisms to facilitate their detection on
the membrane surface. The details of the technology are described by London et al.®

Patented blue light technology in the Growth Direct® System causes microcolonies to autofluoresce,
captured on a Charge Coupled Detector (CCD) chip as a digital image for automated detection and
real-time enumeration of colonies that can be as small as approximately 100 cells.
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VISION VALIDATION STRATEGY

Accuracy of the result is the key parameter to assess the performance of the vision system and associated
software. However, to assess the accuracy a suitable control method needs to be defined. From the end user
viewpoint, the “gold standard” is the CFU result that a trained and experienced analyst would obtain given a
cassette with growing colonies.

There are some drawbacks to this approach:
1. The ability of analysts to count colonies can be variable through training level and visual acuity.

2. Colonies can merge and by performing the traditional endpoint read at day 5 to 7 the analyst could call
the combined entities a single colony. Colonies increase in size with time so a count on day 3, 5, or 7
may differ significantly due to the degree of overgrowth seen.

3. Ifthe colony is very small at the end point it may be lost against the media background, especially if the
colony is semitransparent, and be invisible to all analysts.

Using multiple analysts to read each test plate will improve the accuracy and be a good assessment of the

analysts “control” count. A more definitive assessment of the accuracy of the system can be made by utilizing
the Growth Direct® software to extract each image in the test series and visually check the decisions made by
the software for each developing colony at each timepoint. This would be defined as the “Reference Method.”

PARAMETERS POTENTIALLY AFFECTING
THE GROWTH DIRECT® ADVANCED IMAGING SYSTEM

To validate that the technology accurately enumerates microorganisms, examples of the full spectrum of
variables that may be seen need to be tested. The following factors are among those that were evaluated:

1. Media type may affect detection, TSA (with EM derivatives), SDA, and R2A.

2. Cellular volume: Representative size range for bacteria, yeast, and mold. Extremes for bacterial cells
would be B. diminuta and B. megaterium. The Growth Direct® System cannot detect a single cell but uses
microcolonies, the detection of which depends on the number of cells and the volume of the cells (large
volume increases flavin content) to have sufficient fluorescent signal for detection.

3. Colony morphology: e.g., shape, margins, elevation, size, texture, pigmentation, and general optical
properties.

Color: transparent, colorless, cream, tan, white, yellow, orange, and red.
Colony size: pinpoint, small, medium, and large.

Pigment types: different organisms contain a range of pigment types that may affect detection.

N o A

Application type: the source of the sample can affect the colony types detected.

To validate the accuracy of enumeration, test cassettes were run for all the test species defined in the table
below. Sufficient cells were used to generate a colony number that can be easily counted by eye, 1-150 CFU.
The colonies on a media cassette were enumerated by the Growth Direct® System and on the same cassette
by multiple analysts, usually three, immediately after incubation on the system.
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TABLE 1: Representative Microorganisms Used to Test Vision

Bacillus diminuta Candida albicans Pseudomonas aeruginosa
Asperqgillus brasiliensis Chromobacteria violaceum Penicillium spp.

Alternaria spp. Cladosporium cladosporoides Staphylococcus aureus
Bacillus megaterium Corynebacterium xerosis Serratia marcescens
Bacillus subtilis Escherichia coli Staphylococcus aureus
Bacillus cereus Fusarium spp.

Burkholderia cepacia Micrococcus luteus

ENUMERATION ACCURACY
Accuracy was performed using the environmental monitoring (EM) format:

e Organisms spread plated to the EM cassette membrane surface that is supplied in contact with the media,
TSA LP80.

e Media cassettes incubated on the system for three to five days at 20-25°C or 30-35°C.

At the end of the incubation the colonies on each of the test cassettes were enumerated by three independent operators.
The mean counts for the operators were compared to the result generated by the system.

FIGURE 1: Accuracy Plot for the 19 Test Organisms, Comparing CFU Results
Obtained by the Colony Counter and the Reference Method
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Overall, there is an excellent agreement between the reference method count and the counts obtained using
the colony counter technology. As the technology is based on traditional microbiology there are still cases
where colonies are located so close together that they merge before the algorithms can detect separate
entities. Those mergers, however, are less frequent than would occur using the discriminatory power of the

human eye. Figure 2a and Figure 2b below show the effect on accuracy with the introduction of the human
eye for colony enumeration.

FIGURE 2A: Reference CFU Compared to Colony Counter CFU from Active Air Samples Taken from
an Unclassified Area Adjacent to a Clean Room (Enumeration Performed After Day 3 of Incubation)
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FIGURE 2B: Mean Visual CFU from Three Analysts Compared to Colony Counter CFU

(Samples from Active Air Samples Taken from an Unclassified Area Adjacent to a Clean Room;
Enumeration Performed After Day 3 of Incubation)
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As can be seen from Figure 2a and Figure 2b, the accuracy of the human count is inferior to the automated
colony counter. It should be noted that in the range of organisms more characteristic of a production facility,
<50 CFU, the colony counter has extremely good accuracy compared with the reference count. At higher
counts, some inaccuracy can occur due to merger colonies.

DISCUSSION

Colony counter technology has been an evolving science since the early models from the 1970s. Improving
illumination modules with more camera pixel optics gave better image discrimination that improved the
detection of colonies. The early “end point” methods (read once at the end of incubation) were limited in the
enumeration due to the growth characteristics that could merge colonies. A lower colony count than the true
value would then be the result. The merged colonies were very difficult to isolate with software algorithms
available at the time.

Three improvements in this area have made a significant improvement to colony counter performance,
facilitating its application to routine QC testing in the pharmaceutical industry:

e Use of natural autofluorescence by the colony allowed specific colony detection compared to visible
light for colonies of the same color as the media or that occurred at the edge of petri plates.

¢ Use of machine learning/artificial intelligence (Al) has enabled far better discrimination of the colonies
from background noise or other objects.

o Use of a “kinetic” approach where images are taken at intervals through the incubation phase. This
approach allows the discrimination of colonies before they merge thus giving a more accurate count.

The application of the technology to routine use has been encouraged by the addition of automation. Colony
counting and the manual effort required to incubate, count, and record the data has always been an issue for
microbiology staff. More recent technologies have implemented the automated incubation with the colony
count technology and associated secure data transfer to central databases or electronic batch records.

Prior to use in a pharmaceutical environment the analytical method needs to be fully validated for its intended
use. This document can be used as supporting information for the validation of the Growth Direct® System as
the unit goes through the traditional Installation/Operational, Performance, and Method Qualification (IOPMQ)
process. The testing described in this paper was the result of a risk analysis performed to define what the key
factors were that could adversely affect the performance of the test method. As a result, the data show that the
system is a robust and accurate analytical tool for the enumeration of microbial colonies for the major
applications used in the QC microbiology laboratory. The technology has been implemented globally for
routine testing and has been successfully included in a number of regulatory drug applications.

“The data show that the system is a robust and
accurate analytical tool for the enumeration of
microbial colonies for the major applications used
in the microbiology QC laboratory.”
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To learn more about Rapid Micro Biosystems and the Growth Direct® System
for your QC microbiology applications, visit rapidmicrobio.com.
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