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Abstract
The manual process of counting microbial colonies on agar plates can be time-consuming as it is
generally performed by scientists using a light box and pen method. The results can vary from operator to
operator and are then often manually transferred into a computer for analysis, which can generate
transcription errors. To overcome these manual counting and keying issues, automated colony counters
have been designed which offer faster and more reproducible results that can be automatically
transferred into a computer. However, to ensure the validity of their data, scientists need to establish that
their automated colony counting method is as accurate as a precise manual count before they implement
any new process into their work�ow, especially if the process has to be used in a GMP compliant
environment. This study compares a manual colony counting method with an automated colony counter
and demonstrates how to validate an automated colony counting method to ensure accuracy of counting
results.

Introduction
Microbiological research and quality control often relies on accurately enumerating colony forming units
\(CFUs). Traditionally, this is performed either by making several dilutions of a liquid culture and pipetting
a small amount into a culture medium or spiral plating the liquid culture directly onto culture plates. The
plates are incubated and the resulting colonies manually counted. The concentration of microorganism in
the original culture is calculated based on the assumption that each colony comes from one single
microorganism and this is the number of CFU. This process is time-consuming and error prone as
accurate counting of plates with high numbers of CFUs requires a high level of concentration by the
microbiologist and is especially di�cult in, for example, counting very small pneumococcal colonies post
opsonophagocytic killing assay \(1). Therefore, often only parts of a plate are analysed and used to
estimate the whole plate count \(2), which can lead to inaccurate count data. To overcome these
counting problems, automated colony counters have been designed \(3). Using automated counting has
several advantages over the more widely used manual counting: \(i) it increases sample throughput, \(ii)
it can count colonies of different colours simultaneously so counts can be less time-consuming, \(iii) it
can improve count accuracy as operator fatigue is not an issue,\(iv) it can improve data accuracy as
count data are automatically transferred onto digital �les, \(iv) plate count data can be checked at a later
date since automated counting systems use electronic data �les which allow storage of plate images and
numerical results, providing an audit trail. However, there is an inherent need by scientists to establish
that their automated colony counting method is as accurate as a precise manual count. This study
compares a manual colony counting method with an automated colony counter \(the ProtoCOL 3 system
from Synbiosis) and shows how to fully validate an automated colony counter. This method uses ten
microbial species selected because they produce colonies of different shapes and sizes and also require
different agar formulations for growth to evaluate colonies on both translucent and opaque agars. The
ProtoCOL 3 system was chosen for this validation study because of its versatility. The system can detect
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colonies of approximately 43 microns and because it uses a tri-colour rather than a white light imaging
method, this also allows counting of black colonies on a dark media.

Reagents
**Culture media and media supplements** Plate Count Agar \(PCA) \(Oxoid) - PCA Sabouraud Dextrose
Agar \(SDA) \(Oxoid) - NA Columbia Agar Base \(CAB) \(Oxoid) Maximum Recovery Diluent \(MRD) \
(Lab M) Horse blood, de�brinated \(Southern Group Laboratory) **Bacterial strains** _Pseudomonas
aeruginosa_ Type strain - ATCC 9027 \(ATCC) _Escherichia coli_ Type strain - NCTC 12241 \(NCTC)
_Staphylococcus aureus_ Type strain - ATCC 29213 \(ATCC) _Kocuria rhizophila_ Type strain - DSM 348 \
(ATCC) _Enterococcus faecalis_ Type strain - NCTC 12697 \(NCTC) _Mannheimia haemolytica_ Type
strain - ATCC 33396 \(ATCC) _Bacillus subtilis_ Type strain - NCIMB 8054 \(ATCC) _Streptococcus
pneumoniae_ Type strain - ATCC 9619 \(ATCC) _Aspergillus brasiliensis_ Type strain - ATCC 16404 \
(ATCC) _Candida albicans_ Type strain - NCPF 3179 \(Sigma-Aldrich)

Equipment
Whitley Automatic Spiral Plater \(WASP 2) \(Don Whitley Scienti�c) Vortex mixer \(Stuart Scienti�c)
Incubator: \(LEEC) ProtoCOL 3 automated colony counter \(Synbiosis)

Procedure
**A. Preparation of Agar Plates** 1. Prepare each culture medium in accordance with the manufacturer’s
instructions. 2. After autoclaving and cooling to 47±2°C, supplement Columbia Agar with 5% v/v
de�brinated horse blood. 3. Pour culture medium into sterile 9cm Petri dishes. 4. Leave plates to set and
dry. **B. Preparation of Culture Plates** 1. Sub-culture each bacterial or fungal culture from frozen stocks
onto the following agar medium: P. aeruginosa, _E.coli_, _S. aureus_, _K. rhizophila_, _E. faecalis_ and
_B.subtilis_ on PCA; _M. haemolytica_ and _S. pneumoniae_ on CBA;_ A. brasiliensis_ and _C. albicans_
on SDA. 2. Incubate plate cultures at 37°C for approximately 24 h \(bacterial strains), at 30°C for
approximately 48 h \(_C. albicans_) or at 30°C for 7 days \(_A. brasiliensis_). 3. For each strain, with the
exception of A. brasiliensis, collect from 3 to 5 colonies on the incubated plate. 4. Suspend cells in sterile
MRD. 5. Vortex mix cell suspension to produce turbidity equivalent to that of a 0.5 McFarland standard. A
suspension adjusted in this way contains approximately 1.0×108 CFU/ ml. 6. For _A. brasiliensis_, �ood
the plate surface with MRD so that fungal hyphae are emulsi�ed in the diluent. 7. Pipette from the plate
into a sterile vial. 8. Prepare serial decimal dilutions in MRD, to a �nal level of 10-7 of each bacterial and
fungal suspension. Apply dilutions of each bacterial or fungal strain to the surface of the appropriate
agar plates using spiral plating and conventional surface spread plating. 9. For spiral plates use a 50 μl
volume of each dilution 10-2, 10-3 and 10-4 on each of the appropriate agar plates. 10. For spread plates
applying a 0.5 ml volume of each dilution 10-5, 10-6 and 10-7 to the appropriate agar plate and distribute
the inoculum with a sterile plastic “hockey stick” spreader. 11. Incubate plate cultures at 37°C for
approximately 24 h \(bacterial strains), at 30°C for approximately 48 h \(_C. albicans_) or at 30°C for 4
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days \(_A. brasiliensis_) to ensure the formation of discrete colonies. **Automated Colony Counting** 1.
For each organism, select a single incubated plate from each spiral plate and spread plate series
choosing plates where single discrete colonies are obtained. 2. Place each selected plate on the ProtoCOL
3 stage and con�gure the instrument in accordance with the manufacturer’s instructions. 3. For reading
CBA plates of _M. haemolytica_ and _S. pneumoniae_, insert the black plate to remove lower illumination.
4. Adjust software settings to count touching colonies as well as light colonies on a dark background or
dark colonies on a light background, as appropriate. 5. Read spiral plates using the spiral frame setting
with two sectors. 6. Read spread plates using the circular counting frame. **Manual colony counting** 1.
Count colonies on both spiral and spread plates, using the on screen image of the plates produced by
ProtoCOL 3. **Comparison of plate counts** 1. Analyse the manual and automated counts for each plate
type \(spiral and spread Tables 1 and 2) using a two-tailed t-test for paired samples \(Microsoft Excel
2010 software). 2. For spiral plate data use the log CFU/ml �gures to ensure normally distributed data.
Results obtained using the t-test were p = 0.105 for spiral plate data. 3. For spread plate data, use the
count per frame to ensure that the raw colony counts within the circular frame are compared. Results
obtained using the t-test p = 0.143 for spread plate data. 4. The t-test does not identify signi�cant
differences between manual and automated colony counting methods, for either plate type, at the 95%
con�dence level.

Timing
About 12 days Agar plate preparation 4 hours, culture plate preparation and incubation 11 days, manual
colony counting 1.5 hours, automated colony counting using the ProtoCOL 3, 5 minutes.

Troubleshooting
Inaccurate automated counts of touching colonies a) Adjust the “sensitivity” slider control from
“Automatic” to “99%”to achieve accurate separation of touching colonies.

Anticipated Results
The automated system will be able to enumerate different colour and different shapes of colonies from
ten microbial species on opaque and translucent media. There won’t be any statistically signi�cant
differences between the ProtoCOL 3 automated colony count and the manual colony count results. The
results analysed by the t-test from Tables 1 and 2 do not identify signi�cant differences between manual
and automated colony counting methods , for either plate type, at the 95% con�dence level.
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Figures

Figure 1

*Table 1* Comparison of ProtoCOL 3 with manual counting for enumeration of colonies on spread plates
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Figure 2

*Table 2* Comparison of ProtoCOL 3 with manual counting for enumeration of colonies on spiral plates


