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Abstract
The estimation of antimicrobial-resistant (AMR) bacteria plays an important role in risk assessment and
surveillance. To test the concentration of resistant bacteria with colony count is a fast and
straightforward way to perform. Here we describe an optimized drop-plating method for colony counting
of resistant bacteria. We took the ESBL-producing E. coli in freshwater samples as an example. The
optimized methods can successfully quantify ESBL-producing E. coli of water samples in a concentration
range of 104 CFU/L to 106 CFU/L. We have shown that this drop-plating method is comparable to the
direct spreading method by testing with both methods on a series of simulated samples, which were
constructed using raw surface water spiked with different concentrations of ESBL-producing E. coli. The
ESBL-producing phenotype has been further con�rmed with the double-disc synergy test. Compared to
direct spread methods, our methods can save consumables and operate with smaller sample sizes.
Therefore, this method could be more sustainable in AMR surveillance and risk assessment.

Introduction
AMR has become a serious risk to public health. As the AMR spreading fast and globally, the quantitation
of resistant bacteria has become important progress for health surveillance. A widely accepted method
for estimating the concentration of resistant bacteria is directly spreading on selective agar, which usually
contains antibiotics as the selective pressure, following with the colony count(Jacob, Keelara et al. 2020).
Another option is to use �lter methods �rst, for concentrated the bacteria when processing large volume
samples like surface water, and then place the �lter membrane on the selective agar and count the
colonies formed(Jørgensen, Søraas et al. 2017). However, due to the complex mechanisms of AMR, in
many cases, the colonies formed on the selective agar need to be further con�rmed with phenotypic or
chemical tests, such as ESBL producing with either phenotypic methods like double-disk synergy test
(DDST)(Overdevest, Willemsen et al. 2011) or genetic methods like ESBL speci�c primer polymerase
chain reaction (PCR)(MONSTEIN, Östholm‐Balkhed et al. 2007). Consider the workload for the colony
count, an optimized counting method like drop-plating may have wide application in saving time,
consumables, labor and decrease the generation of biohazard waste. 

There are two main challenges to overcome when performing the colonies count with drop-plating
methods for quantifying resistant bacteria. The �rst challenge, as mentioned previously, is the large
volume size needed for effective detection, especially when the bacteria concentration is very low. The
optimized drop-plating methods need to include the �lter methods, following with effectively collecting
and resuspending the bacteria in the liquid phase(Drieux, Haenn et al. 2016). The second challenge
comes from the speci�cs of AMR con�rmation as extra steps are necessary to con�rm the resistance,
which requires a convincing isolation space. However, this is con�icted to perform drop-plating with
multichannel pipettes, which has been widely applied to perform series dilution and technical repeat
e�ciently (Chen, Nace et al. 2003). The optimization needs to overcome the dropping area limitation
caused by the close gap between two channels, make it suitable for further isolation and puri�cation
process(Jett, Hatter et al. 1997, Thomas, Sekhar et al. 2015).
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To overcome the two challenges mentioned previously, in the present protocol, we keep the �ltering
progress and collect the bacteria on the �lter membrane with the saline solution (0.85% NaCl) following
with series dilution operated simply with multichannel pipettes and 96-well plates. Moreover, the four 10-
fold diluted samples were dropped on the selective agar simultaneously, with the help of multichannel
pipettes. Besides saving labor and time, 12-fold fewer selective agar plates needed and biohazard waste
generated in this protocol. With the present design, each drop has double space for isolating operation
compares to the 6×6 methods. We have tested it with the simulation samples, and the estimation result
has shown the accuracy of current methods is comparable to direct spreading methods. 

Reagents
1.Selective plate:

Agar plates contain antibiotics

commercial selective agar plates.

2.Multi-channel pipettes:

8-channel pipettes.

12-channel pipettes.

3.96-well plate

4.�lter membrane:

0.45 um/0.22 um �lter membrane.

sterile containers.

5. 10 ul culture loop.

6. antibiotic disc

Equipment
Vacuum pump. Stomacher.

Procedure
1. Transform samples into the liquid phase.
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(For liquid samples like water and drinks, can skip this step and perform the �ltration directly.) For solid
samples like food and tissues, a stomacher is needed. The samples can be placed in a stomacher bag
with �lters, and �ll the bags with 3 times the volume of saline. Make sure the saline can cover the surface
of the samples. Run the stomacher at top speed for 5-10 min, depend on the sample type. Take the saline
solution for further steps.

2. Filtration.

(This step is only suitable for samples with a low concentration of bacteria. If the samples already
contain a high concentration of bacteria, the sample can be subjected to drop-plating directly.) Set the
sterile �ltration system. The system can be clean one-time use �lter unit, or glass �lter holders and
containers autoclaved. For samples contain less solid particles, �ltered with a 0.22 um �lter membrane
directly. For samples di�cult to �lter, �lter with 0.45 µm membrane �rst, and then perform with the 0.22
um membrane again. The membranes were then transferred to a sterile tube containing 5 ml saline
(0.85% NaCl) solution, and bacteria were scraped from the membrane with a culture loop and suspended
in the saline (0.85% NaCl) solution.

(The bacteria solution can be frozen at -80 for DNA extraction and metagenomic sequencing. The
solution can also be mixed with glycerol or DMSO for enrichment and isolation in the future).

3. 3×4 drop-plating with 96-well plate and 8-channel pipette.

(The low concentration sample can load to the 96-well plates directly.)The sample position designed for
the 96-well plate is shown as in Fig S1. As detailed, 100 µl of concentrated bacteria saline solution from
each sample was loaded in Raw 1. An 8-channels micropipette was used to add 90 µl of saline to the 3rd,
5th, and 7th row, while left the 2nd, 4th,6th  row empty. The concentrated bacteria solution was 10-fold serial
diluted by taking 10 µl of each sample in Row 1 with multi-channel pipettes and mixed with 90 µl saline
solution in Raw 3 homogeneously, and repeatedly diluted with saline solution in Row 5 and Row 7. Then
the 8-channel pipette was turned to the horizontal direction to take 10 µl from the original samples and
each dilution, drop on a selective agar according to the requirement. The dropping was repeated 3 times
on one piece of agar. The plates were dried under air-�ow in the biosafety cabinet (BSC) and turned over
for culture at a suitable temperature.

4.Isolation, pure culture, and con�rmation.

Two to 20 colonies from the highest two dilution drop on selective plates were then picked and grew on
nutrition-rich agar to purify. The single colonies can be further puri�ed by re-streaking and subculture. The
puri�ed isolates can be stocked or subjected to the con�rmation test.

For resistant bacteria, a disc diffusion test or microdilution test (MIC) can be applied to con�rm the
susceptibility.

The bacteria can also be collected for DNA extraction and whole-genome sequencing.
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The bacteria can also be used for PCR tests directly. Brie�y, One or two colonies can be picked and
resuspend in 20 ul water. Vortex to the top speed and take 1-2 ul as PCR template.

5. Calculation.

After con�rmation, the number of "True" positive bacteria can be recorded and applied for calculation.

The equation:

 Ci is the number colony con�rmed as "True" positive. Wi is the volume of the original sample (ml). The
highest dilution for the effective count was recorded with dilution factor: Di.

Mean density= (Ci*100*Di)/(Wi/5)

The bacteria concentration is calculated with the unit of log10 CFU/ml or CFU/L. 

Troubleshooting

Time Taken
Sample preparation: 30-45 min.

Plate culture: 16-72 h.

Isolates typing and identi�cation: 2-3 days.

Anticipated Results
Here we prepared four simulated samples to validate the result. We collect one L of surface water sample
from a river in Singapore. The sample was then aliquoted to 200 ml/bottle. The multi-drug resistant
ESBL-producing bacteria ATCC BAA-196 was chosen as the indicator bacteria. The overnight pure culture
with an initial OD600 of 0.97 (7×108 CFU / ml) was �rstly diluted 1000-fold into 7×105 CFU/ml. 2.6 µl, 26
µl, and 260 µl of the diluted culture were added to 3 bottles of  200 ml/bottle water sample respectively to
reach a concentration around 9.1×103 CFU/L, 9.1×104 CFU/L, and 9.1×105 CFU/L respectively. 200 ml of
the original water sample without spiking was further processed with the other three spiked samples
together to form a simulation set of water samples. The selective agar we used is Brilliance ESBL
selective agar (Thermo�sher, USA) and the ESBL con�rmation was performed with the double-disk
synergy test according to CDS protocol.

The colonies formed on the selective plate with different colors and phenome were recorded and a further
con�rmation of ESBL was processed for calculation (Fig S3 and Table S1). The concentration of ESBL-
producing E. coli was acquired by different plating methods as shown in Fig 1. As attributed to carrying
beta-glucuronidase, the BAA-196 strain was indicated by the blue color. No signi�cant difference has
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been shown between the counting result and the spiking concentration. The detection limit is log10 2.92
CFU/L as presented. Since the Blank sample (control sample, without spiking) doesn’t form any blue
colonies, it may suggest the ESBL-producing E. coli concentration in this natural water is below the
detection limit of our methods. The concentration of ESBL-producing E. coli calculated according to the
optimized methods showed a logical increasing trend according to the concentration we spiked as
sample creation, which re�ects a successful estimation of the target with the described 3×4 drop-plating
methods. 
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Figure 1

Fig 1. The comparison between initial concentration setting and different methods of colony count. The
initial set concentration is con�rmed and colony counting calculation takes the average of triplicate
results. The concentration was transformed to log10 CFU/L before calculating for average and standard
error.



Page 8/9

Figure 2

Fig S1. 3X4 plate design and dilution. The dilution direction and sample-taken direction are shown.
Optional plate designs are provided.
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Figure 3

Fig S2. colonies formed on the selective agar. 10 ul per drop for drop-plating. 50 ul for direct spreading.
The �lter membrane after bacteria collection was also placed on the selective agar.


