
Development of a rapid 15-minute test using Glycan-functionalised latex 

nanoparticles for identification of Uropathogenic Escherichia coli (UPEC)

INTRODUCTION

• Urinary tract infections (UTI) are one of the most frequent infectious

diseases worldwide, affecting 150 million people every year. [1]

• Uropathogenic Escherichia coli (UPEC) strains are responsible for >80% of

all UTI cases. [2]

• Accurate determination of UTIs relies on 48-hour cultures, which leads to

over-prescription of broad-spectrum antibiotic, contributing to the global

threat of antimicrobial resistance. [3-4]

• A novel 15-minute agglutination assay (NANOPLEX) was developed that

utilises image processing software to enable detection of UPEC at

clinically relevant concentrations.

CONCLUSIONS

• NANOPLEX assay identified and enumerated UPEC using 7CM-conjugated
latex microspheres and an image processing software, that correlates
agglutination events to bacteria load.

• 100x concentration of E. coli prior to NANOPLEX allowed the detection of
clinically relevant bacterial concentrations, sensitive to 103 cfu/ml.

• Future work will focus on detection of UPEC and enhancement of TCS
signals in clinical human urine.

RESULTS

METHOD
The NANOPLEX assay:

• Carboxylate modified latex microspheres functionalised with Heptyl 
alpha-D-mannoside using EDC coupling or copper-catalysed azide-alkyne 
cycloaddition (7CM)

• Functionalised latex microspheres incubated with E. coli at room 
temperature for 15 minutes

Image processing:

• Agglutination events imaged using bright-field microscopy 

• Image processing software tracks agglutination events, identifying 
clusters vs single beads.  

• Total cluster size (TCS) calculated = Sum of beads in all genuine clusters 
identified in a sample
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STRAIN TO STRAIN VARIABILITY

As NANOPLEX and the image processing software were 
developed on E. coli lab strain  BW25113, we wished to 
determine variability between uropathogenic strains.

E. coli strains NCTC 9001 and 12241 were both grown in  TSB and 
standardised to 108 CFU/ml and tested using the NANOPLEX™
Assay. 

Comparable TCS signals were observed across strains tested.
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A range of concentrations of E. coli BW25113 in TSB
incubated with 7CM conjugated latex microspheres
was investigated.

A positive correlation in TCS signal was observed
from 105 – 108 cfu/ml. The average 105 cfu/ml
signal was approximately 8-times higher than the
negative control of sterile TSB. Also a narrow
spread is observed each successive log
concentration of E. coli

The performance of the assay in identifying bacteria
in human urine was investigated. 0.2 µm filtered
mid-stream urine inoculated with E. coli BW25113
(grown overnight in TSB) to 105 to 108 cfu/ml, and
incubated with 7CM.

A positive correlation in TCS values upon bacterial
concentration was observed. TCS signals were on
average 23% lower at 106 to 108 cfu/ml than their
respective values in TSB alone.

0.2 µm filtered urine negative control had a TCS
higher than 105 cfu/ml samples, which brought the
limit of detection up to 106 cfu/ml. Also a greater
spread was observed at 108 cfu/ml compared to
samples in TSB.

PERFORMANCE IN TSB (105-108 CFU/ML) PERFORMANCE IN HUMAN URINE (105-108 CFU/ML) EXTENDING LOWER LIMIT OF DETECTION (103-108 CFU/ML) 

UK standards for microbiology state that bacterial counts
between 102 and 105 cfu/ml may, depending upon
specific patient groups, are clinically significant for UTI
diagnosis. [5-7] Therefore, optimization of the
NANOPLEX assay was needed in order to detect UPEC at
these levels.

To improve the sensitivity of the assay, a 100-fold
concentration step was carried out prior to carrying out
the NANOPLEX assay with E. coli BW25113 in TSB.

After concentration, there was a demonstrable
enhancement in the TCS signal, extending the sensitivity
of the assay to 103 cfu/ml.

Figure 2: TCS comparison of E. coli strains BW25113, NCTC 9001 and NCTC 12241 at 108 cfu/ml 

Figure 3: The relationship between 7CM & E. coli BW25113 (105 –
108 cfu/ml) in TSB

Figure 4: The relationship between 7CM & E. coli BW25113 (105 – 108 

cfu/ml) in human urine
Figure 5: The relationship between 7CM & 100x concentrated E. coli
BW25113 (105 – 108 cfu/ml) in TSB 
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Figure 1: Images of 7CM & E. coli BW25113 (105 – 108 cfu/ml) in TSB
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