
Rapid Molecular Detection of 
Pseudomonas aeruginosa Using Real-Time PCR

INTRODUCTION
P. aeruginosa (PA) is an important pathogen in
infectious disease. It accounts for as much as 10% of
nosocomial infections and is a commonly found in
ICUs1. It is capable of growing in a wide range of
environments, making it a significant contributor to
opportunistic pathogenesis in humans. It can lead to a
broad range of infections including sites such as
respiratory, burn, urinary tract, and superficial and
deep wounds. Its intrinsic pathogenicity and resistance
makes it a desirable target for rapid and sensitive
detection in a clinical setting2. Real-time PCR offers the
advantages of highly sensitive results and faster turn-
around-times (TATs) than traditional culturing methods.

METHODS
This assay was designed as a qualitative detection
method for PA nucleic acid. DNA was isolated from
both PA and a human HeLa cell line using the QIAamp®
DNA Mini Kit. Two sets of primers were designed and
optimized to our targets. One target was GYRB in PA.
The other, a housekeeping gene GAPDH, in human
DNA. Primer and nucleic acid concentrations were
optimized for our reaction and SYBR Green® master
mix on the StepOnePlus™ Real-time PCR System3. The
samples and primers were tested against each other to
ensure no cross-amplification occurred. A serial
dilution of known DNA concentrations was measured
repeatedly to gain an accurate base to use as standards
of measurement and determine a reportable range.
During validation, a total of 155 samples were
assessed: 60 blinded samples to calculate clinical
characteristics and 95 for the analytical characteristics.

RESULTS

CONCLUSION
Real-time PCR is a highly sensitive assay that can be
used to decrease TATs and allow for a lower
detection limit (LOD) compared to traditional
culturing methods. This closed-tube reaction offers
benefits compared to alternative molecular
methods. These improvements can aid
technologists and providers in making more timely
and educated decisions in the management of
patients’ prognoses and therapy. While there are
many benefits to the incorporation of molecular
testing in the clinical lab, considerations still need to
be made. Real-time cannot be validated for
multiplexed reactions using SYBR Green®. Personnel
need to be well-versed in molecular techniques and
analysis. Amplification of different variables such as
non-viable, commensal, and contaminating
organisms is possible and results should always be
correlated with the clinical picture. Nevertheless,
with proper analysis and communication between
professionals, detection by real-time PCR may
improve outcomes of infection control and therapy
with its highly rapid, accurate, and sensitive output.

REFERENCES
1. https://www.specialpathogenslab.com/perch/resources/ps

eudomonas-fact-sheet.pdf
2. https://www.ncbi.nlm.nih.gov/pubmed/16819959
3. https://www.thermofisher.com/order/catalog/product/437

6357#/4376357

Figure 1: (above) Results show an amplification plot of a run performed with blinded samples. Samples were tested by
creating a dilution series of 1:10, starting with 5ng per 25µL reaction volume in order to test the LOD and range of the
assay. Each sample was included in duplicate for this example run. GAPDH internal controls amplified consistently across
all samples. Positive controls for both P. aeruginosa and GAPDH amplified as expected. Spiked unknown samples
amplified, whereas the negative unknowns did not amplify. NTCs for both master mixes did not amplify.

Table 4: (above) Values calculated using validation runs
referenced in Table 3: 95 samples for the analytical
characteristics (accuracy and precision) and 60 blinded
samples to determine the clinical sensitivity and
specificity. LOD was determined using serial dilutions
below our standard concentrations.

Table 3: (above) Sample observations tested on single-
blinded study using 1:10 serial dilutions of known
concentrations from1 ng/uL down to 0.0001ng/uL.
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Performance Characteristics
Accuracy 99.76%
Precision 99.26%

Clinical Sensitivity 100%

Clinical Specificity 100%

Detection Limit (LOD) 0.00005ng

FUTURE STUDIES
Recommendations for future studies include the
incorporation of high and low controls to move to
quantitative data analysis, testing of analytical
specificity and cross reactivity of GYRB primers across
different commensal and pathogenic bacteria, and
the incorporation of human samples to test
sensitivity, specificity and inhibition from differing
specimen sites. This study could also be used for
detection of resistance genes with the addition of
new primers for the desired target.
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Master Mix Calculations

Stock Solution Volume (per reaction)

SYBR Green Master Mix 
(2X) 12.5µL

Forward Primer (0.25µM) 2.5µL

Reverse Primer (0.25µM) 2.5µL

Nuclease Free Water 2.5µL

Total 20µL + 5µL sample

Table 1: (above) Calculations used to prepare our P. aeruginosa
master mix. GAPDH master mix calculations differ only by starting
primer concentrations (1µM for GAPDH).

Table 2: (above) Customized amplification conditions for time and temperature. Programed for each run on the
StepOnePlus™ Real-time PCR System.

Amplification Run Conditions
Holding Stage: 2 min @ 50oC

10 min @ 95oC

40 cycles of: 15 sec @ 95oC
1 min @ 60oC

Melt Curve Stage
15 sec @ 95oC
1 min @ 60oC
15 sec @ 95oC

Sample Observations

Pos 
Identification

Neg 
Identification

Pos Sample 125 0

Neg Sample 0 30
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