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Wastewater surveillance data provides valuable insights for public health actions and 

decision-making. Key areas where wastewater data has proven its worth include:

• Confirming trends by comparing it with other health data.

• Informing public health policies like masking and social distancing.

• Allocating resources effectively in public health.

• Guiding allocation of clinical resources.

However, the widespread adoption of wastewater surveillance has been hindered by 

challenges associated with SARS-CoV-2 extraction from wastewater samples. Complex, costly, 

and variable extraction processes have limited in-house testing at wastewater treatment plants, 

resulted in high outsourcing costs, delayed data, and reduced confidence in result usability.

To address these challenges, Cepheid's GeneXpert technology offers an efficient solution 

for SARS-CoV-2 analysis in wastewater. This technology automates the entire process, 

including capturing and lysing viral RNA, and employs real-time reverse transcriptase PCR for 

measurement. The GeneXpert cartridge contains all necessary components, including internal 

controls, ensuring reliable and quality results.

With a successful track record of over 15 years in clinical applications, the GeneXpert 

technology has proven effective in wastewater analysis. The PCR instrumentation enables 

simultaneous testing of multiple samples, with each analysis taking less than 40 minutes and 

requiring minimal hands-on time. Additionally, the system can measure other pathogens and 

indicators, such as Flu, RSV, antibiotic-resistant bacteria, and norovirus, through a streamlined 

preparation process.

This paper will explore the working principles of GeneXpert technology, compare its 

performance with traditional viral extraction methods in wastewater, and present a two-year 

case study on monitoring SARS-CoV-2 in a Colorado community. By showcasing its 

effectiveness, this research aims to promote widespread adoption of GeneXpert technology 

and its contribution to enhancing wastewater surveillance for public health purposes.    

Public Health and WBE Challenges

• Test complexity and time: extraction of virus from raw sewage is complicated and time 

consuming

• Very Expensive to start a program: Centrifuges, concentrators, PCR 

instruments/reagents, etc. 

• Multiple Methods/Consistent Results: Different methods can lead to different results; 

inter-operator errors create additional variability/uncertainty (e.g. sample prep)

• Technically and practically not possible to reach some remote or smaller scale WWTPS

Impact

• Almost no in-house testing: PCR test are usually only performed by highly trained 

specialists or outsourced

• Outsource costs are high: test prices can exceed $500 per test making surveillance 

programs hard to justify

• Actionability: delayed data from outsourcing testing leads to less impactful decision 

making

• Reliability/Performance: test complexity and method differences generally lead to variable 

results, leading to less confidence in WBE dependent public health decisions

Comparison of the GeneXpert Against 

Digital Droplet PCR Results ((4 schools, 107 samples )

GeneXpert Multiuplex Cartridge (SARS CoV-2, Flu,

and RSV in one)

SARS CoV-2

96 out of 107 were aligned (90%)

75 for 81 correlation with DD-PCR for DD Positives

21 for 26 correlation with DD-PCR on DD Negatives

RSV

98 out of 107 were aligned (92%)

20 for 28 correlation with DD-PCR for DD Positives

78 for 79 correlation with DD-PCR for DD Negatives

Flu A

100 out of 107 were aligned (93%)

28 for 30 correlation with DD-PCR for DD Positives

72 for 77 correlation with DD-PCR for DD Negatives

28 for 30 correlation with DD-PCR for DD Positives

Abstract

• Broomfield CO DOH and WWTP for providing wastewater samples for almost 2 

years

• Rice University and Houston DOH for performing the side-by-side analyses 

during their public-school wastewater testing
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Case Study Results

PCR Automation Eliminates Complexity and Minimizes Costs

Challenges with Wastewater Surveillance

Methodology/Technology

Analytical Performance

Sample Prep

System/Cartridge Traditional Viral Extraction Options

Time Consuming & Complex
Multiple pipetting steps, sample transfers, 
filtration, etc. (1-4 hours per test, in many cases 
requires very skilled lab technicians)

300 µL

PCR System

(~1’ x 1’ x1’)

Simple & More Affordable
Cepheid Cartridge/System automates all 
pipetting, filtering and sample 
preparation
(1 minute of hands-on time per test, 
<45 minutes to result)

Sample Preparation

Chambers contain reagents, 

primers, probes, buffers and 

extracted sample. Syringe 

and valving system moves 

the sample and reagents

An integrated membrane 

isolates the virus prior to lysing 

and the releasing of the targeted 

RNA

Measurement

1) Collect a representative sample 

(Composite sampling or Passive 

Sampling)

2) Mix sample and pipette 300 µL into the 

GeneXpert cartridge

3) Place the cartridge in an open bay and 

start the analysis (~37 minutes)

E
y = -0.2954x + 16.59

R² = 0.9908

N2
y = -0.2958x + 17.58

R² = 0.9886

RdRp
y = -0.2444x + 15.749

R² = 0.9431
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Linearity & Correlation Coefficients

•E Gene: 0.9908, N2 Gene: 0.9886, RdRp: 0.9431

•Slopes and correlation coefficients are similar in 

calibration curves created in both DI water and 

wastewater effluent

Precision

12% Relative Standard Deviation (RSD) on 4 spikes of 

1M copies per liter (E gene 3%, N2 Gene 22%; overall 

12%)

15% RSD on 7 reps of a raw wastewater sample 

@~200K copies/L

DD-PCR with InnovaPrep Concentration on the same 

sample: 17% RSD

Accuracy (Spike Recoveries and Correlation to existing 

methods)
•Average of 97% recovery for 4 influent WW samples spiked 

with 1M Copies per liter (Averaged over E & N2 genes)

•Correlation with other methods:

LuminUltra (0.9931 r2, slope 1.09, 6 tests)

DD-PCR at Colorado State (0.7296 r2, slope 0.88, 19 

tests)

Detection Limits
•Theoretical detection limit of the system is 11,000 copies/L

In practice, ~32,000 copies/L

10 different users ran a SARS CoV-2 wastewater test on the GeneXpert with 15 

minutes of training

Scientific backgrounds ranged from Distinguished Scientist to Plant 

Maintenance 
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Log10 of SARS CoV-2 Concentration of 10 different 

GeneXpert End Users
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Elimination of Inter-Operator/Method Error

y = 0.174x + 85.879

R² = 0.8672
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BF Case Counts (1 week after testing) 

vs Viral Load

Test Frequency Cost

(Per Week)

Hands-On Time

(Per Week)

Predictive Capability

(Average Error)

Daily $250 10 Minutes +/- 8%

2X per Week $100 4 Minutes +/- 21%

Once a week $50 2 Minutes +/- 47%
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2021-2023 GeneXpert SARS CoV-2 Case Study (Broomfield, CO) 

As clinical testing declines WBE shows community spread is still a big problem

X.B.B 1.5?

Delta

Omicron BA.1 Omicron BA.2->BA.5

Houston Public School Pilot SAR CoV-2, Flu and RSV

Predictive Capability of Wastewater Surveillance

y = -0.375x + 18.925
R² = 0.9932
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SARS

y = -0.3384x + 17.24
R² = 0.9834
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Flu A1

y = -0.345x + 18.181
R² = 0.9863
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