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Wastewater Viral Detection 101

Massive Growth: Public Health Tool

Resurgence: Covid Pandemic (2020)

Lead Indicator

History: Polio Virus (1930-1960)
2020

Expansion: Other Viruses

SARS-Cov2
MPXV
Flu
RSV



1. Public Health Situation

2. Sample Donation

3. Sample Acquisition
4. Processing and Testing

5. Data Analysis and Modeling

6. Public Health Action

HEALTHY!

Sewer to Solution Cycle



THE GOOD

● Population Level Data

● Universal Self-Reporting
● Comprehensive Picture
● Trend/Predictive

● Expectations
● Invisible Individual
● Embryonic (lot to learn)
● Uniformity (standards)
● Expertise (limited)

● Prevalence 
● Privacy (“surveillance”)
● Politics (control)
● Pipeline (who to who)
● Policy (action?)

● Cost Effective

THE BAD

Advantage and Limitations

THE UGLY



State-of-the-Art

qPCR, ddPCR, rtPCR
“TARGETED”

Select Number of 
  Chosen Viruses

SARS-Cov2, MPXV, Flu, RSV

CDC Program

Sequencing
“AGNOSTIC”

All Viruses



TexWEB: Texas Wastewater & Environmental Biomonitoring

Network

WACO

DALLAS + FT. WORTH

PALESTINE

ATHENS

- 15 cities
- 30 sites
- 24% population

Agnostic Sequencing

- 3,153 possible 
viruses (1 sample)

- Detect seasonal 
viruses (flu, sars-cov2)

- Detect emerging 
viruses (measles, 
mpox, west nile

- Program = ~ 2.5 years 
- Reports go to Health Dept. 

Reporting



ALERT! H5N1 Detected in Wastewater Sample

Take Home Messages
1. No detection for nearly two years (0/1337 samples)
2. About 6 weeks – All cites positive
3. Detection events span cities ~ 750 miles (~ distance Washington D.C. to Chicago)

March 4th

Tisza et al, 2024
New England Journal of Medicine 



Flu Serotype Prevalence in Wastewater Sept 2023 through July 2024

Take Home Messages

1. “Seasonal” Flu readily detected

2. “Avian” Flu – TWO PEAKS (April 1/May 21)

3. No Bump in Flu Hospitalizations



Flu Serotype Prevalence in Wastewater Sept 2023 through July 2024

Take Home Messages

1. H5N1 detected in all 10
 Texas cities, 22/23 sites, 
25% of all samples 

2. Wide geographic distribution



Simultaneously  - WasterScan Group reported PCR detection of H5

- “unusual” flu positivity in normal FluA PCR test in wastewater 
- Developed H5 specific probe, retrospectively positivity 4 WWTPs
- Same time frame

- May 12–July 13, 2024. 
- H5 subtype testing was conducted at 203 sites in 41 states, with H5 
detections at 24 sites in nine states. (IE NOT JUST TEXAS WW)



Technical Notes:
- Consensus is GISAID isolate EPI_ISL_19027114
- Read stacks might relate to probe bias

Take Home Messages
1. Cover ~ 85% of the ref genome

2. Reads from all 8 gene segments

H5N1 reads aligned to March 2024 Human Texas Case



Nucleotide 
Position

CDS Polymorphism Type Change
Variant 

Frequency
Unique Detections 
(Reference Allele)

Unique Detections 
(Variant Allele)

Coverage
Amino Acid 

Change
CDS Codon 

Number
Codon Change

Protein 
Effect

Variant P-Value

1100 PB2 SNP (transition) A -> G 95.00% 0 4 40 E -> G 362 GAG -> GGG Substitution 3.10E-104
1894 PB2 SNP (transition) A -> G 100.00% 0 5 36 K -> E 627 AAA -> GAA Substitution 2.50E-130
1906 PB2 SNP (transversion) A -> C 100.00% 0 5 36 M -> L 631 AUG -> CUG Substitution 2.50E-130
1977 PB2 SNP (transition) G -> A 100.00% 0 4 48 654 CCG -> CCA None 1.60E-173
2091 PB2 SNP (transition) A -> G 100.00% 0 1 3 692 AGA -> AGG None 7.90E-12
3502 PB1 SNP (transition) G -> A 100.00% 0 1 3 V -> I 392 GUA -> AUA Substitution 7.90E-12
3612 PB1 SNP (transition) G -> A 100.00% 0 1 3 428 CAG -> CAA None 7.90E-12
4191 PB1 SNP (transition) A -> G 100.00% 0 6 47 621 CAA -> CAG None 6.30E-170
4881 PA SNP (transversion) C -> A 100.00% 0 1 5 79 AUC -> AUA None 3.20E-19
4881 PA-X SNP (transversion) C -> A 100.00% 0 1 5 79 AUC -> AUA None 3.20E-19
4882 PA Substitution GA -> UG 100.00% 0 1 5 80 Truncation 3.20E-19
4882 PA-X Substitution GA -> UG 100.00% 0 1 5 80 Truncation 3.20E-19
5068 PA SNP (transition) G -> A 100.00% 0 2 15 E -> K 142 GAA -> AAA Substitution 3.20E-53
5068 PA-X SNP (transition) G -> A 100.00% 0 2 15 E -> K 142 GAA -> AAA Substitution 3.20E-53
5299 PA SNP (transversion) C -> A 100.00% 0 1 43 L -> I 219 CUU -> AUU Substitution 1.60E-155
5299 PA-X SNP (transversion) C -> A 100.00% 0 1 43 218 GUC -> GUA None 1.60E-155
5439 PA SNP (transition) A -> G 17.60% 1 1 17 265 CCA -> CCG None 5.40E-09
5473 PA SNP (transition) C -> U 15.80% 1 1 19 P -> S 277 CCU -> UCU Substitution 7.70E-09
6134 PA SNP (transition) A -> G 60.00% 1 1 10 K -> R 497 AAG -> AGG Substitution 1.30E-17
6226 PA Substitution ACUGACCCGAG -> GCCUCGGGUCA 60.00% 2 1 10 TDPR -> ASGQ 528 ACU,GAC,CCG,AGG -> GCC,UCG,GGU,CAG Substitution 2.10E-19
6238 PA SNP (transition) C -> U 42.90% 2 1 7 532 CUA -> UUA None 2.80E-10
7135 HA SNP (transversion) U -> G 100.00% 0 1 12 93 UCU -> UCG None 4.00E-45
7387 HA SNP (transition) G -> A 35.30% 1 1 17 177 AAG -> AAA None 1.90E-13
7519 HA SNP (transition) A -> G 32.30% 1 1 31 221 UUA -> UUG None 4.40E-28
7657 HA SNP (transition) G -> A 100.00% 0 6 23 267 GAG -> GAA None 6.30E-79
7723 HA SNP (transition) C -> U 100.00% 0 6 31 289 CAC -> CAU None 5.00E-103
8094 HA Substitution GGGAGU -> UCUGAC 22.9% -> 24.2% 5 1 33 -> 35 413 Truncation 1.40E-21
8170 HA SNP (transversion) C -> A 94.10% 1 7 51 438 ACC -> ACA None 3.30E-169
9029 NP SNP (transition) U -> C 100.00% 0 5 63 135 CAU -> CAC None 1.60E-227
9272 NP SNP (transition) A -> G 100.00% 0 4 31 216 AGA -> AGG None 2.50E-112
9443 NP SNP (transition) G -> A 61.90% 3 3 63 273 AAG -> AAA None 6.20E-124
9632 NP SNP (transition) G -> A 100.00% 0 5 18 336 GCG -> GCA None 2.50E-67
9764 NP SNP (transition) A -> G 13.00% 2 1 23 380 GAA -> GAG None 1.40E-08

10039 NP SNP (transition) C -> U 12.70% 1 1 63 T -> M 472 ACG -> AUG Substitution 9.60E-21
11065 NA Deletion (tandem repeat) (A)4 -> (A)3 75.60% 4 1 41 309 Frame Shift 1.70E-78
11157 NA Substitution UC -> CA 16.70% 2 1 24 S -> H 340 UCU -> CAU Substitution 1.70E-11
11160 NA Substitution AAUG -> UAGA 16.70% 2 1 24 341 Truncation 2.70E-10
11170 NA Substitution AU -> UG 15.4% -> 16.0% 2 1 25 -> 26 Y -> L 344 UAU -> UUG Substitution 2.40E-11
11244 NA SNP (transversion) A -> C 29.60% 5 1 54 S -> R 369 AGC -> CGC Substitution 1.30E-46
11360 NA SNP (transition) C -> U 39.50% 7 3 43 407 GUC -> GUU None 2.60E-50
11547 NA SNP (transversion) U -> G 32.60% 2 4 92 470 Extension 1.50E-84
11553 SNP (transversion) G -> U 33.30% 2 4 90 6.60E-79
11556 SNP (transversion) C -> G 32.20% 2 4 87 7.80E-79
11559 SNP (transversion) A -> C 54.90% 2 3 51 3.10E-87
11565 Substitution UAGAUAUUGA -> ACUUGUCAAU 77.8% -> 95.7% 1 4 8 -> 23 4.50E-25
11896 M1 SNP (transversion) A -> U 42.90% 2 1 7 I -> L 107 AUA -> UUA Substitution 2.80E-10
12168 M1 SNP (transition) G -> A 33.30% 3 1 12 197 GAG -> GAA None 7.80E-13
12274 M1 Substitution CUCCUUGA -> UCUAACCG 21.1% -> 28.6% 4 1 19 -> 21 LLE -> SNR 233 CUC,CUU,GAA -> UCU,AAC,CGA Substitution 3.70E-15
12283 M1 Substitution AA -> GG 33.30% 4 1 21 N -> G 236 AAU -> GGU Substitution 1.50E-21
12286 M1 Substitution UUGCAG -> CGAAAC 33.3% -> 58.3% 4 1 12 -> 21 LQ -> RN 237 UUG,CAG -> CGA,AAC Substitution 1.50E-21

H5N1 SNPs that deviate from the Texas Case consensus

Take Home Messages

1. > 50 SNPs

2. Some SNPs are unique to 
wastewater samples 

3. Inputs from cow, feline, 
bird, milk and unidentified 
source (s)



Wastewater Sequence is Similar but DISTINCT 

Take Home Messages
1. Wastewater has Novel Mutations
2. Do not know the origin of these Mutations
3. There are other Cryptic Hosts out there

Asn309
(76%)

Ser340His
(17%)

Tyr344Leu
(17%)

Ser369Arg
(20%)

Neuraminidase

Asn341
(17%)

Justin Clark
James Chang



Partial Good News – Detections in WW now Low

CDCTexWEB



Interesting Correlation



Major Take Home Lessons

1. H5N1 can be readily tracked in human wastewater

- If starts to spread in people, confident spread can be followed

2. Wastewater-based Agnostic Sequencing brings new capabilities 
- follow evolution and changes in near real-time
- Fingerprint the source
- Correlate to functionally meaningful mutations/assortment in the virus
- Future of all testing (now cost effective)

3. Favor model (Texas): Migrating Birds > Cattle > Wastewater 
 Urge Caution: We cannot rule out human (cryptic inputs)
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A Practical One Health Strategy to Detect 
Pre-Pandemic Zoonotic Respiratory Virus Threats

Photo by: Jose Carlos Fajardo/Bay Area News Group



many years Y years Z years

Failed Immune 
Challenges Human Infection Efficient Human-to-Human

Transmission

Droplets

Aerosols

Soil

FomitesDirect
contact

Vectors

Modes of 
Transmission Viral Adaptation

A Model for Zoonotic Pathogen Genesis
Viral evolutionary studies suggest this progression may take many years

Gray GC, Abdelgadir A. While We Endure this Pandemic What New Respiratory Virus Threats Are We Missing? Open Forum Infect Dis 2021, ofab078



…More than a dozen viruses closely related to SARS-CoV-2 have been isolated 
from bats and pangolins so far. …SARS-CoV-2’s closest known relatives are a 
bat virus found in Laos called BANAL-52, whose genome is 96.8% identical to 
that of SARS-CoV-2, and a virus called RaTG13, found in Yunnan, southern 
China, which is 96.1% identical1. The 3–4% difference between their genomes 
and that of SARS-CoV-2 suggests that there has been about 40–70 years of 
evolution since these viruses shared a common ancestor.

Evolutionary clock ticks 
slowly

https://www.nature.com/articles/d41586-022-03611-w#ref-CR1


Megafarms



Problems
•Little trust between livestock 
farms and government 
institutions
•No effective surveillance for 
novel pathogen emergence 
on livestock farms
•While we have theoretically 
have time to detect and 
respond to spillover threats, 
in truth we currently have a 
“whack a mole” mentality 
that is very ineffective  

Image taken from 
https://www.youtube.com/watch?v=VoP1E9J4jpg&feature=youtu.
be

https://www.youtube.com/watch?v=VoP1E9J4jpg&feature=youtu.be
https://www.youtube.com/watch?v=VoP1E9J4jpg&feature=youtu.be






One Health Studies for Novel 
Respiratory Viruses on Farms

•During April 3rd & 4th 2024, we enrolled two Texas dairy farms (Farm 
A & B) in our USDA-sponsored One Health study….The farms were 
recovering from the cattle HPAIV H5N1 epizootic
•We detected H5N1 HPAIV in 64% (9/14) of milk specimens, and 
2.6% (1/39) of cattle nasal swab specimens. 
•14.3% (2/14) of the farm workers (all on farm A) who donated sera 
were recently symptomatic and had elevated neutralizing antibodies 
against a related H5N1 strain.  

•7 (29%) of 24 nasal swab samples from sick cows 
had molecular evidence of highly-pathogenic H5N1 
influenza A (HPAIV).
•Sick cattle had no evidence of co-infecting viruses 
such as influenza D, adenoviruses, coronaviruses, 
enteroviruses, paramyxoviruses, or pneumoviruses



NGS Sequencing Results from Recent Sick Beef Cattle 
Nasal Swabs Collected from Indiana, Kentucky, and Mexico, 

Feb to Aug in 2024 





International Symposium on One Health Research: 
Improving Food Security and Resilience

April 21st – 23rd, 2024, Galveston, TX 

• 124 science attendees from 10 
countries

• 30 oral presentations from research 
leaders in agriculture, academia, and 
government

• 44 poster presentations with 16 
awards (10 best abstract, 6 best 
poster)

• Special issue of the One Health 
journal – all abstracts and ~10 
manuscripts from the best 
presentations 







We Have Multiple Government Agencies
Calling for One Health Research Approaches



• No one discipline is trained to 
engage such complex infectious 
disease problems

• No one agency or organization 
can control such complex 
infectious disease problems

The Problem in a Nutshell





Centers for One Health Research, Training, and Response

The ultimate goal of this program would be to 
develop independent, interdisciplinary, OH-
oriented biomedical researchers. 

Each Center must have the ability to offer a 
Master’s degree in OH research and the 
interdisciplinary faculty (human health, veterinary 
health, and environmental health) to train the 
fellow. In addition to a Master’s degree OH fellows 
must spend at least one year conducting a 
capstone research project.

Staffing - Minimum of six faculty teaching and 
mentoring trainees in OH with faculty in each of 
three disciplines: human health, animal health, 
and environmental health

Evidence of strong partnerships with agriculture 
industries

.
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Food Safety and Inspection Service
U.S. DEPARTMENT OF AGRICULTURE

Research: H5N1 Beef Safety 
Studies

Potential Research Priorities to Inform Readiness 
and Response to H5N1: A Workshop
National Academies of Sciences, Engineering, and 
Medicine
October 23, 2024



Our Mission

Protect public health by preventing 
illness from meat, poultry, and egg 
products.

Our Vision

Everyone’s food is safe.



Food Safety and H5N1 Influenza A

• USDA is confident that the meat 
and poultry supply are safe.

• FSIS veterinarians are available 
at all federal livestock slaughter 
facilities to ensure that animals 
that are unfit for human food are 
prevented from entering the 
food supply.



Beef Safety Studies

• Ground Beef Sampling from Retail 

• Beef Muscle Sample Collection

• Beef Patty Cooking Study



H5N1 Influenza A Dairy Cow Testing Program

• On September 16, 2024, FSIS implemented an H5N1 Influenza A monitoring 
program for dairy cows at slaughter. 

• This new program will use muscle samples already collected from dairy cow 
carcasses under FSIS’ National Residue Program (NRP). 

• As of October 17, 2024, FSIS had results from 50 muscle samples. No Influenza A 
has been detected in any of the samples.



FSIS Personnel 



Food Safety and Inspection Service
U.S. DEPARTMENT OF AGRICULTURE

fsis.usda.gov
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