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I. INTRODUCTION

On March 11, 2022, the Committee on Environmental Protection, chaired by Council Member James F. Gennaro, jointly with the Subcommittee on COVID Recovery and Resiliency, chaired by Council Member Francisco Moya, will hold an oversight hearing on “COVID-19 Testing in Wastewater”. Those invited to testify include representatives from the Department of Environmental Protection (DEP), academics in the field of microbiology, environmental advocates, public health advocates, and other interested parties.

II. BACKGROUND

As of March 8, 2022, there have been more than 448,862,096 confirmed COVID-19 cases and more than 6,030,800 deaths worldwide, including more than 80,983,325 cases and more than 986,099 deaths in the United States.[footnoteRef:1] As of March 8, there have been more than 4,915,401 confirmed cases[footnoteRef:2] and more than 54,850 deaths in New York State,[footnoteRef:3] including more than 2,282,831 cases and 39,927 confirmed deaths in New York City.[footnoteRef:4] At least 86.2 percent of all New York City residents have received at least one dose of a COVID-19 vaccine, with roughly 13.8 percent of the population remaining unvaccinated.[footnoteRef:5] Of all adults in New York City, nearly 97 percent have received at least one dose of a vaccine.[footnoteRef:6] Those who are unvaccinated are much more likely to test positive for COVID-19, and to be hospitalized or to die.[footnoteRef:7] According to DOHMH data, those who are unvaccinated are 1.4 times more likely to test positive, about 3 times more likely to be hospitalized, and are about 4 times more likely to die from COVID-19.[footnoteRef:8] There are severe equity concerns when examining COVID-19 data and the impact of the pandemic on communities that are marginalized.[footnoteRef:9] Available COVID-19 data[footnoteRef:10] indicates that those living in high poverty areas and/or the Bronx as well as those who are Black/African American, Hispanic/Latino, and/or older are more likely to be hospitalized and die from COVID-19.[footnoteRef:11]  [1:  Worldometer, COVID-19 Coronavirus Pandemic, https://www.worldometers.info/coronavirus/. ]  [2:  NYS DOH COVID-19 Tracker, Persons Tested Positive by County, https://covid19tracker.health.ny.gov/views/NYS-COVID19-Tracker/NYSDOHCOVID-19Tracker-Map?%3Aembed=yes&%3Atoolbar=no&%3Atabs=n.]  [3:  NYS DOH COVID-19 Fatalities Tracker, https://coronavirus.health.ny.gov/fatalities-0 ]  [4:  NYC DOHMH, COVID-19: Data, https://www1.nyc.gov/site/doh/covid/covid-19-data.page]  [5:  Id.]  [6:  Id.]  [7:  Id. ]  [8:  Id. ]  [9:  Id.]  [10:  While DOHMH releases much data regarding COVID-19, the data does not capture the impact on certain communities, including immigrant, Asian, religious, disability, and limited English proficient communities.  ]  [11:  NYC DOHMH, COVID-19: Data, https://www1.nyc.gov/site/doh/covid/covid-19-data.page. ] 


COVID Testing in Wastewater
Wastewater monitoring for SARS-CoV-2 RNA presents an opportunity for pooled community testing that tracks changes in COVID-19 infection levels through a community.[footnoteRef:12] New York City has 14 wastewater treatment plants, categorized into three regional areas: north, south, and east.[footnoteRef:13] Each of the 14 plants serves a distinct geographical area,[footnoteRef:14] referred to as a sewershed.[footnoteRef:15] In total, these plants have a combined treatment capacity of 1.3 billion gallons per day.[footnoteRef:16] Wastewater monitoring for SARS-CoV-2 RNA at the treatment plant level can provide trend data for COVID-19 infections that is specific to the communities serviced by each facility.[footnoteRef:17] It is not currently possible to extrapolate sewage testing data into specific numbers of infected individuals, and testing at the treatment plant level would not capture evidence of infected individuals not serviced by the municipal sewer system.[footnoteRef:18] [12:  Centers for Disease Control and Prevention. National Wastewater Surveillance System. https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/wastewater-surveillance.html (last accessed 10/22/20)]  [13:  New York City Department Of Environmental Protection, “New York City’s Wastewater Treatment System” https://www1.nyc.gov/site/dep/water/wastewater-treatment-system.page(last accessed 10/22/20)]  [14:  NYC Mayor’s Office of Environmental Coordination CEQR Technical Manual 2014. https://www1.nyc.gov/assets/oec/technical-manual/2014_ceqr_technical_manual_rev_04_27_2016.pdf (last accessed 10/22/20)]  [15:  NYC Open Sewer Atlas. Sewersheds and Community boards. https://openseweratlas.tumblr.com/post/90255588644/sewersheds-and-community-boards (last accessed 10/22/20)]  [16:  Id.]  [17:  Centers for Disease Control and Prevention. National Wastewater Surveillance System. https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/wastewater-surveillance.html (last accessed 10/22/20)]  [18:  Id. ] 
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The above map shows the location of wastewater treatment plants, their processing capacity, as well the area served by each plant.

Wastewater Based Epidemiology and Metagenomic Next Gen Sequencing 
	Wastewater based epidemiology is based on the assumption that any substance that is excreted by humans and is stable in wastewater can be used to calculate the original concentration excreted by a given population.[footnoteRef:20] In the past, this framework has been used to calculate illicit drug use, prevalence of Tamiflu use during the 2009 influenza pandemic, and to monitor the prevalence of diseases such as polio.[footnoteRef:21] Because viruses do not grow outside of host cells, changes in  concentration of viral particles in wastewater can be used for detection of new viral outbreaks, the emergence of new viral strains, and potentially be extrapolated to determine the extent of infection in a given population.[footnoteRef:22] In the early days of the COVID-19 pandemic, wastewater monitoring was hypothesized as a means of near-real-time outbreak data monitoring due to the continual supply of viral particles shed by infected humans in their urine and feces, regardless of whether individuals were showing symptoms or asymptomatic.[footnoteRef:23]  [20:  Polo, David et al. “Making waves: Wastewater-based epidemiology for COVID-19 - approaches and challenges for surveillance and prediction.” Water research, vol. 186.  September 9,  2020 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7480445/ ]  [21:  Id. ]  [22:  Id. ]  [23:  Id. ] 

	Metagenomic next generation (“next gen”) sequencing refers to any high-throughput genetic sequencing methods that allow billions of nucleic acid fragments to be simultaneously and independently sequenced.[footnoteRef:24] Using computational approaches, overlapping gene sequences are identified, pieced together, then compared to a library of reference genomes in order to show which organisms have contributed genetic material to the sample.[footnoteRef:25]  This method of sequencing can simultaneously identify genetic material from completely different kingdoms of organisms, and provide data pertaining to what microbes are present in a given sample, and in what proportions.[footnoteRef:26] As such, its utility in wastewater based epidemiology is not limited to COVID-19 detection, but potentially a wide range of infectious diseases and pathogens. [24:  American Society for Microbiology. Metagenomic Next Generation Sequencing: How Does It Work, and Is It Coming to Your Clinical Microbiology Lab? https://asm.org/Articles/2019/November/Metagenomic-Next-Generation-Sequencing-How-Does-It (last accessed 10/23/20)]  [25:  Id. ]  [26:  Id. ] 


Variants of the SARS -CoV-2 Virus
Since the first major worldwide outbreak of SARS-CoV-2, the virus that causes COVID-19, there have been several variants of the virus, with two particular variants identified as variants of concern by the Center for Disease Control and Prevention (CDC): the delta and omicron variants.[footnoteRef:27] The delta variant is nearly twice as contagious as earlier variants and might cause more severe illness.[footnoteRef:28] The greatest risk of transmission is among unvaccinated people, although people who are fully vaccinated can get vaccine breakthrough infections and spread the virus to others.[footnoteRef:29] Research shows that COVID-19 vaccines are slightly less effective against the delta variant, but the Pfizer-BioNTech, Moderna, and Janssen/Johnson & Johnson COVID-19 vaccines still appear to provide protection against severe COVID-19.[footnoteRef:30] The omicron variant might spread more easily than other variants, including delta, but it is not yet clear if omicron causes more severe disease.[footnoteRef:31] Similar to delta, it is expected that people who are fully vaccinated likely can get breakthrough infections and spread the virus to others, and COVID-19 vaccines are expected to be effective at preventing severe illness.[footnoteRef:32] The alpha, gamma, and beta variants continue to be monitored but are spreading at much lower levels in the United States, and the mu variant is also being monitored.[footnoteRef:33] There is also a omicron subvariant, known as BA.2, which is present in nearly half of U.S. States, and is 1.5 times more transmissible than the original omicron strain.[footnoteRef:34]  [27:  Daniel C. DeSimone, M.D., COVID-19 variants: What’s the concern?, MAYO CLINIC, Jan. 11, 2022, https://www.mayoclinic.org/diseases-conditions/coronavirus/expert-answers/covid-variant/faq-20505779. ]  [28:  Id.]  [29:  Id.]  [30:  Id.]  [31:  Id.]  [32:  Id.]  [33:  Id.]  [34:  Spencer Kimball, The latest Covid variant is 1.5 times more contagious than omicron and already circulating in almost half of U.S. states, CNBC, Jan. 28, 2022,  https://www.cnbc.com/2022/01/28/the-new-bapoint2-omicron-subvariant-is-already-circulating-in-half-of-us-states.html. ] 

As variants continue to circulate, the CDC has recommended additional primary shots for individuals with weakened immune systems, and booster shots for individuals aged 12 and older.[footnoteRef:35] As COVID restrictions are now being relaxed in several U.S. states, including New York, scientists have stated that there is no certainty that COVID variants will get milder over time, and future ones could prove even more severe than delta was.[footnoteRef:36] David Nabarro, a special envoy on COVID-19 for the World Health Organization (WHO) stated that the pandemic still “has a long way to go” and there “will be more variants after omicron and if they are more transmissible they will dominate,” adding that “they may turn out to be more lethal or have more long-term consequences.”[footnoteRef:37] [35:  Daniel C. DeSimone, M.D., supra note 12.]  [36:  Ed Browne, More COVID Variants Coming After Omicron, WHO Expert Warns, NEWSWEEK, Feb. 14, 2022, https://www.newsweek.com/more-variant-after-omicron-who-experts-mask-mandates-covid-1678901. ]  [37:  Id.] 


New York City’s SARS -CoV-2 Wastewater Monitoring Pilot Program
	Local Law 28 of 2021 required the Commissioner of Environmental Protection, in consultation with the Commissioner of Health and Mental Hygiene to create a pilot program to test the city’s wastewater treatment plants for the presence of SARS-CoV-2 and submit a report with the results of the program to the New York City Council.[footnoteRef:38] On February 17th of 2022, a report titled “Analysis of the effectiveness of a pilot program to monitor SARS-CoV-2 presence in wastewater in New York City” was submitted to the Council, with a summary of responses to the LL 28 reporting requirements, and outlining the findings of the pilot program study.[footnoteRef:39] While the report states that the pilot was highly effective in developing NYC’s capacity for WBE (wastewater based epidemiology), and allowing DEP to establish methods of measuring SARS-CoV-2 levels, detecting SARS-CoV-2 variants in wastewater, and for developing strong relationships with academic, state, and federal partners, initial expectations about the utility of WBE for providing a leading indicator of COVID-19 infection rates were not borne out.[footnoteRef:40]   [38:  Local Law 28 of 2021. New York City Council. https://legistar.council.nyc.gov/LegislationDetail.aspx?ID=4573811&GUID=6711C617-20A6-4151-9F52-91267048E8A1&Options=ID%7CText%7COther%7C&Search=28]  [39:  Analysis of the effectiveness of a pilot program to monitor SARS-CoV-2 presence in wastewater in New York City. New York City Department of Environmental Protection and New York City Department of Health and Mental Hygiene. February 17, 2022. ]  [40:  Id.] 

For the purposes of the pilot program, DEP collected samples of wastewater entering each of NYC’s 14 Wastewater Resource Recovery Facilities (WRRF) every three hours over a 24-hour period, then combined those samples into one sample corresponding to a 24-hour period.[footnoteRef:41] Samples were tested using reverse-transcriptase quantitative polymerase chain reaction (RT-qPCR) twice weekly beginning August 31, 2020, then reduced to once weekly from January 31, 2021 to April 18, 2021.[footnoteRef:42] DEP also carried out localized monitoring in two NYC sewersheds in order to establish protocols.[footnoteRef:43] While DEP was able to demonstrate the utility of subsewershed monitoring in producing localized [41:  Id.]  [42:  Id. ]  [43:  Id. ] 

measurements of SARS-CoV-2 RNA, the agency ultimately determined that localized sampling was too labor intensive, and diverted staff from other monitoring duties required for DEP’s regulatory compliance.[footnoteRef:44] Due to the need to test each round of sampling to verify results, and the effort involved in reconnaissance of manhole sites, and coordination of traffic control needed to safely undergo sampling, DEP found that the localized sampling would best be utilized in very limited fashion, over small areas, and under specific circumstances.[footnoteRef:45] [44:  Id.]  [45:  Id. ] 

DEP and its partners at CUNY (City University of New York) utilized a targeted sequencing approach to identify variants within sewersheds.[footnoteRef:46] Because the approach only sequenced a portion of the SARS-COV-2 genome, it could not distinguish between all the known SARS-COV-2 variants, but was able to detect the most prevalent variants, such as Alpha, Delta, and Omicron in NYC’s wastewater.[footnoteRef:47] Additionally, DEP was able to identify  SARS-CoV-2 mutations that were not detected in sequencing of clinical specimens in NYC,  specifically in the sewersheds of Oakwood Beach and Owls Head.  Localized sampling was utilized to pinpoint the origin of some mutations to one of the nine subsewersheds served by the Oakwood Beach WRRF in Staten Island.[footnoteRef:48]  [46:  Id.]  [47:  Id]  [48:  Id.] 

In order to be useful as a leading indicator, data from wastewater would need to identify peaks in advance of the percent positivity rate of the City’s testing apparatus.[footnoteRef:49] However, the study found that while the figures from wastewater testing tended to corroborate the percent positivity rate, there was a lag of about two weeks in the wastewater data as compared to the percent positivity data.[footnoteRef:50] The sensitivity level of current testing methods and the high rate of dilution of potential samples was identified as a potential reason for this lag, though evaluation of how trends in SARS-CoV-2 RNA levels can be used as a leading indicator is still ongoing.[footnoteRef:51]  [49:  Id. ]  [50:  Id. ]  [51:  Id. ] 

DEP estimates that operating costs for the program totaled over $520K for the 21-month period, or approximately $300K annually.[footnoteRef:52] While these costs do not reflect program development or the procurement of equipment, the agency now possesses the capability to undergo WBE, and are ready to reactivate the program as needed.[footnoteRef:53] DEP and DOHMH have recommended extending the pilot program for an additional year.[footnoteRef:54] Additionally, as of January 2022, DEP is participating in a Centers for Disease Control and Prevention (CDC) National Wastewater Surveillance System (NWSS) program to test wastewater throughout the country for SARS-CoV-2.[footnoteRef:55] The program is expected to run for one year and will be paid for by CDC.[footnoteRef:56] DEP will also conduct parallel testing using RT-qPCR, for an additional three months, in order to help gain further insight into the performance of its analytical methods.[footnoteRef:57] [52:  Id. ]  [53:  Id. ]  [54:  Id. ]  [55:  Id. ]  [56:  Id.]  [57:  Id. ] 


IV.	CONCLUSION
During today’s hearing, the Committee hopes to hear testimony from representatives of the relevant City agencies on the utility and limits of New York City’s wastewater based epidemiology program. The Committee would like to hear from academics in the field of wastewater based epidemiology, public health advocates, and other interested parties. 
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