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Background: Wastewater-based epidemiology is used
to monitor community health without taking samples
directly from people. Health information of individuals
is presumed to be inaccessible, thereby avoiding
ethical issues of privacy. However, somewhere
between a large sewershed and a single house the
idea that wastewater lacks the resolution to identify
the health of a particular person breaks down (Gable
et al., 2020, doi:10.1093/jlb/lsaa039). In fact, the
granularity obtained through variant analysis may
challenge the assumption of technical inaccessibility.

Here, we consider a case of a rare variant detected
in a sewershed of thousands, possibly enabling a
specific infected person to be identified. The
poignancy of the identification (and the reason source
and sample dates are obscured) was brought home to
us by the fact that the patient died shortly after being
discharged from the hospital.

During 2023, when counts of SARS-CoV-2 markers in a hospital sewershed
(Fig. 2) jumped from ~1,000 copies/10 mL (day 0 in Fig. 2) to the
equivalent of 208,000 copies/10 mL (red bar swab on day 7 in Fig. 2) and
stayed high for several weeks, we took notice. We sent the “red bar”
sample for variant analysis and were surprised that it was ID’d as 85%
Delta (AY.25; see Fig. 3, day 7 swab) which were rarely seen anywhere in
2023. Subsequent variant analysis on grab and swab samples from the
same sewershed over 7 weeks (from the first low count week until the
high counts subsided and Delta stopped appearing) showed that the high
percentages of Delta AY.25 were present for four weeks (Figure 3).

A rare variant at the time (sometime in 2023) was seen
and we asked those doing variant sequencing of nasal
swab samples of patients: “Have you seen this rare
variant in the last year?” They had! Here, we present
this data, review evidence that the variant likely came
from a specific patient (further identification of the
patient was not sought), discuss differences between
the nasal swab sequence and wastewater sequences,
and consider ethical implications for privacy and care.

Fig. 2: Counts of SARS-CoV-2 markers (average of N1 and N2) measured
in grab (blue) and swab (orange and red) samples of wastewater from a
hospital sewershed. The black line represents the geometric mean of 22
other sewersheds in Detroit. The red bar indicates the first sample that
was analyzed for variants. Other samples subsequently analyzed for
variants are identified in Fig. 3. The Limit of Detection (LOD) was 70
copies/10 mL.

Methods: The RamLab samples weekly from 22 sewersheds in
Detroit, including 3 hospital sewersheds with thousands of staff
and patients. Samples are collected as either morning grab
samples or tampon-adsorbed 4-6 hr pseudo-composite samples.
Viral RNA was concentrated and purified on a Chemagic 360
automated magnetic bead-mediated instrument, and copies of
SARS-CoV-2 markers were quantified by BioRad digital droplet
PCR. Purified RNA from a subset of samples was sent to GT
Molecular for variant sequence analysis. See also Ram et al., 2023.

Unusually high wastewater SARS-Cov-2, 
identified to be mostly a rare Delta variant

Discussion: The evidence that the Delta variant came from one
person depends not only on the similarity of the variant ID (AY.25), but
also on the variant rarity, and the close timing of the rise and fall of the
high SARS-CoV-2 levels with the admission and discharge of this patient.
But, then, why are the sequences from the patient sample not a perfect
match with the wastewater sequences? We suggest intrahost diversity
and adaptation, based on:

Fig. 3: Variant analysis of wastewater grab and swab samples
corresponding to samples measured in Fig. 2. Delta variant AY.25 is
shaded red. Omicron XBB lineages, which occurred mainly prior to the
predominance of Delta in the samples are shaded pinks and purples, and
other lineages have various other orange, green, and blue shades. Light
blue are “other” unidentified sequences. The stars mark when a patient
later determined to have a Delta AY.25 variant was admitted (blue star) to
the hospital and discharged (orange star).

Coincidences and differences from 
nasal swab analysis: A patient with a 
Delta AY.25 variant in 2023
Coincidence of dates and variant lineage: Months after
the wastewater variant findings a review of clinical variant data from
another Wayne State lab revealed a single patient with a Delta AY.25
variant during 2023. The dates of admission and discharge (stars in
Fig. 3) corresponded exactly to the period that wastewater contained
high levels of Delta AY.25.

Similarities and differences in sequences: The
nasal swab sample and the wastewater samples had about 30
mutations in common, resulting in identification as AY.25 variants for
both nasal swab and wastewater samples. A partial list of mutations
found in common are shown in Table 1.

About a quarter of the dominant mutations found in the patient’s
nasal swab sample were NOT found in the AY.25-containing
wastewater samples. However, wastewater samples from before and
after the patient was in the hospital were missing almost three
quarters of the nasal swab dominant mutations, a significantly
higher mismatch than when the patient was present (Fig. 4).

Fig. 1

Fig. 4: Percent of dominant mutations in
the nasal swab sample sequenced from the
patient that were also represented in
wastewater samples while the patient was
in the hospital (red bar) and while the
patient was absent (white bar; data from
both before and after was used). ****,
p<0.0001 on unpaired t test.

On the other hand, the bases found in the wastewater samples at
these “missing” dominant loci commonly (>90% of the time)
corresponded to secondary bases (those with non-zero frequencies
above 10 copies in the nasal sample but less than the dominant
base). Fig. 5A shows a representative example and Fig. 5B a
summary graph of “wastewater dominant bases matching the nasal
swab secondary bases.”

Fig. 5: Dominant WW bases matching secondary nasal swab bases.
(A) Representative example. (B) Summary. ***, p<0.001.
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Why don’t the wastewater sequences and 
the patient sequences match perfectly?

(1) Data: The mutated loci in the patient
sample exhibited significant amounts of
“secondary” bases, often matching the
dominant base in the wastewater sample.
(2) The source: The patient sample is from the
respiratory tract. Wastewater samples are
from the gastrointestinal (GI) tract.
(3) The literature: A few papers have made
direct comparisons between nasal and GI tract
SARS-CoV-2 sequences. Wang et al. 2021
suggested intrahost bottlenecks during
intrahost migrations and that the GI tract
promotes rapid development of viral diversity.

Ethical issues: The patient gave consent upon hospital admission
to analysis of the infective virus for treatment and research. Did that
consent imply consent to detection in wastewater? Identification of this
patient as the source depended on the rarity of the variant and the
timing of admission and discharge. Despite thousands of people in the
hospital sewershed potentially contributing to the wastewater signal,
this patient was the probable source. Other circumstances in which
wastewater may yield data about individuals are at the beginning of a
new outbreak when the causal variant might be rare, or, as in a case in
Wisconsin (Shafer et al., 2024), when a chronic infection with a rare
variant may indicate a sustained infection in the community.
(a) Should wastewater data that can identify individuals or institutions
be made public? What guardrails should be in place regarding its
collection or use?
(b) Can/should wastewater data be used by hospitals to guide care?
(c) Should rare infectious variants be tracked back to the source?
(especially if they persist?)
(d) Is tracking back to the source the appropriate response for
wastewater detections for other viruses such as polio and measles?
(e) With regard to the legal and ethical obligations to protect privacy,
does the fact that sequences from wastewater differ in complex detail
from clinical (nasal) samples affect the rules to be applied to their use?

Conclusion: Due to intrahost diversity, a wastewater sequence alone
cannot be identified with 100% certainty to a particular clinical source
(i.e., patient). The nasal swab sequence may be closer to the organ–
system (respiratory tract) that more likely mediates mortality from
SARS-CoV-2.
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Detailed tampon swab methods described in Alamin et al., 2024
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