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The challenges posed by COVID-19 require many diverse fields of
research engagement to address. Understanding risks relating to
exposure of the infectious agent, SARS-CoV-2, is key among them.
Kumar et al. have assembled relevant literature with the aim of
developing a risk assessment for recreators using bodies of natural
water. However, the authors have introduced a number of
shortcomings into their analysis, which in our opinion results in
a substantial overestimate of the underlying risks of exposure and
infection. We briefly discuss them below.
Despite prolonged SARS-CoV-2 RNA detection in the stool of

infected and convalescent patients1, observations of intact virions2

and evidence of virion infectivity in stool are sparse3. In
nasopharyngeal clinical specimens, RNA is found to be more
persistent (median duration 34 days) compared to culturable
virus4 (median duration 7 days), thus establishing that observa-
tions of SARS-CoV-2 RNA alone are not sufficient to confirm the
presence of infectious virus.
As noted by Kumar et al., SARS-CoV-2 RNA has been detected in

untreated (or “raw”) wastewater throughout the world. Circum-
stantial epidemiological evidence has linked untreated sewage5

and sewage aerosols6 with local clusters of SARS-CoV-2 infection,
but culturable SARS-CoV-2 has not yet been reported in untreated
sewage, even that originating from a hospital isolation ward for
SARS-CoV-2 patients7 or surface waters contaminated with
untreated sewage8. While SARS-CoV-2 RNA has been observed
in secondary treated effluent9,10, which Kumar et al. describe as
“treated wastewater”, detections of SARS-CoV-2 RNA at low
concentrations in treated final effluent, or in river water receiving
final effluent10 remain rare.
Critically, the isolation of infectious SARS-CoV-2 from sewage of

any kind, including untreated or final treated effluent, or from
environmental waters has not been reported. A study of infectious
SARS-CoV-2 seeded into primary municipal wastewater and
dechlorinated tap water found that SARS-CoV-2, an enveloped
coronavirus, is not as persistent in aquatic environments as
common fecal-oral pathogens11. Together these observations
suggest that the risk of SARS-CoV-2 transmission via ingestion of
environmental water during recreation is very low. Quantitative
microbial risk assessment (QMRA) is a useful framework for
estimating such risks, but the plausibility of the risk characteriza-
tion is dependent upon a reasonable model of the chain of events
leading to exposure and the resulting dose.
In the exposure scenario the authors describe, the effects of the

dilution of treated or untreated wastewater with surface water and

the decay of the infectious agent during transport must be
considered. While the authors acknowledge the occurrence of both
dilution and decay in their survey of the literature, they account for
neither in estimating the dose expected from recreational contact.
To quantify the dose, the authors assume that each gene copy

of SARS-CoV-2 RNA, the unit reported in wastewater studies, is
equivalent to an infectious plaque-forming unit (pfu) of viable
virus, the unit of the dose-response model. Given the evidence
described above, this is a potentially large overestimate of
the presence of infectious virus. While we are unaware of studies
describing the expected ratio of SARS-CoV-2 RNA gene copies to
infectious virions in environmental samples, meta-analyses of
clinical data in hospitalized patients suggest the absence of viable
virus below 106 RNA gene copies3. From a study investigating
laboratory persistence of SARS-CoV-2 in primary wastewater
effluent and dechlorinated tap water, this ratio varied from 10
to more than 10,000 over 7 days of observation11. Logically, these
ratios will increase (fewer infectious viruses per gene copy) as
discharge and transport into the environment occurs.
The authors use volume per event values of 2 mL ingestion for

fishing and 6mL for swimming. While these are reasonable, they
then assume that “all the ingestion dose reaches the nasal cavity”.
This is not reasonable since accidental ingestion during swimming
is conventionally understood to occur by swallowing water from
the mouth. The assumption regarding the nasal cavity is applied
to justify the use of a previously reported dose-response model for
the related SARS-CoV, reported by Watanabe et al.5. However, the
establishment of that model was based on data pertaining to
inhalation exposure, not oral ingestion of water, and infectious
virus (PFU or TCID50 was the dose metric). Dose–response
relationships from these two exposure routes vary markedly,
since inhalation exposure transfers virions to the respiratory
system, whereas oral ingestion of water occurs primarily via the
digestive system. Thus, the application of this dose–response
relationship—even as a rough estimate—is not appropriate in this
case and harmonization of factors is needed. We are not aware of
reliable data on accidental inhalation during recreational water
activities, but it is almost certainly only a small fraction of the
ingested volume12. In one of the only QMRA’s for inhalation from
recreational water (in splash parks) a substantially reduced
exposure volume was assumed13.
The authors use the exponential dose–response relationship from

Watanabe et al.5. They then, somewhat confusingly, apply a Poisson
distribution to the dose, which is already a population average. The
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authors seemingly ignore the basis for the derivation of the
exponential dose–response function, which includes an assumption
of Poisson distribution in doses between individuals6. Thus, there is
no need for the imposition of another Poisson function. If there is
hypervariability with respect to the Poisson, alternative computa-
tional frameworks exist14.
Considering these shortcomings, it is likely that the risks of

SARS-CoV-2 infection associated with recreational exposures to
waters under the influence of treated wastewater (if any) are
orders of magnitude below those estimated by Kumar et al.
despite their assertion that “the estimated chance of infection for
COVID-19 in this study could be underestimated.” Thus, it is
unsurprising that, to our knowledge, no cases of COVID-19 have
been linked to such exposures. We would also note that further
work is needed in the contexts of unsewered areas, lower and
middle income countries with uncontrolled waste management,
and open defecation7.
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