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Detection of Monkeypox Virus
Clade Ib DNA in Wastewater Solids
at Wastewater Treatment Plants,
United States
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Bradley J. White, Bridgette Shelden, Dorothea Duong

We used a sensitive and specific PCR to detect monkey-
pox virus clade Ib DNA from >3,000 wastewater samples
collected prospectively across the United States. Mon-
keypox virus clade Ib DNA was detected in 1 sample
from a location with a confirmed case; it was not de-
tected in locations with no confirmed cases.

onkeypox virus (MPXV), which causes mpox, is

divided into 2 clades, I and II (1). MPXV clade
I (now Ia) is endemic in Central Africa and causes
mpox outbreaks primarily in children, (1) but in 2024,
a new subclade, clade Ib, was identified in the Demo-
cratic Republic of the Congo (1). Clade Ib has spread
rapidly since its emergence, primarily among adults
through sexual contact (1). As of January 1, 2024,
nearly 36,000 mpox clade Ib cases and >100 deaths
have been confirmed in Central and Eastern Africa
(2). Since February 12, 2025, at least 4 travel-associ-
ated mpox clade Ib cases have been confirmed in the
United States, 1 each in California (3), Georgia (2),
New Hampshire (4), and New York (5). Outbreaks of
clade I mpox have previously been associated with a
higher case-fatality rate than for clade II, but data to
establish the severity of clade Ib during the ongoing
outbreak are limited (1).

MPXYV clade I DNA can be detected in wastewa-
ter solids, and its concentrations correlate to commu-
nity incident cases of infections (6). Because MPXV
clade II DNA is shed in saliva, feces, urine, and semen
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and from skin lesions of infected persons (7), it might
end up in wastewater (8).

We have been prospectively measuring MPXV
clade I DNA across the United States for use by pub-
lic health organizations to identify outbreaks (9). Re-
cent work has established that MPXV clade I DNA
is shed via excretions that enter wastewater (10). We
aimed to test if MPXV clade Ib DNA can be detected
in wastewater solids to provide information on po-
tential spread.

The Study

We used a previously published and validated MPXV
clade Ib hydrolysis-probe PCR (11) (Table) in a drop-
let digital PCR format. We confirmed the specificity
and sensitivity of the assay in vitro and in silico (Ap-
pendix, http:/ /wwwnc.cdc.gov/EID/article/31/10/
25-0270-Appl.pdf).

We retrospectively applied the assay to 10 waste-
water samples (Appendix). The 10 samples were col-
lected from a wastewater treatment plant (WWTP)
serving ~750,000 people in San Francisco, California,
USA. MPXV clade Il DNA was previously detected at
both high and low concentrations in those samples, and
the samples were collected at a time when MPXV clade
Ib was not known to be circulating in the United States
(Appendix). Samples were stored at -80°C as purified
nucleic acids for 1-3 years before analysis. We obtained
the nucleic acids by using previously published meth-
ods (9) (Appendix). We confirmed limited degrada-
tion of nucleic acids during storage by also measuring
SARS-CoV-2 RNA concentration and comparing the
measurements to those obtained from the same sam-
ples before storage (Appendix). MPXV clade Ib DNA
concentrations were nondetectable in the 10 samples,
supporting the specificity of the molecular assay.
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We began prospective measurements of MPXV
clade Ib DNA in samples from 147 WWTPs located
in 40 states (Figure). Samples were collected dur-
ing November 22, 2025-January 31, 2025, typically
3 times/week. Full descriptions of WWTP locations
and the number of samples and the time during
which they were collected are provided (Appendix).
Per WWTP, 11-71 samples were tested (median 21
samples/ WWTP).

We conducted sampling as previously described
(9) (Appendix). After collection, we stored samples
at 4°C, shipped them to the laboratory on ice, and
processed to completion within 48 hours of receipt
at the laboratory. We do not expect the time between
sample collection and analysis to affect target quanti-
fication because our work and previously published
studies (12-14) show limited decay of the short length
nucleic-acid targets over multiple weeks at 4°C. We
collected and analyzed a total of 3,292 samples.

We processed samples and extracted and puri-
fied their nucleic acids from wastewater solids using
previously described methods (9) (Appendix). We
measured concentrations of MPXV clade Ib DNA by
using droplet digital PCR on 6-10 replicates for each

Monkeypox Virus Clade Ib in Wastewater Solids, USA

Table. Monkeypox virus clade Ib probe and primers used to
detect mpox in wastewater solids at wastewater treatment plants,
United States
Probe or primer
Probe

Forward primer
Reverse primer

Sequence, 553’
ATATTCAGGCGCATATCCACCCACGT
AAGACTTCCAAACTTAATCACTCCT
CGTTTGATATAGGATGTGGACATTT

sample. We ran extraction and PCR positive and
negative controls on each 96-well plate. We merged
results from replicate wells for analysis. Concentra-
tions are presented as copies per gram of dry weight.
For a sample to be scored as a positive, there had to
be >3 positive droplets. The lowest measurable con-
centration was ~1,000 copies/g (3 positive droplets).
We reported errors as SDs of the measurements ob-
tained from QX Manager software version 2.0 (Bio-
Rad Laboratories, https://www.bio-rad.com). Data
are available through the Stanford Digital Repository
(https:/ /doi.org/10.25740/ vk458br0887).

Only 1 sample of 3,292 tested positive. In the
positive sample, the concentration of MPXV clade Ib
DNA was 1,174 copies/ g (68% CI 674-1,875 copies/ g;
4 positive droplets). The positive sample was ob-
tained from a sewershed in California, USA, serving

Figure. Locations of wastewater treatment plants (WWTPs) enrolled in study to detect monkeypox virus (MPXV) clade Ib in wastewater
solids at WWTPs, United States. Dark gray shading indicates states with enrolled sites. The red dot represents the location of the
WWTP where there was a positive detection of MPXV clade Ib (n = 1), and the light blue dots represent participating WWTPs where no

samples were positive for MPXV (n = 146).
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~199,000 persons, including a person with confirmed
clade Ib mpox (3). The positive sample was collected
on December 16, 2024, twenty-nine days after a news
story broke of a travel-associated infection in the com-
munity. Sewer transit times are <1 day. MPXV clade
I DNA shedding from infected patients via skin, fe-
ces, saliva, and mucus can persist for >20 days after
symptom onset (10). It is therefore possible that DNA
from excretions of the infected person led to the posi-
tive detection.

A total of 3,291 samples were negative for MPXV
clade Ib DNA, consistent with a lack of known cases
across the United States. A negative sample is defined
as a sample with <3 positive droplets across all gener-
ated droplets for that sample. Negative controls and
positive controls in this study performed as expected
(Appendix). There have also been confirmed cases of
MPXV clade Ib infections in Georgia, New Hampshire,
and New York. However, according to news reports,
those persons were not expected to be within a WWTP
sewershed included in this study, and the New Hamp-
shire and New York cases were first reported after the
last sample in this study was collected.

Conclusions

In this study, only 1 wastewater sample was positive
for MPXV clade Ib DNA, and that sample was from a
location where there was a known, travel-associated
case. Samples from the same location before and after
the positive sample were negative, and no second-
ary cases were reported. Variability in concentrations
of rare nucleic acid targets in wastewater should be
expected and is caused by many factors. Wastewater
MPXV DNA concentrations might vary temporally
because of variability in shedding by infected per-
sons, movement of people into and out of the sew-
ersheds, or deliveries of septic wastes to the system.
In addition, spatial heterogeneities in MPXV DNA
within the solid matrix might exist. To address vari-
ability, we processed high frequency samples and ran
6-10 replicates and numerous controls to ensure high
quality measurements.

This study establishes methods for measuring
MPXV clade Ib DNA in wastewater solids for sur-
veillance of MPXV clade Ib infections. Results from
our analysis of wastewater solids samples are consis-
tent with information on the presence and absence
of MPXV clade Ib infections in the included WWTP
sewersheds during the study, and the results suggest
wastewater monitoring for MPXV clade Ib might be
useful to monitor disease outbreaks. The methods
used to measure MPXV clade Ib could be used to
monitor MPXV clade Ia as well.
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