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Summary
AIM OF THE STUDY: The COVID-19 pandemic has
drawn attention to the benefit of wastewater-based epi-
demiology, particularly when case numbers are underre-
ported. Underreporting may be an issue with mpox, where
biological reasons and stigma may prevent patients from
getting tested. Therefore, we aimed to assess the validity
of wastewater surveillance for monitoring mpox virus DNA
in wastewater of a Central European city and its associa-
tion with official case numbers.

METHODS: Wastewater samples were collected between
1 July and 28 August 2022 in the catchment area of
Basel, Switzerland, and the number of mpox virus genome
copies they contained was determined by real-time quan-
titative PCR. Logistic regression analyses were used to
determine the odds of detectability of mpox virus DNA
in wastewater, categorised as detectable or undetectable.
Mann–Whitney U tests were used to determine associa-
tions between samples that tested positive for the mpox
virus and officially reported cases and patients’ recorded
symptomatic phases.

RESULTS: Mpox virus DNA was detected in 15 of 39
wastewater samples. The number of positive wastewater
samples was associated with the number of symptomatic
cases (odds ratio [OR] = 2.18, 95% confidence interval
(CI) = 1.38–3.43, p = 0.001). The number of symptomatic
cases differed significantly between days with positive ver-
sus negative wastewater results (median = 11 and 8, re-
spectively, p = 0.0024).

CONCLUSION: Mpox virus DNA was detectable in waste-
water, even when officially reported case numbers were
low (0–3 newly reported mpox cases corresponding to
6–12 symptomatic patients). Detectability in wastewater
was significantly associated with the number of sympto-
matic patients within the catchment area. These findings
illustrate the value of wastewater-based surveillance sys-

tems when assessing the prevalence of emerging and cir-
culating infectious diseases.

Introduction

Mpox has been described as an endemic zoonotic disease
in Western and Central Africa since the 1970s [1]. Indi-
vidual cases and small outbreaks outside the endemic re-
gions were import- and travel-related and did not persist.
In May 2022, a novel mpox clade (IIb [2, 3]) emerged
in non-endemic countries, mainly in Europe. Since mpox
clade IIb is primarily transmitted sexually, it is likely asso-
ciated with stigma. Therefore, hesitancy to get tested may
impair official reporting of mpox infections [4]. Further-
more, case numbers are likely underestimated due to the
disease’s non-specific symptoms (especially at disease on-
set), such as fever, myalgia, fatigue, and headache, asymp-
tomatic course [5], and long incubation time of up to 21
days [6]. Therefore, independent and unbiased surveillance
systems are needed to estimate the true prevalence of mpox
cases.

Studies from the US, France, Italy, Spain, and the Nether-
lands [7–11] reported successfully detecting mpox virus
DNA in wastewater and identifying the clade [12].
Amongst these recently published studies, two compared
their wastewater data with mpox case data but did not
perform correlation analyses [7, 10]. In their most recent
study, Wolfe et al. demonstrated a significant correlation
between wastewater and case data at four out of nine sewer
sites where more than 10 mpox cases were reported [8].

To further assess the validity of wastewater surveillance
for monitoring mpox virus DNA and its association with
official case numbers, we used an established and repre-
sentative wastewater monitoring system for the catchment
area of a Central European city [13].
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Material and methods

Sample collection and analysis

Wastewater samples were collected from the local waste-
water treatment plant (ProRheno AG) that receives waste-
water from the catchment area of Basel, Switzerland,
which has 273,075 inhabitants (including 201,971 in the
political district of Canton Basel-City, Switzerland, 67,388
in the Canton Basel-Country, and 3716 in parts of three
municipalities in Germany and France). Twenty-four-hour
composite samples were collected daily (except for some
days, generally on weekends or around the national holi-
day on 1 August, when 48- or 72-hour composite samples
were collected; table S1) and contained 500 ml of waste-
water. Samples were stored at 4°C for up to 72 hours be-
fore further processing. Total nucleic acids were concen-
trated and extracted from 40 ml of wastewater using the
Maxwell® RSC Enviro Total Nucleic Acid Kit (Promega)
twice weekly. Sampling and RNA extraction were con-
ducted as part of the wastewater-based surveillance system
established for COVID-19. Mpox virus DNA was detected
in the samples collected from 1 July to 28 August 2022 and
in archived samples from 4 August 2021, 11 August 2021,
and 20 August 2021 using the VIASURE mpox Virus Re-
al-Time PCR Detection Kit (Ruwag, Switzerland). The
number of gene copies per litre of wastewater was calcu-
lated to account for the initial wastewater volume (40 ml),
the concentration factor during the pre-extraction proce-
dure (500), and the eluate volume (40 µl); one gene copy
per PCR equals 500 gene copies per litre. The result in cy-
cle threshold (Ct) values is shown in figure 1. The result
was assessed qualitatively as “positive” (Ct <39) or “nega-
tive” (Ct ≥39) (table S1).

Mpox case data

Data on the number of newly diagnosed mpox cases (new
cases counted on the day of diagnosis) and the number of
symptomatic cases (accounting for the symptomatic peri-
od of each patient) was captured daily and provided by
the Health Departments of Basel-Stadt and Basel-Land-

schaft. Symptomatic case data is based on the mandatory
reporting of all PCR- or serological test-confirmed results
as specified by federal law [14] and on local health author-
ities’ follow-up calls to all patients. The number of patients
still reporting symptoms was determined each day. A for-
mal study protocol was not prepared and published in a re-
spective registry.

Statistical analysis

Logistic regression analyses with robust standard errors
were performed to assess associations between the de-
tectability of mpox virus DNA in wastewater and daily
mpox cases (absolute numbers and seven-day medians)
and the daily number of symptomatic patients (absolute
numbers and seven-day medians). We defined the outcome
as the detectability of mpox virus DNA in wastewater (cat-
egorised as detectable or undetectable). Therefore, odds
ratios (ORs) represent the odds of detecting mpox virus
DNA in wastewater per symptomatic case (or number of
daily cases) or per unit of the seven-day median of symp-
tomatic cases (or seven-day median of the number of daily
cases). Furthermore, the number of daily mpox cases and
symptomatic mpox cases on days with positive wastewater
samples was compared to the number of daily cases on
days with negative wastewater samples using the Mann-
Whitney U test. All statistical analyses were performed
using STATA 16.0 (Stata Corp., College Station, Texas,
USA).

Ethical statement

Because this study did not involve human research, no eth-
ical consent was required.

Results

Detection of mpox virus DNA in wastewater

Thirty-nine wastewater samples were analysed during the
59-day study period (table S1). The detected Ct values
were between 34 and 36 (1–3 gene copies per 20 µl re-

Figure 1: Detection of mpox virus DNA in wastewater in relation to mpox (mpox) case numbers in the catchment area of the city of Basel dur-
ing the indicated time period. The mpox virus DNA status of the wastewater samples (n = 39) is indicated (red-filled squares; negative sam-
ples on the x-axis, positive samples shown by their Ct values). Open diamonds represent the number of newly reported mpox cases, and
closed circles represent the number of symptomatic patients. The corresponding seven-day median curves are shown by black lines (dashed
line: newly reported cases, solid line: symptomatic cases). The results of 48- and 72-hour pooled samples were attributed to the corresponding
later date.
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action, equalling 500–1500 gene copies per litre of waste-
water). The number of gene copies detected per litre of
wastewater was below the limit of quantification (10 gene
copies/reaction). Therefore, the result was only assessed
qualitatively as positive or negative. Mpox virus DNA was
detected in 15 of the 39 samples analysed (table S1) from
10 July until 21 August 2022 (figure 1). The three samples
from the 2021 control period were negative for mpox virus
DNA.

Association between mpox virus DNA detected in
wastewater and official case numbers

In the logistic regression analyses, the positivity of the
wastewater samples was significantly associated with the
number of symptomatic cases (OR = 2.18, 95% confidence
interval [CI] = 1.38–3.43, p = 0.001) (figure 2) and with
the seven-day median of symptomatic cases (OR = 1.54,
95% CI = 1.03–2.30, p = 0.035). However, it was not asso-
ciated with the number of daily cases (OR = 1.23, 95% CI
= 0.53–2.90, p = 0.629) or their seven-day median (OR =
1.69, 95% CI = 0.21–13.87, p = 0.624).

The number of daily symptomatic cases differed signifi-
cantly between days with (median = 11, range = 7–12, in-
terquartile range [IQR] = 9–12) and days without (median
= 8, range = 4–11, IQR = 7–10) mpox virus DNA detect-
ed in wastewater (p = 0.0024) (figure 3). However, new-
ly reported case numbers did not differ significantly be-
tween days with (median = 0, range = 0–3, IQR = 0–1) and
days without (median = 0, range = 0–2, IQR = 0–1) mpox
virus DNA detected in wastewater (p = 0.877). Therefore,
our results suggest an approximate median of 11 reported
symptomatic cases (range = 7–12) may be needed to detect
mpox virus DNA in wastewater from a catchment area of
approximately 270,000 inhabitants.

Discussion

Using a wastewater-based surveillance system established
for COVID-19, mpox virus DNA was detected in low copy
numbers in 15 wastewater samples of a Central European
city from 10 July to 21 August 2022. During this peri-
od, there were 0–3 newly reported mpox cases correspond-
ing to 6–12 symptomatic patients. These numbers might be
higher due to underreporting. No data on the actual shed-

Figure 2: Association between the probability of detecting mpox
virus DNA in wastewater (sample positivity) and the number of
symptomatic mpox cases based on logistic regression analyses.
The significance level is indicated.

ding of mpox virus into wastewater has been published to
date, which would allow for approximating the rate of un-
derreporting. A comparison of the viral load in biological
samples from 12 patients revealed mpox virus detection in
all saliva and skin lesion samples and most semen, urine,
and faeces samples [15]. Particularly low Ct values indicat-
ing high viral load were obtained for saliva, semen, faeces
and skin lesions. A recent model-based theoretical evalu-
ation by Chen and Bibby demonstrated that saliva, faeces,
and urine contribute the most to the detectability of mpox
virus in wastewater [16].

A daily shedding load per infected individual of 6 × 107

mpox virus genome copies was applied, which is at the
lower end of the range assumed for SARS-CoV-2 [17].
Indeed, Wurtzer et al. suggested that wastewater loads of
SARS-CoV-2 and mpox virus were within the same order
of magnitude [10], which would match our data from a
low COVID-19 incidence period (detection limit of 10–20
individuals infected with COVID-19 [13]) and this study
(12 individuals with symptomatic mpox). Therefore, mpox
virus DNA is detectable in wastewater, even when offi-
cially reported case numbers are low. Furthermore, our da-
ta confirm a high association between the detectability of
mpox virus DNA in wastewater and the number of virus-
shedding symptomatic cases but not with the number of
newly diagnosed cases.

Our study was limited by its conduction in a single city
with a limited population size and a limited number of di-
agnosed and reported mpox cases during the study period.
Nevertheless, our findings support the utility of wastewater
surveillance for detecting emerging infectious diseases,
such as mpox. They should generalise to other settings
with similar population sizes and catchment areas of asso-
ciated wastewater treatment plants. Furthermore, while we
cannot discount the possibility of false positive results, our
negative findings for samples from a historic control peri-
od make them unlikely.

Conclusion

Mpox virus DNA is detectable in wastewater, even when
officially reported case numbers are low. Detectability in
wastewater is significantly associated with the number of
symptomatic patients within a catchment area. These find-
ings support the value of wastewater-based surveillance

Figure 3: Box plots of the number of symptomatic mpox cases on
days with and without mpox virus DNA detected in wastewater.
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systems in assessing the prevalence of emerging and circu-
lating infectious diseases.
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Appendix: supplementary tables

Table S2 is available for download as a separate file at https://doi.org/10.57187/s.3706.

Table S1:
Sampling days in July and August 2022, composite sampling type, sample analysis (n= 39), and qualitative real-time PCR results for mpox virus DNA.

July 2022 August 2022

Sampling days Sample type* Sample analysis and result** Sampling days Sample type Sample analysis and result

2022-07-01 24 hrs Negative 2022-08-01 48 hrs Positive

2022-07-02 48 hrs na 2022-08-02

2022-07-03 2022-08-03 24 hrs Positive

2022-07-04 24 hrs Negative 2022-08-04 24 hrs Negative

2022-07-05 24 hrs na 2022-08-05 48 hrs*** Negative

2022-07-06 24 hrs Negative 2022-08-07

2022-07-07 24 hrs na 2022-08-06 24 hrs Positive

2022-07-08 24 hrs Negative 2022-08-08 24 hrs Positive

2022-07-09 48 hrs Positive 2022-08-09 24 hrs Positive

2022-07-10 2022-08-10 24 hrs Negative

2022-07-11 24 hrs na 2022-08-11 24 hrs Positive

2022-07-12 24 hrs Negative 2022-08-12 24 hrs Positive

2022-07-13 24 hrs na 2022-08-13 48 hrs Positive

2022-07-14 24 hrs Negative 2022-08-14

2022-07-15 48 hrs Positive 2022-08-15 24 hrs Negative

2022-07-16 2022-08-16 24 hrs Negative

2022-07-17 24 hrs Positive 2022-08-17 24 hrs Negative

2022-07-18 24 hrs Positive 2022-08-18 24 hrs Negative

2022-07-19 24 hrs na 2022-08-19 24 hrs Negative

2022-07-20 24 hrs Positive 2022-08-20 48 hrs Positive

2022-07-21 24 hrs na 2022-08-21

2022-07-22 24 hrs Positive 2022-08-22 48 hrs Negative

2022-07-23 48 hrs Negative 2022-08-23 24 hrs na

2022-07-24 2022-08-24 24 hrs Negative

2022-07-25 24 hrs Negative 2022-08-25 24 hrs na

2022-07-26 24 hrs Negative 2022-08-26 24 hrs Negative

2022-07-27 24 hrs Negative 2022-08-27 48 hrs Negative

2022-07-28 24 hrs Negative 2022-08-28

2022-07-29 72 hrs Negative

2022-07-30

2022-07-31

* 24-, 48-, or 72-hour composite samples are indicated. The pooling at the wastewater treatment plant generally affected consecutive days with one exception (48-hr sample on 
2022-08-05 and 2022-08-07). In figure 1, pooled sample results were attributed to the corresponding later date.
** Samples were either not analysed (na) or positive or negative for mpox virus DNA detected by real-time PCR.
*** Two non-consecutive days of wastewater pooling.
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