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ABSTRACT

Background: A recent outbreak of mumps showed a concerningly low number of classical disease notifi-
cations, prompting evaluation of the efficacy of local wastewater monitoring.
Methods: Suspected mumps cases were recorded by local General Practitioner practices (n = 13) for 20
weeks, and laboratory-reported notifications were collected. Local wastewater monitoring using passive
samplers was deployed downstream of a confirmed case and their school, and in wastewater pumping
stations serving the involved and neighbouring towns. Wastewater samples were analysed using reverse
transcription polymerase chain reaction.
Results: General Practitioners reported 50 suspected patients, of which 24 were confirmed. The passive
sampler near the confirmed case detected virus RNA directly postdiagnosis, followed by a negative signal
afterwards, while samplers at the school and the local pumping station detected rising concentrations
as more cases were reported. Samplers in neighbouring towns showed further spread, including a town
with no reported cases.
Conclusion: This study demonstrates the first successful proof-of-concept for local wastewater monitoring
of mumps and indicates a possible correlation between wastewater and clinical monitoring. These results
suggest a role for local wastewater monitoring using passive samplers in creating situational awareness
during an outbreak, even when cases are not reported.
© 2026 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

19 days), and infected patients are contagious from 2 days before
the onset of clinical symptoms to 5 days afterwards [3]. Mumps is

Mumps (parotitis epidemica) is an acute infectious disease
caused by the mumps virus, a member of the family Paramyx-
oviridae [1]. It is a moderately to highly contagious infection that
is restricted to humans. Transmission occurs by inhalation of res-
piratory droplets from infected individuals in their infectious pe-
riod [2]. The incubation period ranges from 15 to 24 days (median
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characterised by swelling of the parotid gland, either unilateral or
bilateral, which occurs in 60-70% of all infections and 95% of pa-
tients with symptoms [3]. While the disease is usually mild, it can
be accompanied by complications, such as aseptic meningitis, deaf-
ness, encephalitis, orchitis, and oophoritis [3]. The former three
complications are primarily seen in unvaccinated children, while
the latter two are seen in postpubescents [3].

Mumps has previously been the cause of significant morbidity
worldwide; 40 - 726 cases per 100,000 individuals per year [4].
The incidence of mumps has decreased significantly since the in-
troduction of the vaccine, showing a 100-fold decrease between
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pre and postvaccine eras in several European and Asian countries
[4]. The combination vaccine against measles, mumps, and rubella
(MMR) was first introduced in the Netherlands in 1987 for all chil-
dren aged 14 months to 9 years as part of the Dutch National
Immunisation Program [5]. The disease had since been virtually
eliminated for several years, until an epidemic among unvacci-
nated children in 2007 [1,5] was cause for renewed surveillance,
followed by an epidemic among vaccinated students between
2009 and 2013 [5,6]. Since then, between 39 and 131 cases have
been reported annually, with a sharp decline during the COVID-19
pandemic [7].

In November 2023, an outbreak of mumps occurred in a region
of the Netherlands with low vaccination coverage [8]. It was sus-
pected that the outbreak was much larger than the formally no-
tified number of cases suggested, as diagnostic confirmation may
be performed infrequently, and suspected cases are not notifi-
able. Additionally, general practitioners in the area reported in-
formal signals of possible cases that did not come in for con-
sultation. Therefore, insight into the true scope of the outbreak
was lacking, which complicates the weighing of interventions. This
prompted the search for alternative methods of monitoring be-
sides the established notification system of the Dutch Public Health
Act [9-11]. Monitoring of infectious diseases in wastewater has
been extensively developed and implemented during the COVID-
19 pandemic [12], and multiple agents have been studied and
can be observed in wastewater [13]. To the authors’ knowledge,
no studies have assessed whether the mumps virus can be de-
tected in wastewater and how this relates to the prevalence of
mumps.

Mumps can be detected in urine in the first week af-
ter disease onset using PCR [3]. This suggests that wastewa-
ter monitoring could be an efficient tool as an early warn-
ing system and for epidemiological monitoring of mumps [12].
Wastewater monitoring has the added advantage of covering
not only symptomatic individuals who have been tested, but
also those who have not been tested, thereby limiting the
problem of underreporting or underdiagnosis [12,14]. However,
wastewater monitoring might also detect virus shed by asymp-
tomatic cases, which would not be notifiable and, whilst pro-
viding an insight into the presence of infections, may not di-
rectly translate to the presence of notifiable cases within a
community.

Typically, wastewater monitoring has been conducted at large
wastewater treatment plants, which are equipped with (costly)
flow-proportional 24-hour sampling. Installing such devices is
not easily applicable to small catchment areas. Passive samplers
present a low-cost, safe, and easy alternative to traditional wastew-
ater sampling within the wastewater catchment. They offer an ad-
vantage for small-scale sampling with higher spatial resolution,
making local and on-demand monitoring possible [15,16].

Passive sampling involves the deployment of a device in a
sewer system for 24 to 72 hours, allowing for infectious agents in
wastewater to interact with the absorbent in the passive sampler.
At the end of the deployment, the passive sampler is analysed for
the presence of specific pathogens. Deployment of passive sam-
plers in water systems is relatively straightforward (i.e., no spe-
cialized skills required), rapid, and usually does not require con-
fined space entry permits. Furthermore, the continuous exposure
of the passive sampler to wastewater reduces the sampling errors
that exist when taking discrete samples.

The aim of this study was to identify whether the mumps
virus could be detected in wastewater samples during an out-
break of mumps in the Netherlands, using PCR testing on pas-
sive sampler material. Furthermore, we aimed to evaluate the
association between wastewater findings of mumps and clinical
monitoring of mumps cases to gain insight into the usefulness
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of the method for outbreak response by improving situational
awareness.

Methods
Setting and design

In this proof-of-concept study, we prospectively collected con-
firmed, probable, and possible cases of mumps between November
1, 2023, and March 31, 2024 from established and impromptu clin-
ical surveillance systems, and related this data to the PCR results
of wastewater monitoring using passive samplers. The study was
conducted in the North-East subregion of Gelderland, a province
in the Netherlands. This subregion consists of several villages with
tightly connected communities. The vaccination coverage indicated
great interregional diversity. For example, while one municipality
has a global vaccination rate of 74% [17], the local rate varies be-
tween 33% and 88% for specific subregions (unpublished data).

Clinical surveillance systems

In the Netherlands, the Dutch Public Health Act requires doc-
tors, laboratories, and (health care) institutions in the Nether-
lands to notify the Municipal Health Service (MHS) in their re-
gion when designated infectious diseases are diagnosed or sus-
pected [9]. Mumps is one of these notifiable diseases [10]. This
system typically requires patients to be seen by a physician and
undergo diagnostic testing before cases are notifiable. Notifica-
tions for mumps in the area of one municipal health service (MHS
Northern- and Eastern-Gelderland) were collected for the duration
of the outbreak. Due to suspected underreporting, manual syn-
drome surveillance was added to the clinical data collection pro-
cedure. The number of possible and confirmed cases per General
Practitioner (GP) practice was gathered using weekly phone calls
and an Excel sheet for all local GP practices in the region (n = 13).

Case definitions

A confirmed case was defined as an individual with at least
one of the following three symptoms: (i) acute onset and painful
swelling of the parotid or other salivary gland, (ii) orchitis and (iii)
meningitis; as well as meeting at least one of the two following
criteria: (i) laboratory-confirmed infection with mumps virus or
(ii) contact within 4 weeks before disease onset with a confirmed
case; following the definition of a notifiable case according to the
Dutch Public Health Act [9,18]. Probable cases were defined as in-
dividuals with the same symptoms but lacking a laboratory confir-
mation or epidemiological link.

Possible cases were defined as any individual fitting the clini-
cal presentation of mumps, who consulted their GP for a mumps-
related consultation, and of whom the GP made a registration in
their electronic patient file using the ICPC-code D71 “mumps” [19].
The latter were reported as aggregated counts per GP practice,
while the former two categories were gathered as individual cases
from notification data.

Wastewater monitoring

Passive samplers were deployed at several regional points of
interest. To confirm that mumps virus RNA can be detected in
wastewater, samplers were installed in the sewers downstream
from a confirmed case after disease onset. Similarly, passive sam-
plers were placed near the involved primary school, as well as in
pumping stations in sewer districts with confirmed or suspected
cases (towns A and B, see Figure 1). Pumping stations in neigh-
bouring districts (towns C and D) were sampled to monitor the
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Figure 1. Geographical layout of samplers and cases (left) and a schematic overview of the sewage network (right). The involved towns are located in a rural area. They
are geographically distinct and separated by uninhabited regions. Wastewater flows in the northeast direction, combining roughly at the end of each town, where passive
samplers were placed. The network converges underneath town E and empties at the terminal sewage junction. Therefore, town E could not be separately sampled.

spread of the epidemic. Town E was monitored at the beginning
of the main gravity transport sewer to the downstream wastewa-
ter treatment plant, as there is no upstream junction or pumping
station available that encompasses the entire town without the ad-
dition of wastewater from the other (upstream) districts. Passive
samplers were deployed 5 weeks after the first case was reported,
and sampling was repeated until March 28 at 1- to 4-week inter-
vals. Control samples were obtained from a region in Rotterdam,
The Netherlands, where no notified mumps cases were present at
the time of sample collection. Sewage flow rates were determined
from standard process logs in the pumping stations, with a moni-
toring frequency of 2 minutes.

Passive samplers consist of a 3D printed porous plastic con-
tainer filled with absorbent materials, i.e., cotton tips and mem-
branes [14,15]. Given the ongoing outbreak, pretesting of materi-
als was not feasible, leading to the use of both types to increase
the probability of detection. Passive samplers were placed manu-
ally at the points of interest for an exposure period of 48 hours,
after which the materials were collected and transported to the
laboratory.

PCR testing and sequencing

Membranes were eluted and then processed in nucleic acid
extraction buffer (Nuclisens, Biomerieux, Amersfoort, the Nether-
lands), cotton-tips were directly placed in nucleic acid extraction
buffer (Nuclisens, Biomerieux, Amersfoort, the Netherlands), and
processed as described previously [20]. RT-qPCR testing was per-
formed on the sample extracts targeting the fusion (F) gene. The
primer and probe sequences were adopted from Uchida et al. [21].
Reactions were prepared in a 20 pL total volume containing 5.0 pL
FVMM, 0.4 pL primer-probe mix, 6.6 uL nuclease-free water, and
8.0 uL RNA. Thermal cycling was carried out under the following
conditions: 50°C for 5 min, followed by 95°C for 20 s, and 45 cy-
cles of 95°C for 3 s and 60°C for 30 s. Each run included a positive
control and a negative (no-template) control. Reactions were con-
sidered positive if the cycle threshold (Ct) was below 40 cycles.
Readings above 40 cycles were discarded.

PCR crAssphage and human Bacteroides (HF183) were used as
an indicator of the amount of human fecal matter in the wastew-

ater and thus its dilution [22]. These are used to determine the
dilution rates during storm events and serve as an indicator for
the quality of the sampling. Low numbers could indicate block-
age of the passive sampler, for example, by sanitary towels, and
thus a less representative sample. Measurements were performed
in duplicate, and read-outs were averaged between these dupli-
cates. Technical replicates and PCR blanks were analyzed with ev-
ery sample batch.

Sequencing of the mumps virus was performed on clinical sam-
ples of the confirmed case, on the sampler downstream from the
confirmed case, and at pumping stations A and C to verify whether
these concerned the same ongoing outbreak. The small hydropho-
bic (SH) gene was sequenced from the same sample extract as
previously described [23], followed by BLAST analysis of the nu-
cleotide sequence to determine the genotype. Other samples were
not sequenced.

Data analysis

Comparative analyses were performed to determine the trend
between wastewater measurements and clinical findings. Wastew-
ater measurements were plotted against confirmed, probable, and
possible cases to assess this interaction. Negative readings were
visualized using a Ct-value of 42. Direct quantification of the Ct-
values compared to disease incidence was not possible due to a
lack of reliable incidence metrics. Therefore, no statistical testing
was performed. Finally, sequencing results of clinical cases and
wastewater samples were compared in order to establish a con-
nection between the underground and aboveground findings. All
analyses were performed in R (version 4.3.3, The R Foundation).

Results
Description of cases

A total of 24 confirmed and probable cases with symptom on-
set between November 1, 2023, and March 31, 2024, were regis-
tered (Figure 2), with the first confirmed case being reported on
November 16. Three individuals (12.5%) developed complications,
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Figure 2. Epidemiological curve of notifiable and GP-reported possible cases in the affected region in the northeast of Gelderland between week 44, 2023, and week 13,

2024.
Table 1
Overview of the probable and confirmed notified cases.
Characteristics n %
Number of cases 24
Confirmed 22 92
Probable 2 8
Type of diagnostic testing (confirmed cases only)?
PCR (throat swabs or urine) 17 71
Serology 1 4
Epidemiological link to confirmed case 15 63
Complication (orchitis) 3 13

2 A confirmed case was defined as an individual with fitting clini-
cal symptoms and either a laboratory-confirmed infection or an epi-
demiological link to another confirmed case within 4 weeks prior to
disease onset.

all of whom had orchitis. A total of 15 cases showed an epidemio-
logical link with other mumps cases (Table 1).

GPs reported a total of 57 possible cases fitting the clinical de-
scription of mumps. The highest number of new possible cases was
found in week 51 (Figure 2). These cases were found in the town
of a confirmed case (Town A, see Figure 1) in the first 5 weeks
of monitoring, and subsequently in two of the surrounding towns
(Town B + E). No possible cases were reported, and no notifications
were received from town C. Several GPs noted likely underreport-
ing in the area, based on informal signals, indicating that the true
number of cases was likely higher.

In the last 3 weeks of monitoring, no possible, probable, or con-
firmed cases of mumps were reported.

Wastewater monitoring results and clinical findings

Mumps virus RNA was found in wastewater samples using pas-
sive samplers. Wastewater monitoring indicated patterns consis-
tent with clinical surveillance data. The first sampler deployed
downstream of a confirmed case (Figure 3) detected mumps virus
RNA particles 12 days after disease onset (Ct-values 35.9 and 37.9
for cotton tips and membrane, respectively), followed by a sharp
decline and subsequent negative signal for several weeks after-
wards. The community samplers at the school and the local pump-

ing station (Town A) initially yielded a rising concentration of
mumps virus RNA, coinciding with an increase in reported cases,
and tested negative for several weeks afterwards, coinciding with
a lack of reported cases. Samplers at pumping stations in neigh-
bouring towns (Town B and D) showed varying levels of mumps
virus RNA over time, roughly matching clinical surveillance data
(Figure 3). The sampler in Town C yielded positive measurements,
while no possible cases were reported by GPs, and no notifications
were received in that area.

Notably, the sampler deployed at the station furthest down-
stream showed negative signals, while those upstream, closer to
cases, showed positive signals. Control samplers from a region
without known mumps cases were negative.

Wastewater flow rates in relation to DNA particle concentration

In a week with heavy rainfall, a gross total of 12,000m? sewage
and rainwater was pumped through the pumping station in town A
in 48 hours, while in a week without heavy rainfall, a total of 4600
m3 of sewage and rainwater was pumped through the sewage sta-
tion in 48 hours. This dilution of a factor of 2-3 by rainwater
had little effect on the measured concentrations of crAssphage and
HF183 (Figure 4). The (relatively) constant concentration, coupled
with consistent results between the two absorbent materials, in-
dicates that the effect of possible PCR inhibitors in the wastewa-
ter is limited. Given the inverse natural logarithmic correlation be-
tween cycle threshold and gene copy concentration, a dilution fac-
tor of 2 to 3 would lead to a decrease of roughly 1 Ct. Therefore, if
the rainfall diluted the mumps virus signal, the observed Ct-value
of week 1 in Town A (Figure 3) could have maximally been 1 Ct
lower.

Sequencing

The SH gene was successfully sequenced from samples col-
lected from the sampler downstream of the index patient, the sam-
pler downstream from the school, and the samplers at locations A
& C. Mumps genotype G was identified in both wastewater and
clinical isolates. The SH gene sequences obtained from wastewa-
ter and the confirmed case were identical. Analysis showed that
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this sequence differed from those associated with other mumps
outbreaks and clusters reported in the Netherlands in 2023 (se-
quence MuVs/Gelderland.NLD/45.23, available in Genbank acces-
sion no. PP236791).

Use of sewage data for public health response

Based on the additional information from wastewater monitor-
ing, particularly regarding the presence of the virus in surround-
ing villages (Town B and C) over an extended period, the MHS
decided to inform the local government of the ongoing mumps
outbreak. Subsequently, using this information, the government in-
formed the citizens about the circulation of mumps, its symp-
toms, and the measures they could take to protect themselves. Fur-
thermore, the MHS implemented measures to enhance syndrome
surveillance at general practitioners’ offices for future public health
responses. Although the MHS considered a vaccination campaign
based on wastewater monitoring, it ultimately decided against it
due to the religious context of this specific area. Had the outbreak

occurred in a different context, a vaccination campaign might
have been a viable option based on these wastewater monitoring
results.

Discussion

This proof-of-concept study indicates that mumps virus RNA
can be detected in wastewater using passive samplers when
mumps is present in the community. To the authors’ knowledge,
this is the first study applying this technique—which is well estab-
lished for other viruses such as the SARS-CoV-2 virus—in a com-
munity setting with an outbreak of mumps. Mumps virus RNA was
found in several locations with confirmed cases, while the con-
trol location showed no measurable virus RNA concentrations. Fur-
thermore, identical genotypes of mumps virus RNA were found in
wastewater and patient samples. This genotype is different than
other recent outbreaks of mumps in other regions of the Nether-
lands.
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Trends and silent transmission

A trend was observed between the results of wastewater test-
ing and reported cases. The first sampler, deployed downstream of
a confirmed case, yielded positive results 12 days after disease on-
set, and negative results 29 days after disease onset. This suggests
that a mumps infection yields detectable virus RNA concentrations
in wastewater for a short period after disease onset. The wastew-
ater samples were positive in close proximity to the school with a
suspected outbreak, and in town A (town with the suspected out-
break), as the reported number of cases increased. Consequently,
the samples near the confirmed case and the school came back
negative when the number of cases subsided. Interestingly, the
samples in town A remained positive in the weeks thereafter, even
whilst reported cases decreased, possibly implying ongoing silent
transmission in the town. A similar pattern was observed for town
B. In town C, wastewater samples came back positive slightly later
in time, whereas no cases were reported. This could imply some
unreported geographical spread of the outbreak to towns in close
proximity to the outbreak.

Samples from the control location were negative, indicating that
mumps virus RNA is not usually found in wastewater. This is of
importance, as it was unknown whether recently vaccinated indi-
viduals emit mumps virus RNA in wastewater, as MMR is an at-
tenuated viral vaccine. In the specific region of this study, the last
vaccination campaign for the MMR vaccination was a few months
before the start of the wastewater monitoring. Both the timeframe
and the negative control samples make it highly unlikely that MMR
vaccination could be a source of the positive wastewater samples
that were found in this study.

Underreporting

Mumps infections may be prone to underreporting, as symp-
toms are often mild and diagnostic testing may be performed in-
frequently [24,25]. First, individuals with mumps may not contact
their GP, or only when they have complications. In this study, the

number of reported cases (n = 24) was significantly lower than
the number of possible cases (n = 57) based on manual syndrome
surveillance, suggesting that many patients did not come in for
consultation. As for complications, this study found a complication
rate of 13%, which is in line with the literature [18]. Second, GPs
often diagnose mumps clinically without any further laboratory
testing. Third, around 33% to 63% of people with mumps remain
asymptomatic, depending on vaccination status [18]. The benefit
of wastewater monitoring is that it could be used as an indica-
tor of transmission of mumps regardless of diagnosis or treatment-
seeking behavior. Local wastewater monitoring could thus be of
added value for situational awareness during an outbreak with sus-
pected underreporting, allowing the MHS to inform municipalities,
GPs, and residents about potential measures in due time. During
this outbreak, the additional information from wastewater moni-
toring was used by the municipality to inform the public about
the outbreak.

Local situational awareness

In town E, the virus was not picked up by the passive sam-
plers, even though six cases were reported in this town. How-
ever, town E could not be isolated using the sewer system. Sam-
plers were thus deployed further away from the location of the
cases at the beginning of the main transport sewer, meaning shed-
ded virus particles could have been more diluted with domes-
tic wastewater and rainwater. In contrast, the passive sampler in
town C showed several positive signals, despite a lack of reported
cases. This increased geographical spread would thus be unknown
if passive samplers had not been deployed. Consequently, wastew-
ater monitoring with passive samplers in close proximity to a sus-
pected outbreak could help create local situational awareness or
could be used in combination with more established periodic (na-
tional) wastewater surveillance, which is implemented for larger
catchment areas [26]. Local wastewater monitoring with passive
samplers was recently proven to be effective for monitoring other
agents, such as polio- and measles virus [27], hepatitis A virus [20],
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and SARS-CoV-2 virus [12]. This study indicates that it can be used
for the detection and monitoring of the mumps virus as well.

Methodological considerations

Several limitations need to be taken into consideration. First, it
was unknown how many cases were present in the measurement
period, due to suspected underreporting. Attempts to address this
issue by including “possible cases” from the automated GP syn-
dromic surveillance of the Netherlands Institute for Health Services
Research (NIVEL) were unsuccessful, as there was no representa-
tive surveillance station within the subregion of interest for this
study. Therefore, manual syndromic surveillance was implemented
by making weekly phone calls to the involved GP practices.

Second, since the true number of cases is unknown, quantifica-
tion of these results is impossible in this study.

Third, due to the urgency of an ongoing outbreak, there was no
time to design a passive sampler tailored specifically for the de-
tection of the mumps virus. Therefore, both cotton tips and mem-
branes were used simultaneously to increase the probability of de-
tection. The results do not show a clear preference for either ma-
terial, which is why both are presented in this manuscript.

Conclusion

This study demonstrates the first proof-of-concept for local
wastewater monitoring of the mumps virus and indicates a trend
between wastewater and clinical monitoring. The results suggest a
complementary role for passive samplers in identifying and mon-
itoring the course of an outbreak and creating situational aware-
ness, especially when cases are not or underreported via estab-
lished surveillance systems. Such information can aid public health
decision-making and direct the implementation of localized pre-
ventative interventions such as vaccination strategies, public health
communication, and advice to local governments.

Future studies could focus on further quantifying the associa-
tion between wastewater testing and the number of mumps cases
and on translating this technique to other infectious diseases, such
as measles, of which the number of cases is rising across Europe.
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