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Abstract 

Background Enteric hepatitis A virus (HAV) infections during childhood are often asymptomatic but may cause 
severe illness in adults. To improve public health surveillance we assessed the applicability of sewage monitoring dur-
ing an HAV outbreak at a primary school.

Methods Between October 19 and December 27, 2022, five symptomatic HAV cases were notified to the Public 
Health Service Amsterdam; all attended the same primary school. Passive samplers, small absorbent tools, were 
deployed in sewage near the school from November 14, 2022, to March 22, 2023. The absorbents were subjected 
to RNA extraction, HAV PCR testing, and, if positive, sequencing. PCR and sequencing were also performed on plasma 
and feces samples of HAV cases.

Results In 22 out of 88 (25%) of sewage samples, HAV RNA was detected. All HAV-RNA-positive sewage samples 
until 8 February 2023 were subgenotype IB, matching the strain detected in all cases. Another strain of HAV (subgeno-
type IA) was detected in sewage from 15 February 2023 onwards, without associated cases.

Conclusions Passive sampler-based sewage monitoring is an effective method to rapidly detect HAV shedding 
linked to diagnosed cases. It detects unnoticed viral infections and allows monitoring of outbreaks. This suggests 
that passive sampler-based monitoring is a promising tool supporting the public health response during HAV 
and other outbreaks.
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Background
Hepatitis A virus (HAV) is the cause of acute hepatitis A 
infection. During early childhood the symptoms can vary 
from asymptomatic to mild disease, but in adults it may 
cause severe illness with jaundice and liver failure that, in 
rare cases, can be fatal [1]. In 2021, 3,864 HAV cases were 
reported by 30 countries in the European Economic Area; 
people 45 years of age or older accounted for almost a 
third of the cases [2]. Transmission mainly takes place via 
the faecal-oral route via person-to-person contact and 
through consumption of contaminated food or water [3, 
4]. The incubation period of hepatitis A ranges from 15 
to 50 days with a mean of 30 days [5]. HAV infection is 
a notifiable disease in the Netherlands; its incidence is 
low, with 85 cases reported in 2022 [6] and a considerable 
proportion occurring in men who have sex with men [7]. 
It can be contracted by unvaccinated residents travelling 
to high or intermediate endemic countries. Upon return 
to the Netherlands HAV infection can result in silent 
transmission among children, due to a predominantly 
immune-naïve population regarding hepatitis A virus, 
a relatively long incubation period and an often asymp-
tomatic course of infection. This may result in HAV-
clusters that pose health threats for specific risk groups 
such as people at occupational risk of exposure [8]. These 
include unprotected staff in schools or child day care cen-
tres who have not been vaccinated or not previously been 
exposed to the virus. The risk of infection is increased in 
children who travel to endemic HAV countries, often for 
visits to family in their parents’ countries of birth [9, 10].

Sewage monitoring using passive samplers is a method 
for tracking and analysing the presence of various sub-
stances such as genomic material of pathogens in sewage. 
The first passive sampler described was a folded gauze 
attached to a string which was submerged in a sewer to 
detect Salmonella typhi [11]. In addition to gauze, elec-
tronegative membranes and cotton swabs are consid-
ered appropriate absorbing material to be placed within 
passive samplers [12]. Passive samplers absorb faecal 
matter, including viruses, from the sewage and they are 
strategically placed within sewer systems to collect sew-
age samples over time as introduced during the coronavi-
rus disease (COVID-19) pandemic [13]. This monitoring 
approach might also detect silent transmission of other 
infections, such as HAV.

In October 2022 three Dutch children attending the 
same school in Amsterdam were diagnosed with HAV; 
they had recently returned from a visit to an HAV 
endemic country. To monitor potential ongoing trans-
mission, sewage monitoring around the school was 
initiated. This study focuses on the application of this 
targeted sewage monitoring, using passive samplers, to 
detect ongoing circulation of HAV.

Methods
Setting of the study
On 18 October 2022 a case of HAV was notified by an 
Amsterdam hospital to the Public Health Service (GGD) 
Amsterdam. After source and contact tracing, a second 
and third case were notified on 20 October 2022 and a 
fourth case on 3 November 2022 by the Regional Labo-
ratory of the GGD Amsterdam. A fifth case was noti-
fied by the same hospital on 27 December 2022. All five 
cases were attending the same primary school. No faeces 
of other children at the school was collected to monitor 
transmission, as this was not a standard procedure in the 
outbreak protocol.

Case definitions
A suspected case was defined as a person attending or 
working at the primary school with at least one of the 
following symptoms after 8 October 2022: jaundice, dis-
coloured stool, dark urine, fever, loss of appetite, nausea, 
diarrhoea, fatigue and abdominal pain. A confirmed case 
was defined as a person with immunoglobulin M (IgM) 
anti-HAV detected in the serum, or a positive polymer-
ase chain reaction (PCR) of faeces or plasma, and with 
reported fever or jaundice.

Specimen collection
EDTA-plasma of two suspected cases was obtained on 
17 October 2022 (case #1) and on 22 December 2022 
(case #5) by the local hospital and faeces specimens of 
three suspected cases were collected on 20 October 2022 
(cases #2 and #3) and 3 November 2022 (case #4) by the 
GGD for routine HAV PCR diagnostic testing. All PCR 
positive specimens were sent to the National Institute for 
Public Health and the Environment (RIVM) for sequenc-
ing analysis.

Outbreak investigation
Confirmed cases and their parents or guardians were 
interviewed by telephone by trained nurses using a stand-
ardized questionnaire on the day their positive test result 
became available, or the next day. The questions included 
a list of symptoms experienced, HAV vaccination status, 
visited locations, history of recent travel abroad, mapping 
of the family situation and attendance to the school main 
building or annex building. The GGD regularly contacted 
the school during the outbreak to enquire if other chil-
dren had developed symptoms that could be related to 
HAV infection.

HAV sewage monitoring methods
On 9 November 2022 it was decided to employ sewage 
monitoring. After city sewage employees shared the map 
of the city sewage flows, the sewage sampling locations 
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were identified that same day. HAV sewage monitoring 
using 3-D printed torpedo passive samplers with cot-
ton tips (Fig. 1) was implemented on 10 November 2022, 
23 days after the notification of the first case, until 21 
December 2022 in district X and Y (Fig. 2) in two sewer 
manholes that serviced the two buildings of the school 
and two sewer pumping stations that serviced the city 
area (± 20,000 residents) around the school of the cases 
[14]. When a new HAV case (case #5) was notified to 
the GGD Amsterdam on 27 December 2022, the sewage 

monitoring was expanded to district Z from 18 January 
2023 until 22 March 2023 with one sewer pumping sta-
tion near the home address of case #5 and one wastewater 
treatment plant that collected sewage of both the school 
and the residence of case #5. In the first week one passive 
sampler was deployed per manhole and sewer pumping 
station for 96 h; after the first week passive samplers were 
deployed for 48 h. When collected, samples including 
torpedo and the passive sampler material (inside a Zip 
bag) were transported to the laboratory of KWR Water 

Fig. 1 Passive samplers used for sewage sampling around Amsterdam school, the Netherlands, November 2022 – March 2023. A 3-D printed 
torpedo passive sampler with cotton tips B Suspension cord C: Pen for reference

Fig. 2 Schematics of sewage sampling locations around Amsterdam school, the Netherlands, November 2022 – March 2023. A Sewer manhole 
directly downstream of the school main building. B Sewer manhole directly downstream of the annex building. C Sewer pumping station district X. 
D Sewer pumping station district Y. E Sewer pumping station district Z. F Wastewater treatment plant (influent)
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Research Institute (Nieuwegein, Netherlands) on ice and 
processed the same day. All HAV PCR positive sewage 
extracts were sent to the RIVM for sequencing analysis.

Laboratory analysis
Diagnostics human specimens
Routine HAV PCR testing was performed on blood (two) 
and faeces (three) specimens of suspected cases using 
specimen type specific protocols. In short, for faeces 
specimens ribonucleic acid (RNA) was extracted from 
250 ul faeces suspension using the Nordiag Arrow (Iso-
gen Life Science, De Meern, the Netherlands) accord-
ing to manufacturer’s instructions. For EDTA-plasma 
200 µl of plasma was used for RNA extraction using 
TriPure Isolation Reagent (Roche Diagnostics, Germany) 
according to manufacturer’s instructions, spiked with 
5 µl of Phocine herpes virus (PhHV) as an internal con-
trol. The residual pellet was dissolved in 500 µl 0.2 u/ml 
T10-RNAsin (Sigma Aldrich, USA). From extracted RNA 
via both methods, 5 µl was used in a hepatitis A real-time 
PCR on a Rotor Gene Q Real Time PCR system(Qiagen), 
using the Quantinova Pathogen + IC kit (Qiagen, cat.no. 
208652) using primers HAV F-San6 (5’-GCT CTC CCC 
TTG CCC TAG -3’), HAV R-San4 (5’-TCC CCA ATT TAG 
ACT CCT ACAGC-3’) and HAV probe San12 ([FAM]-
CGG GGT CAA CTC CAT GAT TAG CAT GG- [15]) accord-
ing to manufacturer’s protocol. Resulting S-curves were 
visually checked by a trained medical molecular micro-
biologist and the final diagnostic result clinically author-
ized by the medical microbiologist.

Analysis sewage samples
The cotton swab (still containing a small volume of 
wastewater) from the passive samplers was placed in 
1.5 ml lysis buffer from the Biomerieux Nuclisens kit 
(Biomerieux, Amersfoort, the Netherlands) and vortexed 
four times for four seconds and the lysis buffer was trans-
ferred to a 2 ml centrifuge tube. To the tube with the cot-
ton swab 1.5 ml fresh lysis buffer was added and vortexed 
again four times for four seconds and the lysis buffer was 
transferred to a new 2 ml centrifuge tube. Total contact 
time in the Nuclisens buffer was 10 min. The 2 ml cen-
trifuge tubes were centrifuged for 1 min at 13.000xg and 
the supernatant (2.8–2.9 mL) was pooled and processed 
using the semi-automated KingFisher mL Purification 
System (Thermo Scientific, Bleiswijk, The Netherlands) 
[16]. Extracted nucleic acid was eluted in a volume of 100 
µl. The digital droplet reverse transcription PCR (RT-
PCR) method of Persson et al. was used to quantify HAV 
in the nucleic acid extracts [17]. CrAssphage was used as 
index of the human faecal load captured by the passive 
sampler and quantified from the same extracts as previ-
ously described [18]. Since the amount of human faecal 

matter captured can vary from (passive) sample to sam-
ple, the amount of CrAssphage captured by each passive 
sampler was used as index for the amount of human fae-
cal matter captured. The observed concentration of HAV 
RNA in the extract of the passive sampler was normal-
ized by dividing this through the observed CrAssphage 
concentration in the same extract. RT-ddPCR reactions 
performed on PCR grade and RNAse free distilled water 
and RNA extracted from PCR grade and RNAse free dis-
tilled water were used as negative controls. RT-ddPCR 
performed on both approximately 500 and 50 genome 
copies of HAV were used as positive controls. Assays 
were performed in technical duplicates, each in 20 µl 
reaction volumes containing the reagents from the One-
Step Advance RT-ddPCR for probes: 5 µl RTddPCR One-
Step Advanced Supermix, 2 µl Reverse Transcriptase, 1 
µl DTT (300 mM) supplemented with 3.7 µl PCR grade 
and RNAse free water (Applied Biosystems, Fisher Scien-
tific, Landsmeer, the Netherlands) and 5 µl sample-RNA. 
Primers and probe were the same as Persson et al., 2021, 
and were added as 1 µl HepA-F (500 nM), 1.8 µl HepA-R 
(900 nM), probe 0.5 µl FAM-labeled HepA-P (250 nM) 
with minor groove binder-eclipse quencher. The BioRad 
QX200 droplet generator partitioned sample-RNA and 
reagents in (at least) 77,000 droplets. The temperature 
profile used for RTddPCR was as follows: 60 min. 50 °C, 
10 min 95 °C, 50 cycles with 30 s. 95 °C and 1 min. 60 °C 
followed by 10 min. 98 °C, 30 min. 4 °C and hold at 12 °C. 
Samples were scanned using the QX200 system (Bio-
Rad) and analyzed using the QuantaSoft-Analysis soft-
ware (BioRad). For each sample, the number of negative 
and HAV ddPCR positive droplets were recorded and 
used to determine the HAV concentration. HAV RNA 
(kindly provided by ViroScience at Erasmus Medical 
Center, Rotterdam, the Netherlands) was used as positive 
control with each batch of samples, in two concentra-
tions, yielding at least 500 and 50 positive droplets. PCR 
blancs (with 5 µl PCR grade water as sample) were run 
with each sample batch. When positive for RNA of HAV 
(when at least 1.2 genome copies per reaction), 25 µl of 
nucleic acid extract of the sewage samples were shipped 
to RIVM for sequencing.

Sequencing human specimens and sewage samples
Sequencing analysis was performed on nucleic acid 
extracts originating from HAV PCR positive blood and 
faeces specimens and sewage samples (22). For sequence 
based typing we routinely use the HAVNet protocol 
[19]. Briefly, cDNA synthesis and nested-PCR were used 
to obtain a 460bp fragment of the VP1-P2A junction, 
which was sequenced by Sanger sequence analysis. For 
serum samples and faeces, the protocol was used exactly 
as described. For sewage samples the yield of fragment 
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was not enough for Sanger sequencing. These samples 
were analysed on the Oxford Nanopore platform, with 
sequences assembled using Canu, and trimmed to the 
460bp fragment between the primers used for amplifi-
cation. For Oxford Nanopore based sequence analysis 
we used the ligation sequencing kit (SQK-LSK109) with 
the Native Barcoding Expansion 96 kit (EXP-NBD196), 
and we used flowcell FLO-MIN106D R9.4.1. Resulting 
sequences were compared by alignment and phyloge-
netic analysis with sequences from reference strains from 
known geographic origin.

Results
Description of cases
From 18 October 2022 to 27 December 2022, five hep-
atitis A cases were associated with the outbreak. All 
five cases were confirmed by HAV PCR testing and 
they were all infected with the same strain of subgeno-
type IB (Table  1). The age range of the cases was 0 to 
12 years. The five confirmed cases all attended differ-
ent school classes; three of the five cases also attended 
the annex of the school. Case #1 and #4 were siblings, 
and cases #2 and #3 were also siblings. None of the five 
confirmed cases had been vaccinated against HAV and 
four confirmed cases reported recent travel to Somalia 
or Morocco, both known to be HAV endemic [20]. For 
cases #1–3, their travel occurred before the incubation 
period, making it unlikely to be the source of infection. 
Case #4 was identified through source and contact trac-
ing related to case #1. It was discovered that case #4 had 
experienced a prior fever, which had not been addressed 
as it resolved on its own. This case was recognized as the 
missing link to Somalia, likely serving as the initial source 
of the outbreak.

Sewage monitoring
HAV sewage monitoring around the school (Fig. 2) from 
10 November 2022 until 22 March 2023 resulted in the 
collection and analysis of 88 sewage samples. Of these, 22 
(25%) were positive for RNA of HAV. In the first weeks 
of the sewage monitoring HAV RNA was only detected 
in low concentrations in sewage of the sewer manhole of 
the annex building, later also in the sewage of the sewer 
manhole of the school main building and sewer pump-
ing stations in districts X, Y and Z (Fig. 3). Eight out of 
17 sewage samples taken from the sewer manhole of 
the annex building and one out of 17 sewage samples 
taken from the sewer manhole of the school main build-
ing were positive for HAV RNA. Of the sewage samples 
taken from sewer pumping stations in districts X and 
Y, two and seven out of 17 were positive for HAV RNA, 
respectively. Three and two out of 10 sewage samples 
taken from sewer pumping station in district Z and the 

wastewater treatment plant were positive for HAV RNA, 
respectively.

Genotyping showed that the HAV RNA positive sew-
age samples all contained the same subgenotype IB up to 
8 February 2023 and this subgenotype was indistinghu-
isable from the outbreak strain. From 15 February 2023 
onwards, the subgenotype IB was no longer detected 
in sewage samples, but another subgenotype (IA) was 
detected in 10 positive sewage samples. During the sub-
genotype IB outbreak, RNA of HAV was detected most 
frequently in the sewer manhole directly downstream of 
the school annex building and the sewer pumping sta-
tion in district Y (both seven times), and once from the 
sewer manhole of the school main building. The aver-
age detected concentration of HAV RNA genome cop-
ies/CrAssphage DNA genome copies was 2.24*105, with 
a minimum of 0.12*105 and a maximum of 13.06*105. In 
the sewer pumping station in district Y the highest con-
centration of subgenotype IB HAV RNA was observed, 
from 9 until 21 December 2022. One week later, case #5 
was diagnosed. Based on time, place and subgenotype we 
considered this case part of the outbreak. From 15 Feb-
ruary 2023 onwards, HAV subgenotype IA was detected 
mostly in different sewage sampling sites: district X and 
Z and the wastewater treatment plant. Following the first 
detection of subgenotype IA strain on 15 February 2023, 
an increased concentration of HAV RNA was detected 
in five out of six sewage monitoring locations until 22 
March 2023, whereafter it was decided to end sewage 
monitoring since no new hepatitis A cases had been noti-
fied to the GGD Amsterdam since 27 December 2022.

Microbiological investigations
Sequencing analysis of all blood and faeces specimens 
that were positive for HAV RNA identified HAV sub-
genotype IB strain which matched the strain of the sew-
age samples until 8 February 2023 (Table  1 & Fig.  3). 
The HAV subgenotype IB strain was genetically closely 
related to strains previously isolated from travellers 
returning from Somalia. Case #4 had returned from 
Somalia a couple of weeks prior to onset of symptoms, 
suggesting Somalia as the most likely country of acquisi-
tion. HAV subgenotype IA strain was identified in sew-
age samples from 15 February until 22 March 2023, but 
no HAV suspected cases or diagnoses with an epidemio-
logical or geographical link to the school were notified to 
the GGD during this period or in the following months.

Outbreak control measures
GGD Amsterdam issued a letter to the school manage-
ment on 24 October 2022 informing them, that a pupil 
had been notified with HAV. The school forwarded this 
letter to all parents or guardians of the pupils. Parents, 
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guardians and school staff were advised to be vigilant 
for HAV related symptoms in their children and pupils 
and to contact the general practitioner should children 
display any symptoms. Parents or guardians were also 
informed that the majority of HAV infections is asymp-
tomatic and measures of transmission prevention were 
provided. Subsequently, GGD Amsterdam organized an 
HAV vaccination campaign at the school on 26 October 
2022. Out of 234 pupils 33 (14%) were vaccinated; none 
of the school staff wanted to be vaccinated. An informa-
tion session at the school was organized on 6 March 2023 
about vaccines, their benefits, and to dispel any miscon-
ceptions that might exist. This did not lead to additional 
vaccination uptake among pupils and school staff.

Discussion
This study demonstrates to our knowledge for the first 
time the application of passive samplers to detect HAV 
RNA in sewage while monitoring an outbreak. The 
described sewage monitoring approach enabled public 
health authorities to detect and sequence HAV RNA in 
sewage around the school of the first case and to match 
the identified HAV strains in sewage samples with the 
human specimens of all identified cases. Prior stud-
ies in endemic regions conducted sewage monitoring as 
a surveillance tool to track HAV circulation and other 
studies detected HAV in sewage using grab sampling: a 
method that involves sewage collection at one point in 
time [21–32]. Here, we introduced and evaluated another 
approach: passive sampler-based sewage monitoring that 
can detect HAV for a defined period of time. The sewage 
data showed that silent transmission of HAV was ongo-
ing after the identified outbreak, and indicated that the 
outbreak was over by showing that the outbreak HAV 
strain disappeared from the sewage around the school 

and the city district. Interestingly, the sewage monitoring 
detected circulation of another HAV strain (subgenotype 
IA) indicating silent transmission of another HAV strain 
in that city area. Identifying the source of this strain was 
outside the scope of this outbreak investigation, but the 
positive signal from the sewage could have been com-
bined with other epidemiological approaches to benefit 
infectious disease control.

The described sewage monitoring technique shows 
the potential of using passive samplers in sewage to 
become an added value for outbreak investigation and 
management of hepatitis A or potentially other infec-
tious diseases by offering a relatively new, non-invasive 
and near-real-time approach to monitor (re)emerging 
infectious diseases. Compared to autosamplers that col-
lect wastewater, passive samplers are simple in design 
and operation, are easy to deploy and require minimal 
maintenance. In line with our findings, studies have 
shown that passive samplers are a powerful tool for viral 
detection and can provide robust information for infec-
tious disease control [33, 34]. Passive sampler-based 
sewage monitoring is a promising tool for future out-
break responses because public health authorities can 
take prompt action to control the spread of the disease, 
such as implementing increased testing, contact tracing, 
isolation measures and vaccination campaigns when the 
pathogens are detected in sewage. It can also potentially 
lead to improved targeting of public health interventions: 
sewage monitoring using passive samplers can provide 
information on the location of outbreaks, help to iden-
tify areas with more cases (hot-spots) and monitor trends 
over time [35, 36].

The organized vaccination campaign targeting the 
pupils and staff of the school resulted in a low vaccination 
uptake of 14%. The pre-outbreak vaccination coverage 

Fig. 3 HAV concentrations and strain typing in sewage samples around Amsterdam school, November 2022 – March 2023. *Non-Detect
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was estimated to be very low by the youth health care 
physician affiliated with the school. Next to hesitancy of 
the school to participate in the promotion of vaccina-
tion, the relatively short window for campaign announce-
ment, coinciding with the autumn holidays from 15 
till 23 October 2022 could have attributed to the low 
uptake. Possibly the education efforts of the GGD were 
not appropriate or suitable, or not timely, for the parents 
or guardians of the pupils of this school. We think the 
effect of vaccination on the course of this outbreak at the 
school was probably minimal. Low impact of vaccination 
was also observed in an HAV outbreak report at a Brit-
ish school in 2019 [37]; it suggests that outbreaks in these 
settings may be effectively managed without resorting to 
vaccination campaigns.

No faeces of pupils without symptoms was collected 
to monitor silent transmission as this supplementary 
screening tool was not a standard procedure of the local 
outbreak protocol. Requesting faeces of pupils for source 
and contact tracing may be a more direct method to 
detect silent transmission [38]. This could also include 
children who do not defecate at school. However, obtain-
ing faeces of asymptomatic children may be a challenge, 
is fully dependent on informed consent of parents or 
guardians, and may be hard to repeat on a weekly basis 
for a long period. If during a potential outbreak of HAV 
or another (a)symptomatic infectious agent it is not pos-
sible to collect these faeces samples, sewage monitor-
ing using passive samplers would be recommended for 
detecting (silent) transmission. Future studies around 
hepatitis A outbreaks should try to collect faeces of 
asymptomatic persons as well as deploy passive samplers, 
so that the findings of both approaches can be compared, 
and relative advantages of each evaluated. If the use of 
passive samplers is validated, and perhaps shown to be 
simpler and more feasible for ongoing monitoring, their 
use may be incorporated in outbreak protocols. Future 
studies could also focus on the concentrations of DNA or 
RNA of HAV or other infectious agents in sewage by pas-
sive samplers: how does it relate to concentrations identi-
fied in grab sampling and might this be an indication for 
the number of infected individuals, as is done in SARS-
CoV-2 sewage monitoring [39].

Conclusions
Passive sampler-based sewage monitoring offers an effec-
tive approach for swift identification of HAV shedding, 
which can be directly associated with diagnosed cases. 
This method is adept at uncovering viral shedding from 
asymptomatic cases, enabling the near-real-time tracking 
of outbreaks and monitoring the effectiveness of inter-
ventions. Consequently, it emerges as a highly promis-
ing tool for public health authorities, empowering them 

to tailor their response strategies during HAV and other 
infectious disease outbreaks. This is the case in not only 
high-income countries like the Netherlands, but also in 
middle- and low-income countries [32]. We recommend 
piloting this sewage monitoring method during future 
outbreaks of infectious diseases to assess the potential 
of passive sampler-based surveillance systems in local 
(resource limited) settings and contribute to more effec-
tive infectious disease monitoring and control strategies.
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