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Abstract: Enteric infections are a major public health concern. Detecting risk areas requires a strong
surveillance system for pathogenic viruses in possible sources such as wastewater. To build an
environmental surveillance system, we aimed to identify group A rotavirus (RVA) and human
adenovirus (HAdV) in wastewater. We also focused on three different methods of viral
concentration to determine suitability for a regular surveillance system. We screened 20 wastewater
samples for HAdV and RV A using quantitative polymerase chain reaction (qPCR) and conventional
polymerase chain reaction (cPCR). Sixteen positives (18/20) and ten (14/20) positives for HAdV and
RVA, respectively, were obtained on qPCR, representing a prevalence of 90% and 70%. Twelve (12)
positives were successfully amplified. Bag-mediated filtration system (BMFS) and skimmed milk
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(SM) flocculation were the most consistent viral concentration methods for HAdV and RVA,
respectively. Human adenovirus was identified with nucleotide identity range of 98.48% to 99.53%.
Statistical analysis of positives showed that viral burden differed by site (P<0.001). Demonstration
of HAdV and RVA in wastewater, suggests the presence of the pathogens in the communities under
study and the need for establishment of a routine wastewater surveillance system for identification
of pathogens.

Keywords: wastewater; adenovirus; rotavirus; enteric virus; concentration methods

1. Introduction

Enteric viruses pose significant global public health concern due to their association with acute
gastric enteritis [1]. Pathogens such as Human Adenoviruses (HAdV), Noroviruses, group A
rotavirus (RVA), Hepatitis A virus (HAV), and Enteroviruses are among these viruses [2]. Therefore,
it is imperative to investigate the potential environmental sources of these infections in order to
develop efficient intervention strategies. With the current rising need for water globally, treated
wastewater ends up either in agriculture fields or in domestic homes after recycling, posing a
significant public health risk [3]. This is essential because of occasional deficiencies of wastewater
treatment techniques against viruses [4]. Therefore, wastewater surveillance is central in identifying
potential risk areas associated with wastewater.

As such, viral markers for potential enteric viral pathogens presence are required for any
intervention to provide meaningful results [5]. Since HAdV is widely present and stable in the
environment, the virus is currently considered a suitable indicator [5]. In addition to being a viral
indicator, HAdV is still one of the main causes of diarrhoea in both immunocompromised adults and
younger populations [6]. Adenovirus is a double-stranded, non-enveloped DNA virus belonging to
the family Adenovidae and comprises six genera, (Mastadenovirus, Aviadenovirus, Atadenovirus,
Siadenovirus, Ichtadenovirus, and Testadenovirus) [3]. The Mastadenoviruses have been implicated in
causing most human infections. Currently seven species have been identified as human pathogens
namely; Human mastadenovirus A-G [3]. Human mastadenovirus A, B, and C are implicated in
respiratory infections while Human mastadenovirus F serotypes 40 and 41 cause acute gastroenteritis
in children younger than 1 year old [1]. To date over 110 serotypes have been identified [1,3].

Rotavirus is also a common cause of acute gastroenteritis, typically expelled into wastewater by
infected individuals [7]. The virus belongs to the genus Rotavirus in the family Sedoreoviridae in the
order Reovirales. The genus Rotavirus is classified into distinct species, Rotavirus A-J, with RVA being
the most common cause of human infections. While vaccines for RVA have been developed, reports
still highlight low efficacy, particularly in developing countries [8,9]. Consequently, the investigation
of presence of RVA in wastewater can serve as an indicator of vaccine efficacy [10]. The presence of
RVA may serve as the basis of monitoring the effectiveness of the RVA vaccines through monitoring
the level of the virus in wastewater.

Therefore, the presence of HAdV and RVA viral pathogens in wastewater emphasizes the need
for a robust surveillance system that would enhance tracking of viral pathogens and providing an
opportunity to estimate the prevalence, genetic diversity, and geographic distribution [11,12].
Wastewater surveillance can help to detect viruses that are not evident by clinical surveillance [13].
Surveillance of wastewater also provides an opportunity to detect the spread of infections in different
areas where resources for clinical diagnosis and reporting systems are limited or unavailable [14] . It
is also valuable for identifying newly introduced viruses in populations or tracking fluctuations
resulting from seasonal or precipitation changes [11,15]. For this purpose, wastewater surveillance
forms an integral part of the “early warning” system [16,17].

In Zambia, diarrhea-associated deaths are ranked third in the young population [18]. Notably,
HAdV and RVA are among the top six enteric pathogens associated with moderate to severe diarrhea
in Zambia, although the magnitude of HAdV infection remains unclear [19]. Thus, wastewater
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surveillance will aid in monitoring the effectiveness of the current interventions in mitigating the
prevalence of enteric pathogens. To our knowledge, no report on the detection of HAdV and RVA in
wastewater has been published in Zambia. Our study set out to detect HAdV and RVA in wastewater
and provide a proof of principle for the establishment of a robust surveillance system for viral
pathogens of public health importance in wastewater in Zambia.

2. Materials and Methods

2.1. Study Design

This prospective cross-sectional study was conducted in Lusaka in a wastewater network system
to detect the presence of HAdV and RVA. The study was conducted at 4 sewerage sites that service
selected parts of Lusaka District (Table 1). The sites included two (2) pump stations (Chelstone and
Mass media), one stabilization pond (Kaunda square), and one wastewater treatment plant
(Manchinchi).

Table 1. Sewer catchment areas serviced by each of the 4 wastewater treatment facilities in Lusaka
District.

Site Sewer catchment Area
Chelstone pumping station Chelstone Zambia airways, Waterfalls mall

Kaunda square PHI, Nyumba Yanga, Ibex hills, Chamba valley, Chainama,

stabilisation ponds Kaunda square Stage 1, Kaunda square stage 2, Mtendere east,
Salama park, Mtendere, part of Kabulonga, part of Woodlands,
Helen Kaunda, part of Kalingalinga, East park mall, part of

Handsworth
Mass media pumping University of Zambia, part of Showgrounds, part of Longacres,
station Mass media, Arcades mall up to National Assembly
Manchinchi sewage Part of Woodlands, Chilenje, Libala, Villa Elizabetha, Kabwata,
treatment plant and Northmead, Parts of Emmasdale, part of Rhodes park, Mass media,

Garden stabilisation ponds  part of Central business district, Thorn park,
Part of a light industrial area bordered by Great North road, Sheki
road, Lumumba road, and Kalambo road.

2.2. Sample Collection

Convenient sampling was employed for the four sites in the study. Collection was carried out
every Tuesday between 7 am and 9 am for five (5) consecutive weeks from 25% July 2023 to 22nd
August 2023. A grab-composite sample (6L) was constituted over a period of 1 hour and collected at
intervals of 5 min. The composite sample was aliquoted into various sample containers and bottles
for the 3 concentration methods: (i) bag-mediated filtration system (BMFS), (ii) skimmed milk
flocculation, and (iii) polyethylene glycol precipitation. The sample bottles were placed on ice-chilled
cool boxes and transported to the University of Zambia, School of Veterinary Medicine, Department
of Disease Control BSL2 laboratory for processing. Upon arrival at the laboratory, the samples were
immediately prepared for concentration.

2.3. Viral Concentration

The wastewater samples were subjected to three (3) viral concentration methods prior to nucleic
acid extraction.
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2.3.1. Skimmed Milk Flocculation

Composite wastewater sample (500 mL) was used for the direct skimmed milk flocculation
method. Briefly, skimmed milk powder (0.5 g) was dissolved in 50 mL of sterile water to obtain 1%
(w/v) skimmed milk solution [20]. The pH of the solution was carefully adjusted to 3.5 using 1M HCIl.
Five mL of 1% skimmed milk solution was added to 500 mL of the wastewater composite sample to
obtain a final concentration of 0.01% (w/v). Samples were stirred for 8 hours, and flocs were allowed
to settle at room temperature for another 8 hours. The supernatant was carefully removed with
serological pipettes without agitating the flocs. A final volume of 50 mL containing the flocs was
transferred to 50 mL falcon tubes and centrifuged at 8,000 x g for 30 min. The supernatant was
carefully removed, and pellets carefully dislodged. The pellets were resuspended in 2mL of 0.2 M
phosphate buffer saline (PBS), pH 7.5. The final concentrated sample was aliquoted in small working
volumes (~200 pL) and stored at-80 °C until viral nucleic acid extraction.

2.3.2. Bag-Mediated Filtration System (BMFS)

Samples were collected into the BMFS bag and processed as described previously [21]. Briefly,
wastewater (6,000 mL) from the composite sample was collected in sampling bags with a pre-screen
mesh (249-um pore size) over the opening. The composite sample was filtered into the collection bag
mounted on a custom-made tripod stand (BoundaryTEC, Minneapolis, MN, USA). A ViroCap™ filter
(Scientific Methods, Inc., Granger, IN, USA) was attached to the bag’s outlet port and the sample was
allowed to flow through the filter by gravity. The average volume filtered was about 5,400 mL, over
an average of 90 min to 3 hours (the time for filtration was dependent on the amount and size of fecal
debris in the wastewater. The filter was transported under a cold chain to the University of Zambia
for viral elution and secondary concentration with skimmed milk. To elute the virus from the viral
cup filter, the beef extract eluate was injected into the filter inlet and incubated for 30 min before
recovering the eluate through the filter outlet using a peristaltic pump.

2.3.2.1. Secondary Concentration Procedure

The skimmed milk secondary flocculation procedure was conducted at the laboratory. A total of
three (3) mL of 1% w/v skimmed milk was added to the eluate. The pH of the mixture was adjusted
to the range of 3.0-4.0 using sodium hydroxide (NaOH) and hydrochloric acid (HCl). To coagulate
the proteins in flocs, the eluate was incubated at room temperature and shaken evenly for 2 hours.
The sample was aliquoted into 50 mL conical tubes and centrifuged at 3,500 x g, 4°C for 30 min. The
sample was returned to the biosafety cabinet (BSC) and the supernatant was decanted. The pellets
were completely resuspended in 10 mL of sterile PBS, pH 7.4 by vigorous vortexing. The concentrated
sample was aliquoted in 1 mL working volumes and stored at -80 °C until use.

2.3.3. Polyethylene Glycol-Based (PEG) Concentration

PEG precipitation was performed as previously described [22]. Briefly, 14 g of PEG 8000 and
1.17g of NaCl were added to 100 mL of the composite sample. The PEG 8000 and NaCl were
completely dissolved by vigorous shaking. The sample was stirred at 200 rpm, 4°C for 4 hours
followed by centrifugation at 6,500 x g, at 4°C for 30 min. The supernatant was discarded and the
pellet re-suspended in 6 mL of sterile PBS (pH 7.4). The final concentrated sample was aliquoted in
small working volumes (~200 uL) and stored at -80°C until use.

2.4. Nucleic Acid Extraction

About 200 pL of the sample was extracted using Qiagen QIAamp® mini RNA or DNA kits
(QIAGEN, Germantown, MD, USA). The total nucleic acids were eluted in 60 pL of the elution buffer
according to the manufacturer’s instructions. To minimize freezing and thawing, each sample was
aliquoted into 50 puL volumes and stored at -80°C until use.

2.5. Genomic Screening of Adenovirus and Rotavirus
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2.5.1. Detection of Adenovirus and Rotavirus on PCR

HAdV and RVA were detected using a one-step TaqPath qPCR protocol following the
manufacturer’s instructions. Briefly, 20 pL total volume of each reaction was prepared to consist of
the following: 1 uL of primer and probe mix (Table 2), 15 pL of TaqPath Master Mix, 2 uL of total
nucleic acid sample and 2 pL of nuclease free water. The mixture was run under the following
conditions: pre-incubation at 25°C for 2 min, followed by reverse transcription incubation at 50°C for
15 min, enzyme activation at 95°C for 2 min, 40 cycles of amplification at 95°C for 3 sec, and 60°C for
30 sec. For HAdV detection, the reverse transcription step was omitted. A sample was considered
positive for HAdV and RVA when the cycle threshold value was less than 32.

2.5.2. Conventional PCR and Sequencing of Adenovirus

To detect the presence of human Adenovirus in wastewater, two PCR reactions targeting the
hexon gene were performed using the Quick Taq Hs Dye Mix (TOYOBO, Osaka, Japan) following
the manufacturer's instructions using primers in Table 2. The initial reactions did not include any
positive control, as it was not available. The initial PCR targeting the hexon gene was performed with
primer pairs Hex1DegFw, and Hex2DegRv yielding 301bp product. The amplicon was identified as
HAdV sequence, which was subsequently used as a template for designing primers for the next PCR.
The second PCR overlapping the capsid and hexon genes was performed using primer pairs; Adeno
Cap17467Fw and Adeno Hex 18185Rv yielding a 718bp amplicon. Both PCRs were performed with
conditions: 94°C for 2 min, 94°C for 30 sec, 54°C for 30 sec, 68°C for 1 min, and final extension at 68°C
for 5 min. The PCR products for the first and second PCRs were observed on a 1% agarose gel stained
with ethidium bromide.

The PCR products were purified using the Promega PCR Product and Gel Purification Kit
(Promega, Madison, WI, USA). Subsequently, the purified PCR products were sequenced using Big
Dye Cycle Sequencing kit V3.1. The successful sequences were processed on a 3500 Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA). The nucleotide sequences were analyzed using Genetyx
Version 12.0 (GENETYX Corporation, Tokyo, Japan) and deposited in the National Center for
Biotechnology Information (NCBI).

Table 2. Primers used for qPCR (1-3; 8-10) and cPCR (4-7) amplification of HAdV (1-7) and RVA (8-

do0i:10.20944/preprints202403.1093.v1

10).
No. Name Sequence Tm(°C) Reference
1 JTVXF_18895Fw  5-GGACGCCTCGGAGTACCTGAG-3’ [23]
JTVXR_18990Rv ~ 5-ACIGTGGGGGTTTCTGAACTTGTT-3’ 60
Probe 5-CTGGTGCAGTTCGCCCGTGCCA-3’
JTVXP_18923Fw
Hex1DegFw(1) 5-GCCSCARTGGKCWTACATGCACATC-3" 54 [20]
Hex2DegRv(1) 5-CAGCACSCCICGRATGTCAAA-3
Adeno Cap 5-CTGTAGGTTCCGTTCCCGTT-3 54
17467Fw(2)
7 Adeno Hex 5-CGGTGCCTGAGCAAAGGTAT-3’
18185Rv (2)
8 RotaA-NSP3Fw 5-ACCATCTWCACRTRACCCTCTATGAG- [24]
3
9 RotaA-NSP3Rv 5-GGTCACATAACGCCCCTATAGC-3 60
10 Probe RotaA- 5-AGTTAAAAGCTAACACTGTCAAA-3

NSP3Pr
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2.6. Statistical Analysis

Data were summarized using the R package dplyr v1.0.7 (RStudio, Boston, MA, USA) and
visualized using the basic R program. Additionally, a comparison of the positivity among sites was
carried out using ANOVA, and Tukey’s HSD test was applied for multiple comparisons with
significance of p-value < 0.05.

3. Results

3.1. Detection of Adenovirus and Rotavirus

Of the 20 samples tested, 18/20 (90%) and 14/20 (70%) samples tested positive for HAdV and
RVA on gPCR, respectively (Table 3). The 16 positives for HAdV were distributed by site namely,
Chelstone (n = 3), Kaunda square (n=5), Mass media (n=5), and Manchinchi (n=5) (Table 3). Equally,
for RVA the 14 positives consisted of; Chelstone (n=3), Kaunda square (n=4), Mass media (n=3), and
Manchinchi (n=5). On conventional PCR for HAdV, 18 /20 were positive consisting of Chelstone (n=
3), Kaunda square (n=5), Mass media (n=5), and Manchinchi (n=5) (Table 3).

HAdV detection among the study sites showed a significant difference (P <0.05) between
Kaunda square and Chelstone, Manchinchi and Chelstone, Kaunda square and Mass media, and
Manchinchi and Mass media (Figure 3A) (Table 4). RVA did not show significant difference in
positivity in all the sites (Figure 3B)(Table 5).

On conventional PCR, 11/18 were successfully sequenced and BLASTn revealed a nucleotide
sequence similarity to HAdV with the percentage identity ranging from 98.48% to 99.53% (Table 6).

Table 3. HAdV and RVA detection with gPCR and cPCR at the four sites.

Site HAdV cPCR HAdJV RVA
Chelstone 3/5 3/5 3/5

Mass media 5/5 4/5 4/5
Kaunda square 5/5 3/5 4/5
Manchinchi 5/5 5/5 3/5

Total 18/20 (90%) 18/20 (90%) 14/20 (70%)

Table 4. TukEey’s HSD on ANOVA2 analysis of study sites where HAdV was detected.

Sites Difference Lower Upper P-value
K-C -7.2674762 -10.559266 -3.975686 0.0000018
M-C -5.945 -9.293064 -2.596936 0.0001053
MM-C 0.6635714 -2.684492 4.011635 0.952498
M-K 1.3224762 -1.969314 4.614266 0.7117219
MM-K 7.9310476 4.639258 11.222837 0.0000003
MM-M 6.6085714 3.260508 9.956635 0.0000168

K=Kaunda square, M= Manchinchi, MM= Mass media, C= Chelstone.

Table 5. Tukey’s HSD on ANOVA2 analysis of four study sites where Rotavirus was detected.

Sites Difference Lower Upper P-value

K-C -0.3621429 -3.1344001 2410114 0.9855481
M-C 1.7621429 -1.0575068 4.581793 0.3560394
MM-C 1.1164286 -1.7032211 3.936078 0.7208473
M-K 2.1242857 -0.6479715 4.896543 0.1892019

MM-K 1.4785714 -1.2936858 4.250829 0.4959797
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MM-M -0.6457143 -3.465364 2.173935 0.9292786
K=Kaunda square, M= Manchinchi, MM= Mass media, C= Chelstone.

Table 6. Results for human Adenovirus and Rotavirus A screening on RT-PCR, and conventional PCR

and sequence details for Human Adenovirus hexon gene.
Sampling Week of RVA HAdV HAdV  GenBank %
Sample site collection  qPCR qPCR cPCR  Accession nucleotide
ID no. Identity
(HAdAV)

1 CB 1 Negative Negative Negative

2 MMP 1 positive  Positive  Positive = PP341455 99.30

3 KSP 1 positive  Positive  Positive

4 MP 1 positive  Positive  Positive  PP341456 98.31

5 CB 2 Negative Negative Negative

6 MMP 2 Negative Positive  Positive = PP341457 98.92

7 KSp 2 positive  Positive  Positive  PP341458 98.85

8 MP 2 Negative Positive  Positive

9 CB 3 positive  Positive  Positive =~ PP341459 99.01
10 MMP 3 Positive  Positive  Positive = PP341460 98.62
11 KSP 3 Positive  Positive  Positive =~ PP341461 99.53
12 MP 3 Positive  Positive  Positive

13 CB 4 Positive  Positive  Positive

14 MMP 4 Positive  Positive  Positive = PP341462 98.48
15 KSP 4 Positive  Positive  Positive = PP341463 99.03
16 MP 4 Negative Positive  Positive

17 CB 5 Positive  Positive  Positive

18 MMP 5 Positive  Positive  Positive = PP341464 99.03
19 KSP 5 Negative Positive Positive = PP341465 98.68
20 MS 5 Positive  Positive  Positive

CB= Chelstone BMFs, MMP= Mass media PEG, KSP=Kaunda square PEG, MS= Manchinchi skimmed milk.

3.2. Comparison of Viral Concentration Methods

We examined the effectiveness of three viral concentration methods namely, BMFs, PEG
precipitation, and SM flocculation using HAdV and RVA. The results from the three methods (BMFs,
PEG and SMF) showed that the effectiveness varied from site to site (Figure 1). Out of the 20 samples,
BMES and SM flocculation had 14/20, (70%) HAdV positives each and PEG precipitation 13/20, (65%)
Supplementary Table S7). On the other hand, SM flocculation (10/20, 50%), was most consistent on
RVA positivity from all the study sites, followed by PEG (6/20, 30%), and BMFs (7/20, 35%) (Figure
2, Supplementary Table S7). However, there was no significant difference among concentration
methods
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Figure 1. HAdV: Comparison of viral concentration methods for the detection in wastewater by site
based on the cycle threshold of 32.
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Figure 3. HAdV (A ) and RVA (B); Analysis of the difference in the positivity of using Tukey’s HSD
on ANOVA on the four study sites namely: Chelstone (C), Mass media (MM), Kaunda square (K),
Manchinchi (M).

4. Discussion

We investigated the presence of HAdV and RVA in wastewater as an alternative method for
supplementary surveillance of enteric pathogens. To our knowledge, this is the first report of RVA
and HAdV detection from wastewater in Zambia and this may set a basis for employing viral
pathogen investigation in sewage and as a potential environmental surveillance strategy for other
pathogens.

Our objective, was fulfilled by screening 20 untreated wastewater samples from four sites in five
weeks, of which 18 and 14 were positive for HAdV and RVA respectively, resulting in a prevalence
of 90% (18/20) and 70% (14/20), respectively. The results are consistent with the global trend which
showed that HAdV is more prevalent in wastewater than RVA [5]. Notably the prevalence for HAdV
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was higher than those that were obtained in other African countries like South Africa (64%), Morocco
(45.5%), and Egypt (67%) [3,7]. However, when compared with other regions outside Africa such as
Brazil (100%), Norway (92%), Michigan (99%), and Greece (92.3%) the prevalence for HAdV was
lower [1,3]. This variance could be attributable to differences in the intervention strategies, sampling
and detection methods [24,25].

With regard to RVA, the prevalence (70%) fell within the global prevalence of RVA of 38%-67%
[10], hence this is a significant finding because diarrhea-associated death is among the major health
problems globally. Furthermore, recent reports have shown that one in every 260 children born dies
from RVA-associated infections [10,18]. Detection of RVA, a regularly implicated acute
gastroenteritis-causing pathogen in the young population, is critical in developing effective control
measures in communities. By conducting virus surveillance in wastewater to identify high-risk areas,
the negative public health impact may be mitigated. The high prevalence of RVA detected in our
study suggests that considerable effort is necessary to improve the current RVA control interventions
that are being employed in communities.

The high level of detection of these two enteric viruses in wastewater is an indication that
surveillance of wastewater is critical in assessing the effectiveness of current interventions and in
identifying areas for potential outbreaks occurrence. Therefore, surveillance of wastewater is
essential in understanding how prevalent these pathogens are in the communities. This is important
because HAdV and RVA are among the most implicated enteric viruses that cause respiratory
infection and acute gastral enteritis in children, respectively [3,10].

We compared three viral concentration methods for wastewater analysis. All the methods were
effective for the viruses under investigation. With regard to the cost associated with these methods,
SM and PEG may be recommended for routine surveillance in resource limited settings. Nonetheless,
BMFS and SM were the favoured for HAdV, while SM flocculation was the most effective for RVA.
While some studies have suggested that PEG precipitation was an effective viral concentration
method, it was the least effective in our study [2,26,27]. In addition, other viral concentration method
such as ultracentrifugation have been reported to be effective in wastewater viral concentration [24].

We also compared the number of positives per site and our study revealed that viral shedding
differed by site. This suggests that more interventions may be employed in areas service by
Manchinchi and Kaunda square treatment sites. The differences in sites emphasizes the need for
targeted surveillance of enteric pathogens in wastewater when identifying potential risk areas [11,28].
This is critical in guiding policy towards the control of pathogenic enteric and other related public
health illnesses in Zambia.

5. Conclusions

The demonstration of HAdV and RVA in Zambian wastewater has been reported for the first
time in this investigation. The approaches should be harnessed and utilized to track wastewater-
borne pathogens as well as identification of potential risk areas for enteric virus outbreaks.

6. Patents
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