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a b s t r a c t   

Viral enteric pathogens remain an important cause of diarrhoeal outbreaks among children in sub-Saharan 
Africa (SSA). Consequently, diarrhoeal illness remains a significant cause of morbidity and mortality in the 
under-fives in SSA. These outbreaks associated with viral pathogens tend to be seasonal and early warning 
systems for impending outbreaks could be very crucial for triggering preventive public health response and 
building public health resilience to deal with increased demand for medical services. Wastewater sur
veillance for pathogens is an important epidemiological component that could inform early warning sys
tems. The objective of this rapid review was to evaluate the use of wastewater for epidemiology surveillance 
of enteric viral pathogens. Nine studies met the inclusion criteria. Eight viral pathogens were reviewed and 
analysed from 6 countries that performed wastewater analysis. Six studies explored the epidemiologic 
significance of viral pathogens in wastewater. The findings of this review revealed that monitoring of 
wastewater can provide an additional tool to determine the epidemiology of viral pathogens circulating in 
the community thereby providing early warning of potential outbreaks using wastewater-based epide
miology methods. Five of the included studies revealed the occurrence of viral pathogens in raw sewage and 
treated wastewater as an indication of inefficient elimination of viruses leading to potential release into 
water sources which presents a public health risk, increasing the risk of inducing gastroenteritis in the 
population. Six studies revealed the need for public health authorities to realise the potential benefit of 
environmental surveillance (ES) as an additional tool to determine the epidemiology of viral pathogens 
circulating in each community. Despite the significant public health challenge associated with enteric viral 
pathogens in sub-Saharan Africa, there remains remarkable underinvestment in potentially epidemiologi
cally beneficial research, including wastewater-based epidemiology for these infections. 
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Introduction 

Viral pathogens remain an important cause of infectious diseases 
outbreaks in sub-Saharan Africa (SSA) [1]. In particular, enteric pa
thogens with a tendency to epidemic diarrhoeal outbreaks in young 
children are common, causing significant outbreaks in this popula
tion [2,3]. Consequently, the diarrhoeal illness remains a significant 
cause of morbidity and mortality in the under-fives in SSA [4], and 
together with acute viral respiratory illnesses contribute sig
nificantly to disease burden and consumption of a sizeable amount 
of public health resources [2]. The World Health Organisation (WHO) 
estimates that there are approximately 1.7 billion cases of diarrhoea 
in children, with 525,000 deaths in under-fives [5], the majority of 
which are preventable through the provision of safe drinking water 
and adequate hygiene and sanitation. Whilst bacterial pathogens 
such as Escherichia coli and Shigella species are significant aetiolo
gical agents, Rotavirus is the leading cause of acute watery diarrhoea 
in children in low-to-middle income countries, even despite the 
availability of rotavirus vaccination [5,6]. 

The outbreaks associated with viral pathogens tend to be sea
sonal [7,8], and early warning systems for impending outbreaks 
could be very important for triggering preventive public health in
terventions and contribute to public health sector capacity to deal 
with increased demand for healthcare [9]. Surveillance for patho
gens in wastewater/sewage is an important epidemiological com
ponent that could inform early warning systems, and inform 
community infection trends for enteric or genitourinary pathogens  
[9]. It has been observed that the concentration of some pathogens 
in wastewater in communities with well-developed reticulation 
systems closely mirrors community infection trends [10–12], and 
hence could serve as a useful adjunct to traditional surveillance 
systems such as active case finding and sentinel surveillance. This 
could be more important in resource-limited settings or commu
nities where access to healthcare services is limited for socio
economic reasons. Hence, in Africa where substantial proportions of 
the population are economically disadvantaged, wastewater sur
veillance could be utilized to inform the public health system. 

In a previous review of the utilization of wastewater surveillance 
for the severe acute respiratory syndrome coronavirus 2 (SARS-CoV- 
2) in Africa, we noted this to be poor, retrieving a meagre 8 studies, 
of which only four were primary studies, and mainly in South Africa  
[13]. To take stock of the utilization of wastewater surveillance for 
enteric viral pathogens in SSA and adequately inform public health 
of the level of utilization and need for further studies, we undertook 
a systematic review. Our main objectives were to determine the viral 
pathogens for which wastewater surveillance has been utilized in 
SSA, the sources of the wastewater, the types of the analyses that 
were done and the uses to which the results were put. 

Methodology   

a. Information sources and literature search 
We searched PubMed, Google Scholar, SCOPUS, and the World 
Health Organization library databases for relevant studies. The 
key search terms included “Wastewater”, “Waste water”, 
“Sewage”, “Sewer”, “Environmental”, “Surveillance”, “Disease”, 

“Feces”, "wastewater-based epidemiology", "Environmental sur
veillance", “Environmental Epidemiology ”, “Wastewater 
Surveillance ”, "Environmental Monitoring", "Wastewater 
Monitoring", “Viral Pathogens” and “Virus”. All database searches 
were conducted from 10t to 13 January 2022. Due to the rapid 
nature of this review, a modified Population, Intervention, 
Control and Outcomes (PICO) framework informed the develop
ment of the search strategy to ensure that the boundaries of the 
research question were clearly defined: 
Search # 1 – Population (Studies conducted in African Countries), 
Search # 2 – Intervention ~ the environmental matrix of interest 
(Wastewater-based surveillance, role in management / mon
itoring of viral pathogens) 
Search # 3 – Outcomes (the utilization of, acceptability of, and 
significance of wastewater-based surveillance in the manage
ment/ monitoring of viral pathogens). 
The reference lists of all full-text articles screened were searched 
for relevant studies.  

b. Study selection and inclusion criteria 
We searched for reports and primary research studies. The re
view included studies conducted within Africa that described the 
utilization of wastewater surveillance for viral pathogens.  

c. Screening process 
We developed a screening criterion a priori for each of the three 
stages, title and abstract and full text. Two researchers screened 
the articles independently. Differences in screen results at the 
full-text stage were resolved by discussion. Covidence, an online 
tool for conducting various types of reviews (www.covidence. 
org) was used to review the titles and abstracts for inclusion/ 
exclusion based on the criteria described in the modified PICO 
framework. Next, articles were single screened during full text 
using the same inclusion/exclusion criteria.  

d. Data abstraction and synthesis 
A data abstraction form was developed, discussed, and revised a 
priori. Data extraction was completed using the following end
points: [1] country; [2] study aim; [3] study design (if applic
able); [4] description of wastewater surveillance methods [5] 
sources of water surveilled [6] pathogens investigated [7] key 
findings any other significant findings—; two reviewers ab
stracted data from the included studies. For collating, summar
izing, and reporting the findings, first, the reviewers familiarized 
themselves with the content of the articles. Second, findings re
ported in the papers were grouped into categories based on the 
reported findings, and a narrative was provided. 

Results 

Our initial keyword database search found 1398 potentially eli
gible articles. Following title screening, 126 articles were eligible for 
inclusion in abstract screening. These articles were imported into 
Convidence and 13 duplicates were removed, leaving 113 articles 
included in the abstract screening. Eighty-one studies were excluded 
following abstract screening, leaving 32 articles for full-text 
screening. Twenty-three articles (Supplementary File 1) were ex
cluded after full article screening, leaving nine articles for data ex
traction (Supplementary File 2). Of the excluded articles 18 were 
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conducted outside Africa, two were review articles and three did not 
report on the utilization of wastewater surveillance for viral patho
gens. More details are presented in Fig. 1. 

Fig. 1: Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) flow chart.  

a) Characteristics of included studies 
Of the nine articles included in the study, three were from Tunisia  
[14–16], two from Nigeria [17,18], and one each from Senegal [19], 
Uganda [20], South Africa [21], Egypt [22]. Three were cross- 
sectional studies, and six experimental studies. More details are 
presented in Supplementary File 2.  

b) Study findings  

i. Testing methodologies and pathogens investigated 
The studies reviewed analyzed the occurrence of rotavirus  
[16,18,20], norovirus [15,18,21], poliovirus [17], enterovirus  
[19,20], adenovirus [20], hepatitis A [14,20], aichi virus and 
human bocavirus [22], in wastewater. In three studies that were 
conducted in Tunisia [16], Uganda [20] and Nigeria [18], sewage 
samples were used to determine the viral load, genomics, and 
comparing strains of rotaviruses in clinical, animal, and en
vironmental samples. Two other studies conducted in Tunisia  
[15] and South Africa [21] assessed wastewater for norovirus 
variants. In another study in Nigeria [17], raw flowing sewage 
samples were shipped at 4 °C to a polio laboratory for con
centration to survey for poliovirus. Studies aimed at evaluating 
the complex enterovirus circulation patterns and quantification 
in human populations have been conducted in Senegal [19] and 
Uganda [20]. A cross-sectional study conducted in Tunisia as
sessed the occurrence of hepatitis. In six of the studies  
[14–16,20–22], the viral pathogens were extracted from waste
water treatment plants (WWTP). The other three studies con
ducted in Nigeria [17,18] and Senegal [19] collected and analyzed 
sewage samples collected using the grab method and processed 
following the World Health Organization (WHO) guidelines [23]. 

Seven of the studies [14–16,18–21] utilized reverse transcriptase- 
polymerase chain reaction (RT-PCR) extraction methodology. In 
an experimental study conducted to determine the distribution 
of G and P types of group A rotaviruses (RV-A) using RT-PCR in 
sewage samples in Tunisia utilized a one-step kit TaqMan RNA- 
to-CT (Applied Biosystems, Foster City, CA) [16]. A multi-country 
study that included Senegal [6] utilized a qScript XLT qPCR 
Toughmix system (Quantabio) in a Rotor-Gene Q instrument 
(Qiagen) extraction methodology. In Nigeria, Motayo et al. [18] 
used a total RNA purification kit and SCRIPT cDNA synthesis kit 
(Jena Bioscience® GmbH, Germany) for extraction. For the study 
conducted in South Africa [21], norovirus extraction was done 
using norovirusGI@ceeramTools and norovirusGII@ceer
amTools™ kits (Ceeram S.A.S, La Chapelle sur Erdre Cedex, 
France). A cross-sectional study conducted in Nigeria [17] char
acterized poliovirus using a 2-phased separation method. 
Shaheen et al. [22] conducted conventional PCR using QIAamp 
Viral RNA and DNA kits (Qiagen, Inc., Valencia, CA, USA).  

ii. Viral pathogens in Wastewater: Epidemiological Significance and 
Environmental Risks 
Six studies explored the epidemiologic significance of viral pa
thogens in sewage and wastewater [15,16,18–21]. Although not 
supported by study findings, five studies [15,16,19–21] suggested 
that monitoring of sewage and wastewater can provide an ad
ditional tool to determine the epidemiology of viral pathogens 
circulating in the community thereby providing early warning of 
potential outbreaks using wastewater-based epidemiology 
methods. In a prospective analysis of sewage from five states in 
Nigeria [18], all the rotavirus genotypes detected were linked to 
genotypes that have caused outbreaks in Nigeria. The same study 
went on to further highlight the importance of wastewater mo
lecular epidemiology of rotavirus in the identification of emer
ging rotavirus strains to augment rotavirus disease prevention 
and control. 
Five studies argued the occurrence of viral pathogens in raw 
sewage and treated wastewater as an indication of inefficient 

Fig. 1. PRISMA flow diagram.  
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elimination of viruses from sewage leading to potential release 
into water sources which presents a public health risk  
[15,16,20–22]. In studies conducted in Tunisia, Hassine-Zaafrane 
et al. [15,16] found numerous rotavirus and norovirus (NoV) 
strains that were not efficiently eliminated by the sewage 
treatment process with chances of it spreading to surface waters 
increasing the risk of inducing gastroenteritis in the population. 
A study in South Africa [21] revealed that the presence of NoVs in 
effluent water samples is suggestive of inefficient removal of 
potentially harmful pathogens. In Uganda, effluent from the 
wastewater treatment plant appeared to impact surface water, as 
samples taken from surface water downstream of the treatment 
plant had higher viral concentrations of adenovirus, enterovirus, 
rotavirus, and hepatitis A than samples taken upstream.  

iii. Gaps revealed from included studies 
Six studies [16,20–22] revealed the need by public health au
thorities to realise the potential benefit of environmental sur
veillance (ES) as an additional tool to determine the 
epidemiology of viral pathogens circulating in each community. 
A study in Nigeria [17] revealed that environmental surveillance 
is still constrained to poliovirus high-risk states with its national 
expansion subject to viral epidemiology, laboratory capacity and 
financial support. Continuous monitoring of wastewater can 
contribute to learning about pathogens circulating in a popula
tion. A study in South Africa [21] showed that at least 16 nor
ovirus genotypes were circulating in the Free State and Gauteng 
provinces. In another study, Beji-Hamza et al. detected five un
ique variants of hepatitis A that had not been previously reported 
in clinical cases [14]. The detection of viral pathogens in post- 
treatment effluent and downstream water sources [15,16,20–22] 
calls for the urgent need to add viral parameters to water quality 
surveillance as most people in low-income countries live in in
formal settlements with no proper sanitation and clean running 
water where contaminated surface waters are a public 
health risk. 

Discussion 

This systematic review revealed a significant paucity of waste
water surveillance studies in sub-Saharan Africa, retrieving only nine 
studies, of which only three were primary cross-sectional studies, 
and four were reviews. This is the first notable significant gap, which 
places limitations on the synthesis of the studies. Additionally, out of 
the whole of sub-Saharan Africa, the retrieved studies were from six 
countries, namely Egypt, Uganda, Tunisia, South Africa, Senegal and 
Nigeria. Despite the significant public health challenge associated 
with enteric viral pathogens in sub-Saharan Africa, there remains 
remarkable underinvestment in potentially epidemiologically ben
eficial research, including wastewater-based epidemiology for these 
infections. A similar rarity of primary studies was noted in a previous 
rapid review of the utilization of SARS-CoV-2 wastewater surveil
lance in Africa [13]. 

The studies reviewed investigated wastewater for the presence of 
rotavirus, norovirus, poliovirus, enterovirus, adenovirus, hepatitis A 
virus, achivirus and human bocavirus. Amongst these, rotavirus has 
the greatest public health significance due to its aetiological role in 
acute watery diarrhoea in under-fives [6], and the resultant mor
bidity mortality. Detection of community infection trends of rota
virus through wastewater surveillance would therefore be 
informative for public health; unfortunately, only two [16,18] of the 
retrieved studies examined its presence. Hepatitis A virus, norovirus, 
enterovirus and adenovirus also remain with relative public health 
significance. On the other hand, poliovirus is generally near-eradi
cated or eradicated in most countries, and cases of acute flaccid 
paralysis have been low. However, of late there have been reports of 
some cases in Malawi, which would necessitate all forms of 

surveillance for early detection of the virus and mitigation against 
the serious morbidity associated with the disease. 

According to our current review, a variety of methods were used 
for viral genome extraction, PCR and sequencing. Whilst in six of the 
studies [14–16,20–22], the viral pathogens were extracted from 
wastewater treatment plants (WWTP), three studies conducted in 
Nigeria [17,18] and Senegal [19] collected and analyzed sewage 
samples collected using the grab method. Both collections points can 
be used in well-developed urban communities that have modern 
reticulation systems emptying into a common point. However, in 
most of sub-Saharan Africa, including Zimbabwe, most rural areas 
lack such infrastructure hence community ablution facilities at 
points such as schools, shopping points and churches could be in
vestigated for utility for wastewater surveillance. The commercial 
extraction (NucliSens, Jena Bioscience, Qiagen) and nested/semi- 
nested PCR (Quantibio, norovirusGIIceeramTools) methods used can 
be applied in other SSA countries riding upon already existing po
liovirus surveillance programs. However, further localised cost per 
test studies are needed to evaluate the cost-effectiveness in the 
context of long-term public health surveillance. 

The clinical significance of the detection of viral pathogens is a 
bone of contention. There remains an argument that the detection of 
these pathogens in water indicates inefficient elimination. In com
munities with poor infrastructure and frequent leakage of raw 
sewage in the streets, the presence of the pathogens could serve as a 
source of contamination of water and food sources, triggering diar
rhoeal diseases outbreaks. This may also affect toddlers who fre
quently play in the streets. Therefore, apart from indicating the 
community infections trends with the viral pathogens, the presence 
of these viruses in sewage could pose public health hazards. More 
examinations into the viability and pathogenic potential of viral 
pathogens in wastewater or sewage are therefore indicated. 
However, the major significance of detecting viral pathogens in 
wastewater could be the triggering of early warning systems and 
informing public health preparedness and response. Resource-lim
ited settings in sub-Saharan Africa need to continue extensively 
exploring the utility of wastewater surveillance for viral pathogens 
as a way of detecting outbreaks or impending outbreaks early and 
instigating adequate preventive measures to mitigate against over
whelming diarrhoeal disease outbreaks, This is important as many of 
these communities remain with limited capacity and resilience to 
deal adequately with large scale disease outbreaks, with resultant 
excess avoidable morbidity and mortality, which further strains 
scarce resources. 

Conclusion 

This review reveals serious gaps in the utilization of wastewater 
surveillance in Africa, and a paucity of studies to conclusively de
termine its utility. There is, therefore, need for more primary studies, 
and an investment in testing capacity to enable appropriate diag
nostics. Due to its limitations in interpretation, wastewater surveil
lance may not be used in isolation, but must be utilized and 
interpreted in the context of other aspects of surveillance, including 
testing and treating of active cases, active case finding and sentinel 
surveillance. Together, these can provide more robust information 
regarding the epidemiology of enteric viral pathogens in commu
nities. Despite that fact that wastewater is proven to contribute to 
identification of viral enteric pathogens linked to outbreak, little is 
known about most African countries effort to include wastewater 
surveillance among the epidemiological surveillance activities. 
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