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Abstract 
Salivirus (SalV), a member of the Picornaviridae family, is 

a novel virus associated with acute gastroenteritis. In 

Zambia, its prevalence and genetic diversity remain un- 

characterized. We analyzed 87 raw wastewater samples 

from 12 sites in the Copperbelt and Eastern Provinces 

using next-generation sequencing. SalV was detected 

in 43.7% of samples, with 42.1% yielding full-length 

open reading frames. 

 

Phylogenetic analysis revealed that all sequences be- 

longed to genotype A2, closely related to human-de- 

rived strains. SalV sequences from both provinces be- 

longed to genotype A2, and were closely related to a 

previous strains detected in humans. 

 

To our knowledge, this is the first report of Salivirus 

genotype A2 detection in raw wastewater in Zambia 

highlighting the need for environmental surveillance to 

monitor enteric pathogens. 

 

Keywords: Salivirus, wastewater surveillance, phy- 

logenetic analysis 

 

Introduction 
Salivirus, formerly klassevirus, (family Picornaviridae), 

was first detected in pediatric gastroenteritis samples 

in 2009 (1). The Picornaviridae comprises 12 genera 

of human and animal non-enveloped viruses includ- 

ing enterovirus, Aichivirus, Parechovirus, Cosavirus, 

and Saffold virus. The genus Salivirus (SalV) has a sin- 

gle species; Salivirus A that has 2 genotypes, Salivirus 

A1 and Salivirus A2 (2). Salivirus has a linear genome 

whose open reading frame encodes for three structural 

proteins (VP0, VP1, and VP3) (3). Since its first iden- 

tification, SalV has been detected in river water, sewage 

(4), humans (5)and primates (3). SalV has also been 

detected in stool (6) or sewage (7) and respiratory (8) 

specimens. SaIV has beein implicated in cases of acute 

gastroenteritis (8,9). 

 

In Africa, SalV has been reported in children in Tuni- 

sia and Nigeria (10). There is evidence suggesting that 

some cases of enteric infection may arise from unrec- 

ognized causative agents that may include SalV. The 

virus has been associated with instances of acute gas- 

troenteritis (11) (2) (12) (13). Studies have not yet 

demonstrated the significance of Salivirus in altering 

the course of clinical disease, however, the continued 

association of SalV with clinical disease has raised con- 

cern about its role in these conditions (14). 

 

Diarrhea is a common cause of morbidity and mortal- 

ity in Zambia. There are many factors that affect the 

outcomes of diarrheal cases especially in children under 
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5 years. An understanding of the causative complex of 

organisms and environmental factors can significantly 

improve the outcome of cases. These factors include 

age, immunity, as well as co-infecting organisms (15). 

It is therefore important that as many factors at play are 

identified and appropriate measures taken. One such 

source of identifying co-infecting organisms is waste- 

water. 

 

This abundance of many potential pathogens in waste- 

water necessitates the need to understand their public 

health significance. In this study, we investigated the 

presence of important SaIV in raw, untreated sewage 

influent on the Copperbelt and Eastern provinces of 

Zambia. 

 

Methods 
2.1 Sample collection and Viral Concentration 

A total of 87 raw wastewater samples were collected 

from various sites in the Copperbelt (Ndola, Kitwe, 

Luanshya) and Eastern (Chipata) Province of Zambia 

(Fig. 1). Sampling was conducted at the same time of 

the day in all sites according to guidelines issued by 

the water utility companies. A composite-grab waste- 

water sample was collected at 15-30-minute intervals 

and aliquoted into sterile pre-set sampling bottles. 

Samples were assigned a unique ID with information 

such as sampling location, volume, temperature, pH, 

time and date, recorded for each sample. The samples 

were transported at 4oC in a mobile refrigerator to the 

laboratory for processing as previously described [17]. 

The Bag-mediated filtration system (BMFS) was used 

to concentrate the samples following collection while 

Skimmed milk flocculation and Polyethylene glycol 

(PEG)/Sodium chloride precipitation were used fol- 

lowing transportation to the laboratory. 

 

2.2 Total RNA Assay measurement and 

quantification 

Viral RNA was extracted from concentrated samples 

using the MagMAX viral isolation kit (Applied Bio- 

systems, Foster City, CA) on Kingfisher Flex 96 Deep- 

well magnetic particle processor (Thermo-Fisher Sci- 

entific, USA) according to manufacturer’s instructions. 

Briefly, 200 µL of concentrated sample was mixed with 

265 µL of lysis/binding solution, followed by addition 

of 20 µL of bead-mix. The mixture was incubated, su- 

pernatant discarded and the remaining beads washed 

twice with wash buffer. Samples were eluted in 50 µL 

of elution buffer and stored at -80 °C until further pro- 

cessing. RNA was quantified using Qubit fluorometer 

while RNA integrity was measured by the TapeStation 

4200 with a High Sensitivity RNA Screen Tape (Agi- 

lent Technologies, Santa Clara, CA). 

 

 

Figure 1. Map showing sampling sites for (A) Copperbelt 

and (B) Eastern Provinces of Zambia. The red pins with 

black circles represent eight sampling sites with nine and 

seven collections while the black pin with a light-yellow 

circle represent one site with one collection (16). 

 

2.3. cDNA synthesis and Next-Generation 

Sequencing 

cDNA synthesis and Library preparation were per- 

formed using the Respiratory Virus Oligo Panel v2 kit 

following the Illumina RNA Prep with Enrichment 

kits, which leverage bead-linked transposomes technol- 

ogy paired with fast enrichment (Illumina, San Die- 

go, CA, USA). The automated Hamilton microlab 96 

was used during sample processing and amplification 

was done on the ABI 7500 fast and the Quant studio 

7. Synthesized DNA was quantified using a Qubit 4 

fluorometer while DNA libraries were assessed on the 

TapeStation Agillant 4200. Library normalization was 

performed using the Qubit fluorometric quantification 

(ThermoFisher Scientific, Waltham, MA, USA). The 

starting concentration of 4nM pooled was prepared. 

For genomic sequencing, a 2nM pool (30µl) was used 

for loading in the Illumina NextSeq 2000 HT instru- 

ment through a P300 cycle cartridge loaded with a P2 

flow cell. A customized version of the DRAGEN soft- 

ware was used for cluster generation using a pool of 

primer cocktail. 

Sequence processing, assembly, and analysis for viral 

and variant detection was carried out using the cus- 

tomized DRAGEN Microbiology cloud-based analysis 

software. Generated Fast Q files were also analysed us- 

ing a high computational local server (Linux) for in- 

house computation and verification. 
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2.4. Data analysis 

Demographic data were entered into Microsoft Excel 

version 2016. The prevalence of Salivirus in wastewa- 

ter was presented as proportions. The sequences were 

cleaned and used blastn to determine the identity. The 

Evolutionary analyses of Salivirus full coding, VP1 and 

3D regions were conducted in MEGA7 [3]. 

 

2.5. Phylogenetic analysis 

Phylogenetic analyses were performed using nucleotide 

sequences according to the neighbor-joining method 

and subjected to bootstrap analysis with 1000 repli- 

cates to determine the reliability values at each internal 

node. Evolutionary trees were constructed using the 

MEGA software. 

 

Results 
3.1 Detection of Salivirus 

Of the 87 samples, SalV was detected in 38/87 (37.9%) 

collections. Salivirus was detected in all four districts 

of Ndola, Kitwe, Luanshya and Chipata. Salivirus was 

consistently detected at most sites (11/12) through- 

out the collection period. The virus was not detected 

at Old Kanini WWTP. The virus was also detected at 

two once off sites at Ndeke SP (Copperbelt Province) 

and Gondar Barrack SP and Tecoma WWTP (Eastern 

Province). 

3.2. Molecular characterization of Salivirus 

Out of a total of 87 collections from 12 wastewater 

sites, Salivirus was amplified and detected in 11/12 

(91.7%) locations. Out of a total of 87 samples ob- 

tained during weekly collections, SalV genome was 

detected in 38/87 (43.7%). Out of the successfully 

sequenced samples, 16/38 (42.1%) yielded full coding 

regions (Table 2). The SalV sequences obtained in this 

study have been deposited in the GenBank database 

and assigned accession numbers PP943387-PP943402 

(Table 2). The full genome of SalV was used for evolu- 

tionary analysis (Figure 1). The Phylogenetic analysis 

of the 16 SalV sequences for the full CDS (Figure 2), 

VP1 (Figure 3) and 3D regions (Figure 4) showed 

similar characteristics for the Zambia cluster. The Zam- 

bian viruses aggregated into a single cluster within the 

A2 genotype separate from other previously reported 

sequenced from within and outside Africa. There was 

no segregation according to province. 

Discussion 

We detected the presence of SalV in wastewater at sev- 

eral sites in the Copperbelt and Eastern provinces of 

Zambia. The study reveals the presence and abundance 

of SalV in raw wastewater during the 10-week study 

period. The presence of the virus suggests that the virus 

is discharged into the wastewater of the respective com- 

munities of the four towns under investigation. 

Diarrhea is one of the leading causes of child death es- 

pecially in young children under 5 years in Zambia. 

 

 

 
 

 

 

 

 

 

 

 

No. Site Town Province 1 2 3 4 5 6 7 8 9 10 No. Positives 

1 Chipata Motel            Chipata Eastern +                   
8 1/8 

2 Gondar Barracks SP                         Chipata Eastern                +     

1 1/1 

3 Chipata Motel SP Chipata Eastern            +  +       
8 2/8 

4 Chipata Motel PH   Chipata Eastern +       +  +     8 2/8 

5 Chambishi SP                       Kitwe Copperbelt + +  + + + +      10 6/10 

6 Mindolo SP           Kitwe Copperbelt + 

  

+ 

  

+ 

 +

    +   +  

  

+ 

10 7/10 

7 Tecoma WWTP Luanshya Copperbelt +           
1 1/1 

8 New Kanini WWTP                     Ndola Copperbelt + +  
 +
    +  + +  + 

10 7/10 

9 Ndeke SP Ndola Copperbelt                   

  

+ 

1 1/1 

10 Nkana East WWTP                     Ndola Copperbelt +  +  +  +   +   
10 5/10 

11 Lubuto WWTP         Ndola Copperbelt + 
  
+ 

  
+   

  
+     

  
+     

10 5/10 

12 Old Kanini WWTP                         Ndola Copperbelt                     

10 0/10 

              87 38/87 

 

Table 1: The sampling sites in the four districts of Copperbelt and Eastern province and the collections and 

proportion of SaIV detected. 
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These infections include Rotavirus (17), Norovirus 

(18), Adenovirus, Salmonella, and Giardia (19). The 

existence of multiple agents in co-single infections 

makes determination of the contribution to the overall 

disease manifestation of each organism difficult. The 

finding of the current study showed for the first time 

that SaIV is circulating in communities serviced by 

these wastewater networks. Salivirus has been shown to 

have a worldwide distribution in Asia, Europe (20,21), 

USA (22), Brazil (13,23) and other African countries 

(10). The detection of SalV in nearly all the towns sug- 

gests that the virus is circulating in the community. 

Previous studies have found similar levels of the virus 

in wastewater (7,24,25). It would not be surprising if 

the worldwide distribution of SaIV could be associated 

with a significant portion of infections in children with 

diarrhea (13,26). 

 

 

 

 

 

 

Table 2 The Salivirus with full coding region from Copperbelt and Eastern province. 
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Figure 2: Phylogenetic analysis of nucleotide alignments based on the SalV full coding region (7073bp) detected 

in Copperbelt and Eastern province of Zambia inferred using the Neighbor-Joining method [1]. The Tree depicts 

the cluster of Zambia viruses among the A2 viruses. Some strains with less than the full coding regions were not 

included in the tree. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary 

distances used to infer the phylogenetic tree. 
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Figure 3: Phylogenetic analysis of nucleotide alignments based on the SalV VP1 region (828bp) detected in Cop- 

perbelt and Eastern province of Zambia inferred using the Neighbor-Joining method [1]. The Tree depicts the clus- 

ter of Zambia viruses among the A2 strain viruses region from Uganda, Europe and Asia.The tree is drawn to scale, 

with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. 
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Figure 4: Phylogenetic analysis of nucleotide alignments based on the SalV 3D region (1416bp) detected in 

Copperbelt and Eastern province of Zambia inferred using the Neighbor-Joining method [1]. The Tree shows the 

cluster of Zambia viruses among the A2 strain viruses from Uganda, Europe and Asia. The tree is drawn to scale, 

with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. 
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Previous reports of SalV from Africa (Tunisia) and oth- 

er parts of the world identified genotype A1(10) . This 

study identified genotype A2 as the predominant geno- 

type. Based on the entire coding region, the virus forms 

a distinct cluster within the genotype A2 group viruses. 

It remains to be established whether the presence of A2 

signifies a higher risk of infection or disease in humans. 

So far there have been no reports comparing the differ- 

ence in infectivity or pathogenicity of the genotypes A1 

and A2. Therefore, the significance of SalV detected in 

cases of infections in the community requires further 

investigation. 

 

There is sufficient evidence to support the importance 

of salivirus in human infections. Previous studies have 

demonstrated an association of SalV with other enteric 

viruses such as Norovirus and Rotavirus (27). In gen- 

eral, whether SalV aggravates diarrhea in affected in- 

dividuals remains to be determined through investiga- 

tion of the virus in cases of diarrhea. The abundance of 

the virus in wastewater suggests an intimate closeness 

of the virus with humans inhabiting the communities 

in the sewer shed. The virus is released through feces of 

infected individuals in the community resulting in the 

presence of the virus in wastewater. 

 

Until now, the involvement of SaIV in these infections 

has not been determined. A handful of studies that 

have attempted to establish the role of SaIV in disease 

causation have been conducted (28,29). Our study, like 

many other previous reports have focused on the detec- 

tion of SaIV in new areas where the virus has not been 

reported before and therefore little is known regarding 

the involvement of the virus in disease (10,30,31). 

 

The study had limitations that included a short 10- 

week period of investigation. A longer period of study 

would provide more information regarding the season- 

ality of the virus in the environment (32). The preva- 

lence of the virus in the communities serviced by these 

sewer watersheds remains to be established. The work 

is based on wastewater samples in absence of infor- 

mation regarding the presence or extent of the virus 

distribution in the population of interest. This can be 

achieved by investigating the presence of the virus in 

clinical specimens submitted for other diarrhea-relat- 

ed cases of diagnosis. For instance, a larger sample size 

comprising cases of diarrhea would help establish the 

true extent of the involvement of SalV. 

 

However, the detection of SalV is a confirmation of its 

existence in the wastewater and therefore possible ex- 

posure to the population in the two provinces of Zam- 

bia. This finding highlights the importance of con- 

ducting further studies on SalV to better understand 

the molecular epidemiology, geographical distribution, 

immunity and etiological role in human enteric diseas- 

es and outbreaks with unknown etiology. 

 

Conclusions 

This is the first report of SalV genome detection in raw 

wastewater in Zambia. The data reveals widespread cir- 

culation of SalV in most of the sites on the Copperbelt 

and Eastern provinces. The presence of SaIV in waste- 

water strongly suggests the circulation of the virus in 

the community. It is possible that SalV plays an im- 

portant role in the illness associated with diarrheal dis- 

eases in especially in children. Therefore, clinical and 

routine testing for SalV would reveal the extent and 

significance of SalV as a contributor to illnesses in the 

community. 
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