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Abstract

Childhood morbidity and mortality of diarrhoeal diseases are high, particularly in low-income
countries and noroviruses and sapoviruses are among the most frequent causes worldwide.
Their epidemiology and diversity remain not well studied in many African countries. To
assess the positivity rate and the diversity of sapoviruses and noroviruses in Northwest
Ethiopia, during November 2015 and April 2016, a total of 450 faecal samples were collected
from outpatient children aged <5 years who presented with diarrhoea. Samples were screened
for noroviruses and sapoviruses by real-time RT-PCR. Partial VP1 genes were sequenced, gen-
otyped and phylogenetically analysed. Norovirus and sapovirus stool positivity rate was 13.3%
and 10.0%, respectively. Noroviruses included GII.4 (35%), GII.6 (20%), GII.17 (13.3%),
GII.10 (10%), GII.2 (6.7%), GII.16 (5%), GII.7 (3.3%), GII.9, GII.13, GII.20 and GI.3 (1.7%
each) strains. For sapoviruses, GI.1, GII.1 (20.0% each), GII.6 (13.3%), GI.2 (8.9%), GII.2
(11.1%), GV.1 (8.9%), GIV.1 (6.7%), GI.3 and GII.4 (2.2% each) genotypes were detected.
This study demonstrates a high genetic diversity of noroviruses and sapoviruses in
Northwest Ethiopia. The positivity rate in stool samples from young children with diarrhoea
was high for both caliciviruses. Continued monitoring is recommended to identify trends in
genetic diversity and seasonal variations.

Introduction

Gastroenteritis causes the second greatest burden of all infectious diseases worldwide. The
brunt of severe outcomes of diarrhoeal disease falls in low-income countries [1]. Globally,
almost one-fifth of all cases of acute gastroenteritis are norovirus-induced and an estimated
212 000 annual deaths are norovirus-related [2]. Similarly to noroviruses, sapoviruses are
detected worldwide and are ranked second to fourth as the major viral pathogens among
patients with sporadic gastroenteritis [3].

Sapoviruses and noroviruses belong to the family of Caliciviridae, naked viruses with
positive-sense single-stranded RNA genome. The genome of sapoviruses is organised into
two open reading frames (ORF1 and ORF2). The large ORF1 encodes the non-structural pro-
teins and the major virus capsid protein of the virus (VP1). The small ORF2 encodes the
minor capsid protein (VP2) [3]. The genome of noroviruses is organised into three ORFs
(ORF1–ORF3). The large ORF1 encodes the non-structural proteins. The smaller ORF2
and ORF3 encode the VP1 and the VP2, respectively [4].

Both caliciviruses affect humans and animals and show extensive genetic diversity. Based
on the VP1 gene, sapoviruses and noroviruses are phylogenetically classified into 15 (GI–
GXV) and nine (GI–GIX) genogroups, respectively. Each of which can be subdivided into gen-
otypes [3, 5, 6]. Human pathogenic sapovirus strains are assigned to four genogroups and
belong to at least 18 genotypes (GI.1–GI.7, GII.1–GII.8, GIV.1, GV.1 and GV.2) [5].
Norovirus genogroup GI, GII, GIV, GVIII and GIX (formerly GII.15) infect humans.
Within the most frequent human pathogenic norovirus genogroups, GII and GI, at least 22
and 9 genotypes have been detected, respectively [6–8].

Several norovirus vaccines are currently in development [9]. As acquired norovirus immun-
ity is mainly genotype-specific [10], the success of vaccine formulations will substantially
depend on the accurate selection of included norovirus genotypes. Thus, solid knowledge of
norovirus diversity in the different areas of the world is indispensable. Infants and young chil-
dren in low- and middle-income countries should be among the primary targets for anti-
norovirus vaccination [11]. However, information regarding the impact and epidemiology of
noroviruses in African countries remains limited [12, 13]. As the clinical symptoms of noro-
virus and sapovirus gastroenteritis are indistinguishable [3], estimates of the impact of sapo-
virus infections are important to precisely define the role of norovirus in severe paediatric
gastroenteritis.
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To further our knowledge on the epidemiology of both calici-
viruses in Sub-Saharan Africa, the present study aimed to exploit
the stool positivity rate and genetic diversity of sapoviruses and
noroviruses among outpatient infants and young children with
diarrhoea in Northwest Ethiopia.

Materials and methods

Sample collection

During rotavirus surveillance, a total of 450 faecal specimens were
collected from outpatient children of <5 years of age with diarrhoea
at two sampling sites, Gondar and Bahir Dar, inNorthwest Ethiopia
from November 2015 to April 2016 (Fig. 1) [14].

Viral detection and molecular characterisation

Nucleic acids were extracted from 10% stool suspensions in phos-
phate buffered saline (MagNA Pure 96 DNA and Viral NA Small
Volume Kit, Roche, Germany) and screened for the presence of
GI, GII, GIV and GV sapovirus and GI and GII norovirus RNA
by real-time RT-PCR [8, 15–18].

For sapovirus and norovirus capsid genotyping, partial VP1
genes were amplified (One-Step RT-PCR Kit, Hilden, Germany),
purified (Wizard SV Gel and PCR Clean-Up System, Promega,
Mannheim, Germany) and sequenced (BigDye Terminator v1.1
Cycle Sequencing kit and ABI 3500 Genetic Analyzer, PE
Applied Biosystems, Foster City, CA) using different primer sets.
A detailed overview of the primers and probes used in this study
can be found in the online Supplementary Table S1. Sapovirus cap-
sid genotypes were identified by phylogenetic analysis of 675–712
nucleotides of the N-terminal VP1 gene region following the
recommended classification and nomenclature [19]. Norovirus
capsid genotypes were identified based on 273–285 nucleotides
of VP1 gene region C using Norovirus Typing Tool Version 2.0
[20]. Phylogenetic trees for sapoviruses and noroviruses were
constructed based on nucleic acid sequence alignments with avail-
able reference GenBank accessions using Maximum Likelihood
method in MEGA5 software. Bootstrap analysis was performed
with 1000 replicates. The obtained sequences of the present
sapovirus and norovirus strains have been deposited in GenBank
database (GenBank accessions MK246651-MK246752).

Statistical analysis

Data were entred and analysed using the Statistical Package for the
Social Sciences (SPSS) software version 16. Categorical variables
were compared using chi-square and Fisher’s exact tests. P values
of <0.05 were regarded as statistically significant.

Ethical clearance

The Ethical Review Board of the University of Gondar approved
the research protocol. Written informed consent was obtained
from the parents or guardians of the children.

Results

Sapovirus and norovirus RNA stool positivity

Real-time RT-PCR showed sapovirus RNA in 45 (10.0%, 95%
CI 7.6–13.1%) and norovirus RNA in 60 (13.3%, 95% CI

10.5–16.8%) stool samples, respectively. In three stool samples,
co-presence of both caliciviruses was shown. Mixed infections
with wildtype rotavirus A were identified in 13 (27.2%) sapovirus
and 11 (18.3%) norovirus positive stool samples. Whereas sapo-
virus RNA was more frequently detected in samples from
Gondar (15.5%) than from Bahir Dar (5.6%) (P = 0.001), the nor-
ovirus stool positivity rate was not significantly different between
the two sampling sites. Regarding the age of children, norovirus
stool positivity rate was higher in children aged <2 years (17.4%,
P = 0.007) than in children within the third to the fifth year of
age (8.9%). In contrast, sapovirus stool positivity rate did not
vary across age. There was neither association between sapovirus
or norovirus RNA stool positivity and children’s sex, nor residence,
nor co-infection with wildtype rotaviruses (Table 1).

Genotypic distribution and phylogenetic analysis of
sapoviruses

Amplification of VP1 and subsequent genotyping was successful
in 42 (93.3%) sapovirus positive stool samples. Overall, sapovirus
RNA was detected throughout the 6 months of the sampling per-
iod (Fig. 2A). Sapovirus strains of all four known human patho-
genic genogroups, GI, GII, GIV and GV, were present in Bahir
Dar. In contrast, only GI and GII sapoviruses were detected in
Gondar. At genotype level, diversity was high at both sampling
sites and included nine different genotypes (Table 2). In GI.1,
GII.1 and GII.2 genotypes, an additional intra-genotypic diversity
was shown by phylogenetic analysis (Fig. 3A and B). In contrast,
only a single strain or very closely related strains were detected for
GI.2, GI.3, GII.4, GII.6, GIV.1 and GV.1 sapoviruses (Fig. 3).

The intra-genotypic analysis of the different GII.2 strains
revealed phylogenetic clustering of one of the present Ethiopian
GII.2 strains, Hu/ET/2016/GII.2/Gondar074, with strain Hu/
MX/1990/GII.2/MexicoCity-Mex340 and 93.2% nucleic acid
identity between the two strains (Fig. 3B). The cluster of the pre-
sent Ethiopian and the Mexican strain was clearly separated from
all other available GII.2 sequences with sufficient lengths and
showed low nucleic acid identity with all of them (82.6–84.2%).
In comparison to shorter GII.2 sequences, the highest nucleotide

Fig. 1. Map of sampling sites. Stools were sampled in the cities Gondar and Bahir
Dar, which are both situated in the Amhara National Regional State (grey) in
Northwest Ethiopia. Previous data on sapoviruses and/or noroviruses are available
from the nearby rural Goncha Siso Enese region, the capital Addis Ababa and the
city of Awassa.
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identity reached a similar level (85.1%) and was shown for sapo-
virus strain Hu/RU/2002/GII.2/Moscow-2240-RF.

Only four sufficiently long VP1 sequences of African sapovirus
strains with the same genotypes as detected in the present study
were available. Three of the strains clustered very closely with
present Ethiopian strains. First, strain Chimp/CD/2011/GI.1/
Tchimpounga from a chimp living in close contact to humans
in Republic of Congo clustered with two present GI.1 sequences
from Gondar. Second, strain Hu/KE/2006/GI.3/Siaya1927 from
Kenya was phylogenetically related to the present GI.3 strain
from Bahir Dar (Fig. 3A). Third, strain Hu/KE/2008/GII.6/
Siaya0494 from Kenya was related to all present GII.6 strains.
The fourth strain from the African region, Hu/KE/2006/GII.2/
Siaya2158 from Kenya, fell into the same cluster as most GII.2
strains of the present study, but was not very closely related
(Fig. 3B). The two available VP1 sequence fragments of GII.1
sapovirus strains from Ethiopia, Hu/ET/2016/GII.1/
GonchaSisoEnese-P5 and -P19, were too short to be included
into phylogenetic analyses and were most similar (97.5% and
98.2%) to the present strain Hu/ET/2016/GII.1/BahirDar461.

Genotypic distribution and phylogenetic analysis of
noroviruses

Genotyping was successful in all norovirus positive stool samples.
Within noroviruses, GII genogroup strains prevailed (98.3%). In
total, eleven distinct norovirus genotypes were identified, includ-
ing rare GII.9, GII.10 and GII.20 strains. At both sampling sites,
norovirus genotypes were diverse. Different noroviruses, but no
GII.4 strains, were detected in Bahir Dar. In Gondar, norovirus
detections were only detected from January to April 2016 and
were predominantly GII.4 genotypes (Fig. 2B, Table 2).

All present GII.4 sequences were identified as GII.4 Sydney
2012 variants by Norovirus Typing Tool and formed a phylogen-
etic cluster distinct from GII.4 strains detected in 2009 and 2013
in the Ethiopian cities Addis Ababa and Awassa (Fig. 3D).
Comparison to a more recent GII.4 norovirus, Hu/ET/GII.4/
2016/GonchaSisoEnese-P11, was not possible, as the available
sequencing data of the VP1 gene region C was too short. The
same applied for GII.9. Similarly to GII.4, the present GII.2 and

GII.17 strains showed no relatedness to noroviruses detected in
2009 and 2013 in Ethiopia. Neither did the present GI.3 norovirus
strain cluster with GI.3 sequences reported from Awassa in 2009
or Northwest Ethiopia in 2016. However, GII.6 and GII.10
sequences obtained during a recent study in Northwest Ethiopia
were closely related to GII.6 and GII.10 strains of the present
stool samples (Fig. 3D).

Discussion

The present study underlines the role of norovirus and sapovirus
infections in acute gastroenteritis in Eastern Africa and shows
calicivirus RNA positivity in about one-quarter of stool samples
from Ethiopian infants and young children with diarrhoea. This
value is similar to the lately assessed positivity rate of wildtype
rotaviruses in the same sample set [14]. Due to the recent intro-
duction of anti-rotavirus vaccines in Ethiopia, the relative role of
norovirus and sapovirus-related diarrhoea cases is likely to
increase in the future [21, 22]. The high number of calicivirus
and rotavirus co-infections indicates frequent exposure to viral
enteric pathogens, which may be shed for weeks after acute infec-
tion [23–25].

The present study provides the first comprehensive human
sapovirus genotyping data from Ethiopia. Consistent with previ-
ous reports from Sub-Saharan Africa [26–28], sapovirus RNA
was detected in one out of ten present stool samples.
Interestingly, sapovirus stool positivity rate significantly differed
between Gondar and Bahir Dar. The detected sapovirus strains
belonged to a variety of genotypes at both sampling sites and
showed a fluctuating monthly distribution. These results point
to local co-circulation of different sapovirus strains and frequent
sporadic infections in the area. Notably, the observed genetic
diversity may well remain underestimated as (i) three detected
sapoviruses could not be typed and (ii) the used real-time
RT-PCR approach has very recently been shown to fail to detect
some sapovirus genotypes [29].

In line with the present results, diversity of sapoviruses in
Sub-Saharan Africa was shown to be high in previous studies
[30, 31]. But sapovirus sequencing data from the African region
remains limited. Accordingly, previously reported human

Table 1. Sapovirus and norovirus positivity of stool samples

Total n (%) Sapovirus positive n (%) Norovirus positive n (%)

Sampling sites

Gondar 200 (44.4) 31 (15.5) P = 0.001 32 (16.0) P = 0.140

Bahir Dar 250 (55.6) 14 (5.6) 28 (11.2)

Age group

0 to <24 months 235 (52.2) 25 (10.6) P = 0.770 41 (17.4) P = 0.007

24 to <60 months 215 (47.8) 20 (9.3) 19 (8.8)

Gender

Female 222 (49.3) 23 (10.4) P = 0.800 32 (14.4) P = 0.350

Male 228 (50.7) 22 (9.6) 27 (11.8)

Residence

Urban 330 (73.3) 34 (10.3) P = 0.720 39 (11.8) P = 0.120

Rural 120 (26.7) 11 (9.2) 21 (17.5)
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Fig. 2. Monthly positivity rate of stool samples (PR) and distribution of sapovirus (A) and norovirus (B) genotypes in Gondar and Bahir Dar.
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sapovirus sequences from Ethiopia are restricted to one partial
polymerase gene [32] and GII.1 and GII.2 sapovirus genome frag-
ments obtained from three stool sample pools [33]. As many pub-
lished VP1 sequences from the African region are short or
scattered within the VP1 gene, the present phylogenetic analysis
was mainly based on VP1 sequencing data from other continents
and additionally included strains from Kenya and Republic of
Congo. Notably, wherever data of the present genotypes from
the African region was available, at least one of the present sapo-
viruses from Ethiopia clustered very closely or nearby. Whereas
most of the present sapovirus variants were similar to recent
strains, sapovirus Hu/ET/2016/GII.2/Gondar074 was phylogenti-
cally distant and related to an orphan GII.2 strain detected in
Mexico in 1990 [34]. Apparently, this GII.2 sapovirus variant is
rare, or may alternatively be rarely identified by commonly used
detection and/or genotyping approaches.

Noroviruses were detected at a similar frequency as sapo-
viruses in the present stool samples. Their stool positivity rate
was highest in infants and children aged <2 years, which is con-
sistent to recently reviewed data from other low-income countries
[12, 35, 36]. In agreement with previous reports from Ethiopia

[32, 37] and reviewed data from Sub-Saharan Africa [38], geno-
type diversity was high and GII noroviruses prevailed. High nor-
ovirus diversity and recurrent norovirus infections early in life
have also been shown in a recent seroepidemiological study
from an Eastern African country Uganda, which identified almost
95% positivity and responses to multiple human norovirus geno-
types by age 2 years [39].

For Ethiopia, nucleic acid sequences of six genogroup GI (GI.1,
GI.3, GI.4, GI.5, GI.6 and GI.7) and nine genogroup GII geno-
types (GII.2, GII.3, GII.4, GII.6, GII.9, GII.10, GII.12, GII.14
and GII.17) have been reported in human stool samples [32, 33,
37]. The present study confirmed seven of those genotypes
(GI.3, GII.2, GII.4, GII.6, GII.9, GII.10 and GII.17) and further-
more adds GII.7, GII.13, GII.16 and GII.20 noroviruses.
Notably, GII.3 strains considered epidemiologically important in
Ethiopia previously [37], were not detected in the present stool
samples. Strain diversity might be even higher, as polymerase gen-
otypes and therefore norovirus recombinant strains were not
assessed in the present study. Intragenotypic phylogenetic related-
ness of the present strains with noroviruses published earlier from
the country was low, except for GII.6 and GII.10 genotypes
reported from Goncha Siso Enese region in 2016 [33], i.e.
reported during the same time at a nearby sampling site.

These results point to a dynamic and diverse norovirus popu-
lation within Ethiopia, which possibly reflects an ongoing global
circulation of human noroviruses resulting in a frequent import
of pandemic strains. Such a rapid global spread was recently
described for a novel GII.17 strain [40], which was also detected
in stools from both present sampling sites. It is important to be
aware, that studies with a limited number of sampling sites,
short sampling periods and small sample sets may only capture
fragmentary snapshots of the true genetic diversity in a country.
Local circulation patterns may not reflect the nation-wide circula-
tion of the strains. The possible bias by selection of sampling sites
can be well illustrated by the results from the present two proxim-
ate sampling sites Gondar and Bahir Dar. Whereas noroviruses in
stool samples from Gondar were predominated by the globally
most prevalent genotype GII.4, this genotype was not detected
at all in samples from Bahir Dar.

Similarly to the geographical location, the sampling period
influences the results. Norovirus seasonality is less obvious in
the African regions as in the Northern hemisphere and not well
understood in East Africa [12]. The present study was restricted
to 6 months sampling during the dry and warm season.
Norovirus positivity rate and genotypes changed during that per-
iod and may well be different again during the cooler wet season.
Due to inconsistent sampling sites, sampling periods and sample
numbers, comparative analysis of the data of different studies
from one country may fail to estimate the true genetic diversity
and dynamics of norovirus epidemiology in time. Standardised
continuous monitoring of circulating norovirus strains in an
increased number of samples at multiple sampling sites would
be necessary to reduce the bias.

In conclusion, sapovirus and norovirus stool positivity in
young children with diarrhoeal disease is high in Northwest
Ethiopia. Genetically diverse caliciviruses are co-circulating and
may vary in time and between proximate sites. Continuous mon-
itoring will be important to provide profound data on the
dynamic calicivirus epidemiology and diversity in Ethiopia.

Table 2. Sapovirus and norovirus genotypes per sampling site

Gondar n (%) Bahir Dar n (%) Total n (%)

Sapovirus 31 (49.2) 14 (33.3) 45 (42.9)

GI.1 8 (25.8) 1 (7.1) 9 (20.0)

GI.2 4 (12.9) 0 4 (8.9)

GI.3 0 1 (7.1) 1 (2.2)

GII.1 7 (22.6) 2 (14.3) 9 (20.0)

GII.2 5 (16.1) 0 5 (11.1)

GII.4 1 (3.2) 0 1 (2.2)

GII.6 4 (12.9) 2 (14.3) 6 (13.3)

GIV.1 0 3 (21.4) 3 (6.7)

GV.1 0 4 (28.6) 4 (8.9)

Untypable 2 (6.5) 1 (7.1) 3 (6.7)

Norovirus 32 (50.8) 28 (66.7) 60 (57.1)

GI.3 1 (3.1) 0 1 (1.7)

GII.2 0 4 (14.3) 4 (6.7)

GII.4 21 (65.6) 0 21 (35.0)

GII.6 4 (12.5) 8 (28.6) 12 (20.0)

GII.7 0 2 (7.1) 2 (3.3)

GII.9 1 (3.1) 0 1 (1.7)

GII.10 1 (3.1) 5 (17.9) 6 (10.0)

GII.13 0 1 (3.6) 1 (1.7)

GII.16 0 3 (10.7) 3 (5.0)

GII.17 4 (12.5) 4 (14.3) 8 (13.3)

GII.20 0 1 (3.6) 1 (1.7)

Total 63 42 105
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Fig. 3. Phylogenetic analysis of sapoviruses (A, B and C) and noroviruses (D) based on Maximum Likelihood estimations of partial VP1 gene nucleic acid sequences.
Numbers at each node represents bootstrap values obtained with 1000 replicates (>80 are shown). Strains from the present study are labelled with a black circle
(Gondar) and black diamond (Bahir Dar). Grey triangles indicate previously reported strains from Ethiopia.
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