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Abstract: In addition to emerging coronaviruses (SARS-CoV, MERS, SARS-CoV-2), there are seasonal
human coronaviruses (HCoVs): HCoV-OC43, HCoV-229E, HCoV-NL63 and HCoV-HKU1. With a
wide distribution around the world, HCoVs are usually associated with mild respiratory disease. In
the elderly, young children and immunocompromised patients, more severe or even fatal respiratory
infections may be observed. In Africa, data on seasonal HCoV are scarce. This retrospective study
investigated the epidemiology and genetic diversity of seasonal HCoVs during nine consecutive
years of influenza-like illness surveillance in Senegal. Nasopharyngeal swabs were collected from
ILI outpatients or from SARI hospitalized patients. HCoVs were diagnosed by qRT-PCR and the
positive samples were selected for molecular characterization. Among 9337 samples tested for HCoV,
406 (4.3%) were positive: 235 (57.9%) OC43, 102 (25.1%) NL63, 58 (14.3%) 229E and 17 (4.2%) HKUL1.
The four types circulated during the study period and a peak was noted between November and
January. Children under five were the most affected. Co-infections were observed between HCoV
types (1.2%) or with other viruses (76.1%). Genetically, HCoVs types showed diversity. The results
highlighted that the impact of HCoVs must be taken into account in public health; monitoring them
is therefore particularly necessary both in the most sensitive populations and in animals.

Keywords: respiratory infections; human coronaviruses; epidemiology; ILI; SARI; coronavirus
characterization; HCoV-OC43; HCoV-NL63; HCoV-229E; HCoV-HKU1

1. Introduction

Coronaviruses are highly contagious pathogens that infect a wide range of vertebrates
and cause respiratory, enteric, or less frequently, neurological diseases [1-3], and have
in recent years shown an enormous pandemic potential. In December 2019, a cluster
of pneumonia cases was caused by a newly identified 3-coronavirus, in Wuhan, Hubei
Province in China. On the 11th of February 2020, the disease was named coronavirus disease
2019 (COVID-19 ) by the World Health Organization (WHO) and the name SARS-CoV-2
was proposed by the Coronavirus Study Group (CSG) of the International Committee [4].
As of the 11th of October 2022, more than 619 million COVID-19 cases and 6.5 million
deaths have been reported globally (https://covid19.who.int/, accessed on 11 October
2022). Senegal declared its first case of COVID-19 on the 2nd of March 2020 [5], and since
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then the country has experienced three epidemic waves, with 1886 deaths reported since
the beginning of the pandemic [6].

Coronaviruses are classified under the order Nidovirales, suborder Cornidovirineae,
family Coronaviridae, subfamily Orthocoronavirinae [7]. With a single-stranded, positive-
sense RNA (ssRNA) genome containing approximately 27 to 32 kilobases (kb), coron-
aviruses have the largest viral RNA genome described to date. Originally divided into
three groups, based on their antigenic cross-reactivities and nucleotide sequences [8,9],
they have recently been reclassified by the International Committee on Taxonomy of
Viruses into four genera (Alphacoronavirus, Betacoronavirus, Gammacoronavirus and
Deltacoronavirus) on the basis of their phylogenetic relationships and genomic struc-
tures [9]. While the alphacoronaviruses and betacoronaviruses only infect mammals, the
gammacoronaviruses and deltacoronaviruses mainly infect birds, with a few also infect-
ing mammals [10,11]. Seven human coronaviruses (HCoVs) have been identified so far:
HCoV-NL63, HCoV-229E, HCoV-HKU1, HCoV-OC43, severe acute respiratory syndrome
coronavirus (SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-CoV) and
SARS-CoV-2. HCoV-NL63, HCoV-229E, HCoV-HKU1 and HCoV-OC43 are endemic in
human populations [12,13]. The genome sizes are approximately 27.5 kb for HCoV-229E
and HCoV-NL63, and more than 30 kb for HCoV-OC43 and HCoV-HKU1 [7]. They most
commonly infect children, generally cause mild, self-limiting upper respiratory tract in-
fections with symptoms, such as rhinorrhoea, nasal congestion, sore throat and fever [14].
A seasonal profile with peaks of circulation during winter seasons was reported in a few
studies [15,16]. Asymptomatic infections are also reported [17]. Although coronaviruses
can cause severe infections in infants, young children and elderly individuals, they were
considered relatively harmless to humans until the outbreak of severe acute respiratory
syndrome (SARS) in 2002 and 2003 in Guangdong province, China [18,19]. The SARS-CoV
epidemic resulted in more than 8000 infections with a case fatality rate of ~10% [20]. A
decade later in 2012, another highly pathogenic coronavirus, Middle East respiratory syn-
drome coronavirus (MERS-CoV) emerged in the Kingdom of Saudi Arabia [21]. At the
end of January 2020, a total of 2519 laboratory-confirmed cases of Middle East respira-
tory syndrome (MERS), including 866 associated deaths (case-fatality rate: 34.3%) were
reported globally (https://www.emro.who.int/, accessed on 21 March 2021). However,
the unprecedented and devastating impact of the global pandemic caused by SARS-CoV2
has highlighted a critical need for a geography-specific and up-to-date molecular epidemi-
ological understanding of coronaviruses.

In sub-Saharan Africa, data on the prevalence, seasonality, clinical profiles and genetic
diversity of HCoVs are lacking. In Senegal, the few data available on the prevalence of
HCoVs were obtained in the context of a global study in patients suffering from influenza-
like illness [22] and in children under five years with ARI [23,24]. The aim of this retrospec-
tive study is to investigate the epidemiology and genetic diversity of four common HCoVs
(HCoV-NL63, HCoV-229E, HCoV-HKU1 and HCoV-OC43) during nine consecutive years
(2012-2020) of influenza-like illness (ILI) surveillance in Senegal.

2. Materials and Methods
2.1. Study Design, Sample and Data Collection

Between January 2012 and December 2020, respiratory specimens and individual-level
epidemiologic data were collected as part of the sentinel influenza surveillance conducted
in Senegal by the National Influenza Centre (NIC) hosted at the Institut Pasteur de Dakar
(IPD). Nasopharyngeal and/or oropharyngeal swabs were collected from outpatients that
met the WHO case definition of influenza-like illness (ILI), or from hospitalized patients
with severe acute respiratory infections (SARI), as previously described [25]. The collected
samples were placed in 2 mL of universal viral transport medium (Becton Dickinson and
company, Milano, Italy) and stored at 4 °C before shipment to the IPD within 72 h. At
the time of sampling, a standard questionnaire was used to record both the clinical and
demographic data from the enrolled patients. The specimens were processed on arrival at
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the laboratory for the detection, identification and characterization of viruses, including
human coronaviruses (OC43, NL63, 229E and HKU1). Note that HCoV-HKU1 monitoring
only started in 2018. Finally, aliquots of each sample were also stored at —80 °C for
biobanking or additional analyses.

2.2. Nucleic Acid Extraction and Respiratory Viruses” Detection

Total nucleic acid extraction was performed on 200 uL of each specimen using the
QIAamp Viral RNA kit (QIAGEN, Valencia, CA, USA), according to the manufacturer’s
instructions. The extracted RNA was eluted in 60 puL of elution buffer and stored at —80 °C
until further processing. The samples were tested using a Multiplex RT-qPCR system
for the detection of HCoVs (229E, NL63, OC43 and HKU1), along with other respiratory
viruses (influenza A virus, influenza B virus, human respiratory syncytial virus A and
B, human adenovirus, human metapneumovirus, human parainfluenza viruses 1, 2, 3
and 4, human rhinovirus A, B and C, human enteroviruses and human bocavirus), as
previously described [26].

2.3. Human Coronaviruses’ (HCoV's) Molecular Characterization

Al SARI samples positive for HCoVs were sent for sequencing. A subset of the positive
samples in ILI cases for each type of HCoVs were subjected to molecular characterization,
based on three criteria: positivity for HCoVs (NL63, 229E, HKU1 and OC43), the temporal
distribution of the HCoV-positive samples (02 samples by type of HCoV for each month
and year), and cycle threshold (Ct) value (with lower Ct-values that were correlated with
higher viral loads).

A nested RT-PCR was used to amplify the gene encoding the surface spike glycoprotein
of each HCoV type. The viral RNA from the HCoVs-positive samples was extracted and
reverse transcribed to cDNA, using RevertAid First Strand cDNA Synthesis Kit (Thermo
Scientific, Vilnius, Lithuania). The reverse transcription was carried out in a total reac-
tion volume of 11 uL, consisting of 1uL dNTPs (10 mM), 1 pL. Rnase inhibitor (20 u/uL),
1 pL random hexamer primer (100 uM), 2 uL 5 X reaction buffer, 1 uL of RevertAid
M-MulLV reverse transcriptase (200 u/pL) and 5 uL of the RNA template under the follow-
ing conditions: 25 °C for 5 min, 37 °C for 1 h, 95 °C for 2 min and at a final temperature of
4 °C. Following the reverse transcription step, the cDNA product was directly used for the
PCR amplification or stored at —80 °C until used.

For the PCR amplification of the targeted fragments (1096 pb, 522 pb, 871 pb and
992 pb, respectively, for HCoV-229E, HCoV-HKU1, HCoV-NL63 and HCoV-OC43), the One
Taq DNA Polymerase (New England, Biolabs, Hitchin, UK) kit was used. The first PCR was
carried out in a total reaction volume of 25 pL containing 13.37 uL of nuclease free water,
0.5 uL of each primer (forward and reverse primer diluted at 10 mM), 0.5 uL of dANTP,
5 uL of PCR buffer, 0.125 uL of DNA polymerase and 5 uL of the cDNA template. The
reaction mixture was amplified in a thermocycler under the following conditions: an initial
denaturation step of 30 s at 94 °C, followed by 35 cycles at 94 °C for 30 s, 50 °C for 1 min and
68 °C for 1 min, followed by a final step at 68 °C for 5 min. The nested PCR was performed
on the resulting amplicon for each type of HCoV, using a second primer pair targeting
a smaller region of the “S” gene. The amplification was carried out in a final volume of
50 uL containing 35.75 pL of nuclease free water, 10 uL of buffer, 1 uL of dNTPs, 1 pL of
each primer (forward and reverse), 0.25 pL of DNA polymerase enzyme and 1 pL of the
first PCR product. The amplification products were analyzed in a 1% agarose gel stained
with ethidium bromide, using 1 x TAE as the electrophoresis running buffer. Following
the separation of the PCR products, the amplified DNA fragments were cut and purified
with the NucleoSpin® Gel and PCR Clean-Up (Macherey-Nagel GmbH & Co. KG, Diiren,
Germany), according to the supplier’s protocol and sent to GENEWIZ (Hope end, Takeley
CM22 A Essex, United Kingdom) for the bidirectional sequencing with primers used in the
nested PCR. Data were then sent to the laboratory in FASTA format for analysis.
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2.4. Phylogenetic Analysis

The sequences successfully obtained were initially cleaned when needed using the
GeneStudio software (GeneStudio™ Pro, version: 2.2.0.0, accessed on 8 November 2011)
and were compared to the HCoV reference strains available in GenBank using the Basic
Local Alignment Search Tool (BLAST) program (www.ncbi.nlm.nih.gov/Blast.cig, accessed
on 8 November 2011). Multiple alignments of the nucleotide sequences were performed
using the ClustalW alignment program within the BioEdit software [27]. MEGA version 7
software [28] was used for constructing the maximum likelihood tree using the Tamura-Nei
evolutionary model. The robustness of the tree topology was assessed with 1000 replicates
and bootstrap values greater than 70% are shown on the consensus tree branches.

2.5. Statistical Analysis

The data analysis was performed using R software (R.3.0.1 version), using chi-square
(x?) and Fisher’s exact tests to support the comparisons of the categorical data, where
p-values < 0.05 were considered statistically significant. The proportions were reported
with 95% confidence intervals (CIs).

2.6. Ethical Considerations

This study was conducted within the remit of the 45 Network (Syndromic Sentinel
Surveillance in Senegal), which has the approval from the Senegalese National Ethical Com-
mittee of the Ministry of Health as being less than minimal risk research. The samples and
data are collected with verbal consent, as part of the clinical care and the need for written
consent forms has been waived. The data is available in real-time to the Epidemiology
Department at the Senegalese Ministry of Health and Prevention to support the appropriate
public health action.

3. Results
3.1. Clinical and Demographic Characteristics of the Enrolled Patients

The clinical and demographic characteristics of the patients with ILI/SARI are de-
scribed in Table 1. A total of 9337 patients with ILI/SARI were enrolled between January
2012 and December 2020. The highest number of enrolled patients was recorded in 2017
(2341/; 15.3%; CI:[14.7%, 15.8%]) and the lowest in 2012 (1213 /; 7.9%; CI:[7.5%, 8.3%]). For
the remaining years, enrolment remained relatively constant (Table 1). The male:female sex
ratio was 0.99:1.0 (7620:7660). The age of the enrolled patients in this study ranged from
1 month to 95 years with a median age of 5 years.

3.2. Detection of HCoV's among the ILI/SARI Patients

Among the samples received during the nine-year study, 9337 were tested for the
presence of HCoVs, including ILI 8773 (93.9%) CI:[93.4%, 94.4%], and SARI 564 (6.1%)
CL[5.6%, 6.5%]. HCoVs were detected in 406 patients (4.3%) CI:[3.9%, 4.8%], of which
235 (57.9%) CL:[52.9%, 62.7%] were positive for HCoV-OC43, 102 (25.1%) CIL:[21%, 29.6%],
58 (14.3%) CI:[11%, 18.1%] and 17 (4.2%) CIL:[2.4%, 6.6%] were positive for HCoV-NL63,
HCoV-229E and HCoV-HKUJ, respectively. Of the patients with HCoV infections, 369
were from ILI patients (369/8773; 4.2%) CI:[3.8%, 4.6%] and 37 from SARI patients (37/564;
6.6%) CI:[4.7%, 8.9%] (p-value = 0.014). The age of patients infected with HCoVs in this
study ranged from 1 month to 74 years, with median ages of 3 years (interquartile range
[IQR]:13.5 years). No significant difference was observed in the detections between males
and females (p-value = 0.80). The positivity rate for HCoVs was highest in 2019 with 7.1%
CIL:[6.6%, 7.6%] and lowest in 2020 and 2013, with 1.8% CI:[1.5%, 2%] and 2.6% CI:[2.3%,
3%], respectively.
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Table 1. Clinical and demographic characteristics of the patients with ILI/SARI in Senegal, 2012-2020.
Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL
Sample, 1 (%) 1213 (7.9) 1518 (9.9) 1929 (12.5) 1718 (11.2) 1810 (11.8) 2341 (15.3) 1779 (11.6) 1433 (9.3) 1580 (10.3) (100)
HTézt‘e;ing) 1213 (13) 1518 (16.3) 1929 (20.7) 1718 (18.4) 552 (5.9) 350 (3.7) 336 (3.6) 141 (1.5) 1580 (16.9) 9337 (100)
Positive for
HCoV 7 (%) 71 (5.8) 40 (2.6) 113 (5.9) 77 (4.4) 28 (5.1) 20 (5.7) 19 (5.6) 10 (7.1) 28 (1.8) 406 (4.3)
Gender, n (%)
Female 587 (48.4) 767 (50.5) 986 (51.1) 844 (49.1) 912 (50.4) 1182 (50.5) 886 (49.8) 708 (49.4) 788 (49.9) 7660 (50)

Male 610 (50.3) 743 (48.9) 936 (48.5) 873 (50.8) 895 (49.4) 1158 (49.5) 890 (50) 725 (50.6) 790 (50) 7620 (49.7)

Age Group, n
(%)

[0-5] 749 (61.7) 757 (49.9) 941 (48.8) 849 (49.4) 979 (54.1) 1263 (53.9) 895 (50.3) 672 (46.9) 560 (35.4) 7665 (50.0)
[05-10] 117 (9.6) 163 (10.7) 208 (10.8) 243 (14.1) 227 (12.5) 345 (14.7) 267 (15) 204 (14.2) 144 (9.1) 1918 (12.5)
[10-15] 68 (5.6) 84 (5.5) 121 (6.3) 109 (6.3) 127 (7) 153 (6.5) 107 (6) 113 (7.9) 100 (6.3) 982 (6.4)
[15-25] 71 (5.8) 122 (8) 229 (11.9) 155 (9) 175(9.7) 237 (10.1) 185 (10.4) 160 (11.2) 162 (10.2) 1496 (9.8)
[25-50] 59 (4.9) 120 (7.9) 265 (13.7) 228 (13.2) 202 (11.2) 208 (8.9) 208 (11.7) 187 (13) 286 (18.1) 1763 (11.5)

>50 19 (1.6) 18 (1.2) 83 (4.3) 75 (4.4) 52 (2.9) 56 (2.4) 78 (4.4) 65 (4.5) 262 (16.6) 708 (4.6)

Hospitalization,
n (O/o)
Yes 1(0.1) 0(0) 2(0.1) 29 (1.7) 29 (1.6) 94 (4) 118 (6.6) 43 (3) 124 (7.8) 440 (2.9)
No 1209 (99.7) 830 (54.7) 1794 (93) 277 (16.1) 975 (53.9) 2160 (92.3) 1582 (88.9) 1355 (94.6) 1232 (78) (74.5)
Clinical
Signs, n (%)
Cough 824 (67.9) 1098 (72.3) 1553 (80.5) 1393 (81.1) 1469 (81.2) 1945 (83.1) 1527 (85.8) 1248 (87.1) 1434 (90.8) (81.5)
Headache 105 (8.7) 182 (12) 262 (13.6) 304 (17.6) 258 (14.2) 538 (23) 411 (23.1) 414 (28.9) 416 (26.3) 2890 (18.9)
Fever 1129 (93.1) 1349 (88.9) 1863 (96.6) 1653 (96.2) 1761 (97.3) 2247 (96) 1648 (92.6) 1387 (96.8) 1077 (68.2) (92.1)
Myalgia 124 (10.2) 326 (21.5) 0(0) 301 (17.5) 280 (15.5) 0(0) 188 (10.6) 199 (13.9) 0(0) 1418 (9.3)
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HCoV infections were detected in patients of all ages but with significant differences
in detection rates between age groups (p-value = p < 0.005). Children under five years old
were the most infected group, representing more than half of the overall HCoV positive
patients (56.2%) CI:[51.2%, 61%], followed by adult patients (25-50 years old) and young
children (5-10 years old), representing 13.3% (54/406) CI:[10.1%, 17%] and 10.3% (42 /406)
CI:[7.6%, 13.7%] of detections, respectively. The HCoVs detection rate was lowest in
patients > 50 years old with 1.9% (8/406) CI:[0.8%, 3.8%]. The different HCoV species were
encountered in all age groups with the exception of HCoV-HKU1, which was undetected
in patients between 5 and 10 years old (Table 2).

Table 2. Clinical and demographic characteristics of HCoV positive patients in Senegal, 2012-2020.

0C43 NL63 229E HKU1 TOTAL p-Value
Pathogens 1 (%) 235 (57.9) 102 (25.1) 58 (14.3) 17 (4.2) 406 (100)
Gender, n (%)
Male 113 (48.1) 47 (46.2) 29 (50) 13 (76.5) 202 (49.7) 0.8047
Female 121 (51.5) 53 (52) 29 (50) 4(23) 207 (51) ’
Age Group, n
(%)
[0-5] 139 (59.1) 47 (46.1) 32 (55.2) 10 (58.8) 228 (56.2)
[05-10] 28 (11.9) 8(7.8) 6 (10.3) 0 (0) 42 (10.3)
[10-15] 6(2.5) 5 (4.9) 2 (3.4) 1(5.9) 14 (3.4) 22 % 1016
[15-25] 11 (4.7) 12 (11.8) 5 (8.6) 3(17.6) 31(7.6)
[25-50] 30 (12.8) 14 (13.7) 8 (13.8) 2 (11.8) 54 (13.3)
>50 2(0.8) 4(3.9) 1(1.7) 1(5.9) 8(2)
Hospitalization,
1 (%)
Yes 10 (4.3) 8(7.8) 8 (13.8) 8 (47.1) 34 (8.4) 0.03
No 133 (56.6) 82 (80.4) 35 (60.3) 6 (35.3) 256 (63) )
Clinical Signs, n
(%)
Cough 190 (80.8) 76 (74.5) 44 (75.9) 15 (88.2) 325 (80) _16
Headache 25 (10.6) 16 (15.7) 5 (8.6) 4(23.5) 50 (12.3) 22x10
Fever 199 (84.7) 87 (85.3) 51 (87.9) 10 (58.8) 347 (85.5)
Myalgia 24 (10.2) 8(7.8) 10 (17.2) 2 (11.8) 44 (10.8)

HCoV infected patients most commonly reported fever (85.5%) CIL:[81.6%, 88.7%]
cough (80%) CI:[75.8%, 83.8%], headache (12.3%) CI:[9.3%, 15.9%] and myalgia (10.8%)
CIL:[8%, 14.3%] (Figure 1 and Table 2).

3.3. Co-Infection of HCoV's with Other Pathogens

Samples from HCoV-positive patients were also tested for other common respiratory
pathogens. Among the 406 ILI/SARI HCoV detections, 309 (76.1%) CI:[71.6%, 80.2%]
were co-detected with at least one other common respiratory virus. The most frequently
co-infecting pathogens were influenza viruses (159), adenovirus (118), and rhinovirus (90).
Detections of multiple HCoV species were also encountered in five cases (2 SARI and
3 ILI): two cases of OC43/NL63 co-detection (1 SARI and 1 ILI), two cases of 229E /NL63
co-detection (1 SARI and 1 ILI) and one case of OC43/NL63/229E co-detection (ILI).

3.4. Seasonality of the HCoV Infections

The temporal distribution of the detections of the different HCoV species is illustrated
in Figure 2. HCoV-OC43 (the most frequently detected) had the highest detection rates
between November and January, during the six first years (2012 to 2017) of the study period,
with lower activity during the remaining years (2018-2020). HCoV-NL63 was also detected
throughout the study period with higher detection rates between September and January
of each year. HCoV-229E has been identified sporadically in all years except in 2019, and
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with no distinct peaks. The HCoV-HKUT1 testing began in 2018, and we noted a relatively
very low detection rate without any clear seasonal pattern.

3.5. Phylogenetic Analysis

During the nine-years of surveillance, fragments of the spike protein gene were
successfully obtained from 53 HCoV-positive samples, including 22 sequences for HCoV-
0OC43, 17 for HCoV-NL63, 8 for HCoV-HKU1 and 6 sequences for HCoV-229E.

The phylogenetic analysis showed that of the 22 sequences of HCoV-OC43, 18 (81.8%)
belonged to genotype G, 3 (13.6%) to genotype H and only 1 (4.5%) sequence clustered
to genotype F (Figure 3A), whereas all the 6 HCoV-229E sequences obtained in this study
belonged to genotype 4 (Figure 3B). With regards to HCoV-NL63, 11 (64.7%) sequences were
identified as belonging to genotype A and 6 (35.3%) to genotypes B (Figure 4B). Among the
eight sequences obtained for HCoV-HKU]1, three (37.5%) clustered to genotype B and five
(62.5%) to genotype A (Figure 4A).
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Figure 1. Annual trends in HeoV positivity rates (positives/samples tested), 2012-2020.
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Figure 3. Phylogenetic analyses of HCoV-OC43 (A) and HCoV-229E (B) strains detected in patients with ILI/SARI, between 2012 to 2020, in Senegal. The
phylogenetic trees are based on nucleotide sequences of the spike protein gene generated using the maximum likelihood tree with the Tamura—Nei evolutionary
model, as implemented in MEGA 7 software. One thousand bootstrap replicates were performed to determine the consensus tree presented in this figure, and

support for the nodes present in greater than 70% of the trees are annotated. Senegalese strains are represented in black dots
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Figure 4. Phylogenetic analyses of HCoV-HKU1 (A) and HCoV-NL63 (B) strains detected in patients with ILI/SARI, between 2012 to 2020, in Senegal. The
phylogenetic trees are based on the nucleotide sequences of the spike protein gene generated using the maximum likelihood tree with the Tamura—Nei evolutionary
model, as implemented in MEGA 7 software. One thousand bootstrap replicates were performed to determine the consensus tree presented in this figure, and
support for nodes present in greater than 70% of the trees are annotated. Senegalese strains are represented in black dots.
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4. Discussion

Compared to the influenza virus and respiratory syncytial virus (RSV), common
HCoVs have been relatively understudied, due to their historically mild phenotype [29].
The emergence of highly pathogenic HCoVs, including SARS-CoV in 2003, MERS-CoV in
2012 and most recently, SARS-CoV2, has brought renewed interest and concern for this
virus family [30]. However, to the best of our knowledge, there is very limited reporting
of the molecular epidemiology of HCoVs in sub-Saharan Africa. This retrospective study
is one of the first to describe the epidemiology of HCoVs in West Africa, including the
phylogenetic characteristics of the HCoVs strains circulating in Senegal. During the nine
years of the influenza-like illness (ILI) surveillance, a total of 9337 respiratory specimens
were tested for the presence of HCoVs, with an overall prevalence of 4.3% CIL:[3.9%, 4.8%].
This positivity rate is close to those reported in previous studies conducted in other coun-
tries [29-32], although lower than others reported by authors, for example, in Australia [33]
and in Germany [34], with positivity rates of 8.3% and 11%, respectively. A lower detection
rate of 0.9% was reported in Hong Kong in patients with acute respiratory illness over
a six-year epidemiological study [35]. The variation in the HCoV detection rates among
patients with ILI/SARI in different areas are likely to be explained by a range of different
contextual factors, including the use of different diagnostic methods and the number of
targeted species. For instance, the nested PCR and real-time PCR have be shown to be
more sensitive in detecting HCoV-OC43 and 229E, when compared to the conventional
detection assays [35,36]. Moreover, the differences can also validly be attributed to the
geographical differences in the overall burden, differences in study populations (outpa-
tients or hospitalized patients), the number of patients tested, the sampling period, and
even the duration of the study. Consistent with several reports [35,37-40], HCoV-OC43
was the most prevalent among the four HCoV species in our study, followed by HCoV-
NL63 and HCoV-229E. A seroconversion study in hospitalized children noted a similar
trend [41]. Indeed, Dijkman et al. reported that HCoV-OC43 and HCoV-NL63 might induce
a cross-immunity, and therefore reduce the subsequent number of clinically identified
HCoV-HKU1 and HCoV-229E infections [41]. Overall, HCoV detections were more likely
among ILI patients, compared to SARI patients (p-value = 0.03), consistent with many
studies describing the association of HCoVs with mild or moderate upper respiratory tract
infections [41-43]. However, given the syndromic approach to the case findings in our
surveillance system, additional studies are required to understand the spectrum and size of
the burden of HCoV infections in Senegal, including their range of severity and potential
non-respiratory presentations.

Similar to other respiratory pathogens, including RSV [44], human metapneumovirus
(HMPV) [26] and adenovirus viruses [45], HCoVs were detected in all age groups, but with
children under five years represented the most infected group. Consistent with our findings,
several studies have reported the propensity of children under five years of age to infection
with HCoVs [46-49]. However, in our data, the frequency of infections mostly reflects that
the majority of patients enrolled overall with ILI or SARI, were children (more than 50%
were children under 5 years old). Only 1.9% CI:[0.8%, 3.8%] of HCoV detections in our
study were in patients > 50 years old. In contrast, Yip et al. reported the highest detection
rates of HCoVs among patients aged over 80 years old, in a descriptive epidemiological
study of HCoV in hospitalized patients in Hong Kong [35]. The elderly and young children
are usually considered more vulnerable to respiratory infections because of their weakened
immune system and immature immunity, respectively [35]. Our study noted no influence
of the patients” gender on HCoVs infection (p > 0.05), despite other studies reporting higher
detection rates of HCoV-OC43 and HCoV-NL63 among male patients [47].

The simultaneous screening for common respiratory viruses allowed us to investigate
possible co-detections with other viral pathogens. In this study, the detection of at least
one other respiratory virus occurred in 76.1% CI:[ 70.5%, 79.1%] of HCoV-positive patients,
similar to those with HMPV infections in Senegal, reported previously [26]. Influenza,
adenovirus and human rhinovirus were the most commonly co-detected pathogens. This is
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consistent with previous reports showing a high co-infection rate and similar co-infection
patterns between pathogens [50,51].

Overall, our study shows that HCoVs appear to follow a seasonal pattern, with a
peak of infections occurring from November through January each year coinciding with
the lowest temperatures and humidity in Senegal. These findings are consistent with the
results of other studies around the world [29,47,52,53]. However, unlike our results, several
studies have reported a different circulation pattern of HCoVs. This is the case in Ghana
where highest HCoV activity was observed during Harmattan and the rainy season (June
to September) mainly for HCoV-229E and HCoV-NL63, respectively [54], and in Malaysia
with detection peak between June and October [55].

The phylogenetic analysis of these Senegalese samples, based on the spike gene, illus-
trated the genetic diversity of the HCoV strains [55], as has been seen in other geographical
areas. During the nine-year surveillance period, the co-circulation of different genotypes
was noted for HCoV-OC43 (genotype G, H and F), HCoV-NL63 (genotype A and B) and
HcoV-HKUI (genotype B and A), with a predominance of genotype G for HCoV-OC43,
genotype A for HCoV-NL63 and HCoV-HKU1, whereas a circulation of a single genotype
(genotype 4) was observed for HCoV-229E [19,55].

However, we observed some limitations in our study. First, only a small number
of HCoVs were sequenced, which creates a bias in the real relative prevalence between
subtypes alongside the years of study. Furthermore, it would be interesting to carry out
analyses with HCoVs ‘whole genomes for more acuity on the genetic dynamic of the
circulating strains. Secondly, in our study, only few SARI patients were recruited. Thus
further studies including both outpatients and more inpatients (hospitalized) would be
required to firmly establish the burden associated with seasonal coronaviruses in Senegal,
and clear correlations between disease severity and subtypes.

5. Conclusions

This study provides an overview of the epidemiology of human coronaviruses, as
well as the phylogenetic profiles of the HCoV strains circulating in Senegal. Our findings
identified the four HCoV species (HCoV-OC43, HCoV-NL63, HCoV-229E and HCoV-HKU1)
as common among pediatric patients with ILI/SARI, especially in children under 5 years
old, and are often detected alongside other respiratory pathogens. We identified a clear
circulation pattern of HCoVs, with most detections occurring between November and
January. Phylogenetic analyses of the HCoV species highlighted their genetic diversity and
co-circulation during the nine-year surveillance period, with the exception of HCoV-229E.

Author Contributions: Conceptualization, N.D., M.N.N. and A.D.; methodology, N.D., A.F. and
D.EK,; validation, M.N.F,, N.K.N,, S.S., D.EK. and M.PM,; investigation, M.A.B.; data curation,
M.N.E, D.G. and M.M.].; writing—original draft preparation, M.N.F. and M.M.].; writing—review
and editing, N.D., S.EW. and M.N.N.; supervision, N.D.; funding acquisition, N.D. and M.N.N. All
authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by the US Department of Human Health services by grant
number IDSEP140020-01-00 via the international division of Pasteur Institutes.

Institutional Review Board Statement: ILI and SARI surveillance network in Senegal was set by the
Institut Pasteur Dakar and the Ministry of Health. The Senegalese National Ethical Committee of
the Ministry of Health approved the surveillance protocol as less than minimal risk research, and
written consent forms were not required. Throughout the study, the database was shared with the
Epidemiology Department at the Senegalese Ministry of Health and Prevention for the appropriate
public health action.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank the Senegalese Ministry of Health for its support and all
health workers at the recruitment sites. We also convey special thanks to Sarah Respaut, Nicole Prada
and Zelie Godin (International Direction of IP Paris) for their unwavering support. We warmly thank
Elizabeth Fichett for her linguistic services, her proofreading and her corrections and suggestions.



Viruses 2023, 15, 20 13 of 15

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Arbour, N.; Day, R.; Newcombe, J.; Talbot, P.J. Neuroinvasion by Human Respiratory Coronaviruses. J. Virol. 2000, 74, 8913-8921.
[CrossRef]

2. Jacomy, H.; Fragoso, G.; Almazan, G.; Mushynski, WE.; Talbot, P.J. Human coronavirus OC43 infection induces chronic
encephalitis leading to disabilities in BALB/C mice. Virology 2006, 349, 335-346. [CrossRef]

3.  Kin, N.; Miszczak, E; Diancourt, L.; Caro, V.; Moutou, E; Vabret, A.; Gouilh, M.A. Comparative molecular epidemiology of
two closely related coronaviruses, bovine coronavirus (BCoV) and human coronavirus OC43 (HCoV-OC43), reveals a different
evolutionary pattern. Infect. Genet. Evol. 2016, 40, 186-191. [CrossRef]

4.  Guo, Y.-R; Cao, Q.-D.; Hong, Z.-S; Tan, Y.-Y,; Chen, S.-D.; Jin, H.-]; Tan, K.-S.; Wang, D.-Y.; Yan, Y. The origin, transmission
and clinical therapies on coronavirus disease 2019 (COVID-19) outbreak—An update on the status. Mil. Med. Res. 2020, 7,
11. [CrossRef]

5. Dia, N.; Lakh, N.A.; Diagne, M.M.; Mbaye, K.D.; Taieb, F.; Fall, N.M.; Barry, M.A; Ka, D.; Fall, A.; Diallo, VM.P.C.; et al. COVID-19
Outbreak, Senegal, 2020. Emerg. Infect. Dis. 2020, 26, 2771-2773. [CrossRef]

6. Dia, N.; Diagne, M.M.; Fall, G.; Jallow, M.M.; Fall, A.; Barry, M.A; Diallo, A ; Faye, O.; Dione, M.H.D.; Bop, N.S.; et al. COVID-19
and Children in Senegal: Epidemiological and Virological Insights. Arch. Clin. Biomed. Res. 2022, 06, 347-357. [CrossRef]

7. Liu, D.X; Liang, J].Q.; Fung, T.S. Human Coronavirus-229E, -OC43, -NL63, and -HKU1 (Coronaviridae). Encycl. Virol. 2021, 2,
428-440. [CrossRef]

8.  Lau, SK.P; Woo, P.C.Y,; Yip, C.C.Y,; Tse, H.; Tsoi, H.-W.; Cheng, V.C.C,; Lee, P; Tang, B.S.F,; Cheung, CH.Y.; Lee, R.A.; et al.
Coronavirus HKU1 and Other Coronavirus Infections in Hong Kong. |. Clin. Microbiol. 2006, 44, 2063—2071. [CrossRef]

9.  Woo, PC.Y;; Lau, SK.P; Huang, Y.; Yuen, K.-Y. Coronavirus Diversity, Phylogeny and Interspecies Jumping. Exp. Biol. Med. 2009,
234,1117-1127. [CrossRef]

10. Woo, P.C.Y;; Lau, SK.P; Lam, C.S.F; Lau, C.C.Y,; Tsang, A.K.L.; Lau, ].H.N.; Bai, R.; Teng, ].L.L.; Tsang, C.C.C.; Wang, M.; et al.
Discovery of Seven Novel Mammalian and Avian Coronaviruses in the Genus Deltacoronavirus Supports Bat Coronaviruses as
the Gene Source of Alphacoronavirus and Betacoronavirus and Avian Coronaviruses as the Gene Source of Gammacoronavirus
and Deltacoronavirus. J. Virol. 2012, 86, 3995-4008. [CrossRef]

11.  Cui, J.; Li, E; Shi, Z.-L. Origin and evolution of pathogenic coronaviruses. Nat. Rev. Microbiol. 2019, 17, 181-192. [CrossRef]
[PubMed]

12.  Forni, D.; Cagliani, R.; Arrigoni, F; Benvenuti, M.; Mozzi, A.; Pozzoli, U.; Clerici, M.; De Gioia, L.; Sironi, M. Adaptation of the
endemic coronaviruses HCoV-OC43 and HCoV-229E to the human host. Virus Evol. 2021, 7, veab061. [CrossRef] [PubMed]

13.  Kesheh, M.M.; Hosseini, P; Soltani, S.; Zandi, M. An overview on the seven pathogenic human coronaviruses. Rev. Med Virol.
2021, 32, €2282. [CrossRef] [PubMed]

14. Rajapakse, N.; Dixit, D. Human and novel coronavirus infections in children: A review. Ann. Trop. Paediatr. 2020, 41, 36-55.
[CrossRef] [PubMed]

15. Hendley, J.; Fishburne, H.B.; Gwaltney, ].M. Coronavirus infections in working adults. Eight-year study with 229 E and OC 43.
Am. Rev. Respir. Dis. 1972, 105, 805-811. [CrossRef] [PubMed]

16. Baillie, V.; Moore, D.; Mathunjwa, A.; Park, D.; Thea, D.; Kwenda, G.; Mwananyanda, L.; Madhi, S. Epidemiology and Seasonality
of Endemic Human Coronaviruses in South African and Zambian Children: A Case-Control Pneumonia Study. Viruses 2021, 13,
1513. [CrossRef] [PubMed]

17.  Morikawa, S.; Hiroi, S.; Kase, T. Detection of respiratory viruses in gargle specimens of healthy children. . Clin. Virol. 2015, 64,
59-63. [CrossRef] [PubMed]

18. Ksiazek, T.G.; Erdman, D.; Goldsmith, C.S.; Zaki, S.R.; Peret, T.; Emery, S.; Tong, S.; Urbani, C.; Comer, ].A.; Lim, W.; et al. A Novel
Coronavirus Associated with Severe Acute Respiratory Syndrome. N. Engl. ]. Med. 2003, 348, 1953-1966. [CrossRef] [PubMed]

19. Wang, Y; Li, X,; Liu, W.; Gan, M.; Zhang, L.; Wang, J.; Zhang, Z.; Zhu, A.; Li, F;; Sun, J.; et al. Discovery of a subgenotype of
human coronavirus NL63 associated with severe lower respiratory tract infection in China, 2018. Emerg. Microbes Infect. 2020, 9,
246-255. [CrossRef] [PubMed]

20. Peiris, ].S.; Yuen, K.Y.; Osterhaus, A.D.; Stohr, K. The Severe Acute Respiratory Syndrome. New Engl. |. Med. 2003, 349, 2431-2441.
[CrossRef]

21. Zaki, A.M.; Van Boheemen, S.; Bestebroer, T.M.; Osterhaus, A.D.M.E.; Fouchier, R.A.M. Isolation of a Novel Coronavirus from a
Man with Pneumonia in Saudi Arabia. N. Engl. . Med. 2012, 367, 1814-1820. [CrossRef]

22. Dia, N.; Sarr, ED.; Thiam, D.; Sarr, T.E; Espié, E.; OmarBa, I.; Coly, M.; Niang, M.; Richard, V. Influenza-Like Illnesses in Senegal:
Not Only Focus on Influenza Viruses. PLoS ONE 2014, 9, €93227. [CrossRef]

23. Niang, M.N,; Diop, O.M.; Sarr, ED.; Goudiaby, D.; Malou-Sompy, H.; Ndiaye, K.; Vabret, A.; Baril, L. Viral etiology of respiratory
infections in children under 5 years old living in tropical rural areas of Senegal: The EVIRA project. ]. Med Virol. 2010, 82, 866-872.
[CrossRef] [PubMed]

24. Fall, A.; Dieng, A.; Wade, S.EF,; Diop, A.; Diouf, ].B.N.; Boiro, D.; Keita, Y.; Sylla, A.; Ndiaye, O.; Boye, C.S.B.; et al. Children under

five years of age in senegal: A group highly exposed to respiratory viruses infections. Virol. Res. Rev. 2017, 1. [CrossRef]


http://doi.org/10.1128/JVI.74.19.8913-8921.2000
http://doi.org/10.1016/j.virol.2006.01.049
http://doi.org/10.1016/j.meegid.2016.03.006
http://doi.org/10.1186/s40779-020-00240-0
http://doi.org/10.3201/eid2611.202615
http://doi.org/10.26502/acbr.50170250
http://doi.org/10.1016/B978-0-12-809633-8.21501-X
http://doi.org/10.1128/JCM.02614-05
http://doi.org/10.3181/0903-MR-94
http://doi.org/10.1128/jvi.06540-11
http://doi.org/10.1038/s41579-018-0118-9
http://www.ncbi.nlm.nih.gov/pubmed/30531947
http://doi.org/10.1093/ve/veab061
http://www.ncbi.nlm.nih.gov/pubmed/34527284
http://doi.org/10.1002/rmv.2282
http://www.ncbi.nlm.nih.gov/pubmed/34339073
http://doi.org/10.1080/20469047.2020.1781356
http://www.ncbi.nlm.nih.gov/pubmed/32584199
http://doi.org/10.1164/arrd.1972.105.5.805
http://www.ncbi.nlm.nih.gov/pubmed/5020629
http://doi.org/10.3390/v13081513
http://www.ncbi.nlm.nih.gov/pubmed/34452378
http://doi.org/10.1016/j.jcv.2015.01.006
http://www.ncbi.nlm.nih.gov/pubmed/25728080
http://doi.org/10.1056/NEJMoa030781
http://www.ncbi.nlm.nih.gov/pubmed/12690092
http://doi.org/10.1080/22221751.2020.1717999
http://www.ncbi.nlm.nih.gov/pubmed/31996093
http://doi.org/10.1056/NEJMra032498
http://doi.org/10.1056/NEJMoa1211721
http://doi.org/10.1371/journal.pone.0093227
http://doi.org/10.1002/jmv.21665
http://www.ncbi.nlm.nih.gov/pubmed/20336732
http://doi.org/10.15761/VRR.1000121

Viruses 2023, 15, 20 14 of 15

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

World Health Organization Regional Office for the Western Pacific. A Practical Guide to Harmonizing Virological and Epidemiological
Influenza Surveillance; WHO Regional Office for the Western Pacific: Manila, Philippines, 2008.

Jallow, M.M.; Fall, A.; Kiori, D.; Sy, S.; Goudiaby, D.; Barry, M.A; Fall, M.; Niang, M.N.; Dia, N. Epidemiological, clinical and
genotypic features of human Metapneumovirus in patients with influenza-like illness in Senegal, 2012 to 2016. BMC Infect. Dis.
2019, 19, 1-9. [CrossRef]

Hall, T. BioEdit: A user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. In Nucleic
Acids Symp. Ser. 1999, 41, 95-98.

Kumar, S.; Stecher, G.; Tamura, K. MEGA?7: Molecular Evolutionary Genetics Analysis Version 7.0 for Bigger Datasets. Mol. Biol.
Evol. 2016, 33, 1870-1874. [CrossRef]

Choi, Y.Y,; Kim, Y.K.; Kim, ].M.; Chung, Y.S.; Han, M.G.; Choi, E.H. Epidemiological Characteristics of Common Human
Coronaviruses in Korea, 2015-2019. Research Square. 2021. Available online: https:/ /www.researchgate.net/publication /348516
057_Epidemiological Characteristics_of Common_Human_Coronaviruses_in_Korea_2015--2019 (accessed on 28 March 2022).
Zeng, Z.-Q.; Chen, D.-H.; Tan, W.-P; Qiu, S.-Y; Xu, D.; Liang, H.-X.; Chen, M.-X; Li, X;; Lin, Z.-S.; Liu, W.-K.; et al. Epidemiology
and clinical characteristics of human coronaviruses OC43, 229E, NL63, and HKU1: A study of hospitalized children with acute
respiratory tract infection in Guangzhou, China. Eur. J. Clin. Microbiol. Infect. Dis. 2017, 37, 363-369. [CrossRef]
Theamboonlers, A.; Samransamruajkit, R.; Thongme, C.; Amonsin, A.; Chongsrisawat, V.; Poovorawan, Y. Human Coronavirus
Infection among Children with Acute Lower Respiratory Tract Infection in Thailand. Intervirology 2006, 50, 71-77. [CrossRef]
Njouom, R.; Yekwa, E.L.; Cappy, P.; Vabret, A.; Boisier, P.; Rousset, D. Viral Etiology of Influenza-Like Illnesses in Cameroon,
January-December 2009. J. Infect. Dis. 2012, 206, S29-535. [CrossRef]

Mackay, LM.; Arden, K.E.; Speicher, D.J.; O'Neil, N.T.; McErlean, P.K.; Greer, R.M.; Nissen, M.D.; Sloots, T.P. Co-circulation of
Four Human Coronaviruses (HCoVs) in Queensland Children with Acute Respiratory Tract Illnesses in 2004. Viruses 2012, 4,
637-653. [CrossRef] [PubMed]

Van Elden, L.; Van Loon, A.M.; Van Alphen, F.; Hendriksen, K.A.W.; Hoepelman, A.IM.; Van Kraaij, M.G.].; Oosterheert, J.;
Schipper, P.; Schuurman, R.; Nijhuis, M. Frequent Detection of Human Coronaviruses in Clinical Specimens from Patients with
Respiratory Tract Infection by Use of a Novel Real-Time Reverse-Transcriptase Polymerase Chain Reaction. J. Infect. Dis. 2004,
189, 652-657. [CrossRef] [PubMed]

Yip, C.C.Y,; Lam, C.S.E; Luk, HK.H.; Wong, E.YM,; Lee, R.A.; So, L.-Y.; Chan, K.-H.; Cheng, V.C.C.; Yuen, K.-Y.; Woo, P.C.Y,; et al.
A six-year descriptive epidemiological study of human coronavirus infections in hospitalized patients in Hong Kong. Virol. Sin.
2016, 31, 41-48. [CrossRef] [PubMed]

Vijgen, L.; Keyaerts, E.; Moés, E.; Maes, P.; Duson, G.; Van Ranst, M. Development of One-Step, Real-Time, Quantitative Reverse
Transcriptase PCR Assays for Absolute Quantitation of Human Coronaviruses OC43 and 229E. ]. Clin. Microbiol. 2005, 43,
5452-5456. [CrossRef] [PubMed]

Ren, L.; Gonzalez, R.; Xu, J.; Xiao, Y; Li, Y;; Zhou, H.; Li, J.; Yang, Q.; Zhang, J.; Chen, L.; et al. Prevalence of human coronaviruses
in adults with acute respiratory tract infections in Beijing, China. J. Med Virol. 2010, 83, 291-297. [CrossRef]

Suwannakarn, K.; Chieochansin, T.; Vichiwattana, P.; Korkong, S.; Theamboonlers, A.; Poovorawan, Y. Prevalence and genetic
characterization of human coronaviruses in southern Thailand from July 2009 to January 2011. Southeast Asian ]. Trop. Med. Public
Health 2014, 45, 326-336.

Heimdal, I.; Moe, N.; Krokstad, S.; Christensen, A.; Skanke, L.H.; Nordbg, S.A.; Dellner, H. Human Coronavirus in Hospi-
talized Children With Respiratory Tract Infections: A 9-Year Population-Based Study From Norway. J. Infect. Dis. 2018, 219,
1198-1206. [CrossRef]

Masse, S.; Capai, L.; Villechenaud, N.; Blanchon, T.; Charrel, R.; Falchi, A. Epidemiology and Clinical Symptoms Related to
Seasonal Coronavirus Identified in Patients with Acute Respiratory Infections Consulting in Primary Care over Six Influenza
Seasons (2014-2020) in France. Viruses 2020, 12, 630. [CrossRef]

Dijkman, R.; Jebbink, M.E,; Gaunt, E.; Rossen, ].W.; Templeton, K.E.; Kuijpers, T.W.; van der Hoek, L. The dominance of human
coronavirus OC43 and NL63 infections in infants. J. Clin. Virol. 2012, 53, 135-139. [CrossRef] [PubMed]

Moés, E.; Vijgen, L.; Keyaerts, E.; Zlateva, K.; Li, S.; Maes, P.; Pyrc, K.; Berkhout, B.; Van Der Hoek, L.; Van Ranst, M. A novel
pancoronavirus RT-PCR assay: Frequent detection of human coronavirus NL63 in children hospitalized with respiratory tract
infections in Belgium. BMC Infect. Dis. 2005, 5, 6. [CrossRef]

Trombetta, H.; Faggion, H.Z.; Leotte, J.; Nogueira, M.B.; Vidal, L.R.R.; Raboni, S.M. Human coronavirus and severe acute
respiratory infection in Southern Brazil. Ann. Trop. Med. Parasitol. 2016, 110, 113-118. [CrossRef]

Fall, A.; Dia, N.; Cisse, E.H.A K; Kiori, D.E.; Sarr, ED,; Sy, S.; Goudiaby, D.; Richard, V.; Niang, M.N. Epidemiology and Molecular
Characterization of Human Respiratory Syncytial Virus in Senegal after Four Consecutive Years of Surveillance, 2012-2015.
PLoS ONE 2016, 11, e0157163. [CrossRef]

Niang, M.N.; Diop, N.S,; Fall, A.; Kiori, D.E.; Sarr, ED.; Sy, S.; Goudiaby, D.; Barry, M.A.; Fall, M.; Dia, N. Respiratory
viruses in patients with influenza-like illness in Senegal: Focus on human respiratory adenoviruses. PLoS ONE 2017, 12,
e0174287. [CrossRef]

Dare, R.; Fry, A.M.; Chittaganpitch, M.; Sawanpanyalert, P.; Olsen, S.J.; Erdman, D.D. Human Coronavirus Infections in Rural
Thailand: A Comprehensive Study Using Real-Time Reverse-Transcription Polymerase Chain Reaction Assays. J. Infect. Dis. 2007,
196, 1321-1328. [CrossRef] [PubMed]


http://doi.org/10.1186/s12879-019-4096-y
http://doi.org/10.1093/molbev/msw054
https://www.researchgate.net/publication/348516057_Epidemiological_Characteristics_of_Common_Human_Coronaviruses_in_Korea_2015--2019
https://www.researchgate.net/publication/348516057_Epidemiological_Characteristics_of_Common_Human_Coronaviruses_in_Korea_2015--2019
http://doi.org/10.1007/s10096-017-3144-z
http://doi.org/10.1159/000097392
http://doi.org/10.1093/infdis/jis573
http://doi.org/10.3390/v4040637
http://www.ncbi.nlm.nih.gov/pubmed/22590689
http://doi.org/10.1086/381207
http://www.ncbi.nlm.nih.gov/pubmed/14767819
http://doi.org/10.1007/s12250-016-3714-8
http://www.ncbi.nlm.nih.gov/pubmed/26920709
http://doi.org/10.1128/JCM.43.11.5452-5456.2005
http://www.ncbi.nlm.nih.gov/pubmed/16272469
http://doi.org/10.1002/jmv.21956
http://doi.org/10.1093/infdis/jiy646
http://doi.org/10.3390/v12060630
http://doi.org/10.1016/j.jcv.2011.11.011
http://www.ncbi.nlm.nih.gov/pubmed/22188723
http://doi.org/10.1186/1471-2334-5-6
http://doi.org/10.1080/20477724.2016.1181294
http://doi.org/10.1371/journal.pone.0157163
http://doi.org/10.1371/journal.pone.0174287
http://doi.org/10.1086/521308
http://www.ncbi.nlm.nih.gov/pubmed/17922396

Viruses 2023, 15, 20 15 of 15

47.

48.

49.

50.

51.

52.

53.

54.

55.

Gaunt, E.R.; Hardie, A.; Claas, E.C.J.; Simmonds, P.; Templeton, K.E. Epidemiology and Clinical Presentations of the Four Human
Coronaviruses 229E, HKU1, NL63, and OC43 Detected over 3 Years Using a Novel Multiplex Real-Time PCR Method. J. Clin.
Microbiol. 2010, 48, 2940-2947. [CrossRef]

Soonnarong, R.; Thongpan, I.; Payungporn, S.; Vuthitanachot, C.; Vuthitanachot, V.; Vichiwattana, P.; Vongpunsawad, S.;
Poovorawan, Y. Molecular epidemiology and characterization of human coronavirus in Thailand, 2012-2013. SpringerPlus 2016, 5,
1-8. [CrossRef] [PubMed]

Friedman, N.; Alter, H.; Hindiyeh, M.; Mendelson, E.; Avni, Y.S.; Mandelboim, M. Human Coronavirus Infections in Israel:
Epidemiology, Clinical Symptoms and Summer Seasonality of HCoV-HKUT1. Viruses 2018, 10, 515. [CrossRef] [PubMed]
Zhang, S.-F; Tuo, J.-L.; Huang, X.-B.; Zhu, X.; Zhang, D.-M.; Zhou, K.; Yuan, L.; Luo, H.-].; Zheng, B.-J.; Yuen, K.-Y,; et al.
Epidemiology characteristics of human coronaviruses in patients with respiratory infection symptoms and phylogenetic analysis
of HCoV-OC43 during 2010-2015 in Guangzhou. PLoS ONE 2018, 13, e0191789. [CrossRef]

Zimmerman, R K,; Rinaldo, C.R.; Nowalk, M.P.; Gk, B.; Thompson, M.G.; Moehling, K.K.; Bullotta, A.; Wisniewski, S. Influenza
and other respiratory virus infections in outpatients with medically attended acute respiratory infection during the 2011-12
influenza season. Influ. Other Respir. Viruses 2014, 8, 397-405. [CrossRef] [PubMed]

Esper, E; Weibel, C.; Ferguson, D.; Landry, M.L.; Kahn, J.S. Coronavirus HKU1 Infection in the United States. Emerg. Infect. Dis.
2006, 12, 775-779. [CrossRef]

Aldridge, RW.; Lewer, D.; Beale, S.; Johnson, A.M.; Zambon, M.; Hayward, A.C.; Fragaszy, E.B. Flu Watch Group Seasonality and
immunity to laboratory-confirmed seasonal coronaviruses (HCoV-NL63, HCoV-OC43, and HCoV-229E): Results from the Flu
Watch cohort study. Wellcome Open Res. 2020, 5, 52. [CrossRef] [PubMed]

Owusu, M.; Annan, A.; Corman, V.M.; Larbi, R.; Anti, P; Drexler, ].F.; Agbenyega, O.; Adu-Sarkodie, Y.; Drosten, C. Human
Coronaviruses Associated with Upper Respiratory Tract Infections in Three Rural Areas of Ghana. PLoS ONE 2014, 9, e99782.
[CrossRef] [PubMed]

Al-Khannaq, M.N; Takebe, Y.; Pang, Y.K.; Oong, X.Y.; Tee, K.K.; Ng, K.T.; Kamarulzaman, A.; Hanafi, N.S.; Chook, ].B. Diversity
and Evolutionary Histories of Human Coronaviruses NL63 and 229E Associated with Acute Upper Respiratory Tract Symptoms
in Kuala Lumpur, Malaysia. Am. J. Trop. Med. Hyg. 2016, 94, 1058-1064. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1128/JCM.00636-10
http://doi.org/10.1186/s40064-016-3101-9
http://www.ncbi.nlm.nih.gov/pubmed/27625974
http://doi.org/10.3390/v10100515
http://www.ncbi.nlm.nih.gov/pubmed/30241410
http://doi.org/10.1371/journal.pone.0191789
http://doi.org/10.1111/irv.12247
http://www.ncbi.nlm.nih.gov/pubmed/24852890
http://doi.org/10.3201/eid1205.051316
http://doi.org/10.12688/wellcomeopenres.15812.2
http://www.ncbi.nlm.nih.gov/pubmed/33447664
http://doi.org/10.1371/journal.pone.0099782
http://www.ncbi.nlm.nih.gov/pubmed/25080241
http://doi.org/10.4269/ajtmh.15-0810
http://www.ncbi.nlm.nih.gov/pubmed/26928836

	Introduction 
	Materials and Methods 
	Study Design, Sample and Data Collection 
	Nucleic Acid Extraction and Respiratory Viruses’ Detection 
	Human Coronaviruses’ (HCoVs) Molecular Characterization 
	Phylogenetic Analysis 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Clinical and Demographic Characteristics of the Enrolled Patients 
	Detection of HCoVs among the ILI/SARI Patients 
	Co-Infection of HCoVs with Other Pathogens 
	Seasonality of the HCoV Infections 
	Phylogenetic Analysis 

	Discussion 
	Conclusions 
	References

