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First Case of the D3a Sub-Genotype Coxsackievirus A6-Associated Hand, Foot 
and Mouth Disease in Senegal

Abstract

Hand, Fot and Mouth Disease (HFMD), has been emerging as a common human disease since 2008 in children and adults 
worldwide. However, the disease seems to be neglected in Africa, where specific surveillance and studies are warranted. This 
report describes a case of hand, foot and mouth disease in a child, associated with Coxsackievirus A6 in Senegal.
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Introduction
Hand, Foot and Mouth Disease (HFMD) is a viral infection, 
affecting mostly children under 10 years [1]. Symptoms of 
HFMD include fever, mouth sores and a skin rash on the hands 
and feet. Outbreaks of HFMD have been previously reported 
in many parts of the world and most common causative agents 
are Coxsackievirus A16 (CVA16), Coxsackievirus A6 (CVA6) 
and the enterovirus A71 (EV-A71), belonging to the Enterovi-
rus genus (EV) of the Picornaviridae family [2]. However, the 
clinical features of CVA6-associated HFMD are slightly differ-
ent from those caused by other enteroviruses. 
In fact, infections with CVA6, often presents with atypical 
clinical symptoms including more severe and extensive der-
matologic manifestations on the trunk, neck, legs, and perioral 
area, and onychomadesis which causes nail loss [3]. The CVA6 
presents a large diversity with four genotypes designated as 
A, B, C, and D according to previous data and further subdi-
vided into B1–B2, C1–C2, and D1–D3 sub-genotypes [4]. The 
D3 sub-genotype was further subdivided into two evolution-
ary branches including  D3a and D3b [4]. In Senegal, HFMD 
is not a notifiable disease and there is no active surveillance 
implemented. Herein, we report the first case of CVA6’s sub-
genotype D3a-associated HFMD in an eight-month girl admit-
ted at the dermatology department of the Albert Royer pediat-
ric hospital in Dakar, Senegal.

Materials and Methods
Ethical Consideration
The Senegalese National Ethical Committee of the MoHSA 
approved the surveillance protocol as a piece of research with 
less than minimal risk, and written consent forms were not re-
quired. Oral consent was obtained from the patient’s parents, as 
required by the Senegalese National Ethical Committee of the 
MoHSA. The sample was de-identified before we performed 
virus characterization and analysis.

Case Presentation
On 1 June 2024, an eight-months girl with vesiculobullous 
rash was admitted at the dermatology department of the Albert 
Royer pediatric hospital in Dakar, Senegal. She was presented 
without any pathological findings, with a good psychomotor 
development. However, on examination, the patient was fe-
brile, had fever with 38°C and a vesiculobullous rash sudden 
onset, evolving over 3 days. The dermatological examination 
revealed tense vesiculobullous with small erythematous local-
ized on the forearms, palms and dorsum of the hands, legs and 
feet. In addition, vesicles at the perioral level and desquama-
tive erythema of the seat were also observed (Figure 1A).

The histological aspect of skin biopsy from the bulla showed 
significant oedema of the dermal papillae raising the epider-
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Figure 1: Clinical features of the HFMD case included in our study which shows the appearance of vesicu-
lar skin lesions (A) and skin biopsy specimen showing large vesicles with necrotic keratinocytes; œdeme 

papillae with moderate infiltrate consisting of lymphocytes and neutrophils (H&E, ×100) (B).

mis which contained large vesicles. Moreover, it was associ-
ated with ballooned and necrotic keratinocytes, with foci of 
parakeratosis on the surface. The adjacent dermis contained a 
moderate infiltrate consisting of lymphocytes and neutrophils 
(Figure 1B).

Sample collection, RNA extraction and Molecular detection
A swab of the vesicles was collected and shipped to the in-
stitute Pasteur de Dakar (IPD) for diagnostic and sequencing, 
using a virus transportation medium (VTM) (COPAN Diag-
nostics Inc., Murrieta, CA) at +4°C. Demographic and clinical 
data were also collected. 

Viral RNA was extracted from 200 µL of sample using the 
QIAmp Viral RNA Mini Kit (QIAGEN, Hilden, Germany) 
according to the manufacturer’s instructions. The RNA was 
eluted in 60 μL of nuclease-free water. Then the extracted RNA 
from the sample was tested by real-time quantitative RT-PCR 
(qRT-PCR) assay using specific primers and probes for the de-
tection of enteroviruses (EV) [5].

Amplification of the Enterovirus Capsid protein, sequenc-
ing and genome analysis
An amplicon of the entire coding-region of the Capsid protein 
was generated using the OneTaq One-Step RT-PCR kit (New 
England Biolabs Inc.) with a specific PCR method as previ-
ously described [6] and including a negative control containing 
nuclease-free water. For genotyping, the amplicons were puri-
fied using AMPure XP magnetic beads and quantified using the 
dsDNA High Sensitivity Kit on a Qubit 3.0 fluorometer (Ther-
mo Fisher). Thereafter, the purified DNA were barcoded using 
the Rapid Barcoding Kit (SQK.110.96) with the MRT001 ex-
pansion module (Oxford nanopore technology) and pooled in a 
single tube. The libraries were then purified and sequenced on 
a GridIon instrument (Oxford nanopore technology).

Passed reads were analyzed using the metagenomic pipeline 
implemented on the “Chan Zuckerberg ID - Detect & Track 
Infectious Diseases'' platform (https://czid.org/) and the ob-
tained sequence was analyzed using the online Basic Local 
Alignment Search (BLAST) program (https://blast.ncbi.nlm.
nih.gov/Blast.cgi, accessed on July 05, 2024) to compare the 
sequence homology with previously available data. In addi-

tion, the genotype was confirmed using the online Enterovirus 
Genotyping Tool (RIVM) program (enterovirus/typingtool/, 
accessed on July 05, 2024).

Phylogenetic analysis
Multiple alignments of our dataset including the newly char-
acterized sequence and previously available sequences from 
Genbank (https://www.ncbi.nlm.nih.gov/), were performed us-
ing the BioEdit software (version 7.2.5) [7]. Maximum likeli-
hood (ML) phylogenetic trees based on sequences of the VP1 
and the Capsid protein,  were inferred using IQ-TREE (version 
1.6.12) [8] for 1,000 replications, with the GTR+G find as the 
best fitted nucleotide substitution model to our dataset. The ML 
tree’s topology was visualized with Fig Tree (version 1.4.4) 
[9]. Nodes were supported by Bootstrap values.

Results
Laboratory testing
The swab from the vesicles tested positive for EV with a 
threshold cycle (Ct) value of 22. A near-complete sequence of 
the capsid region was obtained with a length of 3,251 nucleo-
tides. After BLAST analysis, the newly characterized complete 
genome is closely related (96% nt similarity) to a CVA6 strain 
identified from a child with hand foot and mouth disease from 
France in 2017 (accession number MT814423.1). The geno-
typing data were confirmed by the BLAST results.

The ML phylogenetic trees based on sequences of the entire 
coding-region of the Capsid protein (Figure 2A) and the VP1 
protein (Figure 2B), showed that the newly characterized CVA6 
sequence clustered with several strains previously identified in 
the Asia and European countries from 2015 to2018. The new 
CVA6 sequence from Senegal exhibited a 100% nucleotide ho-
mology with an isolate from France in 2017 and belonged to 
the recently described D3a sub-genotype (Figure 2B).

Treatment and evolution
The admitted patient was treated using oral paracetamol, local 
chlorhexidine-based care and a local healing spray. The evolu-
tion was favorable after three and seven days, marked by skin 
desquamation at day 3 and complete healing of the lesions with 
residual hypochromia in places at day 7, respectively. There 
was no recurrence at the two-month visit (Figure 3).
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Figure 2: Phylogenetic comparisons trees based on (A) 42 sequences of the entire coding-region 
of the Capsid (≈3251 pb) and (B) 49 VP1 sequences (≈700 pb) from the newly characterized CVA6 
and previously available sequences obtained from GenBank. The newly characterized sequence is 

highlighted in red. Bootstrap values ≥ 90 are shown on the tree. The scale bar indicates the distances 
of the branches.

Figure 3: Clinical evolution of the HFMD case after three (A) 
and seven days (B).

Discussion
HFMD is a common, usually mild childhood illness caused by 
enteroviruses. Major causes of HFMD include CVA16, CVA6 
and EV-A71 [10]. However, EV-A71 is generally responsi-
ble for severe cases [10]. In 2018, data monitoring in many 
Chinese cities has shown that the pathogenic composition of 
HFMD has changed immensely due to the successful use of the 
EVA71 vaccine. Thus, CVA6 became the main causative agent 
of HFMD [11]. Despite the reported circulation of EV-A71, 
CVA16 and CVA6 in Africa, there is a scarcity of data on the 
prevalence of HFMD and its causative agents.

In this study, we reported on the clinical presentation and evo-
lution of a CVA6-associated HFMD in an 8-month girl from 
Senegal. 

Children less than five years-old, are the major age group af-
fected by HFMD as previously reported in several  studies fo-
cusing on HFMD [12].

The case was detected in June which corresponds to the be-
ginning of the summer in Senegal. The period between April 
and July was previously associated with a high prevalence of  
HFMD in some parts of China and Japan [13]. In fact, envi-
ronmental factors such as the average temperature and other 
prevailing weather conditions could have promoted the highest 

circulation rates of EV during the summer [13]. However, fur-
ther longitudinal studies are needed for assessment of the po-
tential seasonal circulation of EV-associated HFMD in Senegal 
as previously reported in the Shandong region of China [14].

In addition,  the role of CVA6 in other diseases could be also 
investigated as it has been previously reported etiology for 
meningitis, encephalitis, and acute flaccid paralysis [15].

Interestingly, the new characterized CVA6 sequence exhibited 
a high nucleotide identity with a CVA6 strain from France in 
2017, suggesting a probably importation from Europe. How-
ever, due to the lack of sequences from other African countries, 
the virus circulation dynamic in the region. Thus, regional 
studies focusing on the genomic surveillance of EV-associated 
HFMD could be promoted for preparedness.

Our data provide new insights into the molecular epidemiol-
ogy of CVA6 in Senegal by reporting on the first identifica-
tion of the  D3a sub-genotype which was predominant and 
co-circulated with other CVA6 genotypes in China from 2017 
to 2019 [4]. It was responsible for an Outbreak of HFMD in 
children from the Cape Verde islands in 2023 (data not shown). 
Although CVA6-associated HFMD usually heals in seven to 
10 days [1], it’s characterized by a high transmissibility [4]. 

Conclusion
Our study is noteworthy by reporting for the first time on 
the clinical presentation and evolution of a CVA6-associated 
HFMD in Senegal. Our data point to the crucial need to esti-
mate prevalence the disease’s prevalence in the country. There-
fore, an active hospital-based surveillance of HFMD includ-
ing genomics could be implemented for rapid identification of 
emerging EV of public health concern.
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