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Dear Editor,

Monkeypox is an infectious disease that is endemic in a dozen
of African countries. Some imported cases have been also
reported outside of Africa in the past[1]. Since early May
2022, monkeypox infections including human-to-human
transmission, were reported in a multi-country outbreak in
non-endemic countries and declared Public Health Emergency
of International Concern (PHEIC) by the World Health
Organization (WHO) in July 2022[2]. As of 20 September
2022, a total of at least 62,798 human cases of monkeypox with
20 deaths have been confirmed in 115 countries in five WHO
regions[3].

Typically, the clinical hallmark of monkeypox disease
includes fever, rash and swollen lymph nodes, and Monkeypox
virus (MPXV) is transmitted to humans through close
contact with an infected person or animal. MPXV is currently
classified into two lineages, the West and Central African
clade. However, a novel classification into MPXV clades 1, 2
and 3 has recently been proposed for the prior Central African
clade, the prior West African clade and most of the MPXV
strains characterized in human outbreaks from 2017, 2018 and
2022[4].

Herein, we describe the first cases of monkeypox infections
detected in Benin since 1978. On 1 June 2022, 3 out of 6
suspected monkeypox cases initially diagnosed positive at
the Laboratoire des Fiévres Hémorragiques Virales (LFHV)
in Benin were confirmed at the Institut Pasteur de Dakar
in Senegal on 13 June 2022. The Benin National Ethical
Committee at the Benin Ministry of Health (BMoH) approved
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the surveillance protocol as a less than minimal-risk research,
and written consent forms were not required. Oral consent was
obtained from all patients included in this study. All methods
including the use of human samples were performed in
accordance with the Declaration of Helsinki. Positive samples
were sequenced using an enrichment library preparation
method and sequences were analysed using phylogenetic
analysis.

The three confirmed cases included a couple from the Ifangni
district, Southern Benin (37-year-old man returning from
Nigeria and 29-year-old woman) and an indigenous 15-year-
old male child from the Bonou district (Southern Benin).
The Cycle threshold (Ct) values at confirmation were 22.27,
23.44 and 34.00, respectively (Additional file 1: Table S1).
All the patients were alive and not hospitalized. They presented
no complications and had received no specific treatment.
They were advised to practice self-isolation until the diagnosis
confirmation was obtained.

Nearly complete genome sequences were obtained and
sequences have been submitted to GenBank under the
accession numbers OP422631, OP422632 and OP422633
for isolates BEN-22-MPOX 002, BEN-22-MPOX 003 and
BEN-22-MPOX 004, respectively. The new MPXV sequences
from Benin belonged to the same strain and clustered with
2021-2022 US sequences imported from Nigeria (ON676707,
ON675438 and ON674051). All the sequences in this cluster
originated from a sequence isolated from Nigeria in 2020
(MT903338) and are part of the prior Western African clade
(recently proposed as MPXV clade 2) (Fig. 1)[4].

Benin is listed among the endemic African countries for
monkeypox since an imported case had been previously
documented on 22 November 1978 from Oyo State in
Nigeria[ S], where the MPXV is still circulating to date.
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1 gi_2243576356_gb_ON585033.1__Monkeypox_virus_isolate_Monkeypox_PT0006_2022__complate_genome

gi_2248530302_gb_ON676704.1__Monkeypox_virus_isolate_MPXV_USA_2022_FL002__complete_genome
gi_2248530493_gb_ON676705.1__Monkeypox_virus_isolate_MPXV_USA_2022_UT001__complate_genome
gi_2250491952_gb_ON720849.1__Monkeypox_virus_isolate_MpxV_Spain_MD-HGUGM-6532064_2022__
gi_2248530684_gb_ON676706.1__Monkeypox_virus_isolate_MPXV_USA_2022_UT002__complate_genome

s gi_2246530901_gb_ON631241.1__Monkeypox_virus_isolate_2022_2_SLO__complate_genome

" p 0i_2246531328_gb_ON609725.2__Monkeypox_virus_isolate_SLO__complate_genome

gi_2247302497_gb_ON622722.2__Monkeypox_virus_isolate_MPXV_FR_HCL0001_2022__complate_genome
gi_2251319283_gb_ON736420.1__Monkeypox_virus_isolate_MPXV_2022_Canada_AB1__complate_genome
gi_2250004601_gb_ON694331.1__Monkeypox_virus_isolate_MPXV_Germany_2022_RKI015__complate_genome
gi_2250004610_gb_ON694339.1__Monkeypox_virus_isolate_MPXV_Germany_2022_RKI016__complate_genome

1

gi_2247356026_gb_ON649713.1__Monkeypox_virus_isolate_Monkeypox_PT0020_2022__complate_genome
gi_2247355974_gb_ON649709.1__Monkeypox_virus_isolate_Monkeypox_PT0028_2022__complate_genome
gi_2247367527_gb_ON649879.1__Monkeypox_virus_isolate_MPXV_ISR001_2022__complate_genome

i || gi_2251230423_gb_ON619836.2__Monkeypox_virus_isolate_MPXV_UK_2022_2__complate_genome

0.9

Western African clade “Strains from
the current multi-country outbreak”

gi_2246521653_gb_ON563414.3__Monkeypox_virus_isolate_MPXV_USA_2022_MA001__complate_genome
gi_2242694850_gb_ON568298.1__Monkeypox_virus_isolate_MPXV-BY-IMB25241__complate_genome
0i_2246268127_gb_ON627808.1__Monkeypox_virus_isolate_MPX_human_USA_UT-UPHL-82200022_2022.
gi_2246545146_gb_ON631963.1__Monkeypox_virus_isolate_MPxV_VIDRLO1_2022__complate_genome
gi_2246895204_gb_ON644344.1__Monkeypox_virus_isolate_MPXV_FVG-ITA_01_2022_ complate_genome
gi_2248531066_gb_ON676708.1__Monkeypox_virus_isolate_MPXV_USA_2021_MD__complate_genome
gi_1899345589_gb_MT903344.1__Monkeypox_virus_isolate_MPXV-UK_P2__complate_genome

rIE gi_1899345042_gb_MT903341.1_ Monkeypox_virus_isolate_MPXV-M5320_M15_Bayelsa__complate_genome

0.91L gi_1899345225_gb_MT903342.1_Monkeypox_virus_isolate_MPXV-Singapore__complate_genome

gi_1779817629_gb_MN648051.1__Monkeypox_virus_strain_Israel_2018__complate_genome
gi_2248461009_gb_ON674051.1__Monkeypox_virus_isolate_MPXV_USA_2022_FL001__complate_genome
T gi_2248478859_gb_ON675438.1__Monkeypox_virus_isolate_MPXV_USA_2022_VA001__complate_genome
gi_2248530875_gb_ON676707.1__Monkeypox_virus_isolate_MPXV_USA_2021_TX_ complate_genome

1 BEN-22-MPOX-002

BEN-22-MPOX-003

BEN-22-MPOX-004
gi_1899344496_gb_MT903338.1__Monkeypox_virus_isolate_MPXV-M2957_Lagos__complate_genome
gi_2246531121_ref NC_063383.1__Monkeypox_virus__complate_genome

“Prior” Western African clade

gi_661921484_gb_KJ642617.1__Monkeypox_virus_strain_Nigeria-SE-1971__complate_genome
gi_661921128 gb_KJ642615.1__Monkeypox_virus_strain_W-Nigeria__complate_genome

gi_819324928_gb_KP849470.1__Monkeypox_virus_isolate_Cote_d_Ivoire_1971__complate_genome
rIE gi_68449280_gb_DQO011156.1__Monkeypox_virus_strain_Liberia_1970_184__complate_genome
1

gi_58220470_gb_AY741551.1__Monkeypox_virus_isolate_Sierra_Leone__complate_genome
gi_661920955_gb_KJ642614.1__Monkeypox_virus_strain_UTC__complate_genome
gi_819324696_gb_KP849469.1__Monkeypox_virus_isolate_Boende_DRC_2008__complate_genome
gi_524850302_gb_JX878424.1__Monkeypox_virus_isolate_DRC_07-0338__complate_genome
gi_68448876_gb_DQ011154.1_Monkeypox_virus_strain_Congo_2003_358__complate_genome
RE3 gi_524851260_gb_JX878429.1__Monkeypox_virus_isolate_DRC_07-0662__complate_genome

" 0i_68449077_gb_DQ011155.1__Monkeypox_virus_strain_Zaire_1979-005__complate_genome
gi_451327891_gb_KC257460.1__Monkeypox_virus_strain_DRC_Yandongi_1985__complate_genome
gi_17529780_gb_AF380138.1__Monkeypox_virus_strain_Zaire-96-I-16__complate_genome
gi_17974913_fef_NC_003310.1__Monkeypox_virus_Zaire-96-I-16__complate_genome
gi_524847231_gb_JX878408.1__Monkeypox_virus_isolate_DRC_06-0970__complate_genome
gi_661920598_gb_KJ642612.1__Monkeypox_virus_strain_lkubi__complate_genome
gi_661921839_gb_KJ642619.1__Monkeypox_virus_strain_Gabon-1988__complate_genome

Central African clade

6.0

Fig. 1 Maximum likelihood (ML) phylogenetic tree with 54 whole genome sequences, including 51 previously available in
NCBI GenBank and representative of the current genetic diversity.

The ML tree was inferred with the IQ-TREE web-server for 1000 ultra-fast bootstrap replicates under the K3Pu+F+I substitution model
as estimated by ModelFinder and rooted to the earliest MPXV sequence (KJ642614). The topology was visualized by FigTree (v.1.4.2)
(http://tree.bio.ed.ac.uk/software/figtree/). Only SH-like values =0.8 were shown on the tree. Genomes highlighted in red correspond to
the newly characterized MPXV sequences from Benin, belonging to the prior Western African clade (proposed as MPXV clade 2)[4]

gi_661921661_gb_KJ642618.1__Monkeypox_virus_strain_Cameroon-1990__complate_genome

gi_524848383_gb_JX878414.1__Monkeypox_virus_isolate_DRC_07-0046__complate_genome

gi_524847615_gb_JX878410.1__Monkeypox_virus_isolate_DRC_06-1070__complate_genome
E gi_819325161_gb_KP849471.1__Monkeypox_virus_isolate_Yambuku_DRC_1985__complate_genome

The introduction of MPXV from Nigeria which shares
borders with Benin highlighted the potential for virus spread
through direct or indirect population movements. Therefore,
it is important to raise awareness among health professionals
for the rapid identification and diagnosis of this disease

in endemic countries such as Benin. In addition, WHO

should make available diagnostics and vaccines worldwide,
particularly to people in endemic countries in Africa where
resources are limited, and reinforce the disease’s surveillance
at local, regional and global levels. Many Western countries are
also gearing up to start immunization campaigns. However,

vaccine equity could be considered, targeting also populations
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and healthcare workers living in remote, forested areas in
endemic countries in Africa, who encounter wildlife that carry
monkeypox.

The current PHEIC could be probably a consequence of
increased local transmission of MPXV in endemic countries
in Africa such as Nigeria. Further clinical and genomic studies
could be promoted for better understanding of the current
epidemiology of monkeypox, as two new lineages have been
recently identified in the US with a recurrent and dominant
involvement of APOBEC3 activity in recent West African
MPXYV evolution.

Abbreviations

BMoH: Benin Ministry of Health; Ct: Cycle threshold; LFHV: Laboratoire
des Fievres Hémorragiques Virales; MPXV: Monkeypox virus; ML:
Maximum likelihood; PHEIC: Public Health Emergency of International
Concern; WHO: World Health Organization.

Supplementary information
The online version contains supplementary material available at
https://doi.org/10.1186/540779-022-00424-w.

Additional file 1: Table S1 Description of suspected cases and PCR
results.

Acknowledgements

The Laboratoire des Fiévres Hémorragiques Virales (LFHV) in Cotonou
was supported by the German Federal Ministry of Health through an
agreement (ZMVI1-2517GHP-740) within the Global Health Protection
Program at the Bernhard-Nocht-Institut for Tropical Medicine (BNITM).

Authors’ contributions

MF, AY, BH, AAS and OF2 conceived and designed the experiments;
CT, MO, KLD, MN, SS2, AD2, GH and YB performed the experiments; AY,
TL, ED, RK, AD1, AZ, FD, SS1, SB, CGK, AFO, RS and OQ performed the
field investigations; MF, AY and OF2 analyzed the data; MF, AY and OF2
wrote the paper; MF, AY, OF1, MMD and OF2 revised the manuscript.
All authors read and approved the final version of the manuscript.

Funding

This work was supported by the Benin Ministry of Health and the
Institut Pasteur de Dakar Internal Funds for Research.

Data availability

All data generated or analysed during this study are included in this
published article. The newly characterized MPXV sequences from
Benin have been deposited in GenBank under the accession number
OP422631-33.

Declarations
Ethics approval and consent to participate

The Benin National Ethical Committee at the BMoH approved the

574

surveillance protocol as a less than minimal risk research, and written
consent forms were not required. Oral consent was obtained from
all patients included in this study. All methods including the use of
human samples, were performed in accordance with the Declaration
of Helsinki.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing financial interests.
The supporting sponsors had no role in the design of the study; in
the collection, analyses, or interpretation of data; in the writing of the
manuscript, and in the decision to publish the results.

Author details

'Laboratoire des Fiévres Hémorragiques Virales (LFHV), Ministry of
Health of Benin, 01-882 Cotonou, Benin. ’Ecole Normale Supérieure de
Natitingou, Université Nationale des Sciences, Technologies, Ingénierie
et Mathématiques (UNSTIM), 2282, Goho, Abomey, Cotonou, Benin.
*Virology Department, Institut Pasteur de Dakar, 36 Avenue Pasteur,
220, Dakar, Senegal. *Ministry of Health of Benin, 01-882 Cotonou,
Benin. °National Public Health Laboratory, Ministry of Health of Benin,
01-882 Cotonou, Benin. 6Epidemiology, Clinical Research and Data
Science Department, Institut Pasteur de Dakar, 220, Dakar, Senegal.
"WHO Country Office in Benin, Avenue CENSAD - Les Cocotiers, 01, BP
918, Cotonou, Benin.

References

1. ICTV. 2011. https://talk.ictvonline.org/ictv-reports/ictv_9th_
report/dsdnaviruses-2011/w/dsdna_viruses/74/poxviridae.
Accessed 15 Jun. 2022.

2. World Health Organization. News release: WHO Director-General
declares the ongoing monkeypox outbreak a Public Health
Emergency of International Concern. Geneva, Switzerland: WHO,
23 July 2022. https://www.who.int/director-general/speeches/
detail/who-director-general-s-statement-on-the-press-confe
rence-following-IHR-emergency-committeeregarding-the-multi-
-country-outbreak-of-monkeypox--23-july-2022. Accessed 10
Oct. 2022.

3. Global Health 2. https://map.monkeypox.global.health/country.
Accessed 20 Sep. 2022.

4.  World Health Organization: Monkeypox. 19 May. July 2022.
https://www.who.int/news-room/fact-sheets/detail/monkeypox.
Accessed 15 Jun. 2022.

5. World Health Organization. Human monkeypox in West
Africa. 20 April 1979. Weekly Epidemiological Record: No. 16
(WER5416_123-125). https://apps.who.int/iris/bitstream/
handle/10665/222447/WER5416_123-125.PDF.

https://doi.org/10.1186/s40779-022-00424-w

Cite this article as: Yadouleton A, Faye M, Tchibozo C, Oke
M, Faye O, Lawale T, et al. Introduction of monkeypox virus in
Benin, 2022. Mil Med Res. 2022;9(1):63.



https://doi.org/10.1186/s40779-022-00424-w



