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Multi-origins and complex transmission paths of monkeypox viruses 

Dear Editor 

Recently, more than 40,000 monkeypox cases in non-endemic 
countries around the world has been reported, most of which were in 
Europe and American. Monkeypox virus is mainly transmitted through 
direct contact, including close contact with respiratory secretions, skin 
damaged parts or contaminated items of infected people or animals [1, 
2]. Monkeypox outbreaks usually have a central point, and the original 
patient usually has a travelling history related to epidemic areas or a 
clear history of exposure to infectious sources (such as some rodents) 
[2]. However, the current monkeypox outbreak occurred in several 
non-endemic countries in a short time, and the vast majority of reported 
cases have neither been to the endemic areas in Africa nor direct contact 
with wild animals [1]. Furthermore, after the COVID-19, people’s social 
distance increases, and the probability of contact transmission should be 
decreased. It is difficult to explain the current monkeypox epidemic with 
the usual transmission pathways. It’s worth noting that, in a 2013 
monkeypox outbreak in the Democratic Republic of the Congo, both 
intrahousehold transmission and interhousehold transmission were 
observed, although how interhousehold spread occurred was not certain 
[3]. There might be some unknown cryptic transmission pathway. 

The source and transmission path of the current epidemic are still 
unclear. Traditional phylogenetic analyses use the whole genome 
sequence, hemagglutinin gene [4] or the surface glycoprotein gene 
(Supplementary Fig. 1). However the nucleotide differences of virus 
strains sampled from different places are too small to clarify an evolu
tionary clue. The relative synonymous codon usage (RSCU) bias can also 
reflect the origin of the virus [5]. The storage hosts of monkeypox vi
ruses are generally primates, rodents or artiodactyls, while human be
ings are only the temporary host. The RSCU biases of different virus 
strains are usually close to those of their storage hosts [5]. Here we 
estimated the RSCU biases of 20 monkeypox virus strains (including 10 
European strains, 2 North American strains, 7 African strains isolated 
from 1970 to 2017 and the 2018 Israel strain). The relationship among 
these sequences was calculated using the squared Euclidean distance 
(Fig. 1A and Supplementary Table 1). Then a phylogenetic tree con
structed by using the Euclidean distance method (Fig. 1B). It was found 
that the current outbreak in non-endemic countries may have at least 
three origins: Libya 1970 cluster, Sierra Leone 2004 cluster, and Sudan 
2005 – Nigeria 2017 cluster (Fig. 1B). The RSCU bias of Canada 2022 
strain was highly similar to that of Germany 2022 BY-IMB25241 strain; 
The USA 2022 FL001 strain was highly similar to Finland 2022 MPX-37 
strain (Supplementary Table 2), indicating that the viruses in North 
America may come from Europe by travelling presumably. Interestingly, 
the two virus strains both collected from Germany belong to two clus
ters. The distribution of virus clusters was staggered, which proves that 
current epidemic is multi-originated with complex transmission paths 
(Fig. 1C). 

The sudden and unexpected appearance of monkeypox simulta
neously in several non-endemic countries suggests that there might have 
been undetected transmission for some unknown duration of time fol
lowed by recent amplifier events [6]. So far, no animal reservoir for 
monkeypox viruses has been identified in non-endemic regions. There
fore it is unlikely a zoonotic spillover from animals to humans, and 
instead due to multiple importations of the viruses from different 
endemic regions, and subsequent cryptic inter-human transmissions that 
were undetected [6]. However, zoonotic transmission cannot be ruled 
out completely. Some animals are highly susceptible to monkeypox 
virus, such as American Sciuridae and European squirrels [7]. Interest
ingly, in 2015, a poxvirus strain was isolated in a renal transplant patient 
[8]. Unexpectedly, the genome sequencing results found that the closest 
relative of this poxvirus, identified in North America, was a poxvirus 
(strain Yoka) collected from a mosquito pool from central Africa in 1972 
[8]. The possible transmission of monkeypox by Aedes mosquito requires 
further investigations. 

In conclusion, the current monkeypox outbreak in non-endemic 
countries may have at least three origins: Libya 1970 cluster, Sierra 
Leone 2004 cluster, and Sudan 2005 – Nigeria 2017 cluster. The 
geographical distribution of virus clusters was in cross, indicating that it 
was multi-originated and the transmission paths may be very complex. 
Multiple importations of the viruses from different endemic regions may 
occur and some animals might participate in these multiple trans
continental transmissions. It is very important to determine the origin 
and transmission path of the virus, so as to achieve targeted prevention 
and treatments. 
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Fig. 1. Cluster analysis of monkeypox viruses based on relative synonymous codon usage (RSCU) bias. (A) Heat map of RSCU, excluding tryptophan codon UGG, 
start codon AUG, stop codons UAA, UGA and UAG. (1)–(20) are monkeypox viruses; (21) is a fowlpox virus, as an outgroup. (B) Phylogenetic tree constructed by 
using the Euclidean distance method with the Neighbor-Joining (NJ) model. Three distinct clusters are marked with red, blue and green respectively. Bar represents 
0.10 Euclidean distance. (C) Geographical distribution of 20 monkeypox virus strains. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 
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