
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



International Journal of Surgery 102 (2022) 106670

Available online 13 May 2022
1743-9191/© 2022 IJS Publishing Group Ltd. Published by Elsevier Ltd. All rights reserved.

Correspondence 

Recombinant SARS-CoV-2 variants XD, XE, and XF: The emergence of recombinant variants 
requires an urgent call for research – Correspondence  

A R T I C L E  I N F O   

Keywords 
Recombinant variants 
XD 
XE 
XF 
Call for research       

Dear Editor, 

A unique SARS-CoV-2 recombinant variant was detected in France 
during Jan 2022. Recently, WHO has designated the recombinant 
variant as XD on March 09, 2022 [1]. The recombinant variant has been 
positioned in the category of VUM (variants under monitoring) by WHO. 
The researchers first designated the recombinant variant as “deltacron”, 
and CDC, China, has published a report about this recombinant variant, 
providing some scientific insight into the recombinant variant [2,3]. 
GISAID (Global Initiative on Sharing Avian Influenza Data) offers 
open-access information on avian influenza genomic data to researchers 
as a global science initiative. This open access to genomic data has 
played a significant role in sharing genomic data of SARS-CoV-2 to re
searchers during the pandemic period and allowed performance of faster 
research on the virus and its variants [4]. Presently, GISAID has high
lighted the unique SARS-CoV-2 recombinant variant “in the focus sec
tion” [5]. The XD variant (AY.4/BA.1) is also recognized and confirmed 
by the Institut Pasteur in France, and the genome sequence is submitted 
to the GISAID. XD is considered a recombinant lineage developed from 
the recombination of two VOCs, i.e., the Delta (AY.4) variant and Om
icron BA.1 variant. Simultaneously, the variant was reported in 
Denmark and Belgium and has created concern in these countries and 
other parts of Europe. 

At the same time, the recombinant variant was confirmed by the UK 
Health security agency. Other than this recombinant variant (XD), this 
health agency also confirmed another two SARS-CoV-2 recombinant 
variants: XE and XF [6]. As per the eCDC, XF was first detected in the UK 
in January 2022 [7]. The eCDC has announced that all these recombi
nant variants can be positioned in the VUM category. However, all these 
three recombinant variants (XD, XE, and XF) are being closely moni
tored by researchers and policymakers throughout the world. 

The XD variant contains the genomic elements from the Delta variant 
and Omicron BA.1 variant (Fig. 1a). The XD variant contains the 
genomic elements ORF1a and ORF1b integrated from the Delta variant, 
while the spike protein is integrated from the Omicron BA.1 variant. The 
other genomic parts (E, M, ORF6, ORF7a, ORF7b, ORF8, N, 3UTR) of the 
XD is incorporated from the Delta variant (Fig. 1b). Researchers have 

noted that approximately 1 bp to 21463 bp of the genomic element is 
integrated from the Delta variant. Similarly, the genomic element from 
21643 bp to 25581 bp is integrated from the Omicron BA.1 variant 
(spike protein region). Again, from 25581 bp to the endpoint, the 
genomic element is from the Delta variant. Nevertheless, it has been 
observed that XD contains the novel mutation (E172D). The E172D 
mutation is located in the genomic region of NSP2 [6]. 

The recombinant XE variant originated from the recombinant 
genomic elements from the two Omicron variants, the Omicron sister 
variants: Omicron BA.1 variant and Omicron BA.2 variant (Fig. 1a). 
However, it has been found that the XE variant contains more genomic 
elements from the Omicron BA.2 variant compared to the Omicron BA.1 
variant. At the same time, the XE variant contains the first portion of the 
genomic elements from the Omicron BA.1 variant and the next/last 
segment of the genomic elements from the Omicron BA.2 variant 
(Fig. 1c). This recombinant variant contains up to 11,537 bp of genomic 
elements from the Omicron BA.1 variant, and it is in the NSP6 protein- 
coding genomic region. After the 11,537 bp position of genomic ele
ments, the recombinant XE variant contains genomic elements from the 
Omicron BA.2 variant. 

Similarly, the recombinant XF variant originated from the recombi
nant genomic elements of the two variants: the Delta variant and the 
Omicron BA.1 variant (Fig. 1a). However, the XF variant contains the 
genomic element of NSP1 to NSP3 from the Delta variant. The subse
quent portion of the XF variant encloses the genomic element of the 
Omicron BA.1 variant. The first part of the genomic element of the Delta 
variant is noted up to 5386 bp, while after the 5386 bp position of 
genomic elements, the recombinant XF variant contains genomic ele
ments from the Omicron BA.2 variant. Therefore, the XF variant con
tains more genomic elements from the Omicron BA.1 variant compared 
to the Delta variant (Fig. 1d). However, a comparative analysis of 
genomic elements of XD and XF variant shows that the XD variants 
contains more genomic part of the Delta variant. In contrast, the XF 
variant contains more genomic parts of the Omicron BA.1 variant. 

A country-wise phylogenetic tree has been depicted to show the 
country-wise relationship among the recombinant XD variant of SARS- 
CoV-2 from GISAID (Fig. 1e). After identification of the XD variant 
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from France, the variant spill over to the neighboring countries, and the 
circulation of the XD variant was even noted from the adjacent countries 
such as Germany, Belgium, Netherlands, and France (Fig. 1f). This 
phenomenon has raised several questions which require early answers 
for the properties of these recombinant variants, such as infectivity, re- 
infectivity, vaccine escape, immune escape, etc. Moreover, it is also an 
urgent need to unfold an in-depth evaluation of the SARS-CoV-2 re
combinant linage. 

The emergence of a SARS-CoV-2 recombinant linage is likely, and 
scientists expected it. However, very little is known about the 

recombinant variants. Thus, specific primers for the RT-PCR are ur
gently required to detect the recombinant variants efficiently. Therefore, 
more research is needed to efficiently design and develop the primers to 
identify these variants. Concurrently, more research is also needed to 
understand better the characteristics of these recombinant variants, such 
as their interaction properties (interaction between RBD of S-glycopro
tein and hACE2 receptor to explain the infectivity), molecular de
terminants involved in the creation of recombinant linage, 
epidemiological data to develop appropriate prevention and control 
strategies to stop the pandemic. 

Fig. 1. The diagram shows the schematic representation of the origin and genetic elements of recombinant variants XD, XE, and XF. The figure also describes the 
country-wise molecular phylogenetic of XD and spill over of the recombinant SARS-CoV-2 variants XD (a) Schematic representation of the origin of the recombinant 
SARS-CoV-2 variants XD, XE, and XF. The diagram illustrated the origin of the XD from Delta (AY.4) and Omicron BA.1 variant, the origin of XE from two Omicron 
variants (Omicron BA.1 and Omicron BA.2 variant), and the origin of XF from Delta and the Omicron BA.1 variant. (b) The figure represents the genome of XD 
variant. It also describes the genomic elements of Delta and Omicron BA.1 variants which are participated in recombinant XD variant’s genome development. (c) The 
figure represents the genome of the XE variant. It also illustrates the genomic elements of Omicron BA.1 and Omicron BA.2 variants which are participated in the 
recombinant XE variant’s genome creation. (d) The figure represents the genome of the XF variant. The figure also describes the genomic elements of Delta and 
Omicron BA.1 variants which are participated in the recombinant XF variant’s genome development. (e) A phylodynamics of the XD variant which was detected in 
France and was developed using GISAID. The phylogenetic tree was depicted by GISAID. To show the country-wise relationship among the recombinant XD variant 
sequences of SARS-CoV-2. It is showing 47 genomes collected from January 2022 to February 2022 (As per the GISAID server) that have been used to develop the 
phylogenetic tree. (f) Figure shows the transmission pattern of the XD variant. It shows the variant spill over from France to the neighboring countries in Europe, and 
the variant is circulated to adjacent countries such as Germany, Belgium, Netherlands, and France. Fig. 1e and f are based on GISAID open data source. 
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