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RAPID COMMUNICATION
Characterization of a novel HIV-1
second-generation circulating recombinant
form (CRF144_07C) in Ganzhou, China
Inter-subtype recombination is the main force for the
complexity of HIV-1 genetic diversity, which increases the
difficulty of preventing HIV-1 infection and administering
antiretroviral therapy for people living with HIV. To date,
143 circulating recombinant forms (CRFs) have been re-
ported globally, 43 of which were identified in China.1

Moreover, HIV-1 strains that are produced by second-gen-
eration combinations, including unique recombinant forms
and CRFs, such as CRF105_0108, CRF123_0107, and
CRF134_0185, have been commonly reported in recent
years. The present study identified a novel second-gener-
ation recombinant form of HIV-1 comprising CRF07_BC and
subtype C and designated CRF144_07C. To our knowledge,
this was the first report of HIV CRFs comprising CRF07_BC
and subtype C, further indicating the complexity of HIV
genetic diversity in China.

Fourteen near full-length genomes were successfully
amplified and sequenced from newly reported people living
with HIV in Ganzhou, China, as described previously (Sup-
plementary Materials and Methods).2 Among these 14 par-
ticipants, most of them were male, �55 years, married,
farmer, from Xinfeng county, infected through heterosex-
uals, and with viral load > 105 copies/mL (Table S1).
Maximum-likelihood tree using pure subtypes and CRFs
comprising subtype B and subtype C as reference sequences
showed that query sequences formed a unique cluster with
a maximum parsimony bootstrap value of 100 %, located
outside of the CRF07_BC cluster (Fig. 1). These results
indicated that the query sequences might belong to a novel
CRF divided from CRF07_BC and subtype C.

Bootscan analyses revealed that these near full-length
genomes comprised recombinants of three subtype B frag-
ments and four subtype C fragments, with six identical
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breakpoints (Fig. S1A). Because they share the same mosaic
structures, they could be designated as novel CRFs ac-
cording to the HIV nomenclature proposal, which was
named CRF144_07C. Compared with those of CRF07_BC,
only two breakpoints of the mosaic structures of
CRF144_07C were different (Fig. S1A), with the insertion of
a subtype C fragment (nts 2188e2539 HXB2) into the
backbone of CRF07_BC. Maximum-likelihood trees of the
subregions of this novel CRF showed that subregion I (nts
841e2187 HXB2) and III (nts 2540e9024 HXB2) clustered
with CRF07_BC, and subregion II (nts 2188e2539 HXB2)
clustered with subtype C (Fig. S2). In summary, CRF144_07C
was a second-generation recombinant form of CRF07_BC
and subtype C (Fig. S1B).

To estimate the emergence time of CRF144_07C, Bayesian
evolutionary analyses were performed with the maximum
subtype B fragment (nts 5817e6527 HXB2) and subtype C
fragment (nts 3165e5816 HXB2). Maximum clade credibility
trees revealed that the median time of the most recent
common ancestor for the subtype B fragment (Fig. S3A) and
subtype C fragment (Fig. S3B) were 2007.9 (95% highest
probability density: 2003.8e2012.0) and 2007.5 (95% highest
probability density: 2002.1e2011.8), respectively.

Although CRF144_07C was a newly identified HIV-1
strain, it seems to be prevalent in Ganzhou, China. Ac-
cording to the reanalysis of our previous study, the first
patient infected with CRF144_07C was diagnosed in 2018
among outpatients in Ganzhou3 (Table S1), and the results
of the present study showed that the median time of the
most recent common ancestor for CRF144_07C was 2007
(Fig. S3), which indicates that CRF144_07C might have been
prevalent in Ganzhou for approximately 15 years. More-
over, CRF144_07C was found to be prevalent in five
different counties in Eastern, Western, and Southern
Ganzhou, including Chongyi, Xinfeng, Ganxian, Ruijin, and
Anyuan (Table S1). These findings showed that the newly
behalf of KeAi Communications Co., Ltd. This is an open access
by/4.0/).
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Figure 1 Maximum-likelihood trees based on HIV-1 near full-length genomes. The reference sequences included sequences of
group O, subtypes AeL, and circulating recombinant forms (CRFs) comprising subtype B and subtype C. The reliability of the tree
branches was evaluated by 1000 bootstrap replicates and only bootstrap values greater than 80 % were shown at each node. The
branch of the potential novel CRF is marked in red.

2 Rapid communication
identified CRF144_07C had become one of the main prev-
alent strains in Ganzhou, China.4

In theearly stages of the pandemic, newly identifiedHIV-1
strains seemed to be highly relevant to the risk population. In
the 1990s, HIV-1 CRF01_ AE and CRF07_ BC began to be
prevalent in China, with the former occurring mainly among
people who have heterosexual intercourse and the latter
occurringmainly among people who inject drugs. Later, both
strains spread to other risk populations and became the two
main prevalent strains in China.5 Of the 15 individuals with
CRF144_07C, 13were aged 55 years and older (Table S1), and
all of them had experienced heterosexual intercourse, sug-
gesting that CRF144_07C might arise in the elderly popula-
tion through heterosexual transmission. More extensive and
systematic research was urgently needed to further under-
stand whether CRF144_07C spread to other risk populations,
as had been done for CRF01_AE and CRF07_BC.

In summary, we performed a molecular epidemiologic
study of 17 newly reported people living with HIV in
Ganzhou from 2020 to 2021. A novel second-generation
recombinant form of HIV-1 comprising CRF07_BC and sub-
type C was identified and designated CRF144_07C.



Rapid communication 3
CRF144_07C might be one of the main prevalent strains in
Ganzhou. Continuous and systematic research is urgently
needed to understand the dynamics of CRF144_07C and to
monitor the genetic diversity of HIV-1 in China.
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The sequences amplified by this study were submitted to
GenBank under accession nos. OR117365 to OR117378.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.gendis.2024.101443.
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