
Cholera, an acute and severe diarrheal disease, 
remains a major public health problem in devel-

oping countries. The Vibrio cholerae O1 El Tor strain 
is responsible for the ongoing seventh pandemic of 
cholera (7PC) (1). Most 7PC clinical isolates have be-
longed to sequence type (ST) 69 (2–4). However, in 
the 2010s, ST75 instead of ST69 has emerged and be-
come the dominant clonal group in China and South 
Africa, and it has several derived populations, includ-
ing ST169, ST170, and ST182 (5,6).

Although Fujian, China, experienced many 7PC 
outbreaks in the past 100 years, cholera cases caused 
by ST69 strains decreased dramatically after 2006. 
However, diarrheal diseases caused by V. cholerae 
ST75 and its derivatives have been reported continu-
ously during 2018–2023. To determine the molecular 
epidemiology of V. cholerae in Fujian Province, espe-
cially among ST75 and its derivatives, we performed 
a whole-genome sequence–based study of V. cholerae 
O1 isolated from clinical and environment samples 

during 2009–2023. The Medical Ethics Committee 
of Fujian Center for Disease Control and Prevention 
provided ethical approval for this study.

The Study
During 2009–2023, a total of 20 cases of diarrhea 
caused by V. cholerae O1 were reported in Fujian 
Province. We selected 1 V. cholerae isolate from each 
patient for this study and removed duplicate patient 
isolates (Table). All 20 isolates were serotype Ogawa, 
except 2 serotyped as Inaba. The epidemiologic data 
showed that all the patients were from China and had 
never traveled abroad. Twelve patients were male 
and 8 female, a ratio of 1.5:1. One (5.0%) patient was 
<14 years of age, and the other 19 (95.0%) were 15–65 
years of age. During 2009–2019, only 6 sporadic cases 
were reported, but 1 outbreak (n = 2 cases) occurred 
in 2021 and 2 outbreaks (n = 3 cases per outbreak) oc-
curred in 2023. 

The results of retrospective survey showed that 
75% (15/20) of the patients had eaten seafood within 
3 days before illness onset, and the 3 most suspicious 
foods were shellfish, marine fish, and softshell turtle. 
All the patients recovered after treatment, and no sec-
ondary transmission was observed. 

We studied the 20 isolates by obtaining whole-ge-
nomic sequences. We submitted short-read sequence  
data to the National Center for Biotechnology Infor-
mation (BioProject accession no. PRJNA1191620). 
We also provide GenBank accession numbers for 
global sequences used in this study (Appendix 1, 
https://wwwnc.cdc.gov/EID/article/31/7/24-
1838-App1.xlsx). 

Of the 20 isolates, we identified 7 STs by multi-
locus sequence typing (MLST), including ST75 (n = 
3), ST1480 (n = 6), ST182 (n = 4), ST170 (n = 3), ST169 
(n = 1), ST176 (n = 1), and ST167 (n = 2) (Table). In 
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We investigated the molecular epidemiology of Vibrio 
cholerae O1 in Fujian Province, China, during 2009–
2023. Sequence type (ST) 75 clonal complex has 
emerged continuously since 2020, and ST1480 and 
ST182 have dominated. ST1480 strains appear to have 
widespread transmission. To monitor V. cholerae evolu-
tion, continued global genomic surveillance is needed.
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the 2 Inaba isolates, we found a previously reported  
transposase insertion in the rfbT gene (7), which 
caused the serotype conversion. 

For population structural analysis, we construct-
ed a minimum spanning tree on the basis of MLST 
data (Appendix 2 Figure 1, https://wwwnc.cdc.
gov/EID/article/31/7/24-1838-App2.pdf). Accord-
ing to the rules of eBURST (8), ST75, ST1480, ST182, 
ST170, and ST169 could be defined as a clonal com-
plex (CC) of ST75. Using 2,443 core genes ubiquitous 
in V. cholerae, we obtained a minimum spanning tree 
of the 20 isolates from Fujian by using a core-genome 
MLST scheme (9) (Appendix 2 Figure 2). We found 
that during 2009–2019, ST75 derivatives were rela-
tively dormant, and we only identified ST169 dur-
ing that timeframe. However, after the appearance 
of ST1480 in 2020, ST75 derivatives were distinctly 
active, and ST1480, ST182, and ST170 emerged with-
in 4 years. Compared with other ST75 derivatives, 
such as ST169 and ST170, the genetic relationships 
between ST75, ST1480, and ST182 were closer. The 
core-genome MLST of ST1480 indicated only 1–43 
alleles differences between the isolates collected in 
2020, 2021, and 2023.

Most ST75 CC isolates were nontoxigenic, ex-
cept for 2 ST1480 isolates (strain nos. FJ2021001 and 
FJ2021002) in 2021 and 1 ST75 isolate (strain nos. 
FJ2022003) in 2022, which were toxigenic and con-
tained CTX phages of the ctxB3 genotype. All isolates 
carried tcpA, rtxA, hlyA, toxR, and Vibrio pathogenic-
ity islands 1 and 2. However, we did not find Vibrio 
seventh pandemic island I or II in those isolates.

Antimicrobial susceptibility testing by broth di-
lution method showed that all the ST75 CC isolates 
were susceptible to ampicillin, cephalosporin, chlor-
amphenicol, tetracycline, ciprofloxacin, and azithro-
mycin. The qnrVC4 gene was the only antimicrobial-
resistance determinant found in those isolates. That 
gene was in the super integron and is associated 
with fluoroquinolone resistance (10). Although we 
found the qnrVC4 gene in the 3 ST75 and 3 ST170 
isolates, those isolates did not show fluoroquinolone 
resistance. Whether the qnrVC4 gene can mediate 

resistance to fluoroquinolones in ST75 needs long-
term monitoring data.

To investigate the potential origin and phyloge-
netic relationship of clinical ST75 isolates and their 
derivatives, we further compared those isolates with 5 
environmental strains (2 ST169, 2 ST75, and 1 ST1480) 
collected from Fujian Province during 2009–2023, and 
to a global collection of 103 ST75 or closely related 
ST169, ST170, ST182, ST1480, and ST725–728 genomes 
(Appendix 1). We constructed a maximum-likelihood 
phylogenetic tree on the whole-genome single-nucle-
otide polymorphism (SNP) profiles, which revealed 
5 distinct lineages: L3 (Gulf Coast), L3b.1, L3b.2, 
L3b.3, and L3b.4 (Figure). ST1480 and ST182 clus-
tered in L3b.1, and had a maximum pairwise distance 
of 0–6 SNPs. We found that 3 ST1480 isolates (strain 
nos. FJ2021001 and FJ2021002 isolated from patients, 
and strain no. FJ2014078 isolated from turtle farm-
ing water) and 1 ST182 isolate from Fujian (strain no. 
FJ2021008) were genetically close to 2 ST182 isolates 
from Zhejiang (strain nos. 11–2_S78 and 11–1_S22 
isolated in 2011), and to 2 ST75 isolates from Taiwan 
(strain R16.3429 isolated in 2010 and strain R16.3447 
isolated in 2013). Fujian, Zhejiang, and Taiwan are 
geographically adjacent in the southeastern region of 
China. Given the geographic proximity and frequent 
exchanges among those regions, and because V. chol-
erae O1 ST75 has dominated in Zhejiang and Taiwan 
since 2009 (5,6), we speculate that the ST75 derivatives 
in Fujian shared a common ancestor with the isolates 
from those areas. ST75 seemed to be a valuable mark-
er for those V. cholerae lineages, which differed from 
the 7PC strains. In addition, the persistence of V. chol-
erae O1 ST75 CC, such as ST1480, in the environment 
and in patients, especially the emergence of toxigenic 
isolates, suggest that V. cholerae ST75 CC should be 
monitored more closely.

Conclusions
V. cholerae O1 ST75 CC has gradually expanded in 
Fujian Province, China. The continuous emergence of 
ST1480, ST182, ST170, and ST169 indicate the dynam-
ic evolution of this CC. Although no cholera epidemic 
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Table. Distribution of sequence types from clinical isolates in a study of emergence and prevalence of Vibrio cholerae O1 ST75 clonal 
complex, Fujian Province, China, 2009–2023* 
Category ST 2009 2011 2012 2019 2020 2021 2022 2023 Total 
ST75 and derivatives 75 0 0 2 0 0 0 1 0 3 
 1480 0 0 0 0 1 2 0 3 6 
 182 0 0 0 0 0 4 0 0 4 
 170 0 0 0 0 0 0 0 3 3 
 169 0 1 0 0 0 0 0 0 1 
Others 176 1 0 0 0 0 0 0 0 1 
 167 0 0 0 2 0 0 0 0 2 
*ST, sequence type. 
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Figure. Maximum-likelihood phylogeny of 
genomic sequences from a study of emergence 
and prevalence of Vibrio cholerae O1 ST75 
clonal complex, Fujian Province, China, 2009–
2023. The tree revealed 5 distinct lineages: L3 
(Gulf Coast), L3b.1, L3b.2, L3b.3, and L3b.4. 
ST1480 and ST182 clustered in L3b.1 and had 
a maximum pairwise distance of 0–6 SNPs. The 
7PET genome N16961 (ST69) was included as 
an outgroup. Isolates from Fujian Province are 
show as red branch lines and labels for clinical 
isolates (n = 17) and blue text for environmental 
isolates (n = 5); and the other 102 isolates 
(black text) are of global origin. Sequence type, 
year and region of isolation, and types of ctxB 
are shown at the tips of the tree; lineages are 
marked on the right side of the tree. The scale 
bar indicates substitutions per variable site. 
7PET, 7th pandemic V. cholerae O1 El Tor; ctxB, 
cholera toxin B subunit gene; ST, sequence type.

http://www.cdc.gov/eid
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caused by this CC was reported in Fujian before 2021, 
the frequency of ctxAB genes and the toxin coregu-
lated pilus gene cluster in these strains deserves an 
enhanced whole-genome sequence–based global sur-
veillance to closely monitor their evolution.
This study was funded by the Natural Science Foundation  
of Fujian Province, China (grant no. 2022J01399), and Fujian 
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