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Introduction 
 
Vibrio cholerae is the causative agent of cholera, a 
life-threatening diarrhea disease that remains a 
serious public health issue, particularly in devel-
oping countries. To date, more than 200 
serogroups of V. cholerae have been recognized 
on the basis of the somatic O antigen. However, 
only the O1 and O139 serogroups are responsi-

ble for epidemic and pandemic cholera in hu-
mans. The O1 serogroup is classified into 2 bio-
types, classical and El Tor. Both biotypes are fur-
ther divided into 2 major serotypes, Ogawa and 
Inaba. Seven cholera pandemics have been rec-
orded since its emergence in 1817. The ongoing 
seventh pandemic is considered to have begun in 
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1961 in Indonesia and was caused by the O1 El 
Tor biotype (1). At the end of 1992, serogroup 
O139 was recognized in Bangladesh and India 
and subsequently spread to many Asian countries 
(2). Recently, new variants of V. cholerae O1 El 
Tor with traits of the classical biotype have ap-
peared and become predominant globally (3, 4). 
In 1964, cholera caused by V. cholerae O1 El Tor 
was introduced into Shandong, a coastal province 
of Eastern China. From our routine surveillance, 
almost every district of Shandong Province has 
experienced a cholera epidemic from 1975 to 
2013 and 2 multiyear cholera epidemics resulting 
in significant morbidity were distinguished (5). 
One was mainly caused by serotype Inaba during 
1980-1989, and the other was caused by serotype 
Ogawa during 1993-1999. Of note, serotype Ina-
ba re-emerged and initiated a small cholera out-
break in 2001. O1 El Tor strains have been unde-
tected since 2002. Conversely, serogroup O139 
was first isolated in Shandong Province in 1997 
and has been sporadic since then. 
Pulsed field gel electrophoresis (PFGE) is a high-
ly discriminating subtyping method for epidemi-
ology investigations, but it requires strict compli-
ance with the standard protocol (6). Multilocus 
sequence typing (MLST) and multi-virulence lo-
cus sequence typing (MVLST) utilize nucleotide 
sequence data for large-scale screening of bacteri-
al populations and are easy to perform and com-
pare by different laboratories (7). 
In this study, we used a combined 
MLST/MVLST method to determine the overall 
genetic relatedness of V. cholerae isolates from the 
Shandong province of China from 1975 to 2013. 
The antibiotic resistance patterns against 25 dif-
ferent antibiotics as well as the mechanisms of 
antimicrobial resistance were also investigated to 
extend the characterization of these isolates. 
 

Materials and Methods 
 
V. cholerae representative strains and DNA 
extraction 
From epidemiological data and pulsed-field gel 
electrophoresis data, 86 representative isolates 

were selected from Shandong Province during 
1975-2013. We included 8 environmental strains 
as controls. Among these 86 isolates, 47 strains 
belonged to serotype Ogawa, 27 strains belonged 
to serotype Inaba, and 12 strains belonged to 
serogroup O139. Bacterial chromosomal DNA 
was extracted from a single colony grown over-
night on nutrient agar by using the DNeasy 
Blood & Tissue kit (QIAGEN, Germany). 
 
Combined MLST/MVLST and sequence 
analysis 
Combined MLST/MVLST analysis may improve 
the discriminatory power and is suitable for the 
local epidemiological study of V. cholerae (7). Six 
housekeeping genes (gyrB, purH, pyrC, metE, pncB 
and fumC) and 3 virulence genes (ctxAB, tcpA and 
toxR) were selected for the combined 
MLST/MVLST analysis in Table 1 (7, 8). PCR 
conditions for the housekeeping genes consisted 
of 95 ºC for 5 min (pre-denaturation) followed by 

35 cycles of 94 ℃ for 30 sec (denaturation), 55 ℃ 

for 30 sec (annealing) and 72 ℃ for 1 min (exten-

sion) and a final extension at 72 ℃ for 5 minutes. 
PCR amplification was performed to detect the 3 
virulence genes with the same protocol as above 

except for annealing temperature at 59 ℃. The 
PCR products were sequenced by using the Au-
tomated DNA Sequence Analyzer ABI3730 (Ap-
plied Biosystems). Sequences were aligned by us-
ing the BioEdit program. Sequences with at least 
one nucleotide difference were assigned arbitrary 
allele numbers, with ‘0’ for no amplification and 
‘1’ for the allele at each loci of N16961 strain. 
Numbers for sequence types (STs) were assigned 
for the 6 housekeeping genes and the 3 virulence 
genes of all tested strains. On the basis of the 
allelic difference among isolates of above-
mentioned 9 genes, a minimum spanning tree 
was constructed by using BioNumerics (Applied 
Maths).  
 
Antimicrobial susceptibility testing 
Antimicrobial susceptibility testing for 25 antibi-
otics, including amoxicillin/clavulanic acid, ceph-
alothin, cefoxitin, cefuroxime, ceftriaxone, 
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ceftazidime, cefixime, cefepime, ampicillin, na-
lidixic, amikacin, norfloxacin, ciprofloxacin, 
levofloxacin, chloramphenicol, furazolidone, gen-
tamicin, kanamycin, tetracycline, doxycycline, 
trimethoprim/sulfamethoxazole, azithromycin, 
erythromycin, imipenem and polymyxin, was car-

ried out using broth microdilution method. Esche-
richia coli ATCC 25922 was the reference quality 
control strain in antibiotic susceptibility tests and 
results were interpreted according to the guide-
lines of the Clinical and Laboratory Standards 
Institute (9).  

 
Table 1: Primers used in this study 

 

Gene Primer sequences（5’~3’） Size（bp） 

ctxAB  F: GGCTGTGGG-
TAGAAGTGAAACGG 

R: CTAAGGATGTGGAA-
TAAAAACATC 

1080 

tcpA  F: CACGATAAGAAAAC-
CGGTCAAGAG 

R: CGAAAGCAC-
CTTCTTTCACGTTG 

453 

toxR  F: CCTTCGATCCCCTAA-
GCAATAC 

R: AGGGTTAGCAAC-
GATGCGTAAG 

713 

gyrB  F: TGGTTTTTGAGGTGGTG-
GAT 

R: CGCTTGATTCTTAC-
GGTTAC 

1214 

purH  F: TCAGCGTATCAGA-
TAAAACC 

R: CTTGCCATTCAC-
CACACTCC 

1083 

pyrC F: TGACAACACTGACGAT-
TACA 

R: 
TTGCGAGGTAGGCCG-
TAGAA 

910 

metE  F: TTGCTCTTGAAAAA-
TACTGG 

R: GAGAAGACTTAC-
GCGCAACA 

1110 

pncB     F: GTTTTCTCCCCACATCATTC R: 
TTCACACATGGCTTTTTC
CG 

1174 

fumC F: TTATCAA-
GCACAAACTCAAC 

R: TCACAGGCAG-
CATCACATTA 

1013 

int I F: GTTCGGTCAAGGTTCTG R: GCCAACTTTCAG-
CACATG 

923 

int IV F: GTGTTCGCGAATTTATGC R: ACGGGATAA 
TGGGCTTAA 

936 

sxt F: ATGGCGTTATCAG-
TTAGCTGGC 

R: GCGAA-
GATCATGCATAGA CC 

1035 

F: forward primer, R: reverse primer.  

 
PCR screening of antibiotic resistance genes 
All strains were screened for the presence of the 
class I and IV integrons and SXT element by us-
ing the primers listed in Table 1. PCR cycling 

conditions were 95 ℃ for 5 min, then 35 cycles 

(94 ℃ for 30 sec, 55 ℃ for 1 min, 72 ℃ for 1 

min) followed by a final extension at 72 ℃ for 7 
minutes. 
 

Statistical methods 
Data analysis involved use of SPSS 17.0 (Chica-
go, IL, USA). The difference in antibiotic re-
sistance between two serogroups of strains was 
assessed by one-way ANOVA. P<0.05 was con-
sidered statistically significant. 
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Results 
 
Nucleotide diversity of each gene and se-
quence types generated by MLST/MVLST 
We sequenced 9 nucleotide fragments of the 
genes for each of the 86 V. cholerae isolates. The 

numbers of alleles were 2 for tcpA, 3 for ctxAB, 
while 6-9 for toxR and the 6 housekeeping genes 
(Fig. 1). This range in number of alleles suggests 
that the primary virulence genes of V. cholerae, 
tcpA and ctxAB possessed relatively minor diver-
sity as compared with the 6 housekeeping loci. 

 

 
Fig. 1: Pulsed field gel electrophoresis dendrogram (Not I) and allele profiles at each locus obtained from 86 V. chol-

erae strains occurring in Shandong province from 1975 to 2013. 
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The representative strain of the seventh pandem-
ic, N16961, was used as a control and designated 
ST1. Overall, 33 different sequence types were 
identified among the 86 isolates from Shandong 
province (Fig. 1). The most common allelic pro-
file was ST24, containing 25 Ogawa strains and 
one Inaba strain, followed by ST1, which con-
tained 13 Inaba strains and 3 Ogawa strains. The 
third major sequence type was ST29, which in-
cluded 8 O139 strains. 
 
Genetic relatedness of MLST/MVLST se-
quence types among V. cholerae strains 
For the minimum spanning tree of the 9 genes 
(Fig. 2), 81.4% (70/86) of the V. cholerae strains 
clustered in one major group highlighted in light 
orange owing to one or 2 allelic differences. 
Overall, the group contained 95.9% (70/73) of 
the strains appearing during 1980-2013, which 
indicates their close relationship since 1980. On 
the basis of nucleotide differences, the major 
group contained 3 subgroups of closely related 
STs (ST1, ST24 and ST29), all differing by one 
gene. ST1 (16 isolates) and ST24 (26 isolates) 
predominated in the strains isolated during the 
1980s and 1990s, respectively, corresponding to 
the 2 multiyear epidemics. Most O139 isolates 
(ST29) were closely related to ST1 as compared 
with ST24. Of the O139 isolates, 2004001 clearly 
differed from most O139 clinical isolates in each 
gene and appeared to be unrelated to the main 
group of 70 strains. Of note, O139 strains isolat-
ed in 2013 had a distinct allelic profile to the 
dominant O139 subgroup, with one housekeep-
ing gene difference.  
 
Antimicrobial resistance profile of V. chol-
erae strains 
The antimicrobial susceptibility of the 86 V. chol-
erae strains was determined against 25 antimicro-
bial agents (Table 2). Among the V. cholerae iso-
lates, resistance to polymyxin was the most 
common (82/86, 95.3%), followed by erythro-

mycin (70/86, 81.4%), and imipenem (33/86, 
38.4%). All V. cholerae strains before 1980 were 
susceptible to the remaining 22 antimicrobial 
agents except for 7.1% to 14.3% of strains that 
were intermediately resistant to cefoxitin, amoxi-
cillin/clavulanic acid, gentamicin and norfloxacin. 
In 1983, one environmental strain resistant to 
ampicillin and another clinical strain resistant to 
norfloxacin were identified. The prevalence of 
resistant strains increased during the multiyear 
epidemic in the 1990s. In the 21st century, alt-
hough only sporadic cholera cases and localized 
outbreaks occurred, resistance to the tested anti-
biotics was higher. The strains from this period 
were 100% resistant to polymyxin and erythro-
mycin. At the same time, high rates of resistance 
(>50%) to ampicillin, nalidixic, gentamicin, tetra-
cycline, kanamycin, imipenem and trime-
thoprim/sulfamethoxazole were detected. 
 
Characterization of genetic elements associ-
ated with antibiotic resistance 
Spread of antibiotic resistance in V. cholerae has 
been attributed to the mobilization of integrons 
and a novel conjugative transposable element, 
SXT (10). The distribution of class I and IV in-
tegrons and SXT element in V. cholerae of Shan-
dong province was examined by PCR. All tested 
stains carried the int IV gene, which indicates the 
presence of the superintegron regardless of sero-
type and years of isolation. The SXT element was 
present in Ogawa strains during 1998-1999 and 
all the O139 strains since 1997. 
PCR detection of int I revealed that 29% (25/86) 
of V. cholerae strains were positive for the class I 
integron. All the 21 O1 Ogawa strains obtained 
from 1993 to 1997 carried the class I integron. In 
addition, only 25% (3/12) of O139 strains con-
tained the class I integron. Another int I-positive 
strain belonged to the Inaba serotype and was 
isolated in 1983. The class I integron of V. chol-
erae strains in Shandong province was first identi-
fied in the early 1980s. 
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Table 2: Antibiotic resistance profiles of 86 V. cholerae strains 

 

Antibiotic Resistance percentages (%) 

1975-1979 1980-1989 1990-1999 
(32.3%)a 

2000-2013 
(76.9%)a 

Total 

Cephalothin .0 .0 3.2 8.3 2.3 

Cefoxitin .0 .0 3.2 .0 1.2 

Cefuroxime .0 .0 9.7 8.3 4.7 

Ceftriaxone .0 .0 3.2 8.3 2.3 

Ceftazidime .0 .0 3.2 .0 1.2 

Cefixime .0 .0 3.2 .0 1.2 

Cefepime .0 .0 3.2 .0 1.2 

Ampicillin .0 3.4 .0 66.7 10.5 

Amoxicillin/clavulanic 
Acid 

.0 .0 3.2 16.7 3.5 

Trime-
thoprim/sulfamethoxaz
ole 

.0 .0 25.8 50.0 16.3 

Chloramphenicol .0 .0 .0 41.7 5.8 

Furazolidone .0 .0 6.5 16.7 4.7 

Nalidixic .0 .0 3.2 75.0 11.6 

Ciprofloxacin .0 .0 .0 8.3 1.2 

Levofloxacin .0 .0 .0 8.3 1.2 

Amikacin .0 .0 3.2 .0 1.2 

Gentamicin .0 .0 3.2 66.7 10.5 

Kanamycin .0 .0 9.7 75.0 14.0 

Tetracycline .0 .0 6.5 58.3 10.5 

Doxycycline .0 .0 6.5 33.3 7.0 

Azithromycin .0 .0 6.5 16.7 4.7 

Erythromycin 64.3 89.7 74.2 100.0 81.4 

Imipenem 35.7 37.9 29.0 66.7 38.4 

Polymyxin 85.7 96.6 96.8 100.0 95.3 

Norfloxacin .0 3.4 3.2 .0 2.3 
a SXT positive percentages 

 

Discussion 
 
In our previous study, the PFGE database of 250 
V. cholerae isolates from 1975 to 2013 has been 
established (5). The predominant serotype of 
Shandong province from 1975 to 2013 changed 
from Ogawa (1975-1979) to Inaba (1980-1989), 
Ogawa (1993-1999), Inaba (2001), then O139 
(1997-2013). We found that spatiotemporal sero-
type shifts generally correlated with the variations 
in the PFGE patterns (5). In each stage, repre-
sentative strains showing both a dominant PFGE 

pattern and other diverse pulsotypes were includ-
ed to achieve the greatest genetic diversity. At 
least one strain was selected from each outbreak. 
Overall, 86 representative isolates were selected 
from Shandong province during 1975-2013. Fig-
ure 1 shows PFGE profiles (Not I) obtained from 
86 V. cholerae strains isolated in Shandong prov-
ince from 1975 to 2013. 
Different housekeeping genes were used for mo-
lecular typing of V. cholera (7). Several reported 
methods were used by our research and had poor 
discrimination for pathogenic cholera strains in 
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the seventh pandemic (7, 11). According to Sal-
im’s study, we selected 6 genes with sequence 
variation in the toxigenic isolates (12). These 6 
genes had higher diversity in choleragenic strains 
from Shandong Province from 1975 to 2013. 
Four of the 6 housekeeping genes (gyrB, purH, 
metE and fumC) are spaced around the large 
chromosome (chromosome I) of V. cholerae, and 
the remaining (pncB and pyrC) are located on 
chromosome II. Our data revealed extensive 
housekeeping genetic diversity among cholera 
isolates during 1975-1980. Since 1980, 80.8% of 
cholera strains showed the same allelic pattern as 
N16961 in the 6 housekeeping genes. The low 
variability of the 6 housekeeping genes since 
1980 indicated that all the 6 loci evolved at a slow 
rate in the past 40 years.  
Cholera toxin (CT) and the toxin coregulated 
pilus (TCP) are the principal virulence factors 
encoded by ctxAB and tcpA (13). The toxR gene 
codes for a transcriptional activator regulating CT 
gene expression and TCP biogenesis (14). These 
3 virulence genes were included in the study to 
increase the discrimination of MLST analysis. 
CtxAB is composed of 2 subunits, ctxA and ctxB, 
and heterogeneity within the ctxB gene serves as 
the basis for ctxB genotyping (7). Our data illus-
trated that ctxB gene in O1 El Tor isolates during 
the 1990s and 2001 (ST24-28 and ST30) carried 2 
non-synonymous substitutions relative to 
N16961. These 2 changes are characteristic of 
ctxB in classical strains of the sixth pandemic, re-
sulting in amino acid substitution at positions 39 
and 68 of the ctxB gene. Therefore, the strains 
possessing the allelic type 2 and 3 in ctxAB are El 
Tor variants, replaced the prototype seventh-
pandemic O1 El Tor biotype in Shandong Prov-
ince since 1993. The complete substitution of El 
Tor variants for the prototype El Tor in Shan-
dong province occurred about 10 years earlier 
than that in other provinces (15) reflecting the 
local characteristics of V. cholerae in Shandong 
province. The evolution and emergence of new 
pathogenic variants of V. cholerae O1 in Shan-
dong province agrees with several reports from 
Asia, Africa, and America (16, 17).  

The minimum spanning tree resulting from anal-
ysis of sequences of all loci showed that almost 
all the isolates from 1980 to 2013 formed a ho-
mogenous group. Within the group, 3 sets of 
subgroups were revealed, designated ST1, ST24 
and ST29. As shown in Fig. 2, ST1 subgroup 
with identical ST to O1 El Tor N16961 com-
prised mainly the isolates of serotype Inaba and 
predominated in the first multiyear epidemic in 
the 1980s, indicating that the progenitor isolate 
was likely to be imported from Bangladesh. ST24 
subgroup, in which most isolates were El Tor 
Ogawa variants, was prevalent in the second mul-
tiyear epidemic during the 1990s. Cholera in 
Shandong Province was entirely caused by O139 
strains since 2002. Most O139 isolates belonged 
to ST29, closely related to 3 other O139 strains 
(ST32 and ST33). O139 strains in these 3 geno-
types were most similar to O1 El Tor strains with 
the allelic profile of ST1, in keeping with previ-
ous finding that the O139 serogroup evolved 
from the El Tor biotype, with major variations in 
the O-antigen (7). ST29 differed from ST1 at the 
tcpA locus. The tcpA gene of O1 strains in Shan-
dong Province showed 100% homology with that 
of N16961. However, the tcpA gene of O139 
strains from Shandong Province had a mutation 
at amino acid position 62 (N→D). A similar 
change of tcpA gene was also found in O139 
strains isolated from other provinces of China 
(GenBank accession no. AF512409-AF512413). 
From the variation in one housekeeping gene 
(pncB), one O139 strain from seafood and one 
O139 strain from a patient in 2013 were distin-
guished from other O139 isolates previously 
identified, sharing a new allelic pattern, ST33. 
From PFGE analysis, these strains in 2013 show-
ing a unique pulsotype were also separated from 
the O139 isolates occurring in the past 10 years 
and predominated in China in recent years, sug-
gesting the risk for human infections with ST33 
from seafood in Shandong province. 
MLST/MVLST genotypes ST1, ST24 and ST29 
matched PFGE groups B, A and C, and sero-
types Inaba, Ogawa and O139, respectively. Both 
methods revealed a larger variability of V. cholerae 
strains in the early stage. The MLST method 
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showed that all toxigenic O139 isolates from 15 
provinces in China had the same ST as the El 
Tor N16961 strain (13). However, 
MLST/MVLST described in this study distin-
guished O139 strains (ST29-33) from N16961 
strain (ST1). Additionally, numerous unique se-

quence types were observed with the 
MLST/MVLST approach, which demonstrates 
the high discriminatory capability of this ap-
proach. The chosen 9 genes appear to be well 
suitable for broader population structure studies 
of V. cholerae. 

 

 
Fig. 2: The minimum spanning tree based on sequence types from combined multilocus sequence typing and multi-
virulence locus sequence typing. The number at the node represents the sequence type (ST), and the size of the node 
reflects the number of isolates belonging to the same ST. The width of the line between each node corresponds to 

the number of allelic changes between STs in the middle part of this line. The part in light orange indicates the major 
group with one or 2 allele differences 
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Antibiotics are often used to reduce the duration 
and symptoms of diarrhea. In this study, we sur-
veyed antimicrobial resistance profiles among V. 
cholerae strains isolated in Shandong province 
from 1975 to 2013 using a panel of 25 antibiotics. 
Increased antibiotic resistance was observed over 
time. The resistance profiles suggest that poly-
myxin, erythromycin and imipenem were not ef-
fective for treating O1 and O139 V. cholerae in-
fections from 1975 to 2013. For O1 Ogawa vari-
ants emerging in the 1990s, most antibiotics re-
mained useful, except for trime-
thoprim/sulfamethoxazole, which had a high rate 
of resistance, 25.8% (Table 2). Accordingly, SXT 
elements were detected in O1 Ogawa variants 
between 1998 and 1999, and 77.8% of which 
were resistant to trimethoprim/sulfamethoxazole. 
Meanwhile, SXT elements were not detected in 
O1 variant strains isolated in 1993-1997 and 2001 
as well as all O1 prototype strains susceptible to 
trimethoprim/sulfamethoxazole, which indicates 
the association of the presence of the SXT ele-
ment and resistance to trime-
thoprim/sulfamethoxazole (18). In short, an-
timcrobial resistance of the O1 El Tor isolates 
from the current seventh pandemic in Shandong 
province is not as severe as that described in oth-
er counties (19). 
For O139 strains, resistance to 13 antibiotics, in-
cluding ampicillin, gentamicin, tetracycline, kan-
amycin, chloramphenicol, azithromycin, and tri-
methoprim/sulfamethoxazole, increased to the 
greatest extent. The resistance rate remained 
<10% for only ciprofloxacin, levofloxacin, ami-
kacin and cephalosporin antibiotics. The emer-
gence of resistance to azithromycin and doxycy-
cline in a few O139 strains is of great concern 
because these new generations of antibiotics are 
usually sufficient to reduce the symptoms of 
cholera and stabilize the disease (20). The class I 
integron was mainly distributed among strains of 
V. cholerae O1 between 1993 and 1997, and only 
one O1 strain in 1983 carried the class I integron, 
which agrees with the regional characteristics of 
O1 El Tor epidemic clones in China (21). As 
well, 25% of the toxigenic V. cholerae O139 

strains in Shandong province were positive for 
the class I integron. Therefore, the class I in-
tegron had a limited role in the drug resistance of 
both O1 and O139 strains from Shandong prov-
ince, which disagrees with previous investigations 
in China (22). Of interest, O139 strains had sig-
nificantly broader spectrum of antibiotic re-
sistance than O1 variant Ogawa strains during 
1998-1999, although both types of V. cholerae car-
ried the SXT element (F=13.4, P<0.01). With 
horizontal gene transfer, SXT elements have 
been found in almost all clinical cholera strains 
since their identification in 1996 (23). Antibiotic 
genes located at variable regions of SXT elements 
are unstable and diverse (24).  
Further study of antibiotic genes in SXT ele-
ments may help in understanding the mecha-
nisms of the extensive resistance of O139 strains. 
 

Conclusion 
 
The 6 housekeeping loci and 3 virulence loci cho-
sen in this study constitute a suitable basis for 
MLST/MVLST typing, enhancing the under-
standing of molecular epidemiology and evolu-
tion of V. cholerae in the ongoing seventh pan-
demic in Shandong province. We demonstrated 
the occurrence of V. cholerae O1 variants in 
Shandong Province for the first time. The in-
crease in rate of resistance in O1 variants and 
especially O139 strains highlights the need for 
continuous surveillance of antibiotic susceptibil-
ity and provides important information for the 
control of V. cholerae infections. 
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