
Introduction

　Cholera, caused by Vibrio cholerae, is endemic in 
many parts of the world, especially the countries which 
lack proper sanitary management. This pathogen lives 
freely in aquatic environments and cholera is always 
associated with poor sanitation (Singh et al., 2001).
　Studies on the genomic variation and molecular 
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Vibrio cholerae, the causative agent of cholera, is endemic in many parts of the world, especially 
in countries poor in resources. Molecular subtyping of V. cholerae is useful to trace the regional 
spread of a clone or multidrug-resistant strains during outbreaks of cholera. Current available 
PCR-based fi ngerprinting methods such as Random Amplifi ed Polymorphic DNA (RAPD)-PCR, 
Enterobacterial Repetitive Intergenic Consensus Sequence (ERIC)-PCR, and Repetitive Ex-
tragenic Palindromic (REP)-PCR were used to subtype V. cholerae. However, there are problems 
for inter-laboratory comparison as these PCR methods have their own limitations especially 
when different PCR methods have been used for molecular typing. In this study, a Vibrio chol-
erae Repeats-PCR (VCR-PCR) approach which targets the genetic polymorphism of the integron 
island of Vibrios was used and compared with other PCR-based fi ngerprinting methods in sub-
typing. Forty-three V. cholerae of different serogroups from various sources were tested. The 
PCR-fi ngerprinting approaches were evaluated on typeability, reproducibility, stability and dis-
criminatory power. Overall, Malaysian non-O1/non-O139 V. cholerae were more diverse than O1 
strains. Four non-O1/non-O139 strains were closely related with O1 strains. The O139 strain in 
this study shared similarity with strains of both O1 and non-O1/non-O139 serogroups. ERIC-PCR 
was the most discriminative approach (D value = 0.996). VCR-PCR was useful in discriminating 
non-O1/non-O139 strains. RAPD-PCR and REP-PCR were less suitable for effi cient subtyping 
purposes as they were not reproducible and lacked stability. The combination of the ERIC-PCR 
and VCR-PCR may overcome the inadequacy of any one approach and hence provide more in-
formative data.
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epidemiology of O1 and O139 V. cholerae are often 
carried out to track sources and spread of the patho-
gen (Kumar et al., 2007). PFGE has been considered 
as the gold standard for subtyping bacterial patho-
gens since it is highly discriminative and reproducible. 
It has been used to differentiate strains from outbreaks 
and from sporadic cases of cholera (Chen et al., 2004). 
However, PFGE needs strict adherence to standard-
ized protocols for comparable fi ngerprints. Other se-
quence-based typing such as Multilocus Variable 
Number Tandem Repeats Analysis (MLVA) and Mul-
tilocus Sequencing Typing (MLST) were employed to 
provide better defi nitive subtypes of V. cholerae strains. 
However, these highly discriminatory tools (PFGE, 
MLVA, and MLST) are time-consuming, expensive and 
laborious if compared with simpler and easier PCR-
based methods.
　PCR-based DNA fi ngerprinting approaches such as 
Arbitrarily Primed PCR, Box-PCR, Random Amplifi ed 
Polymorphic DNA (RAPD)-PCR, Enterobacterial Re-
petitive Intergenic Consensus Sequence (ERIC)-PCR, 
and Repetitive Extragenic Palindromic (REP)-PCR 
have been used to study epidemiological relationships 
among V. cholerae isolates (Rivera et al., 2001; Singh 
et al., 2001; Thong et al., 2002). Although these ap-
proaches are occasionally associated with poor repro-
ducibility and low discriminatory ability, there are re-
ports of the usefulness of RAPD-PCR, ERIC-PCR, and 
REP-PCR to differentiate toxigenic and non-toxigenic 
(Castañeda et al., 2005) or serogroups of V. cholerae 
isolates (Chakraborty et al., 2000).
　A relatively new approach, V. cholerae Repeats PCR 
(VCR-PCR), which was developed by Tokunaga et al. 
(2010), was reported to be useful for differentiating V. 

cholerae strains from different geographic regions and 
serogroups. This method targets the interspatial re-
gion of the repetitive sequences of the Integron Island 
in V. cholerae. However, this was only tested on a pan-
el of toxigenic O1 El Tor and O139 V. cholerae (Toku-
naga et al., 2010).
　Hence in this study, we further evaluated the useful-
ness of VCR-PCR on Malaysian non-toxigenic and 
toxigenic V. cholerae strains. The discriminatory ability 
of VCR-PCR was compared with that of RAPD-PCR, 
ERIC-PCR, and REP-PCR.

Materials and Methods

　Bacterial strains.　Twenty-three O1, 1 O139 and 19 
non-O1/non-O139 serogroups of V. cholerae strains 
previously isolated from human stools, water, algae 
and seafood were retrieved from the culture collection 
of Laboratory of Biomedical Science and Molecular 
Microbiology, Institute of Graduate Studies, University 
of Malaya and were used in this study.
　DNA preparation for PCR.　Crude DNA for each 
strain was prepared by suspending a loopful of bacte-
ria colonies in 50 µl of deionized water, and boiling at 
99°C for 5 min. After a short centrifugation, 5 µl of the 
supernatant (~50 ng of genomic DNA template) was 
used for PCR.
　Random Amplifi ed Polymorphic DNA (RAPD)-PCR.

RAPD-PCR was performed using a single primer, 1281 
(5′-AACGCGCAAC) as described in Chakraborty et al. 
(2000) with minor modifi cations. The PCR mixture con-
tained 1× PCR buffer, 3 mM MgCl2, 200 µM each dNTP, 
1.0 µM primer, 2 U Taq DNA polymerase (Promega, 
USA) in a total volume of 25 µl. The PCR program was 
set at 94°C, 5 min for initial denaturation, followed by 
45 cycles of 94°C for 1 min; 36°C for 1 min; 72°C for 
2 min, and one cycle of fi nal extension at 70°C for 
10 min.
　Enterobacterial Repetitive Intergenic Consensus se-

quence (ERIC)-PCR.　The ERIC-PCR was performed 
in a volume of 25 µl using 1× PCR buffer, 1.5 mM 
MgCl2, 125 µM each dNTP, 1.0 µM each primer, 2.5 U 
Taq DNA polymerase (Promega). The primers used 
were ERIC1R (5′-ATGTAAGCTCCTGGGGATTCAC-3′) 
and ERIC2 (5′-AAGTAAGTGACTGGGGTGAGCG-3′) 
(Versalovic et al., 1991). The PCR program consisted 
of an initial denaturation of 95°C for 5 min, followed by 
another 35 amplifi cation cycles of 92°C for 45 s, 52°C 
for 1 min, 70°C for 10 min and a fi nal extension at 70°C 
for 20 min.
　Repetitive Extragenic Palindromic (REP)-PCR.　REP-
PCR was performed using REP primer (5′-GCG CCG 
ICA TGC GGC ATT-3′) as previously described in Na-
via et al. (1999). PCR was carried out in a total of vol-
ume of 25 µl containing 2.5 mM MgCl2, 50 µM of each 
dNTP, 0.6 µM of primer, and 1.0 U Taq DNA polymerase 
(Promega). The PCR program consisted of an initial 
denaturation of 4 min at 94°C, followed by 35 cycles of 
94°C for 1 min, 42°C for 1 min, 68°C for 8 min and a fi -
nal extension of 8 min at 72°C.
　Vibrio cholerae Repeats (VCR)-PCR.　VCR-PCR 
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was carried out as described by Tokunaga et al. (2010) 
with a minor modifi cation in PCR conditions. Briefl y, 
the PCR mixture (25 µl) contained 2.5 mM MgCl2, 50 µM 
of each dNTP, 0.5 µM of primer (VCR-5′ TCCCTCTTG
AGGCGTTTGTTAC; VCR-3′ AGCCCCTTAGGCGGG
CGTTAA), and 1.5 U Taq DNA polymerase (Promega). 
The PCR program consisted of 25 cycles of 94°C for 
30 s, 65°C for 30 s, and 72°C for 3 min.
　Analysis of PCR amplicons.　The amplicons gener-
ated by RAPD-PCR, ERIC-PCR, REP-PCR and VCR-
PCR were electrophoresed on a 1.2% agarose gel at 
90 V for 6 h. A 1 kb DNA marker (Promega) was used 
as the molecular size standard. The gels were ethidi-
um bromide stained and then visualized by a Gel Doc 
XR (Biorad, USA).
　Analysis of fi ngerprinting patterns.　Banding pat-
terns generated by RAPD-PCR, ERIC-PCR, REP-PCR 
and VCR-PCR were analyzed with BioNumerics 6.0 
(Applied Maths, Kortrijk, Belgium). All the PCR fi nger-
print profi les were assigned arbitrary designations. 
The quantitative differences among the profi les were 
defi ned by the Dice coeffi cient; F. Cluster analysis was 
carried out based on the unweighted pair group with 
arithmetic averages (UPGMA) using a position toler-
ance of 0.15.
　Comparison of PCR-based fi ngerprinting approach-

es.　The typeability, reproducibility, stability, and dis-
criminatory power of RAPD-PCR, ERIC-PCR, REP-PCR 
and VCR-PCR were compared (Castañeda et al., 2005; 
Hunter and Gaston, 1988). The analysis was repeated 
3 times on different days using freshly prepared DNA 
templates.

Results

　Four PCR-based methods were used to subtype the 
43 V. cholerae strains and the relationships among the 
strains were deduced from the dendrograms (Figs. 
1‒4).
　RAPD-PCR subtyped the 43 strains into 38 profi les 
(F= 0.4 ‒ 1.0) consisting of 14 to 24 bands ranging 
from 250 bp to 2,000 bp. The banding patterns were 
reproducible for all except 4 strains which showed the 
same banding pattern in 2 out of three repeated tests. 
Four clusters (RAPD 1‒4) were observed at a similarity 
of 75% (Fig. 1). RAPD 1 comprised 2 non-O1/non-
O139 and an O1 strains from environmental sources. 
RAPD 2 was the largest cluster, consisting of 20 O1 
strains, 10 non-O1/non-O139 strains and 1 O139 

strain. RAPD 3 and RAPD 4 each contained 2 strains. 
Four non-O1/non-O139 strains and 1 O1 strain were 
not clustered in any of the groups. Among the 4 strains, 
VC6 (O1 serogroup) was distinctly different.
　ERIC-PCR subtyped 43 V. cholerae strains into 40 
profi les (F= 0.67 ‒ 1.0) comprising of 12‒14 bands. 
The banding patterns were reproducible. At the simi-
larity of 75%, 4 clusters were observed (ERIC 1 ‒ ERIC 
4) (Fig. 2). ERIC 1 was formed by 2 non-O1/non-O139 
strains. ERIC 2 comprised 11 O1 and 3 non-O1/non-
O139 strains while ERIC 3 comprised 12 O1 and 3 
non-O1/non-O139 strains. Cluster ERIC 4 comprised 8 
non-O1/non-O139 strains and 1 O139 strain.
　REP-PCR subtyped 43 V. cholerae into 35 profi les (F 
= 0.45‒1.0) comprising 12‒20 bands. The strains were 
grouped into 5 clusters (REP 1 ‒ REP 5) at a similarity 
of 75% (Fig. 3). Each of the clusters REP1 and REP 4 
was composed of 6 non-O1/non-O139 strains. Cluster 
REP 2 was formed by 1 non-O1/non-O139 strain and 1 
O139 strain. Two non-O1/non-O139 strains were clus-
tered in REP 3. REP 5 comprised 21 O1 V. cholerae.
　VCR-PCR gave reproducible results and subtyped 
43 strains into 31 profi les (F=0.56‒1.0). Based on the 
similarity of 75%, all the 43 strains were grouped ac-
cording to their serogroups (O1, O139, non-O1/non-
O139) (Fig. 4). There were 3 clusters (VCR1‒3). VCR 1 
and VCR 3 comprised non-O1/non-O139 V. cholerae 
strains. All O1 strains were clustered in VCR 2.
　The typeability, reproducibility, stability and discrimi-
natory power of the 4 approaches were determined 
and are summarized in Table 1. ERIC-PCR performed 
the best in typeability and discriminatory power. Based 
on reproducibility, ERIC-PCR and VCR-PCR correctly 
assigned the 43 strains into same profi les on 3 repeat-
ed tests while RAPD-PCR and REP-PCR were not able 
to show consistency in the banding patterns.

Discussion

　Major outbreaks of cholera rarely occur in Malaysia. 
However, minor outbreaks with low mortality rates and 
sporadic cases are reported yearly (http://www.dph.
gov.my/survelans/Statistik). Hence, prompt identifi ca-
tion of geographical or historical origin of the strain is 
very important to avoid prolonged outbreak. Four 
PCR-based methods were evaluated and applied to 
determine the relatedness of the strains. The time re-
quired for the PCR analysis including agarose gel 
electrophoresis was less than 14 h.



22 Vol. 57TEH et al.

　In this study, VCR-PCR was useful to differentiate 
strains of non-O1/non-O139 from the O1 and O139 
strains. Therefore, this method is useful to categorize 
O1, O139 and non-O1/non-O139 V. cholerae sero-
groups. Tokunaga et al. (2010) had reported 8 VCR 
patterns for O1 and O139 strains from 13 countries. 
VCR patterns A, B, C, D, F and G were assigned for O1 
strains isolated from Asia from 1971‒1997, while pat-
tern E was strains isolated from Peru and Bolivia. There 
was only 1 VCR pattern (Pattern H) for O139 strains 
isolated from Hong Kong, Denmark, Bangladesh, In-
dia, China, Japan, Thailand, Singapore and Nepal 

from 1993‒2006. Based on a visual comparison of 
VCR patterns for O1 and O139 strains as described by 
Tokunaga et al. (2010), 12 local O1 strains obtained in 
this study had similar VCR patterns (A, B, C, D, F and 
G), except for pattern E. This suggests that these 6 dif-
ferent clones of O1 strains are still widely distributed 
among Asian countries. DNA fi ngerprints of strains 
which differed from the published VCR patterns may 
be due to mutation at the spacer regions of the inte-
gron islands, resulting in altered targets for the prim-
ers. In this study, the O139 strain had a VCR pattern 
similar to pattern H. This is in agreement with Toku-

Fig. 1.　Dendrogram derived from banding patterns of RAPD-PCR.
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naga et al. (2010) that by using the VCR-PCR, all O139 
strains formed a homogenous genotype regardless of 
the geographic origin or time of isolation.
　The overall results based on the four PCR-based fi n-
gerprinting approaches (RAPD-PCR, ERIC-PCR, REP-
PCR, and VCR-PCR) showed that the 43 Malaysian V. 

cholerae were genetically diverse and heterogeneous. 
The non-O1/non-O139 strains could be divided into 2 
major groups: A) Genetically related to O1 strains 
(＞80%), or B) Genetically diverse from O1 strains 
(＜80%). For example, non-O1/non-O139 strains such 
as VCSW, VC374, VC310, and VC933 were highly re-

lated to O1 strains based on RAPD-PCR, ERIC-PCR, 
REP-PCR and VCR-PCR. Non-O1/non-O139 VCM1 
and VCM2 V. cholerae were 100% similar when sub-
typed by REP-PCR and VCR-PCR. However, the simi-
larity of the two strains decreased to 68% and 89% for 
RAPD-PCR and ERIC-PCR, respectively.
　The dendrograms generated based on RAPD-PCR, 
ERIC-PCR and REP-PCR showed that the O139 strain 
was closely related to strains of the non-O1/non-O139 
serogroup. However, the O139 strain was distinguished 
from other O1 and non-O1/non-O139 strains by VCR-
PCR analysis and was more related to O1 strains. 

Fig. 2.　Dendrogram derived from banding patterns of ERIC-PCR.
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Hence, this particular O139 strain which was isolated 
from sea water could be the result of horizontal gene 
transfer of O1 antigen biosynthetic and housekeeping 
genes of O1 El Tor strains into the non-O1/non-O139 
environmental strain. This observation was in agree-
ment with Faruque et al. (2004) and Singh et al. (2001), 
who described the derivation of O139 strain from O1 
and environmental non-O1/non-O139 strains.
　Among the four approaches, both RAPD-PCR and 
ERIC-PCR were highly discriminative but failed to cat-
egorize the strains according to serogroups. REP-PCR 
and VCR-PCR were better in categorizing strains ac-

cording to serogroups. Overall, all the four approaches 
gave comparable discriminatory power for distinguish-
ing V. cholerae strains (＞0.90). Although RAPD-PCR 
and REP-PCR showed higher discriminatory power 
than VCR-PCR, they were not useful for typing V. chol-

erae strains as neither was reproducible in certain 
cases as shown in this study (Table 1). Based on the 
criteria evaluated (typeability, reproducibility, stability 
and discriminatory power), ERIC-PCR was the better 
molecular typing tool for discriminating purpose. How-
ever, VCR-PCR may be more useful for epidemiologi-
cal study of V. cholerae on a serogroup basis and was 

Fig. 3.　Dendrogram derived from banding patterns of REP-PCR.
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the only approach which can enable interlaboratory 
comparison. Therefore, to overcome the inadequacy 
of a single approach, the combination of ERIC-PCR 
and VCR-PCR is recommended.
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Table 1.　Comparison of RAPD-PCR, ERIC-PCR, REP-PCR, and VCR-PCR based on 
typeability, reproducibility, stability and discriminatory power.

Typeabilitya

T= Nt /N
Reproducibilitya

R= Nr /N
Stabilitya

S= Ns /N

Discriminatory powerb

D=1 - 1
N (N－1)

 
S

∑
j=1

nj (nj-1)

RAPD-PCR 0.88 0.90 (n=39) 0.6  (2/3) 0.990
ERIC-PCR 0.93 1.00 (n=43) 1.00 (3/3) 0.996
REP-PCR 0.81 0.95 (n=41) 0.6  (2/3) 0.988
VCR-PCR 0.72 1.00 (n=43) 1.00 (3/3) 0.973

　Nt , number of strains assigned to a profi le; N, number of strains; Nr , number of strains assigned to the same 
profi le on repeated testing; Ns , number of tests in which the same strains were correctly assigned to the same 
profi le on repeated testing; S, number of different profi les; nj, number of strains belong to the jth type. aFormula 
obtained from Castañeda et al. (2005). bFormula obtained from Hunter and Gaston (1988).


