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Abstract 

All three cholera pandemics since 1881 have been caused by Vibrio cholerae 
strains of serotype Ol and it was therefore assumed th at only this serotype has 
epidemie potential. Thus it was unexpected that the recent cholera epidemie in 
Asia was caused by a non-Ol strain with the novel serotype 0l39. We provide 
evidence th at the 0139 strain arose by horizontal transfer of DNA, involved cell 
wall polysaccharide synthesis, from a V. cholerae non-Ol strain to an Ol El Tor 
strain. After transfer, homologous recombination occurred resulting in the 
replacement of a large part of Ol rfb genes by non-Ol DNA. The acquired 
DNA has changed the antigenic properties of the accepting strain, increasing its 
fitness in a region where cholera is endemic and natural immunity against V. 
cholerae Ol is high. This genet ie event may have caused the present cholera 
epidemic in Asia. 

Introduction 

Vibrio cholerae strains are natural inhabitants of brackish water and estuarine 
systems (ColweIl and Huq, 1994). More than 140 V. cholerae serotypes have 
been identified, only a few of which are known to cause disease in humans 
(Sanyal, 1992). Strains with the serotype Ol are the causative agents of all three 
cholera pandemics recorded since 1881 (Barua, 1992). Non-Ol serotypes have 
never been associated with cholera epidemics, although they may cause local 
outbreaks. On this basis it was assumed that only Olstrains were able to cause 
epidemic cholera. Therefore, it was totally unexpected th at an epidemie of 
cholera, which started in Madras in 1992, was caused by a non-O 1 strain with 
the novel serotype 0139 (Albert et al., 1993, Bhattacharya et al., 1993, 
Ramamurthy et al., 1993). Since its emergence, the 0139 strain has atfected hun
dreds of thousands of people and has replaced V. cholerae Olstrains as the 
predominant cause of cholera in South-East Asia. There is a large degree of 
natural immunity against Olstrains in this region, and the rapid spread of the 
0139 strain may have been facilitated by the fact th at it is not atfected by 
immunity to Olstrains (Albert et al., 1994). 0 l39 has already been isolated 
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from travelIers in California, Estonia, Germany, Singapore and Hong Kong, 
and it has been suggested that this strain may be the eau se of the next cholera 
pandemie. 

Two hypotheses were suggested for genesis of the 0139 strain. The 0139 
strain could be a derivative of a non-Ol serotype th at has acquired the potential 
to cause epidemie cholera, or the 0139 strain could be a derivative of an 01 
strain with an altered O-antigen. There is now abundant evidence for the latter 
hypothesis (Morris, 1994). The 01 serogroup can be further differentiated in 
two biotypes, designated classical and El Tor, and the 0139 strain is most 
similar to the El Tor biotype. However, there are important differences between 
the 0139 and 01 strains. In contrast to the 01 strains, the 0139 strain 
expresses a capsule (Johnson et al., 1994; Weintraub et al., 1994). Further, the 
01 and 0139 strains express a different LPS: the 0139 LPS has a shorter 0-
side chain and a different sugar composition (Manning et al., 1994; Waldor et 
al., 1995). Thus it seemed likely that the 0139 strain arose from an El Tor strain 
by acquisition of DNA involved in O-antigen and capsule synthesis. The aim of 
our research was to characterize this DNA and the molecular events which led 
to the genesis of the 0139 strain. 

Results and Discussion 

Characterization of a DNA region involved in synthesis of the 0139 antigen 

Since the 01 and 0139 strains express distinct O-antigens, we investigated 
whether differences could be observed between these strains in their 
chromosomal regions co ding for O-antigen synthesis (Bik et al., 1995). Using 
probes derived from the 01 gene cluster (Stroeher et al., 1992, Fig. 1) we 
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Fig. 1. Comparison of Ol and 0139 DNA regions involved in eell wall polysaeeharide synthesis. 
The representation of the 0 I rjb region is based on Stroeher et al., (1992). Homologous genes are 
indieated in blaek (>96% identity) or grey (68% identity). Abbreviation; kbp, kilo-base pairs. 
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investigated whether genes, homologous to those involved in 0 I-antigen syn
thesis, cou1d be detected in strain 0139. Only rfaD and rjbQRS were detected 
in strain 0139. This indicated that the genesis of 0139 involved de1etion of at 
least 15,000 base pairs (bp) of 01 chromosoma1 DNA. peR ana1ysis indicated 
that, 1ike in the 01 strain, rfaD and rjbQRS we re closely linked in the 0139 
chromosome, being separated by 12,000 bp of DNA. This DNA region was 
cloned and sequenced, and 11 open reading frames were found (Fig. 1). We have 
called this DNA region otn, for one-three-nine. As expected the otn DNA con
tained rfaD and rjbQRS. The Ol and 0139 rfaD genes showed 2% sequence 
divergence, while rjbQRS genes showed 4% sequence divergence. Down stream 
of the rjbQRS genes, an open reading frame was observed which is homologous 
to the 01 rjbD gene, showing 32% sequence divergence with it. These observa
tions suggest th at the creation of strain 0139 involved homologous recombina
tion between the Ol-antigen gene cluster and the otn DNA. One of the 
homologous regions involved in recombination could comprise rfaD, while the 
other region is probably located down stream of the rjbQRS genes. 

It is also possible th at the rjbQRS genes were involved in the genesis of strain 
0139. These genes comprise a putative insertion sequence element (Manning et 
al., 1994), and a homologous element, designated the H -repeat, is found in 
Eseheriehia eoh where it is involved in chromosoma1 rearrangements (Zhao et 
al., 1993). More significantly, a homo10gous element is also found in Salmonella 
enteriea, where it has been implicated in recombination between LPS gene 
clusters derived from different strains (Xiang et al., 1994). It is an attractive 
hypothesis that the rjbQRS element has played a similar role in the creation of 
the 0139 strain. 

Homology searches indicated th at the product of otnA showed significant 
similarity with an E. eoh protein, KpsD, involved in transport of capsular 
precursors across the periplasmic space (Bronner et al., 1993). The product of 
otnB showed significant similarity to a family of proteins found in E. eoli and S. 
enteriea, involved in regulation of O-antigen length (Batchelor et al., 1992). This 
suggested that otnA and otnB are involved in O-antigen andjor capsule syn
thesis. To substantiate this assumption, we constructed an otnA mutant by 
allel ic exchange, and analyzed this strain by means of the Ouchterlony double 
diffusion technique using sera raised against the 0139 cell wall polysaccharides 
(not shown). The results indicated th at the otnA mutant had lost the ability to 
synthesize cell wall polysaccharides which could be detected in the wild type 
strain by immune-precipitation. 

The origin of the otn DNA 

To determine the origin of the otn DNA, a probe consisting of otnA and otnB 
was used to screen more than 60 clinical and environmental V. eholerae isolates 
(Fig. 2B). DNA homologous to otnAB was not detected in 01 strains, neither 
the classical nor the El Tor biotype. Homologous DNA was detected, however, 
in a number of non-Ol strains, of serotype 069 and 0141. The 069 strain is an 

F.R. Mooi, E.M. Bik and A.E. Bunschoten 59 



A B 
I81004 otllAB 

oP oP 

iI r:: 
..t ~ oP tiJ I oP 
Cl g r:: 
\) ... u ... QI 

""' ... ""' ""' ""' ... ""' ""' 11 0 ~ oP 111 0 ~ oP 
11 f< Cl 111 f< Cl 
lil IJ Po Cl QI Po ..t ..t ..t ..t 
U l1li 0\ rt rt U IZI 0\ rt rt 

1'1 0\ .. .. .., 0\ .. .. 
rt rt rt IQ rt rt rt rt rt IQ rt rt 
0 0 0 0 0 0 0 0 0 0 0 0 

---
6.1 - ., 

6.1 -
5.1 - 5.1 -., 
4.1 - 4.1 -
3.1 - 3 . 1 --.,- .. --- .. 
2.0 - - :a.0 -
1.6 - 1.6 ---
1.0 - 1.0 -- --- .. 
0.5 - 0.5 -

Fig. 2. Occurrence of otnAB DNA among V. cholerae Ol and non-Ol strains. (A) RFLP pat
tems of V. cholerae Ol and non-Ol strains. Chromosomal DNA was digested with HpaII , and 
hybridized with IS1004 DNA. (B) The membrane used in A was reprobed with otnAB DNA. 
Analyzed strains are indicated above the lanes. Molecular weight markers are indicated on the left 
(in kilo-bp). Reprinted by permission of Oxford University Press from Bik et al. , 1995. 
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Indian patient isolate, while the 0141 strains were iso1ated from a patient and 
the environment in the USA, respectively. Thus the otnAB DNA has agIobal 
distribution. Sequence analysis revealed th at there was approximately 5% 
sequence divergence between the otnAB genes derived from the 0139, 069 and 
0141 strains. 

To study the genetic relatedness between these strains, we repro bed the 
same blot with an insertion sequence element which we have identified, and 
which can be used to differentiate V. cholerae strains (Fig 2A). The 01 and 
0139 strains showed very similar RFLP patterns. In fact the patterns of the 
El Tor and 0139 strain were identical, with the exception of a 4,500 bp band. 
This band is derived from the part of 0 I-antigen gene cluster which was 
deleted from the 0139 strain. The patterns of the 069 and 0141 strains were 
totally unrelated. Interestingly, the RFLP patterns of the two 0141 strains 
were are also unrelated. Thus there are genotypically unrelated strains with 
the same serotype (i.e. the 0141 strains), and conversely, genotypically related 
strains with the different serotypes (i.e. the 01 and 0139 strains). Using the 
RFLP analysis on a large number of non-O 1 strains we have found more 
examples of this phenomenon, and it suggests a gene flow within the V. 
cholerae species through which strains may acquire the ability to synthesize 
new cell wall polysaccharides. This raises the possibility th at there was a suc
cession of different serotypes in the history of cholera, of which the 01 and 
0139 serotypes represent recent examples. 
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