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Abstract
Cholera toxin (CT) is the principal virulence factor of Vibrio cholerae

for fatal cholera diarrhoea. Serogroups O1 and O139 harbour CT

and are known to be epidemic strains. The remaining serogroups

(nonO1/nonO139) are non-toxigenic and may be associated with

mild disease. O1 serogroup emerged with a variant of CT known

as Haitian cholera toxin (HCT). The HCT strains are hypervirulent

and have been associated with severe cholera outbreaks in India,

Western Africa and Haiti. Here, we report the presence of HCT

(ctxB7) in a nonO1/nonO139 isolate causing persistent diarrhoea.
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Introduction
Vibrio cholerae, the causative agent of fatal cholera diarrhoea, has

more than 200 serogroups, out of this only O1 and O139
strains are toxigenic (i.e. harbour cholera toxin (CT)) and are
known to be epidemic strains. Serogroups other than O1 and
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O139, are broadly grouped as non-O1, non-O139 strains,

which may cause mild gastroenteritis [1]. CT is the principal
virulence factor for the disease and is mainly produced by O1

and O139, whereas nonO1/nonO139 strains are non-toxigenic.
These possess other virulence factors associated with mild

gastroenteritis. Here, we report a nonO1/nonO139 strain
harbouring an unusual Haitian cholera toxin (HCT) associated

with persistent diarrhoea in a 5-month-old baby. Emergence of
HCT has become an alarming transition after its first report in

2007 from Odisha, India, and subsequently from Western Af-
rica and Haiti [2–4]. The HCT-carrying strains are hyperviru-
lent strains and are associated with higher severity of the

disease in these outbreaks [2–4].
Case report
A5-month-old female child resident inKachi colony,Ashok Vihar,

Loni, Ghaziabad (UP) presented with acute gastroenteritis
(10–15 episodes of loose stools per day and three or four epi-

sodes of vomiting per day) with mild dehydration (at admission)
was first admitted at Aruna Asaf Ali hospital, Delhi on 10 May

2016. Next day, the child developed severe dehydration with
anuria, resulting in a stuporous condition. The stool was negative

for rotavirus antigen (latex agglutination test). Stool culture was
negative for enteropathogens like V. cholerae, Salmonella and

Shigella species. However, Escherichia coli (few colonies) in mixed
bacteriawere identified from the stool. Stoolmicroscopy showed
plenty of bacteria but no ova or cyst. There were no pus cells or

red blood cells. Cefixime 20 mg twice daily was started on the
second day of illness but the high purge rate continued for 3 days.

Cefixime was continued for 4 days. By the 4th day, the child’s
purge rate had reduced to three or four times per day. She was

discharged on the 5th daywith apparent clinical improvement and
advice was to continue cefixime for another 3 days.

The child was readmitted on 27th May 2016 with the same
complaints of loose stools; 10–15 episodes per day and vom-
iting with mild to moderate dehydration to begin with. Intra-

venous injection of monocef (cefpodoxime) 200 mg twice daily
was started after sending the stool sample for pathogen iden-

tification at the Diarrhoeal Disease Laboratory, National
Centre for Disease Control, Delhi. The stool sample was

enriched in alkaline peptone water for 6 h followed by sub-
culture on selective media (thiosulphate–citrate–bile salts–

sucrose agar). The bacterial colonies were phenotypically
identified as V. cholerae. Vibrio cholerae was also identified on

non-selective media in mixed culture. Stool was found negative
for rotavirus, Salmonella and Shigella. The isolate (named as
NCDC-A54) was Gram-negative, motile and positive for
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oxidase and string test. The isolates were further confirmed as

V. cholerae by PCR analyses as described earlier [2,5]. The
isolates were broadly grouped as nonO1/nonO139 because it

did not react with antisera specific for the O1 and O139
serogroups. Biotyping of the isolate showed it to be haemolytic

on sheep blood agar and variably positive to a Voges–Proskauer
test, indicating ElTor biotype. The child remained apparently
stable for 3 days; however, after 3 days she started having

diarrhoea again (seven to eight times per day), which continued
for another 2 days (three or four times per day) with vomiting

and reduced urine output, though there was no blood or mucus
in the stools and she did not have any fever. Stool microscopy

showed the presence of pus cells, three to four per high-power
field, and absence of red blood cells, ova or cysts. Monocef was

continued until the day of discharge, i.e. for 7 days. The patient
was discharged on 2 June 2016. Syndromically the patient was
diagnosed as a case of persistent diarrhoea; she had taken a

course of septran before hospital admission.
FIG. 1. Multiple sequence alignment of translated ctxB gene of Vibrio cholera

strains.

FIG. 2. Genetic relatedness of the NCDC-A1654 Vibrio cholerae isolate wit

partial sequence of recA and rpoA. Neighbour-joining tree was constructed by M

are environmental nonO1/non139 strains from Assam, India [5].

This is an open access artic
The presence of the ctxAB gene in the isolate was confirmed

by PCR followed by DNA sequencing of the amplicon [6].
DNA sequencing also revealed the ctxB7 allele or HCT

(Fig. 1). The isolate was positive for other virulence-associated
genes: ompW, zot, rtxC and tcpA. A partial sequence of

housekeeping genes recA and rpoA was used to establish the
genetic relationship with other strains of classical, ElTor and
Haiti types. The isolate was grouped in a clade of nonO1/

nonO139 strains with environmental strains from Assam, India
(Fig. 2).

We were unable to isolate V. cholerae from the stool sample
of the patient after first admission. This could be due to the

early institution of antibiotics. Syndromically, as the patient had
gone into acute dehydration with anuria, a clinical picture of

V. cholerae infection was suggested in the first instance. The
second time, it was confirmed as cholera based on clinical
presentation, culture characteristics, and biochemical, sero-

logical and PCR assays.
e nonO1/nonO139 (NCDC-A1654) with ctxB sequence for reference

h reference O1 ElTor, classical and nonO1/nonO139 strains based on

EGA6 using Kimura-2 method. VEA1401A, VEA1402B and VEA1403C
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Discussion
The HCT strains originated from India and were disseminated

to Haiti through Nepal by United Nations peacekeepers from
Nepal who were deployed in Haiti after an earthquake [3,7,8].
All the epidemic outbreaks mediated by HCT strains were

associated with severe diarrhoea and higher rate of mortality
[2–4]. Now that the prevalence of the HCT strain is evident,

retrospective consideration of recent epidemics of Odisha
(2007), Western Africa (2009) and Haiti (2010) indicates that

outbreaks of this strain are associated with mortality rates far
greater than the WHO international target of 1% or less [9,10].

A very recent study demonstrated that these strains are hyper-
virulent [11]. Recently, we found that HCT genetic background

was present in V. cholerae nonO1/nonO139 strains isolated
from environmental water in Assam, India [5].

Harbouring of the CT (including HCT) gene by nonO1/

nonO139 strains is an indication of the emergence of a new
toxigenic serogroup with epidemic potential. The two biotypes of

V. cholerae O1 (classically causing six earlier pandemics) and El
Tor (responsible for a recent seventh pandemic) have been the

culprits in all cholera pandemics. The biotype alteration has
resulted in the appearance of hybrid or variant El Tor strains

causing severe purging diarrhoea that have spread worldwide
[12]. The hybrid V. cholerae El Tor strains possessing CT of
classical biotype were associated with more severity and have

now become a new threat worldwide because their hybrid
property enhances the survival and virulence of the strains.

Persistent diarrhoea in children has been associated with enteric
pathogens including V. cholerae in Bangladesh [13]. Vibrio cholerae

nonO1/nonO139 strains lacking CT have also been associated
with cholera-like diarrhoea (mild to severe) in Kolkata [14]. This

is probably the first report of HCT genes harboured in V. cholerae
nonO1/nonO139 strains being associated with persistent diar-

rhoea. The study showed successful management of persistent
diarrhoea associated with new toxigenic V. cholerae. There is a
need for continuous tracking if this could emerge as an outbreak

strain or a different genotype causing persistent diarrhoea.
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