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Summary In mid-1994, the public water supply was investigated in a medium-sized town in south 
India during an epidemic of cholera due to Vibrio cholerae 0139.  Vibrio cholerae 0139 
was isolated from the public water supply including one of the wells supplying the town, the 
central overhead tank, and domestic taps connected to the public supply. Following 
chlorination, the organism was no longer isolated from the water supply and the epidemic 
subsided. This demonstration of V. cholerae 0 1 3 9  in the drinking water supply of a town 
underlines the need for adequate treatment of the water supply. 
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Introduction 

Vibrio cholerae 0 1 3 9  was first identified as a cause 
of epidemic cholera in late 1992 and early 1993, 
and continues to be a major cause of cholera-like 
illness in the Indian subcontinent (Bhattacharya 
et al. 1993; Cholera Working Group 1993). In 
south India, this organism was the predominant 
pathogen associated with cholera-like illness 
from October 1992 until about mid-April 1993 
(Jesudason &John 1993). Since then, serotype 01 
and 0139  have both been isolated with similar 
frequency from sporadic cases. Islam et al. (1994) 
have isolated this organism from surface waters of 
tanks, ponds and lakes. The organism has not pre- 
viously been directly demonstrated in the drinking 
water supply. A town in south India had an out- 
break of clinical cholera in July 1994 and Vibrio 
cholerae 0139 was isolated from patients. The 
present study reports the investigation of the town’s 
municipal water supply during this period. 

Materials and methods 

The epidemic and its setting 

In July 1994, a medium-sized town in south India 
was affected by an epidemic of acute watery 
diarrhoea, affecting mostly adults. Details of affected 

Table I Age and sex distribution of patients with acute 
diarrhoea during the epidemic of cholera for the period 16 
July 1994 to  T O  August 1994 

Age group 
(years) Male Female Total 

0-4.9 14 I 2  26 
5-1 1.9 7 9 

12-17.9 21 3 0  5 1  

2 

IS+ 178 21 I 3 89 

Total 220 2 5  5 475 
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Figure I Epidemic curve for the cholera epidemic in July 
to August 7994. 

people were collected by scrutiny of the casualty and 
admission records at  the various public and private 
hospitals in the town. All houses in the worst 
affected area with a population of approximately 
33 500 were visited by a health worker and two 
public health nurses. The statistics thus gathered are 
likely to be incomplete, but are shown in Table I, 

and the epidemic curve is shown in Figure I. Stool 
samples for culture were obtained from 25 patients 
with diarrhoea, and Vibrio cholerae 0 1 3 9  was iso- 
lated from ZI of these. The epidemic continued until 
early August 1994 and then subsided. 

Investigation of the water supply 

The town derived its water supply from 3 wells, I 

located in a river bed (well I, Figure 2), and z 
(wells z and 3, Figure z) located in tanks (surface 
reservoirs). Water, passed through filtration galleries, 
was pumped to a large central and two smaller over- 
head tanks, where it was chlorinated. At the time of 
the outbreak, chlorination of the water in the tanks 
had been temporarily discontinued. Water from the 
municipal supply was used in many houses for 
drinking purposes without prior treatment. 

Sample collection 

Water samples were collected in 5-litre sterilized 
plastic cans and transported to the laboratory within 
half an hour of collection. Samples of drinking water 
were obtained directly from 4 domestic taps (taps 
1-4, Figure 2) connected to the municipal water 
supply, which were from houses with patients who 
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had developed cholera. The fifth tap (tap 5 )  sampled 
was not connected to the municipal supply but 
derived its supply from an independent well. None 
of the members of this household had diarrhoea. 
The mouths of the taps were flamed before collecting 
water samples, and the samples collected only after 
initially letting some water run through. Water 
samples were also obtained from the 3 wells supply- 
ing the town, the central and peripheral overhead 
tanks and the booster station (Figure 2) .  Water from 
different sources was sampled on different days 
because of limitations in processing samples; the 
times when samples were obtained are shown in 
Table 2. They were first obtained z weeks after 
onset of the epidemic, while subsequent samples 
were obtained within a week of the first. 

Bacteriology 

All water samples were passed through 6-cm 
diameter Seitz EKS depth filters (Seitz Werke GmbH, 
Bad Kreuznach, Germany). The filters were overlaid 
on TCBS agar and cultured. Vibrio-like colonies 
were further characterized by biochemical tests 
(Heiberg 1936; Porter & Duguid 1989) and con- 
firmed by slide agglutination employing Vibrio 
cholerae 0 1 3 9  antiserum (kindly supplied by 
Dr John Albert, ICDDR,B, Dhaka). Coliform counts 
were done on all water samples using the most 
probable number technique (Senior 1989) and 
expressed as coliforms per litre. Water samples were 
also inoculated in TCBS broth and most probable 
numbers of Vibrio cholerae were calculated. This 
method was standardized by inoculating known 
dilutions of the organism in TCBS broth. 

Vibrio cholerae were also inoculated into sterile 
distilled water containing the following free chlorine 
concentrations: 0, 0.1, 0.2, 0.3, 0.5, 1.0, 2.0 and 
5.0 p.p.m. IO?, 10' and 109 bacteria were inoculated 
into the above solutions for 15, 30 and 6 0  minutes 
and then plated on TCBS agar. Similar experiments 
were done using water from taps chlorinated to give 
residual chlorine concentrations as above. 

Results 

Vibrio cholerae 01 39 (confirmed biochemically and 
by agglutination with 0 1 3 9  antiserum) was isolated 
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Figure 2 Diagrammatic 
representation of the water supply in 
the study area. U,  Houses studied. 

Table 2 Dates of sample collection, 
coliform counts and results of Vibrio 
Or39 culture of the water sources 
tested 

Coliform 
MPN " 9 3  Date of counts 

Sample collection MPNA Vibrio 0 1 3 9  MPN/1 

Domestic taps 
1 29/7/94 < T O  + N D  
2 29/7/94 < I 0  + N D  
3 29/7/94 < I 0  + N D  
4 29/7/94 < I 0  + N D  

1/8/94 240 

central 1/8/94 5 0  + ND 
central 2/8/94 70  
tank 2 5/8/94 
tank 3 5/8/94 < I 0  

1 2/8/94 >1800 + 9 20 ' Tap 5 was not connected to the 
2 2/8/94 > I  800 - - municipal water supply. 

N D  - 

Overhead tank 

+ 20 
- - < I 0  
- - 

Wells 

3 3/8/94 >I800 - MI", Most probable number; - 

ND. not done. 

from all 4 samples of drinking water obtained from 
households of patients with cholera (Table 2). Vibrio 
cholerue 0139 was also cultured from well I in the 
river bed, and from water in the overhead tank. 
Water from tap 5 in the same area, connected to a n  
independent domestic tube well, did not grow the 
organism. Water from the z other wells (wells z and 

3 )  supplying the town as well as water from the 
peripheral overhead tanks (2 and 3 )  did not grow 
the organism. However, the latter z tanks were 
sampled towards the end of the epidemic. The 
coliform counts in these water samples are shown in 
Table 2, and indicate the heavy faecal contamination 
of water in the wells. 

856 0 1996 Blackwell Science Lrd 
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Quantitation of Vihrio 0 1 3 9  was commenced 
only on samples obtained after I August. At this 
time, quantifiable 0 1 3 9  was found in water from 
well I and from the central overhead tank. In the 
former, the most probable number of Vibrio was 
calculated as 920/l, and in the latter as 20/l water. 

Vihrio 0139 did not grow from any of the 
chlorine-incubated samples, even with the high 
inoculate and lowest chlorine concentration. Vibrio 
cholerae could be grown from tap water to which 
chlorine was added in concentrations up to I p.p.m. 
residual chloride, when inoculates of 1oY bacteria 
were inoculated. Control organisms incubated in 
water without added chlorine all showed confluent 
growth. 

Discussion 

This study documents the contamination of the 
municipal water supply with Vibrio cholerae Or39 
during an epidemic of cholera in south India. This 
organism continues to be a cause of epidemic and 
endemic cholera in the subcontinent and other 
parts of Asia (Bhattacharya et al. 1993; Cholera 
Working Group 1993; Chongsa-Nguan et al. 1993; 
Fisher-Hoch et al. 1993). Studies have shown that 
this organism is likely to be a single clone, with all 
known strains having the same serotype and bio- 
chemical and toxin-producing properties (Islam et al. 
1994). In Tamil Nadu a resurgence of cases in July 
1994 affected several towns including the one 
reported on here. 

The disease affected mainly adults suggesting 
that, despite the epidemic in this area a year or more 
earlier, the population continued to be immuno- 
logically naive. The organism is itself considered to  
be closely related to  Vibrio cholerae El Tor, with 
additional virulence factors (Calia et al. 1994; 
Johnson et al. 1994). The disease produced by this 
organism is clinically indistinguishable from classic 
cholera (Bhattacharya et al. 1993) and the diagnosis 
in this study was made by culture and serotyping 
with 0 7 3 9  antiserum. 

of 9 2  (12%) surface water samples obtained from 
ponds, lakes, rivers and canals, and suggested that 
this organism is better adapted than Vibrio cholerae 
01 to surviving in water. The present study provides 

Islam et al. (7994) cultured the organism from I I 

confirmation that transmission of this organism 
during epidemics is through contamination of 
drinking water. 

The epidemic was probably due to cessation of 
chlorination of the public water supply. Following 
culture of the organism from the water supply, the 
health authorities restored chlorination (by adding 
8 kg of bleaching powder per million litres of water, 
to give a calculated chlorine concentration of about 
2 p.p.m.). Our tests indicate that the organism is 
extremely susceptible to  chlorine in distilled water, 
as it is killed by I 5 minutes exposure to as little as 
0.1 p.p.m. residual chlorine. However, when added 
to tap water, residual chlorine concentrations of up 
to I p.p.m. failed to kill the organism when the origi- 
nal inoculate was 1oY organisms. Isolation of Vibrio 
0139  from 4 taps where coliforms were not detected 
indicates that a coliform count may not always be a 
suitable index of risk from Vihrio cholerae. The 
recommended concentration of residual chlorine 
(0.5 p.p.m.) in treated water may not be enough to 
destroy the organism. The report underlines the need 
for stringent treatment of drinking water, preferably 
using the technique of break-point chlorination. 
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