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Introduction

The Mekong Delta is located in the southern part of

the Indochina peninsula, and is a wet alluvial fan consist-

ing of fertile soil derived from sediments deposited in the

bed of the Mekong River.  The dominant crop in this area

is rice which is adapted to soils with a high water content.

Agriculture in the Mekong Delta is characterized by a

recycling-oriented system combining rice cropping, ani-

mal husbandry, and aquaculture.  This management sys-

tem is called the “VAC Farming System” or “VAC

Integrated Farming System”7.  Indica rice which is

mainly grown in this area, is a long-grain rice easily bro-
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Abstract
This study was conducted in Tan Phu Thanh Village in the Mekong Delta, Vietnam in order to deter-

mine the prevalence of Salmonella spp. in the water system, and to reveal the exchange of Salmonella

spp. occurring between the water system and livestock in this village.  A total of 142 water samples

were collected from 40 farms in this village from February to March, 2001. Thirty (21.1%) samples

out of the 142 water samples analyzed were positive for Salmonella spp. in culture, based on biochem-

ical tests.  A total of 19 different serovars were observed among the 36 isolates from the positive water

samples.  Serovars Derby (n = 6), O3,10: r :– (n = 4), Anatum (n = 3), Bardo (n = 3), Javiana (n = 3),

London (n = 2), Bovismorbificans (n = 2), and Dessau (n = 2) were isolated from more than one water

sample.  Serovars Derby and Javiana had been observed among the strains isolated from swine in Tan

Phu Thanh Village in 2000 (Phan et al., in preparation).  Consequently, we attempted to compare these

strains of water and animal origins by pulsed-field gel electrophoresis.  The difference in the number of

bands between the isolates from water and swine was less than 4 in part of the S. Derby and Javiana

isolates.  These data provide indirect evidence for an exchange of Salmonella between the water sys-

tem and swine population in this area.  Moreover, 3 (6.1%) out of the 49 samples of stored water used

for animal watering were positive for Salmonella spp. including the serovar Javiana.  Sterilization of

stored water is essential to prevent the spread of infection in this area.
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ken in the course of milling.  The large amounts of

cracked rice and rice bran thus produced are used as

swine feed.  Swine manure and waste water are directly

discharged into on-site ponds and are used to grow plank-

ton as bait for fish.  These ponds are thus utilized for

aquaculture.  Most of these ponds are connected to a sub-

sidiary stream of the Mekong River through canals, and

the water content is exchanged naturally under the influ-

ence of tides.

Salmonella are ubiquitous intestinal bacteria, that

cause typhoid and paratyphoid fever in humans and

animals3.  Many kinds of vertebrates including farm ani-

mals are potential hosts of these bacteria.  Salmonella

infections in livestock cause problems related to both

productivity in the animal industry and public health.

Asymptomatic infections of Salmonella in farm animals

lead to contamination of farm products including meat,

milk, and eggs, and consumption of these contaminated

products causes Salmonellosis in humans3.  Salmonella

infections that are not only foodborne but also water-

borne are a cause for concern in terms of public health,

especially in developing countries where wastewater is

directly discharged into lakes, ponds, and rivers.  Con-

taminated surface water is a potential source of water-

borne infections5.

Tan Phu Thanh Village is located in the Chau Thanh

A district of Can Tho province in the Mekong Delta.  The

total area of this village is 2,528 ha.  According to the sta-

tistical data collected by the hamlet and village officers,

5,750 pigs, 56,000 chickens, and 40,700 ducks were

raised in this village in 19998.  In a previous study con-

ducted in 2000, we had investigated the prevalence of

Salmonella among the domestic animals in 6 provinces of

the Mekong Delta, including Tan Phu Thanh Village, and

isolated Salmonella strains from 5.2% of the pigs, 7.9%

of the chickens, and 8.9% of the ducks (Phan, T. T. et al.,

in preparation).  Because animal excreta are directly dis-

charged into ponds or canals, contamination of water sys-

tems by Salmonella spp. is assumed to occur.  Moreover,

water from rivers and canals is utilized for cleaning and

as drinking water in stockbreeding, making it one of the

most important sources of Salmonella infection in

domestic animals in this area.

The present study was conducted in Tan Phu Thanh

Village in order to determine the prevalence of Salmo-

nella in the water system, and to highlight the exchange

of Salmonella spp. occurring between the water system

and livestock in this village.

Materials and methods

The Ba Lang River is a subsidiary stream of the

Mekong River and flows through the Tan Phu Thanh Vil-

lage from north to south.  The 40 farms located along this

river and its connecting canals within the village were

targeted for sample collection.  Thirty-two (80%) of the

40 farms raised pigs, 18 (45%) raised poultry including

ducks and chickens, and 21 (52.5%) combined animal

husbandry with aquaculture. Water samples were col-

lected from the surface of the river, canals, ponds, and

from pots containing stored water from February to

March 2001. The stored water in pots originated from

wells or the river, and was used for animal watering. Well

water was obtained by using pumps.  A total of 142 water

samples were collected for isolation of Salmonella.

One hundred mL of each water sample was col-

lected at the site in a sterile 250 mL culture bottle con-

taining Enterobacteriaceae Enrichment Mannitol (EEM)

broth powder (Eiken Chemical, Tokyo, Japan).  The vol-

ume of the powder was appropriate for the preparation of

100 mL media as indicated by the manufacturer.  The cul-

ture bottles were brought back to the laboratory and

placed in a 37ºC incubator within 4 h of collection.  After

preenrichment in EEM broth media at 37ºC for 18 h, 10

mL of each culture was added to 100 mL of Hajna

Tetrathionate Broth media (Eiken Chemical) for selec-

tive enrichment and incubated at 37ºC for 24 h.  Immuno-

magnetic separation (Dynabeads [anti-Salmonella];

Dynal, Oslo, Norway) was then carried out using 1 mL of

each enrichment culture according to the manufacturer’s

instructions.  The beads were spread on deoxycholate

hydrogen sulfide lactose (DHL) agar plates (Eiken

Chemical) and incubated at 37ºC for 18 h.  Three mor-

phologically suspicious colonies from each DHL plate

were picked up for biochemical analyses.  The isolates

were identified by their inability to ferment lactose and

sucrose, and their ability to ferment glucose and to pro-

duce H
2
S by using triple sugar iron (TSI) agar (Eiken

Chemical).  The isolates were also tested for their ability

to produce lysine decarboxylase, and were tested for pos-

itive motility using lysine indol motility (LIM) medium

(Eiken Chemical).  The colonies thus biochemically iden-

tified as Salmonella spp. were serotyped using commer-

cial O and H antisera (Denka Seiken, Tokyo, Japan, and

Difco Laboratories, Detroit, MI, USA) in order to deter-

mine the antigenic formula.  Polyvalent Salmonella O

and H antisera were used to obtain a preliminary diagno-

sis, and the definitive antigenic formula was then deter-

mined using monovalent antisera. 

Pulsed-field gel electrophoresis (PFGE) was per-

formed by clamped homogeneous electric field electro-

phoresis using a CHEFF DR II apparatus (Bio-Rad

Laboratories, Hercules, CA, USA) in order to compare

the characteristics of the Salmonella strains.  Genomic
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DNA of each isolate was prepared by a previously

described method1. Restriction endonuclease digestion of

each sample plug was carried out using 30 U of Xba I

(Takara Shuzo Co., Ltd, Kyoto, Japan) at 37ºC for 6 h.

PFGE was performed in 1% agarose gels in twofold-

diluted TBE buffer at 10ºC at 6 V/cm.  The pulse time

was increased from 5 to 50 s for 26 h.  Lambda ladders

(Bio-Rad Laboratories) were used as size markers.  The

PFGE profiles were scanned and analyzed using BioNu-

merics software (Applied Maths BVBA, Sint-Martens-

Latem, Belgium).  Pairwise comparisons were made

between all strains in terms of the Dice similarity

coefficient4 with the position tolerance set at 0.5%.  Clus-

ter analysis was performed using the unweighted pair

arithmetic average algorithm, and a dendrogram was pre-

pared. 

Results and discussion

Thirty (21.1%) out of the 142 water samples col-

lected from Tan Phu Thanh Village were positive for Sal-

monella spp. in culture based on biochemical tests.  Table

1 shows the classification of the water samples and num-

ber of positive samples.  Approximately 40% of the pond,

canal, and river samples were positive. Meanwhile, Sal-

monella spp. were not detected in 23 well water sam-

ples.  Pollution of groundwater seems therefore not to

have occurred in this area.  Though we recovered Salmo-

nella enterica subsp.  IV (Table 2) from stored water of

well origin, the source of this contamination may not be

the well water itself. However, the fact that 3 samples

from water stored in pots were positive for Salmonella

spp. indicates that stored water is one of the possible

sources of Salmonella infection in farm animals.

According to the manufacturer’s instructions, EEM broth

should be dissolved in distilled water and autoclaved

before addition of samples.  We added 100 mL of sample

Table 1. Classification of Salmonella-positive water samples

Classification No. of samples Positive (%)

Well 23 0

Stored water of well origina) 38 1 (2.6)

Stored water of river origina) 11 2 (18.2)

Pond 55 21 (38.2)

Canal 8 3 (37.5)

River 7 3 (42.9)

Total 142 30 (21.1)

a):Drinking water for animals.

Table 2.  Distribution of Salmonella serovars isolated from water samples

Serovar Samples Total

Water stored in pots Pond Canal River

Well origin River origin

Derby 4 2 6

O3,10: r: – 1 3 4

Anatum 3 3

Bardo 1 1 1 3

Javiana 1 1 1 3

London 2 2

Bovismorbificans 2 2

Dessau 2 2

Paratyphi B 1 1

Schleissheim 1 1

Lexington 1 1

Mbandaka 1 1

Enteritidis 1 1

Stanley 1 1

Typhimurium 1 1

Tennessee 1 1

O3,10: UT 1 1

Subsp. III b 1 1

Subsp. IV 1 1
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water into the EEM broth powder directly to increase the

sample water volume in the enrichment broth throughout

this study.  We did not autoclave the EEM broth before

incubation.  The possibility that the positive results

obtained could have been caused by Salmonella spp.

from contaminated broth powder can not thus be ruled

out in this case.  However, Salmonella spp. were never

isolated from sterilized distilled water used as negative

control, indicating that all the Salmonella isolates were

derived from sample water.  On the other hand, it has not

been determined whether this method generates false

negative results or not.

Fig. 1. Comparison by PFGE of Salmonella isolates obtained from the water system with those of swine origin

A: Dendrogram showing the similarity between S. Derby isolates and band pattern of Xba I cleavage fragments. 

B: Dendrogram showing the similarity between S. Javiana isolates and band pattern of the Xba I cleavage fragments. 
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Two different serovars were recovered from 6 water

samples and a total of 19 different serovars were

observed among the tested colonies.  We eventually

obtained 36 isolates from 30 positive samples.  Table 2

shows the distribution of the Salmonella serovars isolated

from water samples.  Serovars Derby, O3,10: r:–, Ana-

tum, Bardo, Javiana, London, Bovismorbificans, and

Dessau were isolated from more than one water sample.

The remaining serovars were recovered from only one

sample. Aquatic environments including rivers, ponds,

and lakes can be polluted by various enteropathogenic

bacteria. Baudart et al. isolated 544 strains of Salmonella

from marine and fresh water sediments, fresh water, and

waste water samples collected from a Mediterranean

coastal watershed2, among which, more than 40 different

serovars were identified.  In the present study, we identi-

fied 19 different serovars among 36 strains isolated from

water samples, indicating that the water system in Tan

Phu Thanh Village was polluted by various Salmonella

serovars based on the type of waste water. The drainage

of animal wastes and of human wastes into the river may

contribute to this diversity.  It is also likely that the water

system in this area is contaminated with other entero-

pathogenic bacteria including diarrheagenic Escherichia

coli5.  More detailed investigations should be conducted

in order to elucidate the total effect of waste water con-

tamination on the water system in this area.

S. Derby and S. Javiana isolates were detected in 6

and 3 water samples, respectively (Table 2).  These two

serovars had also been observed among the strains iso-

lated from swine in Tan Phu Thanh Village (Phan, T. T..et

al., in preparation).  Consequently, we attempted to com-

pare these strains by PFGE.  Four of 6 S. Derby strains

from the water samples could not be typed by preliminary

PFGE analysis, because of the degradation of their

genomic DNAs.  The phenomenon was reproducible,

suggesting the existence of proteinase K-resistant

nuclease in these strains.  We used the remaining two iso-

lates for comparison with two isolates of swine origin.

The three S. Javiana isolates from the water samples were

also compared with two isolates of swine origin.  S.

Derby and S. Javiana isolates obtained in Japan were

used as reference for the analysis. Digestion of genomic

DNA from S. Derby isolates with Xba I gave 16 to 19

fragments with sizes ranging between 13 and 630 kb

(Fig. 1A).  Strains W10, 436, and 437 formed a cluster at

a cut off value of 82%.  A difference of two bands (231

and 108 kb) was observed between strains W10 and 436.

On the other hand, digestion of S. Javiana strains with

Xba I gave 12 to 18 fragments with sizes ranging between

28 and 620 kb (Fig. 1B).  Strains W17, 464, and W15

formed a cluster at a cut off value of 73%.  A difference

of three bands (528, 487, and 333 kb) was observed

between strains W17 and 464.  The presence of a differ-

ence of less than 4 bands on the PFGE profiles suggested

the existence of a close relation between the isolates6.

These data might provide indirect evidence for an

exchange of strains between livestock and water systems

in this area.

In the present study, we have shown that the water

system in Tan Phu Thanh Village is polluted by various

Salmonella serovars.  We also recovered closely related

S. Derby and S. Javiana isolates from water samples and

pigs in this area.  These data indicate that Salmonella

strains are exchanged between the water system and farm

animals.  In fact, 3 (6.1%) out of 49 samples of water

stored for animal watering purposes were positive for

Salmonella, including the serovar Javiana (Table 2).  At

the very least, sterilization of the stored water is essential

to prevent the spread of infection. In addition, adequate

environmental hygiene guidance should be provided to

the farmers in this area.
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