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SUMMARY

The faecal contamination indicators (total coliforms, faecal coliforms, Escherichia coli,
enterococci) and the genera Salmonella, Vibrio, Aeromonas were investigated in water samples
used for irrigation. During 4 months, 52 samples were taken. The methods used were: multiple
tube fermentation method for faecal contamination indicators and membrane filtration
techniques for salmonella, acromonas and vibrio. Two samples were positive for Salmonella spp.,
fourteen for Aeromonas spp. and no samples for Vibrio spp. No correlation was found between
aeromonas and the indicators of faecal contamination. Regarding Aeromonas spp., 21:6 % of the
strains were adhesive and 12-6 % cytotoxic: this confirms the possible role of aeromonas in
human pathologies. These results are important to determine the quality of irrigation water in
relation to human health. In fact, the spray or sprinkler irrigation produces bioaerosol, which can
contaminate the crops that are likely to be eaten uncooked. In addition, the flood or furrow

irrigation represents a risk to field workers.

INTRODUCTION

Biological contaminants in water are a concern be-
cause they represent a major health issue for humans
and animals. They include, in fact, both pathogenic
and opportunistic microorganisms responsible for
various diseases in the host. Although there are
valid, efficient epidemiological and microbiological
methods, it has not been possible to associate a speci-
fic aetiological agent for a number of the infectious
diseases reported in the last decade [1]. Furthermore
many pathogens widely distributed in the aquatic
environment, have never been directly correlated to
the appearance of waterborne infections. However,
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reports of waterborne outbreaks associated with
emerging pathogens such as Cryptosporidium parvum,
Escherichia coli O157:H7, Giardia spp., and Aero-
monas spp. are increasing [2-7].

Generally, a decline of pathologies due to tra-
ditional pathogens, and an increase of pathologies
from emerging organisms have been recorded [8]. In
recent years, special attention has been paid to bac-
teria such as aeromonas and vibrio, which are par-
ticularly adapted to the aquatic environment. During
the last decade, strains of the genus Aeromonas have
been associated with various human pathologies; they
are known as causative agents of gastroenteritis and
other diseases [7, 9]. The genus Vibrio includes species
implicated in various pathologies: gastrointestinal
and extra-intestinal diseases, infections of wounds,
ear, and septicaemia [10-12].
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Water for irrigation could represent a source of
microorganisms associated with a wide range of
human diseases. In fact, through irrigation, the
microorganisms present in the water can contaminate
crops, then pass into the food chain and eventually
infect humans.

In Italy, a Ministerial Decree [13] was issued by the
Ministry of Agriculture and Forestry outlining poli-
cies concerning the quality of water for agricultural
and zootechnical use. According to both Italian
legislation and World Health Organisation (WHO)
guidelines [13-15], the indicators of faecal contami-
nation (total coliforms, faecal coliforms, E. coli,
enterococci) and Salmonella spp. were investigated
in water samples used for irrigation, taken from the
Fucino Plain (Avezzano—Sulmona, Italy). In order to
obtain a wider knowledge of the microbial character-
istics of this water, we also investigated bacteria
belonging to the genera Vibrio and Aeromonas, since
some species represent a possible risk for human
health. The adhesiveness and the cytotoxicity of the
aeromonas isolates were also studied.

MATERIALS AND METHODS
Description of the sites and samplings

Giovenco is the major river in the Fucino Plain;
it flows from the north-east and runs into the basin
at Pescina. Giovenco and other rivers, typically flood
streams, flow into a canal network running through
the plain. The land reclamation canalization com-
prises approximately 260 km of canals and ditches,
and it has been designed to preserve the delicate water
balance of the area. This system represents the major
irrigation resource, supported in low-water periods by
drawing on groundwater; the test area is, in fact, rich
in underground water, due to the presence of large
carbonate aquifers.

According to the instructions of the Regional
Agency for Agricultural Development Service
(ARSSA) Technical Office, and as a result of satellite
data, thirteen representative sites were set up (Fig. 1).
Eight sites were in the various collection canals
because these canals receive the water of the entire
network (site nos. 1, 2, 3,4, 5, 7, 8, 12); two were in
the Giovenco river: one site was upstream of the city
of Pescina (site no. 11), and the other downstream
(site no. 6); two were in wells (site nos. 9 and 13); one
was in a spring (site no. 10). The wells and spring were
chosen because they are also a source of drinking
water.
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The collection of water samples was carried out
monthly in the period of greatest demand, from July
to October 2001.

The samples were collected with a sampler ‘MARE
racus’ (International PBI, Milan, Italy). The water
samples were transported in refrigerated bottles at
4 °C to the laboratory.

Bacteriological analysis

The indicators of faecal pollution (total coliforms,
faecal coliforms, E. coli and enterococci) were deter-
mined by the multiple tube fermentation technique
[13] using a five-tube series inoculated with undiluted
and diluted (tenfold) water samples. Lactose broth
(Oxoid, Garbagnate Milanese, Milan, Italy) and
azide dextrose broth (Oxoid) were used in the pre-
sumptive phase for total, faecal coliforms, E. coli and
enterococci respectively. Confirmation of presumptive
reaction was done by inoculating aliquots (0-1 ml)
from positive tubes in Brilliant Green lactose broth
(Oxoid) for total coliforms, in EC broth (Oxoid) for
faecal coliforms, in tryptone water broth (Oxoid)
for E. coli, and in ethyl Violet azide dextrose broth
(Oxoid) for enterococci.

For Salmonella spp. the membrane filtration
method was employed [13]; the membranes were
placed in selenite cystine broth (Oxoid) for 18 h at
37 °C and then were streaked onto Hektoen enteric
agar (Oxoid) and salmonella—shigella agar (Oxoid).
Suspected colonies were identified by the usual bio-
chemical and serological tests [13].

Detection of Aeromonas spp. and Vibrio spp. was
performed by the membrane filtration technique,
as previously described [16, 17]. Water volumes of
0-1, 1 and 10 ml were filtered through 0-45 um-pore-
size filters (Millipore, Rome, Italy). The membranes
were placed on m-aeromonas selective agar base
(Havelaar) (Biolife, Milan, Italy) and incubated for
1824 h at 28-30 °C for aeromonas and on thiosul-
phate—citrate—bile—sucrose agar (Oxoid) with 2%
NaCl and incubated for 12-18 h at 30 °C for vibrio.
The number of viable bacteria was estimated in c.f.u./
100 ml of water. The strains found to be oxidase-
positive, Gram-negative, resistant to vibriostatic
agent O/129 (10 and 150 ug), motile, glucose and
trehalose fermenting, nitrate reducing and did not
grow at 6% NaCl, were identified as belonging to
Aeromonas spp. with the API 20E system (bioMérieux,
Rome, Italy). The strains were then typed to the phe-
nospecies level using the following test: p-rhamnose,
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Fig. 1. Sampling sites on the Fucino Plain.

D-sorbitol, citrate and p-L-lactate for A. hydrophila
(HGs 1-3); p-L-lactate, citrate, § haemolysis and
pyrazinamidase activity for 4. caviae (HGs 4-6);
VP, arginine dehydrolase, D-cellobiose, ornithine
decarboxylase for A. sobria/veronii (HGs 7, 8 and 10).
Regarding vibrio, the isolates were identified by
the following tests: colony shape and pigmentation
on TCBS, Gram staining, cytochrome oxidase and
catalase tests, motility, sensitivity to vibriostatic agent
0/129 (10 and 150 ug), and the API 20E system.
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Adhesiveness and cytotoxicity assays of
Aeromonas spp.

The strains of Aeromonas spp. were tested for ad-
hesiveness and cytotoxic activity.

Bacterial preparations

The Aeromonas spp. strains to be tested were in-
oculated in tryptone soya broth (TSB; Oxoid)
supplemented with 0-6% (wt/vol) yeast extract and
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Table 1. Frequency of indices of faecal contamination, Salmonella spp. and Aeromonas spp. from irrigation

waters in the Fucino Plain

Site TC FC E. coli FS Salmonella No. Aeromonas spp.
no. Month MPN/100 ml MPN/100 ml  MPN/100 ml  MPN/100 ml  spp. colonies  phenospecies
1 July 1-6x 103 9-2 x 10? 9-0x 10° 7-9 x 10! Negative 48 x10®  A. sobria
Aug. 5-5x 10% 3-5x10? 2:0x10° 2:-1x 10 Negative
Sep. 1-6 x 10° 54 %101 9-2x 103 1-6 x 10° Negative
Oct. =24 x10° =24 x10° 40x 10! >2:4x10* Negative
2 July >24x10* 1:6x10? 17 x 10! 27 x 10! Negative 3-4x 10  A. sobria/A. caviae
Aug. 3-5x10? 2-2x 10? 0 1-3x 10! Negative
Sep. =24 x10° =24 x10° 2:6 x 102 92 x 107 Negative
Oct. >2-4%x10° >2-4x10° 9-0x 10! 1-4x10° Negative
3 July >24x10* 7-9 x 10! 9-0x 10° 3-4x 10! Negative
Aug. 16 x10? 2-4 x 10? 0 4-0x 10° Negative
Sep. >2-4%x10° 7-9 x 10? 2-:0x 10 1-7x 10! Negative
Oct. 54 x10* 3-5%10* 9-0 x 10? 1:6x10? Negative 2:2x10*  A. hydrophila/
A. caviae
4 July 7-9 x 10! 7-9 x 10! 8:0 x 10° 1-3x10? Negative
Aug. 2:8 x 10? 3-3x 10! 2:0x10° 2-4 x 10? Negative
Sep. 3-:3x10? 0 0 0 Negative
Oct. 16 x10? 1:6x10? 2-:8 x 10 17 x 102 Negative 3:0x 10>  A. caviae
5 July 54 x 10% 54 x 102 4-0x10° 2:3x 10! Negative
Aug. 2:2x10? 7-0 x 10 0 0 Negative >3-0x10*  A. sobria
Sep. >2:4x10° >2:4x10° 33 x10? 1-6 x 10 Negative
Oct. >2-4%x10° >2-4x10° 1-4 x 10* >2-4x10* Negative
6 July 7-9x 10! 34 x 10! 1-7x 10 1-7x 10! Negative 1-3x 10" A. hydrophila/
A. caviaelA. sobria
Aug. >2-4x10* 9-2x 10 2-:0x 10° 9-0x 10° Negative
Sep. 6:3 x 102 70 x 10! 40x 10! 2:0x10° Negative
Oct. >2-4x10* >2:4x10° 7-0 x 10° 1-6 x 10° Negative
7 July 3-5x 102 3-5x10% 1-7 x 10! 4-6 x 10! Negative
Aug. 9-2 x 102 1-7 x 10? 0 70 x 10! Negative 1-1x10*  A. hydrophila
Sep. 6-3x10? 6-3 x 10? 7-0 x 10! 3-3x 107 Negative
Oct. 2:6 x10? 1-7 x 10? 0 1-7x 10! Negative
8 July 2:2x 107 2-0 x 10? 2:0x10° 7-0 x 10! Negative 1-6 x 10*  A. caviae
Aug. 1-6x 103 1-7 x 10? 0 2-7x 10 Negative
Sep. >2:4x10° >2:4x10° 9-:0 x 10* >2:4x10? Negative
Oct. >2:4x10° >2:4x10° 7-0 x 10t >2:4 x10* Negative >3-0x10* A. caviae
9 July 0 0 0 0 Negative
Aug. 0 0 0 0 Negative 3-:0x10*  A. sobria
Sep. 0 0 0 0 Negative
Oct. 0 0 0 0 Negative
10 July >2-4x10* >2-4x 10* 1-7 x 10? 1-4 x 10* Negative
Aug. 1-6x 103 34 x 10! 0 3-0 x 10! Negative 1:9% 10*  A. hydrophilalA. caviae
Sep. 2:8x10? 2:8 x 10° 4-0x 10 2-3x 10? Salmonella 3-4x 10  A. hydrophila
Oct. 54 x10* 54 %101 1-4x 10 2-8 x 10? Negative 8:3x10®  A. hydrophilalA. caviae
11 July >2-4%x10* >2-4x 10 7-0 x 10° 2-2x10? Negative
Aug. 1-6 x 10 3-5x10? 2:0x10° 54 x10? Negative
Sep. >2-4%x10° >2:4x10° 7-0 x 10! 3-5x 101 Negative
Oct. 2:8x10* 46 x10% 2:0x 10 2:2x10? Negative
12 July 3:5x 107 3-5% 102 2:0x10° >2-4x10* Negative
Aug. >24x10* >24x10* 1-4x10° >24x 10 Negative
Sep. >2:4%x10° 9-2x10? 1-1x10? 54 %101 Negative
Oct. >24x10° >24x10° 1-1 x 10? >24x10° S. arizona
13 July 0 0 0 0 Negative
Aug. 0 0 0 0 Negative
Sep. 0 0 0 0 Negative
Oct. 0 0 0 0 Negative 1-4x10*  A. caviae

TC, Total coliforms; FC, faecal coliforms; FS, faecal streptococci.
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3% (wt/vol) casamino acids, and incubated at 28 °C
for 18-24 h. One loop of the culture was streaked on
tryptone soya agar (TSA; Oxoid) and incubated at
28 °C overnight.

Adhesion assay

The bacteria were inoculated into 5 ml of brain heart
infusion broth (BHI; Oxoid), and incubated at 37 °C
overnight. Bacteria were harvested by centrifugation
(3000 rpm for 30 min) and the pellet was resuspended
in 5ml of Eagle’s Minimum Essential Medium
(MEM) (Sigma, Milan, Italy) to obtain an absorbance
(600 nm) of 0-07 (5 x 108 ¢.f.u./ml).

As the efficiency of the toxin production depends
on the incubation temperature [7, 18], for the cyto-
toxicity test the bacteria were grown in BHI at 28
and 37 °C for 18 h with agitation. The bacterial sus-
pension was centrifuged at 10000 rpm for 30 min at
4 °C. The supernatant was filtered through cellulose
nitrate filter (0-45 um pore size) and stored at —20 °C
until required.

The HEp-2 and Vero cell lines were used for ad-
hesion and cytotoxin production respectively. The
cells were cultured in MEM with 10 % foetal bovine
serum (Sigma). The adhesion property was tested as
previously described [17]. The adhesive capacity was
expressed as a percentage of cells with more than
10 bacteria per cell.

Cytotoxicity assay

Serial twofold dilutions of filtrate starting from 1:2
to 1:256 were incubated for 24 h at 37 °C and read-
ings were taken for 7 days [16, 19]. A sample was
considered cytotoxic when at least 50 % of the cul-
tured cells rounded up. The cytotoxic titre was defined
as the reciprocal of the highest dilution of the filtrate
that produced a cytopathic effect.

For adhesiveness and cytotoxicity assays the ATCC
7966 strain was used as positive control.

RESULTS

The indicators of faecal contamination and Salmon-
ella spp. (Table 1) were absent in site nos. 9 and 13.
With regard to the other sites, in July, the lowest
values of total coliforms were found in site nos. 4 and
6 (7°9 x 10'/100 ml), while the highest indices were
found in site nos. 2, 3, 10, 11 (=2-4 x 10*/100 ml).
Faecal coliforms showed lower values compared to
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the total coliforms in site nos. 2 and 3 (1-6 x 103/
100 ml and 7-9 x 10'/100 ml respectively); on the
other hand, in site nos. 4, 5, 6, 7, 8, 10, 11, 12 we found
similar values.

The Most Probable Number (MPN) indices found
for streptococci were variable: in site nos. 2, 3, 5,
6 we found low values, ranging from 1-7 x 10! to
3-4 x 10'/100 ml; in site nos. 1, 7, 8, 10, 11 indices were
slightly higher, ranging from 44 x 10" to 2-0 x 10?/
100 ml; in site no. 12 the value was >2-4 x 10*/100 ml.

In August total coliforms increased in site nos. 4,
6, 8, ranging from 2:8 x 10 to 2-4 x 10*/100 ml and
they decreased in site nos. 1, 2, 3, 10, 11. The values
of faecal coliforms were higher than in July in site
nos. 3, 6, 12 (from 2:4 x 10% to =24 x 104/100 ml).
The streptococci indices, compared to the values of
July, decreased generally, ranging from 0 (site no. 5)
to =24 x 103/100 ml (site no. 12).

In September and October the microbiological
values increased in most of the sampling sites.

Regarding E. coli, in the sites where it was detected,
the lowest values were found in August (2-0 x 10°/
100 ml) and the highest in September and October,
ranging from 2-0 x 10 to 9-2 x 103/100 ml and from
7-0 x 10° to 1-4 x 103/100 ml respectively.

With regard to salmonella, two strains were iso-
lated: Salmonella spp. in September in site no. 10,
and S. arizona in October in site no. 12 (Table 1).

No Vibrio spp. were found, but bacteria belonging
to the genus Aeromonas were isolated (Table 1). These
microorganisms were found in eleven sampling sites
(84:6%); the highest frequency was found in site
no. 10 with positive samples in August, September
and October.

The number of aeromonads ranged between 102
and 10*c.f.u./ml in October (site no. 4) and August
and October (site nos. 5 and 8 respectively).

All together, 111 strains were isolated; 4. caviae
was the predominant phenospecies (48:64%), fol-
lowed by A. sobria (35-13%) and A. hydrophila
(1622 %) (Fig. 2).

In the A. caviae phenospecies, A. caviae biotype
caviae (HG 4) and A. caviae biotype media (HG 5)
were identified, with a frequency of 22-22 and 11-11%
respectively; in the A. sobria phenospecies, A. veronii
biotype sobria (HG 8) was identified in 53-84 %
of the strains; in the A. hydrophila phenospecies,
A. hydrophila biotype hydrophila (HG 1) was ident-
ified in 50-00 % of the strains.

With regard to virulence factors, 2162 % (24/111)
of the strains were found to adhere to the cells: six
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16.22%

Fig. 2. Relative abundance (%) of Aeromonas spp. pheno-
species isolates from irrigation waters in the Fucino Plain.
O, A. sobria; @, A. hydrophila; B, A. caviae.

(33:33%) belonged to the A. hydrophila phenospecies,
isolated in site nos. 7 and 10 in August, six (11-11 %)
to the A. caviae phenospecies found in site no. 13
in October, and twelve (30-77%) to the A. sobria
phenospecies from site no. 5 in August.

Four of six 4. hydrophila strains and twelve 4. sob-
ria strains were also found to be cytotoxic. The
A. hydrophila strains showed a titre of 64 and the
A. sobria strains a titre of 128; there were no dif-
ferences in the production of toxin between the
incubation temperatures considered, 28 and 37 °C
(Table 2, Fig. 3).

DISCUSSION

It is known that surface water can transmit microbial
pathogens directly and indirectly. Among the indirect
ways, irrigation of the crops with the possible passage
of the agents into the food chain can be included.

In our investigation we found faecal contamination
indicators in almost all of the sites. Of all the sites
tested the wells never showed any faecal contami-
nation indicators. At the remaining sites, the concen-
tration of faecal contamination indicators fluctuated
throughout the test period.

Considering the data for the 4 months overall, we
found that several sites had exceeded the Italian
legislative limits (2-0 x 10* MPN/100 ml for total coli-
forms; 1-2x 10* MPN/100 ml for faecal coliforms;
2-0 x 10* MPN/100 ml for enterococci). In particular,
site nos. 10, 11 and 12 were the most polluted. An
interesting result is the constant contamination of
the spring (site no. 10).

The highest microbial charges were found in
September and October; these results are probably
due to the leaching action of the rain that had fallen
before the sampling.
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Table 2. Characteristics of virulence of Aeromonas
spp. isolated from irrigation waters in the Fucino Plain

Total Adherent Cytotoxin

Sampling isolates strains strains
Phenospecies station (n) (n) (n)
A. hydrophila 3 3 0 0
6 3 0 0
7 3 3 1
10 9 3 3
Total 18 6 4
A. caviae 2 6 0 0
3 3 0 0
4 3 0 0
6 6 0 0
8 18 0 0
10 9 0 0
13 9 6 0
Total 54 6 0
A. sobria 1 6 0 0
2 3 0 0
5 12 12 10
6 9 0 0
9 9 0 0
Total 39 12 10
Total 111 24 14

At present, in Italy the current legislation regarding
drinking water [20] and sewage [21] includes tests
for E. coli. In our survey, E. coli was isolated in
several sites, in some cases with a quite high MPN
index, therefore underlining the importance of this
parameter as a specific indicator of faecal pollution.
This microorganism is therefore important in a habi-
tat where it is necessary to discriminate between
environmental and potentially pathogenic flora be-
longing to humans or animals.

Bacteria of the genus Aeromonas were also identi-
fied in our investigation; the microorganism was
isolated in almost all the sampling sites but it was
not present in those sites every month. According to
other investigations [22-24], no correlation was found
between the indices of faecal contamination and
aeromonas. On this subject, an interesting result is
the isolation of Aeromonas spp. without positive in-
dices of faecal contamination in the wells (site nos. 9
and 13). This event can be explained by the fact that
these bacteria are autochthonous in the aquatic
environment and do not have a diffusion linked to
specific faecal contamination.

The species identified belonged to the phenospecies
A. hydrophila, A. caviae and A. sobria. A. caviae
phenospecies was found more frequently (48:6%);
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Fig. 3. Adhesiveness and cytotoxic activity of Aeromonas spp. isolated from irrigation waters in the Fucino Plain. Adhesion of
isolates to Hep-2 cells (b) compared to control (a); cytotoxic effect of bacteria on Vero cells (d) compared to control (c).

this species, in general, predominates in sewage-
contaminated water, seawater and brackish water
[7, 16, 23, 25, 26]. A. caviae is also the species most
commonly found in vegetables (~ 60 %) in Japan [27].
A. hydrophila (HG 1) was found in spring water
(site no. 10), this is in agreement with other authors
[7], who refer to its prevalence in this type of water.
With regard to the virulence factors considered
(adhesiveness and cytotoxicity), these were more
widespread in A. hydrophila and A. sobria compared
to A. caviae, according to other authors [7, 28, 29],
who have reported that environmental strains of
A. caviae are less adhesive. Adhesiveness was, in fact,
found in all three phenospecies, with a lower fre-
quency in A4. caviae. Cytotoxic activity was shown in
A. hydrophila and A. sobria, and the latter, as is also
reported in literature [7], among the species producing
the highest titres of toxins (titre 128). All cytotoxic
strains were adhesive, and therefore the simultaneous
presence of these virulence factors confirms the
role of such microorganisms as potential pathogens.
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However the existence of strains without virulence
factors shows that these properties are strain-specific
and not species-specific. The research of Aeromonas
spp., supported by the determination of virulence
factors, is therefore important to better outline the
role of environmental aeromonads as possible human
pathogens.

In conclusion, irrigation water represents a poss-
ible risk for human health. In fact, this water can
cause contamination of the soil, where vegetables
are grown. Furthermore, the spray or sprinkler irri-
gation produces bioaerosol, which contaminates the
crops that are eaten uncooked. In addition, the flood
or furrow irrigation represents a risk to field workers.
Therefore periodic bacteriological monitoring of the
aquatic systems is recommended. In addition to the
faecal indicator organisms, it is important to detect
environmental microorganisms. These bacteria have
an epidemiological behaviour different from the tra-
ditional enteric bacteria, and they could be involved
in human pathology.
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