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Effect of environmental strains of Salmonella typhimurium on transfer of water and
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Abstract
Use of treated waste water in agriculture can increase the risk of enteric infection by direct contact or by consumption of products like fruits and
vegetables which are irrigated by treated waste water. The major aim of this study was to investigate the effect of environmental strains of
Salmonella enterica serovar typhimurium (a strain which was isolated from treated waste water and a strain which was starved in sea water during
half and six months) on transfer of water and electrolytes (sodium, chloride, calcium and potassium) in different parts of rat’s intestine. We have
used Everted Gut Sac according of the technique of Wilson and Wiseman. Water flux was evaluated by weighing. Electrolytes were dosed by ISE
COBAS INTEGRA 400 plus analyzer. We obtained variations of water and electrolytes secretions according to intestine’s part variations. The
highest secretion of water was noticed in ileum in the group which was infected with the reference strain S1 (-0.681 mg/g/h) (P<0.05). Variations
of electrolyte secretions between jejunum, ileum and colon were significant (P<0.05) for sodium, chloride and calcium but not for potassium. The
highest secretions of sodium (90 mmol/I/h), chloride (37.4 mmol/l/h) and potassium (1.48 mmol/l/h) and the highest absorption of calcium (0.38
mmol/l/h) were registered in colon and in group which was infected with the reference strain S1. The S2 and S3 strains were in a viable but non-

culturable state inside intestine and caused less water and electrolyte secretions than strain S1.

Key words: Salmonella, environmental strains, Everted Gut Sac, water secretions, electrolytes secretions, viable but non-culturable state.

Introduction

The use of treated waste water in agriculture can increase the
risk of enteric infection by direct contact or by consumption of
products like fruits and vegetables which are irrigated by treated
waste water. Salmonella enterica serovar typhimurium (S.
typhimurium) is an enteropathogenic agent not normally
belonging to the intestinal microflora but it can be present in
human and animal digestive tube and so contaminate the
environment by their excreta . These pathogenic bacteria cause
consecutive diarrhea to contaminated water and food
absorption'. Facing stress several enteric pathogens go in a
viable but non-culturable (VBNC) state >3. Many studies showed
that the VBNC hypothesis constitutes the basis of questions
about the threat of bacteria, which cannot be detected by
standard microbiological testing methods of public health *.
Several studies showed that VBNC bacteria were capable of
retaining virulence® ¢. The entry of an enteropathogenic agent
like S. typhimurium causes irritation and increase of intestinal
motility, this allows to great quantity of liquids and sweeps the
infectious agent to the anus 7. The intestine exercises a protective
function facing pathogenic agents ®. The objective of this study
was to explore the effect of environmental stains of Salmonella
on water and electrolytes transfer in rat intestine.

Materials and Methods

Infection method: Four groups of Wistar male rats (each group
was composed of 3 rats weighing 200-300 g) were kept on sterile
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conditions (water drink, food and cages) at 20+2°C. Rats were
treated in orally by 2 ml of nalidixic acid solution [(0.1 g/ml)/100 g
body wt] during a week to eliminate a contamination by
Salmonella °. To prove that there is no Salmonella in tractus
digestif rat, 2 g of rat’s saddles were analyzed according to the
operating mode of ISO 6579 Norm '°. Two weeks after the antibiotic
treatment, only three from the four rats groups were infected by
three bacterial suspensions (0.5 ml with 10® cfu/ml). The first
group was infected by S. typhimurium ATCC14028s (S1), the
second group by a S. fyphimurium strain which was isolated
from waste water stemming from secondly treatment (S2) and
the third group by S. typhimurium strain which was starved in
sea water during half and six months (S3).

Treatment of animals: Rats had free access water but food was
withdrawn 24 h prior to the experiment. They were anesthetized
with intraperitoneal pentobarbital (4.2 mg/100 g body wt) ',
Different intestinal parts (jejunum, ileum and colon) were
immediately extracted, stripted of adhering tissue and cleaned
with a ringer solution (pH 7.4) (0.154 mmol NacCl, 0.0034 mmol
KCI, 0.0024 mmol NaNO,, 0.021 mmol CaCl,and 0.5 Idistilled
water) then taken and divided into different segments (medium
length 4 cm).

Everted Gut Sacs (EGS) were prepared according to the
technique of Wilson and Wiseman '%. A canule was fixed in a cote
of each intestinal segment to inject and take tested liquids and
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the free cote was ligatured. The sacs were hanged in an incubatory
medium containing half diluted ringer solution. The EGS were
filled (400 pl) with a ringer solution (pH 7.4) maintained at 37°C
and constantly oxygenated with air. Incubation time was 2 hours.

Determination of water and electrolytes fluxes: Water flux was
determinate in the absence and the presence of Salmonella
strains. Results were expressed in mg of water/g of fresh intestine/
h. Electrolytes flux (sodium, chloride, calcium and potassium)
was determined by COBAS INTEGRA 400 plus analyzer inside
and outside sacs. Results were expressed in mmol/I/h.

Strains recovery from intestinal sacs: Salmonella strains which
were not recovered were revived by inoculation in nutrient broth,
incubated at 37°C and shaken in the Marie bath. Inoculation in
nutrient medium and SS medium was done every day as far as
Salmonella strains were recovered. They were identified by
biochemical test (with Api 20 E gallery of bio Mérieux) and
serologic test which was done in Pasteur Institute of Tunis.

Statistical analysis: Statistical significance of results was
analyzed by variance analysis method (ANOVA). Results were
considered significant when P<0.05.

Results
Determination of water flux: During basal conditions, there was
a water secretion in jejunum (N=12) and ileum (N=12), the
respective values were -0.07540.08 and -0.389+0.17 mg/g of fresh
intestine/h. On the other hand an absorption of water was
registered in colon (N=12) and the flux of water was 0.238+0.07
mg/g of fresh intestine/h. A secretion of water was registered in
the three intestinal parts of rats which were treated by the different
tested strains (Fig. 1). In fact S1 increased water secretion in
jejunum, ileum and colon (P<0.05); S2 increased evenly secretion
in jejunum, ileum and colon (P<0.05) and a significantly increased
secretion was also noted in jejunum, ileum and colon in the
presence of S3 (P<0.05). The environmental strains S2 and S3
caused less water fluxes than the reference strain S1. The
respective values for S2 and S3 were in jejunum -0.75+0.14 and
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-0.43+0.08, inileum -0.81+0.2 and -0.64+0.19 and in colon -0.13+0.07
and -0.03+£0.01 mg/g of fresh intestine/h. The respective values
of water fluxes registered in the EGS treated by S1 were in jejunum
-0.85+0.18, in ileum -1.336+ 0.0 and in colon -0.18+0.05 mg/g of
fresh intestine/h (Fig. 1).

Determination of electrolyte fluxes: Salmonella strains caused
more secretion of sodium, chloride and potassium and absorption
of calcium in jejunum than were found in basal conditions (Table
1). Similar results were obtained in ileum but were found not
significant (Table 1). There was inversion of electrolyte transport

between control and treated rats in colon. Thus, secretion of
sodium, chloride and potassium and absorption of calcium were

noticed in treated rats instead of absorption of sodium, chloride
and potassium and secretion of calcium in control (Table 1). The
secretion of sodium, chloride and potassium and absorption of
calcium were highest in rats infected by S1 in colon and least in
rats infected by S3 (Table 1). Variation of different electrolytes
fluxes between jejunum, ileum and colon was significant (P<0.05)
for sodium, chloride and calcium but not for potassium.

Strains recovery from intestinal sacs: The reference strain S1
was recovered from the different intestinal sacs and it presented
biochemical (Table 2) and serological characters (Table 3) of S.
typhimurium which was inoculated for animals. S2 and S3 strains
were not detected in recovered liquids after 48 h of reviviscence.
They presented some biochemical and serological modifications,
which may be consequences of stressed conditions '3,

Discussion and Conclusions
The use of EGS showed that infection by S. typhimurium induced
secretion of water even in colon where water is normally absorbed
in humans and animals '*. This effect can be induced also by
Shigella ** and Vibrio cholerae'®. The validity of the intestinal
segments was verified by histological study (unpublished data).
During control basal conditions, sodium ion was secreted in
jejunum, ileum and absorbed in colon. Salmonella infections
caused secretion of sodium in all tested intestinal parts. We
noticed that these movements follow transport of water. Ratio

1 2% 3* 4

Rat
groups
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Figure 1. Effect of S. typhimurium on variations of water fluxes in rat jejunum, ileum and colon. (1)
Control group. (2) Group infected by S1. (3) Group infected by S2. (4) Group infected by S3.
* Significant variation (ANOVA). Error bars represent standard deviation between three treated rats.
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between water and sodium transport was considered in some
other studies "', The movement of chloride was comparable to
the movement of sodium in the control basal conditions and in
the conditions of Salmonella infections. Therefore, absorption
of sodium and chloride ions appears like being two coupled
processes 2. Potassium flux had the same trend as sodium and
chloride fluxes. This can be justified by the fact that 3Na*-2K*
pump in lateral membrane of small intestine supplies energy to
water and ion transport through intestinal epithelium. Diffusible
ions circulate by Na*-K*-2CI- cotransporter in serosa 2'. We
observed that calcium transport performs opposite trend

Table 1. Variation of electrolytes fluxes.

compared to sodium, chloride and potassium transport. In fact,
calcium exit is assured by ionic exchanger Na“/Ca*" 2. Thus, S.
typhimurium causes sodium and chloride secretion and varies
consequently osmotic pressure so to displace water at the same
time. This can cause diarrhea to human. The enterocyte capacity
to secrete water and electrolytes in intestinal lumen constitutes a
mucosal protection facing pathogenic agents 2!. This allows
diluting infectious agents and causes fast movements of faeces
to the anus %. The local immunity can justify the passage of
stressed environmental Sa/monella into a VBNC state in the
intestine. Gastroenteritis induces a release of cytokines stunts

like tumor necrosis factor-o (TFN-a),

interferon-y (IFN-y) and interleukin-4

(IL-4); this influxes on the adherence

Electrolytes outside sac (mmol/l/h)

of bacteria as S. typhimurium, Listeria

thC::frllz Part of intestine Sodium Chloride Potassium Calcium monocytogenes, Escherichia coli and
~ Incubatory solution 85.5 85.54 1.95 132 Proteus mirabilis. IFN-y may
Jejunum 12040.12 100.120.11 2.38+0.23 0.90+0.14  increase the bacteria adherence to the
Control Ileum 108.2+0.1 87+0.09 3.00+0.12 1.20+£0.19  intestinal epithelium and IL-4 may
Colon 78+0.20 81+0.20 1.90+0.14 1.43+0.21 decrease the bacteria migration
ol Jeﬂunum 11212;%21% Hgigig gigigég 8;?8;; through the intestinal epithelium .
eum +0. +0. .40+0. 99+0. : :
Colon 168+0.25 1184£0.19 3388020  124£000 1€ de.ftenses dotflthe mtesunalf local
Jejunum 118+0.09 110.320.08 2.65+0.31 0.65+0.12 ~ 'Mmmunity and the presence ol some
s2 Tleum 11540.11 100+0.17 3.20+0.23 1.05+0.10  toxic metabolites as volatile fatty
Colon 165+0.06 118.4+0.13 3.20+0.14 1.2740.17  acids which were secreted by
Jejunum 115+0.08 108+0.21 2.50+0.24 1.08£0.09  endogen microflora ** may constitute
S3 Heum 110+0.14 92+0.10 3.10+0.27 1.50+0.10 a stress and induce passage Of S2 and
Colon 160+0.12 98.2+0.14 2.80+0.18 1.10+0.14

(S1) Reference strain. (S2) Strain isolated from treated waste water. (S3) Strain starved in sea water.

S3 to a VBNC state inside the

Table 2. Chemical profiles of tested strains before animal inoculations and after recovery from

intestinal sacs.
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 ZEgglFs5uzZzsageszszgEyg S 3 3
Strains 3 E A g 5% & ¥ 0= 8 E :z> S % 5 n B E 5? = L 9
S1 -+ + + + + - - - - -+ o+ + o+ - -+ - - +
S2 -+ + + + + - - - - - + + + 4+ -+ - 4+ - - +
S3 -+ + 4+ + + - - - -+ 4+ + 4+ -+ -+ - - +
S1’ -+ + - - - - -+ + 4+ -+ -+ - - +
S2’ + 4+ + + + 4+ - -+ 4+ 4+ o+ o+ + 4+ + + + 4+ -+ +
S3’ + 4+ + + + 4+ - -+ 4+ 4+ + o+ + 4+ + + - 4+ -+ +

(S1) Reference strain. (S2) Strain isolated from treated waste water. (S3) Strain starved in sea water recovered from intestinal sacs. (+) Positive character.
(-) Negative character. (ONPG..., NO,) Gallery Api substrates.

Table 3. Serological characters of tested strains before inoculations to animals and after recovery from intestinal sacs.

Strain Auto AgO AgH Serotype
agglutination
OMA HMA Hi HMB HMC H1 H2

S1 - 4,5, 12 + + - - - - 45L1.2)

S2 - 4,5,12,27 + + - - + + (4;5;1;1,2) with phase inversion
S3 - 4,5,12 + + - - + + (4;5;1;1,2) with phase inversion
N - 4,512 + + - - + + (4;5;1;1,2) with phase inversion
S2° - 4,12 + + - - - - (4:11.2)

3’ 3 4,12 + + - - - - (4:i;1,2)

(S1) Reference strain. (S2) Strain isolated from treated waste water. (S3) Strain starved in sea water. (*) Strains recovered from intestinal sacs. (+) Positive character. (-) Negative character. (OMA)
Somatic antigen for A group. (HMA) Flagella antigen for A group. (HMB) Flagella antigen for B group. (HMC) Flagella antigen for C group. (H1) First flagella hase. (H2) Second flagella as phase
(4,5, 1, 12, 27) Monovalant antigens.
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intestine. This passage is produced by progressive cultural and
biochemical modifications®.

The findings may establish that environmental strains of
Salmonella cause water and electrolytes losses in the rat
intestine without detecting germs which cause these disorders.
Environmental strains pass into a VBNC state inside intestine
and they are detected after reviviscence. Identification by DNA
analysis using RAPD (Random Amplified Polymorphic DNA)
method of recovered strain will be viewed.
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