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Abstract Thirty-two Escherichia coli strains were iso-
lated from red snapper (Lutjanus purpureus) and from
seabob shrimp (Xiphopenaeus kroyeri). The strains were
numbered S1-S16, and F1-F16, which corresponds to
the isolation origin from shrimp (S) and fish (F). The
isolates were biologically and antigenically characterized
by agglutination tests with enteropathogenic E. coli
(EPEC)-, enteroinvasive E. coli (EIEC)- and entero-
hemorrhagic E. coli (EHEC) O157-specific antisera. The
ETEC enterotoxins were characterized by GMI-ELISA
for enterotoxin LT-1 (thermolabile) and by inoculation
of supernatants prepared from newly born mice for en-
terotoxin Sta. A total of 14 strains produced exotoxins,
of which seven were thermolabile (LT) and seven were
thermostable (ST). Antimicrobial susceptibility profiles
were determined by disc diffusion in agar using ampi-
cillin, cephalothin, cefoxitin, ceftriaxone, imipenem,
nalidixic acid, ciprofloxacin, chloramphenicol, gentami-
cin, nitrofurantoin, sulfamethoxazole—trimethoprim,
and tetracycline. Four isolates showed lower suscepti-
bility to some antibiotics, two strains were resistant to
ampicillin, tetracycline, and sulfamethoxazole-trime-
thoprim, and two were resistant to tetracycline and
nitrofurantoin. Plasmids were extracted in the four
resistant isolates; two of them contained plasmids whose
molecular weight varied from low to high. The charac-
terization of LT- and ST-toxin-producing E. coli strains
displaying multiresistance and containing plasmids
suggests the need for tightening current control mea-
sures for the use of antimicrobials.
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Introduction

Escherichia coli is a major component of the intestinal
microbiota in both humans and other animals. Colonies
develop a few hours after the animal’s birth, but remain
inoffensive as long as they are confined to the intestinal
lumen. However, in a weak or immunosuppressed host,
or in the case of injury to gastrointestinal barriers, even
non-pathogenic strains may cause infection [12]. E. coli
strains can cause a variety of diseases, including diar-
rhea, dysentery, hemolytic uremic syndrome, and blad-
der and kidney infections. Different strains are usually
associated with different diseases; this versatility of
E. coli strains is due to the fact that different strains have
acquired different sets of virulence genes. At least five
biotypes are currently known to induce intestinal infec-
tion: enterotoxigenic E. coli (ETEC), enteroaggregative
E. coli (EAggEC), enteropathogenic E. coli (EPEC),
enterohemorrhagic E. coli (EHEC), and enteroinvasive
E. coli (EIEC). ETEC strains resemble Vibrio cholerae in
that they adhere to the small intestinal mucosa and
produce symptoms not by invading the mucosa, but by
elaborating toxins that act on mucosal cells to cause
diarrhea. ETEC diarrhea can be fatal, especially in
infants and young children, and is a major cause of
death in this sector of the population in many develop-
ing countries [1, 11,16]. Adult ETEC diarrhea is com-
monly called traveler’s diarrhea [3]. Humans are the
reservoir for ETEC strains, which can be transmitted to
other human beings through the consumption of water
and food contaminated by feces. In this work, we eval-
uated the presence of different biotypes of E. coli in
seafood, especially ETEC strains. The resistance profile
of isolates to important clinical antibiotics, and whether
this/these resistance(s) might be a consequence of, or be
related to, the presence of plasmids were also examined.
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Materials and methods

Samples

Ten specimens of red snapper (Lutjanus purpureus) and 3 kg of
seabob shrimp (Xiphopenaeus kroyeri), purchased at the Mucuripe
seafood market, in Fortaleza, Northeastern Brazil, on different
days, were analyzed. Samples were frozen and sent to the labora-
tory in thermally isolated boxes.

Escherichia coli characterization

Agglutination assays following the US Food and Drug Adminis-
tration (FDA) recommendations were carried out to characterize
32 E. coli isolates [8]. E. coli strains were submitted to antigenic
analyses using slide agglutination tests with EPEC-, EIEC- and
EHEC O157-specific polyvalent antisera, produced at the entero-
bacteriology laboratory of the Oswaldo Cruz Institute (FIOCRUZ,
Rio de Janeiro, Brazil). The ETEC group was diagnosed by the
enterotoxin assay, using GMI-ELISA immunoenzyme assay to
detect enterotoxin LT-1 [7] and inoculation of supernatant pre-
pared from cultures of newly born mice to detect enterotoxin Sta

[6].

Antimicrobial testing

Susceptibility of the isolated strains to different drugs was deter-
mined by disc-diffusion agar as specified by the National Com-
mittee for Clinical Laboratory Standards [13]. The following drugs
were tested: nalidixic acid (30 pg); ampicillin (10 pg); cephalothin
(30 pg); cefoxitin (30 pg); ceftriaxone (30 pg); ciprofloxacin (5 pg);
chloramphenicol (30 pg); gentamicin (10 pg); imipenem (10 pg);
nitrofurantoin (300 pg); sulfamethoxazole—trimethoprim (1.25/
23.75 pg); and tetracycline (30 pg).

Plasmid extraction

Plasmid DNA was extracted by alkaline lysis, as described by
Birnboim and Doly [2] and modified by Sambrook et al. [15], and
electrophoresed in a horizontal 0.7% agarose gel with pH 8.0 TBE
buffer. The gels were subsequently stained with 0.5 mg/ml ethidium
bromide for 20 min. Plasmid sizes were measured by comparison
with migrating plasmids of known sizes (98, 42, 24 and 4.6 MDa)
and with those present in the control strains E. coli 39R861 and
E. coli V517 (35.8, 4.8, 3.7, 2.6, 2.0 and 1.8 MDa).

Results and discussion

Fish and shrimp samples collected at the seafood market
in Mucuripe, Fortaleza, Brazil, yielded 32 E. coli strains.
Sixteen of the strains were isolated from fish (F) and the
other 16 strains from shrimp (S); they were numbered
F1-16 and S1-S16, respectively. The isolation of poten-
tially hazardous E. coli strains from seafood purchased
at the market in Fortaleza was not an unexpected find-
ing. In fact, Vieira et al. [22] had already detected
enteropathogenic E. coli strains (EPEC) of serotypes
026, 0127, 055 and O125 in samples of sea water col-
lected off three beaches in Fortaleza; this area corre-
sponds to the local shrimp fishing grounds, which are
extensively exposed to raw sewage discharged into the
ocean from the city. Other studies [20] have likewise
isolated E. coli strains from seafood purchased at the

same market, which indicates precarious sanitary con-
ditions. The quality and/or storage condition of the ice
used at the market may be an additional source of in-
fection [21]. In addition, E. coli may seriously impair
seafood quality because this bacterium can reduce
trimethylamine oxide (TMAO) to trimethylamine
(TMA), a nitrogenated base found in marine fish. TMA
is frequently used as an indicator of muscle decompo-
sition [5].

Neither EPEC nor EIEC serotype groups were found
in the antigenic analyses; however, 14 isolates excreted
enterotoxins (Table 1). ETEC strains may produce LT
and/or ST enterotoxins. Thermolabile enterotoxin (LT)
is very similar in structure and mode of action to cholera
toxin produced by Vibrio cholerae, and infections with
these strains can mimic cholera, particularly in young
and malnourished children. Other ETEC strains pro-
duce thermostable enterotoxins (ST) in addition to LT.
The enterotoxins detected in five E. coli strains from fish
samples were of LT type. Whereas eight isolates from
shrimp samples produced mainly the ST type, only one
isolate was of LT type and one another produced both,
LT and ST.

Four isolates showed lower susceptibility to some
antibiotics. Strains S12 and S13 were resistant to ampi-
cillin, tetracycline, and sulfamethoxazole-trimethoprim,
whereas strains F15 and F16 strains were resistant to
tetracycline and nitrofurantoin. Silva and Hofer [18]
have described E. coli isolates from seafood that were
resistant to antibiotics and heavy metals. However, in an
analysis of a large number of E. coli strains isolated from
seawater samples collected off three beaches in Fort-
aleza, Vieira et al. [22] did not find any strain resistant to
either ampicillin, cephalothin, gentamicin, tetracycline,
sulfamethoxazole-trimethoprim, chloramphenicol, or
ciprofloxacin.

Plasmids were extracted from the four resistant-
isolates. Strains F15 and F16 contained plasmids, but

Table 1. Detection of LT/ST in Escherichia coli isolated from
seafood samples. LT+ Detection of thermolabile toxin, L7T- no
detection; ST+ detection of thermostable toxin, S7- no detection

Isolates Enterotoxins Isolates Enterotoxins
from shrimp from fish

S1 LT+ and ST- F1 LT+ and ST-
S2 LT- and ST- F2 LT- and ST-
S3 LT- and ST- F3 LT- and ST-
S4 LT- and ST+ F4 LT- and ST-
S5 LT- and ST- F5 LT- and ST-
S6 LT- and ST- F6 LT- and ST-
S7 LT- and ST- F7 LT+ and ST-
S8 LT- and ST- F8 LT- and ST-
S9 LT+ and ST+ F9 LT+ and ST-
S10 LT- and ST+ F10 LT+ and ST-
S11 LT- and ST+ F11 LT- and ST-
S12 LT- and ST- F12 LT+ and ST-
S13 LT- and ST+ F13 LT- and ST-
S14 LT- and ST+ F14 LT- and ST-
S15 LT- and ST- F15 LT- and ST-
S16 LT-and ST+ Fl16 LT- and ST-
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Fig. 1. Plasmid profile of Escherichia coliisolates. Lane I Standard
plasmids of E. coli V517, lane 2 plasmid profile from strain F15,
lane 3 plasmid profile from strain F16, /ane 4 plasmid profile from
strain S12, lane 5 plasmid profile from strain S13, lane 6 standard
plasmids of E. coli 39R 861

we could not detect any plasmid in strains S12 and S13.
Figure 1 shows the analysis of the plasmid content of
these resistant isolates. The plasmids varied greatly in
molecular weight, but two distinct profiles were evident
from the banding patterns, displaying a difference of
only one band — strain F16 lacks the 4.3 MDa plasmid.
Note that similar-sized plasmids do not necessarily es-
tablish an epidemiological association between samples,
but suggest that restriction enzymes should be used for a
greater differentiation [14]. These findings nevertheless
represent an extremely valuable tool for epidemiological
tracking [17]. Threlfall et al. [19] grouped Salmonella
Enteritidis strains according to plasmid weight and
found plasmids of 3.0, 2.8 and 2.0 MDa, similar to those
detected in strains F15 and F16 of our study. A major
typing limitation is that plasmid may be acquired from
another strain in a relatively short time and, according
to some authors [9,10], non-conjugative plasmids may
spread among marine populations by natural transfor-
mation.

Strains S12 and S13 (Fig. 1), which are also resistant
to several antibiotics, did not display any plasmids,
although they might have been lost during laboratory
manipulation. Brown et al. [4] also reported loss of
plasmids and suggested that, under laboratory condi-
tions, the absence of antibiotics in the culture media
probably enhances plasmid instability.

A general analysis of LT and ST toxins produced by
E. coli strains displaying multiresistance to antibiotics
and containing plasmids leads to the conclusion that
seafood vendors must take some kind of sanitary action
in order to safeguard consumers’ health. Measures lim-
iting the use of antibiotics should also be considered
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urgent, especially in view of the therapeutic difficulties
produced by the increasing need for expensive, last-
generation drugs and by the hazard posed by the
presence of multiresistant microorganisms in our envi-
ronment.

References

1. Binsztein N, Rivas M, Moral LL, Viboud G, Iriarte C, Szefner
M, Svennerholm AM (1992) Relationship between enterotox-
igenic Escherichia coli and diarrhea among children in Buenos
Aires. Medicina (Buenos Aires) 52:103-108

2. Birnboim HC, Doly J (1979) A rapid alkaline extration pro-
cedure for screening recombinant plasmid DNA. Nucleic Acid
Res 7:1513-1523

3. Black RE (1986). Pathogens that cause traveler’s diarrhea in
Latin America and Africa. Rev Infect Dis 8:131-135

4. Brown DJ, Threffall EJ, Rowe B (1991) Instability of multiple
drug resistance plasmid. Epidemiol Infect 106:247-257

5. Castell CH, Smith B, Dier WJ (1974) Simultaneous measure-
ments of trimethylamine and dimethylamine in fish, and their
use for estimating quality of frozen-stored Gadoid fillets. J Fish
Res Board Canada 31:383-389

6. Dean AG, Ching Yi-C, Williams RG, Harden LR (1972) Test
for Escherichia coli enterotoxin using infant mice: application
in a study of diarrhea in children in Honolulu. J Infect Dis
125:407-411

7. Ewing WH (1986) Differentiation of Enterobacteriaceae by
biochemical reactions. In: Edward PR, Ewing WH (eds)
Edward and Ewing’s identification of Enterobacteriaceae, 4th
edn. Elsevier, New York, pp 536

8. Food and Drug Administration (1992) Bacteriological ana-
Iytical manual, 7th edn. AOAC Internacional, Arlington,
Virginia

9. Frischer ME, Stewart GJ, Paul JH (1994) Plasmid transfer to
indigenous marine bacterial populations by natural transfor-
mation. FEMS Microbiol Ecol 15:127-136

10. Lebaron Ph, Batailler N, Baleux B (1994) Mobilization of a
recombinant nonconjugative plasmid at the interface between
wastewater and the marine coastal environment. FEMS
Microbiol Ecol 15:61-70

11. Mangia AHR, Duarte AN, Duarte R, Silva LA, Bravo
VLR, Leal MC (1993) Etiology of acute diarrhea in hospi-
talized children in Rio de Janeiro, Brasil. J Trop Pediatr
39:365-367

12. Nataro F, Kaper JB (1998) Diarrheagenic Escherichia coli. Clin
Microbiol Rev 11:142-201

13. National Committee for Clinical Laboratory Standards (2001)
Performance standards for antimicrobial susceptibility testing.
Eleventh Informational Supplement M100. NCCLS, Wash-
ington D.C., S11, 21(1) p. 123

14. Platt DJ, Chesham JS, Taggart J (1993) Restriction enzyme
finger printing of enterobacterial plasmids. J Hyg Epidemiol
Microbiol Immunol 97:205-210

15. Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning:
a laboratory manual, 2nd edn. Cold Spring Harbor Labora-
tory, Cold Spring Harbor, New York

16. Sarinho SW, Silva GAP, Magalhdes MG, Carvalho MRC
(1993) A study of the importance of the enterotoxigenic E.coli
in children with acute diarrhea in Recife, Brazil. J Trop Pediatr
39:304-306

17. Seyfarth AM, Moller NF (1997) Antimicrobial resistance in
Salmonella typhimurium from animals and humans. J Anti-
microb Chemother 40:67-75

18. Silva AAL, Hofer E (1995) Resistance to antibiotics and heavy
metals in Escherichia coli. Environ Toxic Water Res 8:1-11

19. Threlfall EJ, Rowe B, Ward LR (1989). Subdivision of
Salmonella enteritidis phage types by plasmid profile typing.
Epidemiol Infect 102:459-465



14

20.

21.

Vieira RHSF, Caland Noronha MC (1991) Estudo sanitario de
uma industria de pesca, e do camardo destinado a exportagao.
Bol Cién Mar 47:1-9

Vieira RHSF, Souza OV, Patel TR (1997) Bacteriological
quality of ice used in Mucuripe market, Fortaleza, Brazil. Food
Control 8:83-85

22. Vieira RHSF, Rodrigues DP, Evangelista NSS, Theophilo
GND, Reis EMF (1998) Colimetry of marine waters off
Fortaleza (Ceara State, Brazil) and detection of enteropatho-
genic Escherichia coli strains. Int Microbiol 1:221-224



