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A longitudinal study of diarrheal disease among patients of all ages with acute diarrhea was carried out in
New Caledonia from January 1990 to December 1991. Stool samples from 2,088 diarrheal patients were
examined for parasites, rotavirus, and bacterial pathogens. Potential sources of contamination (drinking
water, seawater and bovine and porcine feces) were investigated. One or more enteric pathogens were identified
in 41.8 and 40.6% of the persons with diarrhea, in 1990 and 1991, respectively. Salmonella spp., Shigella spp.,
HEp-2 cell adherent Escherichia coli (diffuse adherent and enteroaggregative), enteropathogenic E. coli (EPEC)
(EPEC adherence factor-positive strains belonging to classical serotypes), localized adherent E. coli (non-
EPEC), and enterotoxigenic E. coli were the frequently identified enteropathogenic bacteria. Other major
enteropathogens were Entamoeba histolytica and Giardia lamblia. Campylobacter jejuni, Clostridium difficile,
Clostridium perfringens, Yersinia enterocolitica, and rotavirus were isolated from only a few patients. No Vibrio
spp., Aeromonas spp., Plesiomonas spp., Shiga-like-toxin-producing E. coli, enterohemorrhagic E. coli, or
enteroinvasive E. coli were identified. Shiga-like toxin I-producing E. coli were present in adult bovines and
calves, and heat-stable enterotoxin II-producing enterotoxigenic E. coli were found in pigs.

Studies on diarrhea in the South Pacific have focused on
children and have not been able to identify many different
types of enteric pathogens (1). Numerous bacterial entero-
pathogens, especially diarrheagenic Escherichia coli, have been
implicated in regional disease episodes (28); however, their
incidence appears to vary according to local geography, the
epidemiological characteristics of the study site, and the resi-
dent populations involved (12). Furthermore, it is known that
diarrheal diseases are an important health problem in devel-
oping countries located in the tropical zone (12). Although
New Caledonia is a developed French overseas territory
located in this area, diarrheal diseases continue to be a health
problem. Consequently, a longitudinal survey was carried out
to determine the etiology of diarrheal diseases in children and
adults; and potential sources of contamination have been
investigated.

MATERIALS AND METHODS

Study population. From January 1990 to December 1991,
patients admitted with acute diarrheal disease to the territory's
Gaston Bourret Hospital were studied to determine the etiol-
ogy of their illnesses. Patients of all ages with three or more
loose or watery stools per day were selected as subjects.
Hospital policy emphasized treatment of diarrhea with rehy-
dration alone until culture results were obtained, and so
antibiotic treatment following admission was not a factor;
however, self-treatment prior to admission cannot be com-
pletely excluded.

Isolation and identification of enteric pathogens. No trans-
port media were used; specimens were quickly examined in the
laboratory (about 1 h after collection). Stools were cultured
daily for E. coli, Salmonella spp., Shigella spp., Yersinia spp.,
Aeromonas spp., Plesiomonas spp., Vibrio spp. and Campy-
lobacter spp. by standard methods (28). E. coli isolates were

* Corresponding author. Present address: Unite des Enterobacter-
ies, Institut Pasteur, 28, rue du Dr Roux, 75724 Paris Cedex 15, France.

screened for the following virulence factors: heat-labile (LT)
(9) and heat-stable (ST) (8) enterotoxins and Shiga-like toxin
(SLT) (15). Antisera to purified SLT-I were prepared in New
Zealand White rabbits, to perform seroneutralization. The
SLT-I preparation used was purified from E. coli E40705
(0157:H7) kindly provided by B. Rowe (Public Health Labo-
ratory Service, London, England) by following exactly the
procedure described by O'Brien and LaVeck (20). Individual
isolates were also tested for classic enteropathogenic E. coli
(EPEC) serogroups as described in a World Health Organiza-
tion manual (27) and for HEp-2 cell adherence in an attempt
to detect localized adherent (LA), diffuse adherent, or aggre-
gative adherent strains (17, 27). Fibroblast cell monolayer
cultures were used to detect the cytopathic toxins of Clostrid-
ium difficile in stools by the method of Kim et al. (13). The
specificity of the toxin was determined by demonstrating
neutralization of the cytopathic effect of positive specimens by
using antiserum to C. difficile toxin kindly provided by M.
Popoff (Service des Ana6robies, Institut Pasteur, Paris,
France). The detection of C. perfringens enterotoxin in stool
specimens was used for the diagnosis of C. perfringens enteritis
(18). Rotavirus was identified with a commercial latex agglu-
tination test (Diagnostics Pasteur). Fresh stool specimens were
treated with saline and iodine preparations and examined for
intestinal parasites; furthermore, formalin-ether concentrates
and smears stained with Merthiolate-iodine-formaldehyde so-
lution were also prepared from each of the specimens and
examined microscopically.

Full serotypes of EPEC and enterotoxigenic E. coli (ETEC)
strains were determined with 0- and H-specific antisera (from
collections in the Pasteur Institutes in New Caledonia and in
France) (22). When 0- and H-specific antisera were not
available from the Pasteur Institute, 0 and H antigens were
identified at the International Center of Escherichia and
Klebsiella, Statens Seruminstitut, Copenhagen, Denmark.

All E. coli strains were blotted onto separate pieces of
nitrocellulose filters (BA85; Schleicher & Schuell) in order to
be hybridized (2) with the following DNA probes: SLT-I (4),
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TABLE 1. Incidence and distribution by area of enteric pathogens,
in 1990 and 1991, in patients with acute diarrhea in New Caledonia'

No. of cases (%) No. (%c) of cases in:
Pathogen with identified

pathogens Urban areas Rural areas

Salmonella spp. 128 (6.1) 28 (2.2) 100 (12.4)
Shigella spp. 62 (3) 20 (1.6) 42 (5.2)
EPEC 24 (1.1) 19 (1.5) 5 (0.62)
ETEC 37(1.8) 25 (1.95) 12(1.5)
EAEC 333 (15.9) 268 (20.9) 65 (8.04)
Campylobacter jejuni 2 (0.1) 2 (0.16) 0
Clostridium difficile 2 (0.1) 2 (0.16) 0
Clostridium perfringens 2 (0.1) 2 (0.16) 0
Yersinia enterocolitica 1 (0.5) 1 (0.08) 0
Rotavirus 16 (0.76) 7 (0.55) 9 (1.1)
Entamoeba histolytica 73 (3.5) 42 (3.3) 31 (3.8)
Giardia lamblia 164 (7.8) 96 (7.5) 68 (8.4)
Multiple 17 (0.8) 14 (1) 3 (0.4)
Total 844 (40.4) 512 (40) 332 (41.1)

aThere was a total of 2,088 patients (1,280 from urban areas and 808 from
rural areas).

h Multiple pathogens were excluded from the calculation.

SLT-II (26), LTh (6), STh and STp (24), EPEC adherence
factor (EAF) (19), enterohemorrhagic E. coli (16), and entero-
invasive E. coli (3); colonies that hybridized with the entero-
invasive E. coli probe were tested by the Sereny test.

Environmental sources of diarrheagenic E. coli. In 1991,
drinking water (257 samples) and surface seawater (67 sam-
ples) were analyzed weekly. Drinking water was collected from
the city water supply in Noumea, New Caledonia, and from
several municipal piped systems in rural areas. Seawater was
collected from beaches bordering Noumea. All samples were
examined in accordance with European standards (11). E. coli
from each sample were studied in order to identify potential
diarrheagenic strains as described above. For both years of the
study, E. coli strains isolated from bovine and porcine diarrhea
samples were studied in the same way.

Statistical analysis. Numeric data were analyzed by using
the chi-square test and Yates' correction as appropriate.

RESULTS

One or more pathogens were identified in 41.8 and 40.6% of
the persons with diarrhea investigated in 1990 (1,064 patients)
and 1991 (1,024 patients), respectively.

Enteropathogenic bacteria. Results for enteropathogenic
bacteria are summarized in Table 1. Diarrheagenic E. coli,
Salmonella spp., and Shigella spp. were the predominant
pathogenic bacteria; no Plesiomonas spp., Aeromonas spp., or
Vibrio spp. were identified; except for Shigella spp. (X2 = 3.8;
P > 0.3), no significant difference was observed for entero-
pathogenic bacteria between 1990 and 1991. The term enter-

opathogenic E. coli (EPEC) included E. coli strains with
traditional EPEC O:H serotypes that possessed EAF and
belonged to the LA group. E. coli strains that adhered to

HEp-2 cells with diffuse adherent or aggregative adherent
patterns were termed diffuse adherent E. coli (DAEC) or

enteroaggregative E. coli, respectively. Tests for enterotoxige-
nicity showed that 13 LT, 21 ST (11 STp and 10 STh), and 3
LT-ST (2 LT-STh and 1 LT-STp STh) ETEC strains were
isolated, as determined by biological assays and hybridization
procedures. The 13 strains with positive Yl adrenal cell test
results hybridized with the LTh probe. The following EPEC
serotypes were identified: 0119:H6 (14 strains), 0127:NM

TABLE 2. Detection rates of enteropathogenic agents from persons
with diarrhea in New Caledonia in 1990 and 1991"

No. (%) of cases in:
Pathogen Children under Adults Total

15 yr Aut oa

Salmonella spp. 24 (1.4) 104 (24.7) 128 (6.1)
Shigella spp. 18 (0.9) 44 (10.4) 62 (2.9)
EAEC 317 (19) 16 (3.8) 333 (15.9)
LA (non-EPEC) 137 (8.2) 3 (0.7) 140 (6.7)
Diffuse adherence 140 (8.4) 9 (2.1) 149 (7.1)
Aggregative adherence 40 (2.4) 4 (0.9) 44 (2.1)

ETEC 37 (2.2) 0 37 (1.8)
EPEC 23 (1.4) 1 (1.02) 24 (1.1)
Campylobacter jejuni 0 2 (0.5) 2 (0.09)
Clostridium difficile 2 (0.1) 0 2 (0.09)
Clostridium perfringens 2 (0.1) 0 2 (0.09)
Yersinia enterocolitica 1 (0.05) 0 1 (0.05)
Rotavirus 16 (0.96) 0 16 (0.76)
Entamoeba histolytica 65 (0.48) 8 (1.9) 73 (3.5)
Giardia lamblia 151 (9.1) 13 (3.1) 164 (7.8)
Multiple 14 (0.8) 3 (0.7) 17 (0.8)
Total' 656 (39.3) 188 (44.7) 844 (40.4)

"There was a total of 2,088 patients (1,668 children less than 15 years old and
42t) adults).

' Multiple pathogens were excluded from the calculation.

(nonmotile) (5 strains), and 0142:H6 (5 strains). Of the 140
LA-positive strains, 121 (86.4%) were EAF positive. Nine
(6%) DAEC strains belonged to traditional EPEC 0 sero-
groups (four were 055, three were 0124, and two were 0125).
Four enteroaggregative E. coli strains (9%), belonged to
traditional EPEC 0 serogroups (three were 0125 and one was
0128). No enterohemorrhagic or SLT-producing E. coli and
no enteroinvasive E. coli were identified from samples from
patients.

Incidence of enteropathogenic bacteria in relation to area,
age, season, and sex. The incidence of enteropathogenic
bacteria in relation to area is summarized in Table 1. The
isolation frequencies of diarrheagenic E. coli were significantly
greater for patients from urban areas than for patients from
rural areas (P < 0.001). Salmonella spp. and Shigella spp. were
significantly predominant in rural areas (P < 0.01). Of 62
Shigella strains isolated, only two species were identified:
Shigella flexneri (6 strains in 1990 and 17 in 1991) and S. sonnei
(1 strain in 1990 and 38 in 1991); there was no predominant
species in relation to area. Of 128 Salmonella strains serotyped,
Salmonella typhimurium constituted 51.5%, and other strains
identified included S. brandenburg (9.4%), S. virchow (6.25%),
S. hadar and S. weltevreden (4.7% each), S. newport, S. lexing-
ton, and S. agona (3.1% each); other serotypes (S. enteritidis, S.
infantis, S. rissen, S. oranienburg, and S. schwarzengrund) con-
stituted less than 5% of the strains. S. typhimurium and S.
brandenburg accounted for a greater proportion of the Salmo-
nella spp. isolated from rural areas (48 S. typhimurium and 12
S. brandenburg strains) than from urban areas (18 S. typhi-
murium strains); furthermore, serotype S. brandenburg was

identified only in 1991. Other enteropathogenic bacteria
(Campylobacterjejluni, Yersinia enterocolitica, C. difficile, and C.
perfringens) were rarely isolated, and no significant incidence in
relation to area was observed.
The incidence of enteropathogenic bacteria in relation to

patient age is summarized in Table 2. Isolation rates for
Salmonella spp., Shigella spp., and diarrheagenic E. coli were

significantly different by age. Shigella and Salmonella strains
were rarely identified in children but were predominantly
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identified in samples from adults (P < 0.00 1). Diarrheagenic E.
coli was rarely identified from adults but was an important
pathogen in children (P < 0.001). Interestingly, only 24 of the
86 typed E. coli strains were confirmed as belonging to EPEC
O serogroups when full O:H serotyping was performed, and 49
of these 0-grouped but non-true EPEC strains were nonad-
herent. EPEC serotypes and their incidence rates in children
under 15 years old were 3.7% for 01 19:H6 (14 strains), 1.3%
for 0127:NM (5 strains), and 1.1% for 0142:H6 (4 strains);
and an EPEC 0142:H6 strain was isolated from a 16-year-old
child. ETEC serotypes were as follows: 01:NM (one strain),
02:H7 (one strain), 06:H16 (eight strains), 025:NM (four
strains), 027:H7 (three strains), 028ab:H9 (one strain), 052:
H1O (one strain), 064:H5 (four strains), 078:H12 (five
strains), 088:H25 (two strains), 099:H6 (one strain),
0101:NM (one strain), 0126:H12 (three strains), 0126:NM
(one strain), and 0166:H30 (one strain).

Infections with Salmonella spp., Shigella spp. and ETEC
were decidedly seasonal, with a peak occurrence in March and
April (the end of the rainy season). The highest incidence of
diarrheal disease occurred during these months. In contrast,
infections with EPEC or enteroadherent E. coli (EAEC) had
no seasonal peak. Males younger than 15 years were more

frequently infected with diarrheagenic E. coli than females
were, with incidence rates of 20.8% (177 cases) and 19.8% (162
cases) in 1990 and 1991, respectively, among males and 2.4%
(21 cases) and 4.1% (34 cases) in 1990 and 1991, respectively,
among females.

Parasites, rotavirus, and mixed infections. Incidence rates
of parasites and rotavirus are shown in Table 1. For parasites,
no significant difference between 1990 and 1991 was observed.
Identification rates of parasites were significantly different by
age (Table 2), and parasites were primarily identified in stool
samples from children (P < 0.001). Rotavirus was identified
only in samples from infants under 3 years old (age-specific
detection rates are 1.99 and 1.76%, for years 1 and 2, respec-

tively). No seasonal pattern or incidence in relation to area or

sex could be determined for infections with parasites or

rotavirus.
Infection with more than one pathogen occurred only with

bacteria and parasites. Of 551 cases of bacterial infectious
diarrhea, 12 patients (2.1%) were infected with two types of
bacteria (1 patient with Salmonella spp. and DAEC 0125, 5
patients with Salmonella spp. and DAEC, I patient with
Salmonella spp. and Shigella flexneri, I patient with Salmonella
spp. and C. jejuni, I patient with Shigella spp. and DAEC 055,
2 patients with Shigella spp. and enteroaggregative E. coli, and
1 patient with EPEC 0119:H6 and E. coli with an LA
phenotype), and 5 patients (0.8%) were infected with a bacte-
rial strain and Entamoeba histolytica or Giardia lamblia (2

patients with G. lamblia and Shigella spp., I patient with E.
histolytica and DAEC, and 2 patients with G. lamblia and
Salmonella spp.). The frequencies of mixed infection by age in
diarrheal patients were not significantly different between
urban and rural areas. No coinfection with rotavirus was

detected.

DISCUSSION

Acute diarrheal diseases represent an important health
problem in New Caledonia, as previously described in other

tropical countries, for infants under 3 years old (1, 12) but also

a serious one in older children. Interestingly, on this island

located in the subtropical zone, no Vibrio cholerae, Plesiomonas

spp., or Aeromonas spp. were isolated. This is in contrast to

studies performed in South Pacific countries (1, 21). As far as

we know, cholera has never been reported to occur on this
island; this is presumably because travellers and food imports
from countries where cholera is endemic are not important and
strict sanitary controls are exercised at the points of entry. Our
results showed that diarrheagenic E. coli, the major entero-
pathogenic bacteria in the group aged 0 to 15 years, were
prevalent in the large urban area of Noumea, presumably
because 63.4% of the population under 15 years old is located
in this area. Observation of the incidence of diarrheagenic E.
coli in relation to sex during the study shows that the isolation
rates of groups are significantly different, but why this is so is
not known. Why Salmonella spp. and Shigella spp. are predom-
inant in rural areas is unclear; however, sanitation practices in
the large urban area of Noumea prevent most bacterial
contaminations, while in rural areas they do not (5). There
were over 10 different serotypes of Salmonella (excluding
Salmonella typhi and Salmonella paratyphi isolated from blood
a few times during the study), with S. typhimluiim being the
most common of the isolates. New Caledonia depends on
imports for most of its supply of meat and dairy products, and
this may have contributed to the large variety of Salmonella
species on the island. While Shigella spp. were not isolated
frequently in the first year of the study, the isolation rate was
high in the second year. The higher rate in 1991 was due to an
outbreak of S. sonnei linked to Asian homemade food that
occurred in a student population in Noumea.

This work increases our understanding of the microbiologic
features of EPEC and EAEC expressing localized adherence.
This phenotype is under plasmid control, known to be associ-
ated with somatic EPEC serogroups of class I (0111, 0119,
0127, and 0142), and demonstrated in volunteers to be
associated with enteropathogenicity (14, 23). However, EAF
was identified in EAEC strains that do not belong to EPEC
scrogroups; the pathogenic potential of these EAEC strains
needs to be investigated in case-control studies, since these E.
coli strains were identified in the stools of a great proportion of
young patients. A small number of EAEC LA strains were
EAF negative; however, hybridizations were performed by
using the colony blot technique, which is less sensitive than the
DNA dot blot, and only strong positive signals were inter-
preted as positive. Consequently, several false-negative results
may exist. In the South Pacific, epidemiological surveys of
diarrhea-causing E. coli were conducted mainly on ETEC,
EPEC, and enteroinvasive E. coli, and incidence rates may
differ from place to place (1, 12). On the basis of our data, true
EPEC is not a major cause of illness in children in New
Caledonia. The results obtained from the study of incidence of
EPEC and EAEC according to age suggest that children
between 0 and 1 year and between 3 and 6 years old (data not
shown) are at the greatest risk of contracting gastroenteritis
due to EPEC or EAEC and that EAEC is a significant
enteropathogen in children. Seasonal variation was not ob-
served for EPEC and EAEC infections; this is consistent with
what is known about food-borne pathogens in tropical cli-
mates, where ambient temperatures support the growth of
bacteria year-round. Shigella spp., Salmonella spp., and ETEC,
pathogens for which foodborne transmission is important,
undergo a marked seasonal variation, with high rates at the
end of the rainy season. This suggests that the modes of
transmission may be similar for these pathogens and that in the
environment, water may be an important factor in the trans-
mission of these bacteria. In comparison with other epidemi-
ological surveys on diarrhea-causing E. coli, ETEC was en-
countered rarely. The ETEC isolates were diverse: few ETEC
strains possessed similar plasmid profiles, and there were a
variety of serotypes. Of the 37 strains, 30 belonged to estab-
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lished ETEC 0 serogroups (i.e., 06, 025, 027, 064, 078,
088, and 0126) and 7 were of 01, 02, 028ab, 052, 099,
0101, or 0166, serogroups not frequently found among ETEC
(7).

Drinking water was free of known pathogens (data not
shown); effective public health measures and improvement in
the water supply have reduced waterborne infection to a
minimum in Noumea. ETEC was identified in briny water, a
finding that suggests that in this area, the disposal of polluted
water is a previously unknown potential source of waterborne
infections. ETEC that produced ST-II was identified in several
cases of porcine diarrhea, where sows and weaned pigs seem to
be the reservoir of infection, but the role of ST-IIETEC as a
cause of diarrhea in humans is uncertain (10). Surprisingly,
while no SLT-producing E. coli was identified in samples from
humans (no patient was hospitalized for hemorrhagic colitis or
hemolytic uremic syndrome), our results show that bovine
livestock are a reservoir of SLT-producing E. coli (not of E. coli
serotype 0157). The consumption of animal food products,
especially inadequately cooked products used to make minced-
meat pies, and person-to-person transmission are known to be
the major sources of human SLT-producing E. coli infection
(25). In New Caledonia, the absence of fast-food chain restau-
rants, the sanitary supervision of commercial meat distribution,
and the rare consumption of uncooked meat probably account
in part for the lack of transmission of SLT-producing E. coli
from animals to humans.

In contrast to other work performed in tropical countries,
the present study shows that rotavirus is not a common enteric
pathogen in New Caledonia. A previous study in 1986 (5)
showed that the frequencies of isolation of rotavirus were
almost the same for sick children and controls; furthermore,
echovirus, coxsackievirus, and adenovirus were responsible for
14% of diarrhea cases and were rarely identified in matched
controls. The failure to find pathogens for 57% of the patients
in the current study may be due, in part, to the relative
insensitivity of some of the techniques used. In contrast to the
findings from recent studies in five countries (12), G. lamblia
and E. histolytica seem to be important enteric pathogens in
New Caledonia; furthermore, mixed infections commonly oc-
curred in many countries but were a minor problem in New
Caledonia.
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