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Frequency and characteristics of selected
enteropathogens in fecal and rectal
specimens from childhood diarrhea in
Trinidad, 1998–2000

Zobida Khan-Mohammed,1 Abiodun A. Adesiyun,2

William H. Swanston,2 and Dave D. Chadee3

Objective. To determine the prevalence and characteristics of selected enteric pathogens in
diarrheic children in six counties of the island of Trinidad. 
Methods. This cross-sectional study was conducted from April 1998 through March 2000.
Fecal or rectal swab specimens from children (< 12 years) were collected and then processed,
using standard methods, to detect Salmonella spp., Shigella spp., enteropathogenic Es-
cherichia coli (EPEC), Campylobacter spp., Yersinia spp., Cryptosporidium parvum,
and parasite ova. The antibiograms of the enteropathogens were determined using the disk dif-
fusion method. 
Results. A total of 236 samples were processed; 86 samples originated directly from 17
heath centers in two counties (St. George East and St. George West), while 150 samples were
obtained from the Trinidad Public Health Laboratory, having been submitted by private prac-
titioners and personnel from six counties in Trinidad. Of the 236 samples, 33 (14.0%) were
positive for Shigella, 4 (1.7%) for Salmonella, and 1 (0.4%) for EPEC. Two of the samples
(0.8%) were positive for Campylobacter jejuni, while 1 sample (0.4%) was positive for hook-
worm ova. All the samples were negative for Cryptosporidium parvum and Yersinia spp.
With the 86 samples collected directly from the health centers, in St. George East County the
frequency of Shigella was 20.0% (12 of 60), compared with 26.9% (7 of 26) for samples from
St. George West County, but the difference was not statistically significant (P > 0.05 with the
chi-square test). For the 150 samples from the six counties that had been submitted directly to
the Trinidad Public Health Laboratory, 14 of them (9.3%) were positive for Shigella, a figure
statistically significantly lower than that found with the samples sampled directly from the
health centers (P < 0.05 with the chi-square test). Sh. sonnei was the predominant serotype
detected, accounting for 28 of the 33 Shigella isolates (84.8%) recovered from the 236 sam-
ples. Overall, the frequency of detection of enteropathogens had no seasonal pattern nor rela-
tionship to the county of origin. Of the 37 isolates of Salmonella and Shigella tested for an-
timicrobial sensitivity, all of them were sensitive to ciprofloxacin, gentamicin, and cefotaxime.
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In terms of resistance, 3 of the 37 isolates (8.1%) exhibited resistance to ampicillin, 1 (2.7%) to
chloramphenicol, and 1 (2.7%) to sulfamethoxazole/ trimethoprim. 
Conclusion. Of the enteropathogens for which assays were done, Shigella sonnei was the
most prevalent, and it has the highest probability of being an important etiological agent of
childhood diarrhea in Trinidad. 

Diarrhea; bacterial infections; drug resistance, microbial; Trinidad and Tobago. 

Over the period of 1965 to 1990, mor-
tality due to intestinal infectious dis-
eases declined noticeably in Latin
America and the Caribbean. Neverthe-
less, the mortality rate from those dis-
eases still ranged from 0.17 to 9.83 per
1 000 inhabitants for the 1985–1990 pe-
riod (1). In the Caribbean countries in
1979, the death rate from diarrheal dis-
eases was 103.8 per 100 000 among
children under 5 years of age (2), while
in Trinidad and Tobago, enteritis and
diarrheal diseases were the second
most common causes of death in chil-
dren under 1 year of age (3, 4). The
most recent available data on Trinidad
and Tobago indicated that in 1999 the
mortality rate from intestinal infectious
diseases among children less than 14
years old was 2.8 per 100 000, while the
crude death rate from all causes for all
age groups was 800 per 100 000 (5). The
only reported comprehensive study 
on childhood diarrhea on the island 
of Trinidad (2) was hospital-based, 
and rotavirus was implicated as the
most important etiologic agent for
gastroenteritis. However, the preva-
lence and epidemiology of diarrheal
agents among persons who visit health
centers and private practitioners across
Trinidad and Tobago may be different
from that of hospitalized patients.

In recent years, Escherichia coli
O157:H7 strains have attained impor-
tance, causing gastroenteritis in hu-
mans who have consumed foods of
animal origin, with multistate epi-
demics reported in the United States of
America (6). The relative importance
of this serotype of E. coli in the epi-
demiology of human gastroenteritis in
Trinidad is presently unknown. To
date, however, cow’s milk and some
ready-to-eat foods, including black

pudding (“boudin noir,” a local deli-
cacy made from cooked pig’s or cat-
tle’s small intestine stuffed with clot-
ted blood, seasoning, and bread
crumbs), were reported to be contami-
nated by this serotype of E. coli (7, 8). 

Of zoonotic importance in Trinidad
was the reported association between
human salmonellosis and isolation of
Salmonella in livestock and in pet dogs
(9, 10). There has been a phenomenal
rise in the number of Salmonella enterica
serovar Enteritidis (S. Enteritidis)
strains isolated from various sources
(humans, foods, and animals) in
Trinidad and elsewhere in the Carib-
bean from 1992 to date (Caribbean Epi-
demiology Center, personal communi-
cation). Adesiyun et al. (11) recently
used pulsed field gel electrophoresis 
to characterize S. Enteritidis from
Trinidad and Tobago and elsewhere in
the Caribbean. The extent of involve-
ment of this serotype of Salmonella in
childhood diarrhea at the community
level in Trinidad is presently un-
known. 

Cryptosporidium parvum has been de-
tected in the feces of schoolchildren in
Trinidad and Tobago and from diar-
rheic and nondiarrheic individuals in
other countries (12, 13), and cryp-
tosporidiosis has been responsible for
epidemics of gastroenteritis in humans
(14, 15). 

Our study was conducted with the
following three specific objectives: (1)
to determine the prevalence of se-
lected enteropathogens (E. coli, Salmo-
nella spp., Shigella spp., Campylobacter
spp., Cryptosporidium spp., Yersinia
spp., and coccidia) in diarrheic chil-
dren in Trinidad, which is one of the
two islands that make up the country
of Trinidad and Tobago; (2) to com-

pare the frequency of detection of se-
lected enteropathogens in diarrheal
children across six counties in
Trinidad; and (3) to characterize the
enteropathogens isolated as to their
serotypes and antibiotic sensitivity.

MATERIALS AND METHODS

Hypothesis tested

We tested the hypothesis that en-
teric pathogens, specifically, Salmo-
nella, E. coli, Campylobacter spp.,
Yersinia spp., Cryptosporidium, and
parasites are associated with child-
hood (< 12 yr) diarrhea in six counties
in Trinidad. We particularly focused
on two of the counties, St. George East
and St. George West. 

Sampling protocol 

For our study, samples of feces and
rectal swabs were collected from cases
of childhood diarrhea in six counties:
St. George East, St. George West, St.
George Central, Caroni, Victoria, and
St. Andrew/St. David. For St. George
East and St. George West counties,
samples were collected directly from
their 17 health centers twice weekly
over a two-year period. In addition,
for all six of the counties, all speci-
mens from childhood diarrhea sub-
mitted by health center personnel and
by private practitioners to the Trini-
dad Public Health Laboratory during
the study period were also processed.
Located in the city of Port-of-Spain,
the Public Health Laboratory (PHL) is
a Government laboratory within the
Ministry of Health. The PHL routinely
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carries out the identification of etio-
logical agents in samples that come
from the health centers and other
health institutions.

In St. George West and St. George
East counties, county medical officers
in all the health centers (7 in St. George
West and 10 in St. George East) were
informed about the objectives and de-
tails of the project, and their assistance
was solicited. Nurses from all 17 of
those health centers were invited to
meetings with the study investigators.
During the meetings the researchers
emphasized the invaluable contribu-
tions that the nurses could make to the
success of the project, and all the nur-
ses promised to support the study. For
logistical reasons, it was decided that
all cases of diarrhea in children (< 12
yr) reported to the health centers in the
two counties on Monday and Friday of
each week during the study period
were to be included in the study. 

For the diarrheic samples from the
six counties, during the study period
all fecal and rectal swab samples from
children (< 12 yr) submitted by the
health center personnel and private
practitioners to the PHL were studied. 

For the study, diarrhea was defined
as the passage of three or more loose
stools within 24 h. The consent for chil-
dren to participate was requested and
obtained from the parents or other
caregivers of the diarrheic children be-
fore any samples were collected for
investigation. 

Collection and handling of samples 

The study was conducted from 1
April 1998 to 31 March 2000. All the
study samples, either those collected
directly from the 17 health centers of
St. George East and St. George West
counties or those from the six counties
submitted directly to the PHL, were
processed in the PHL, by the same in-
dividual (ZKM) and using the same
protocol. 

For the health centers in St. George
East and St. George West counties,
fecal containers and swabs in Amies
transport medium were provided to

personnel at each of the health centers.
The nurses were requested to contact
the first author (ZKM) by telephone as
soon as diarrheal samples were col-
lected from children (< 12 yr) and to
keep them refrigerated. Generally, all
samples were received within 4 h of
collection, transported by the first au-
thor (ZKM) to the PHL ice-cooled,
and, in most cases, processed immedi-
ately after arrival. In cases when the
samples arrived late in the laboratory
and could not be processed immedi-
ately, the cold chain was maintained,
and processing was done within 24 h
of collection. 

Isolation and identification of
enteropathogens 

To detect Salmonella spp. in feces or
rectal swabs, approximately 1 g each of
fecal material on swabs was added to
each of 9 mL of selenite cystine broth
and 9 mL of tetrathionate broth and in-
cubated overnight at 42 °C and 37 °C,
respectively. Subcultures were made
onto xylose lysine deoxycholate (XLD)
agar and brilliant green agar and incu-
bated overnight at 37 °C. Typical
colonies were subjected to biochemical
tests and identified using standard
methods (16). Polyvalent antiserum 
A-I and Vi was used on suspect
colonies, with the slide agglutination
test. Complete serological identifica-
tion of Salmonella isolates was carried
out at the Caribbean Epidemiology
Center (CAREC), which is located in
the city of Port-of-Spain, Trinidad, and
serves as the Salmonella reference labo-
ratory for the Caribbean. 

For detection of Shigella spp., ap-
proximately 1 g of feces or fecal mate-
rial on swabs was enriched in 9 mL of
gram-negative broth for 4–6 h at 37 °C
and then plated on XLD agar and on
MacConkey agar. Standard methods
(16) were used for subsequent identifi-
cation and serotyping of isolates.

To isolate E. coli, fecal or rectal swab
samples were plated on eosin methyl-
ene blue agar and incubated overnight
at 37 °C. Typical colonies, with green-
ish metallic sheen, were subjected to

biochemical tests (16). Strains of E. coli
that belonged to the enteropathogenic
serogroups were detected by the use
of polyvalent antisera A, B, and C
(Difco Laboratories, Detroit, Michigan,
United States) by slide agglutination
tests. 

Thermophilic Campylobacter spp.
were detected in fecal or rectal swab
samples following inoculation of
blood-free Campylobacter agar with
CCDA supplement (Difco, Detroit,
Michigan, United States) and incuba-
tion at 42 °C in 8% CO2 in a CO2 incu-
bator (Forma Scientific, Marietta,
Ohio, United States) for 24–48 h. Typi-
cal colonies were Gram-stained, and
curved or seagull-appearing colonies
were subcultured onto blood agar and
subjected to the identification proce-
dure described by Lior (17). 

Yersinia spp. were isolated from sam-
ples following enrichment of 1 g of feces
or fecal material on rectal swabs in 9 mL
of 0.067 M phosphate buffered saline,
pH 7.6, for three weeks at 4 °C. Subcul-
tures were made after one week and
after three weeks onto Yersinia-selective
medium (Oxoid, Basingstoke, United
Kingdom) and incubated at room tem-
perature for 24–48 h. Standard proce-
dures (18) were used for biochemical
identification of suspect colonies. 

Gastrointestinal parasites in fecal
samples were examined for coccidia
and helminths using methods re-
ported earlier (19). To detect Crypto-
sporidium oocysts, fecal samples were
processed within 2 h, using forma-
linether sedimentation techniques 
(19, 20), and subjected to microscopic
examination.

For all Salmonella isolates the sero-
types were determined at the CAREC. 

Thermophilic Campylobacter spp.
were classified into C. jejuni and C. coli,
using hippurate hydrolysis (17).

To determine the antibiograms of
Salmonella and Shigella isolates, the
Kirby-Bauer disk diffusion method (21)
was used. The following antimicrobial
agents were used: ampicillin (10 µg),
cefotaxime (30 µg), sulfamethoxazole/
trimethoprim (1.75/23.75 µg), chloram-
phenicol (30 µg), gentamicin (10 µg),
and ciprofloxacin (5 µg). 
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Statistical analysis of data 

The frequency of selected en-
teropathogens in childhood diarrheal
cases, the occurrence of serotypes, and
other characteristics were compared
between St. George West and St.
George East counties for the speci-
mens that had been obtained directly
from their health centers. A similar
comparison was made for the samples
submitted to the PHL by the health
center personnel and private practi-
tioners from the six counties. The chi-
square (χ2) test for independence was
used to analyze the data. 

RESULTS AND DISCUSSION 

The frequency of enteropathogens
in children with diarrhea, by county
studied, is shown in Table 1. A total of
86 samples were obtained directly
from the 17 health centers in St.
George East and St. George West
counties, while 150 other samples
were submitted directly to the PHL
from the six counties. Overall, of the
236 fecal or rectal swab specimens
studied, 33 (14.0%) yielded Shigella, 4
(1.7%) yielded Salmonella, and 1 (0.4%)
yielded enteropathogenic Escherichia
coli (EPEC). Two (0.8%) samples were
positive for Campylobacter, and 1
(0.4%) was positive for hookworm. 

The overall frequency of entero-
pathogens in the diarrheic children 
in our study was 17.4%, with assays
being done for a total of seven path-
ogens. This figure was considerably
lower than those from other studies,
which ranged from 42% to 74.8%
(22–24). The dissimilarity might be
explained by such things as differ-
ences in the number and type of
pathogens assayed for in the vari-
ous studies, the handling of the speci-
mens prior to processing, the detec-
tion procedures, and a true difference
in the prevalence of the pathogens in
the samples studied. 

For the 86 samples collected directly
from the health centers the frequency
of Shigella in childhood diarrhea re-
ported in St. George East County was
20.0% (12 of 60), compared with 26.9%
(7 of 26) in St. George West County.
However, the difference was not sta-
tistically significant (χ2; P > 0.05).

Overall for the 236 samples, Sh. son-
nei accounted for 28 (84.8%) of the 33
Shigella isolates recovered, compared
with Sh. flexneri 2a, which accounted
for the other 5 Shigella isolates (15.2%).
All the 236 specimens tested were neg-
ative for Cryptosporidium and Yersinia
spp.

Shigella serotypes have been docu-
mented as important etiological agents
for childhood diarrhea (23, 25, 26). 
Sh. sonnei, the predominant entero-

pathogen detected in our study, has
been associated with poor sanitary con-
ditions (23, 25), and it may be an im-
portant enteropathogen in childhood
diarrhea in Trinidad. Although this
study was not designed to determine
the etiological importance of the en-
teropathogens studied, Hull et al. (2)
reported that Sh. sonnei was statistically
significantly associated with childhood
diarrhea in Trinidad (χ2; P < 0.01). 

In our study, Salmonella was de-
tected in only 1.7% of the 236 fecal or
swab samples from the children with
diarrhea. That figure is considerably
lower than the 3.9% to 19.2% reported
in other studies (26, 27). In a study in
Trinidad, Hull et al. (2) found that 7.3%
of children with diarrhea yielded Sal-
monella, compared with only 1% of
nondiarrheic children, with the differ-
ence being statistically significant (χ2; P
< 0.05). The authors concluded that Sal-
monella spp. were important etiological
agents of diarrhea in Trinidad. The dif-
ference in the frequency of isolation of
Salmonella found in our study versus
the Hull et al. study (2) may reflect dif-
ferences in sample size, handling of
samples, methodology, and changes in
pattern of infection by the pathogen
over time. Salmonella serotypes are
known to have caused epidemics of
gastroenteritis in children and adults
worldwide (28, 29). Salmonella enterica
serotype Typhimurium (S. Typhi-

TABLE 1. Frequency of selected enteropathogens in diarrheic children by county in Trinidad, 1998–2000a

Samples positive for:

No. of Shigellab Salmonella c EPEC d C. jejuni e Hookworm

County/Counties samples tested No. % No. % No. % No. % No. %

St. George East f 60 12 20.0 2 3.3 1 1.7 0 0.0 1 1.7
St. George West f 26 7 26.9 1 3.8 0 0.0 1 3.8 0 0.0
Six countiesg 150 14 9.3 1 0.7 0 0.0 1 0.7 0 0.0

Total 236 33 14.0 4 1.7 1 0.4 2 0.8 1 0.4

a All samples tested were negative for Cryptosporidium spp. and Yersinia spp. 
b The 33 positive Shigella samples consisted of 28 isolates of Sh. sonnei and 5 isolates of Sh. flexneri 2a.
c The four positive Salmonella samples consisted of two isolates each of S. Typhimurium and S. Enteritidis. 
d EPEC = Enteropathogenic Escherichia coli.
e C. jejuni = Campylobacter jejuni.
f The samples from St. George East and St. George West counties were collected directly from 17 health centers in the two counties by the researchers. 
g The samples from six counties were submitted to the Trinidad Public Health Laboratory by health center personnel or private practitioners from the following coun-

ties: Caroni (108 samples), St. Andrew/St. David (3), St. George Central (20), Victoria (1), St. George East (14), and St. George West (4). 
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murium) and S. Enteritidis have been
particularly prominent in their asso-
ciation with Salmonella gastroenteritis
in various countries, with the latter
serotype being more prevalent (11, 28,
29). Adesiyun et al. (11) demonstrated,
using the pulsed-field gel electro-
phoresis (PFGE) technique, that S. 
Enteritidis isolates from animals in
Trinidad had PFGE patterns that were
similar to those for isolates from
human gastroenteritis, emphasizing
the zoonotic importance of this Salmo-
nella serotype in the country. Using iso-
lates submitted to CAREC, the same
study established that the PFGE pat-
terns of S. Enteritidis varied across the
Caribbean, a finding that had epidemi-
ological implications. In the Caribbean,
particularly in Trinidad and Tobago,
over the last decade there has been a
dramatic increase in the number of
cases that involved S. Enteritidis, based
on laboratory isolation of the microor-
ganism. Our finding that only 2 of the
236 diarrheic children (0.8%) yielded
the pathogen may be a reflection of the
small sample size in our study.

The fact that only 1 of the 236 child-
hood diarrheic cases (0.4%) yielded
EPEC strains in our study was unex-
pected. These strains were isolated
from 14.3% of childhood diarrheic
cases in Trinidad in an earlier study
(2). Also, strains of E. coli belonging to
the enteropathogenic serogroups have
been isolated from black pudding in
Trinidad (7). In addition, frequencies
of EPEC strains in childhood diarrhea
of 32.7% in Brazilian children (30) and
of 6.6% in Vietnamese children (31)
have been reported. However, in
agreement with our findings, Caprioli
et al. (27) found EPEC strains to be of
limited importance in Italian children.

A rather low frequency (0.8%) of 
C. jejuni was found in our study,
compared with 11.7% reported for
hospital-reported cases in Trinidad 
(2). C. jejuni is an established major
pathogen for gastroenteritis world-
wide (24, 32, 33). 

All 236 samples processed in our
study were negative for Cryptosporid-
ium and Yersinia spp. Researchers at the
CAREC have documented the detec-
tion of Cryptosporidium in apparently

healthy schoolchildren in Trinidad and
Tobago and other Caribbean countries
(CAREC, personal communication). To
the best of our knowledge, no pub-
lished reports exist on the involvement
of Cryptosporidium in childhood diar-
rhea in Trinidad and Tobago, although
there are reports for other Caribbean
countries (11, 12). The parasite, which
is considered a parasitic zoonosis, has
been reported in livestock in Trinidad
(33). The prevalence of Cryptosporidium
among diarrheic children has ranged
from 0.6% to 13% in different parts of
the world (15, 24, 34). 

As with our study, no other pub-
lished studies have reported the occur-
rence of Yersinia spp. in diarrhea in
children or adults in Trinidad and
Tobago or in other countries in the
Caribbean. However, Y. enterocolitica
has been isolated from livestock in
Trinidad (35). 

Tables 2 and 3 show the frequency
of detection of enteropathogens in the

86 diarrheic cases in St. George East
and St. George West by month for the
periods of April 1998 to March 1999
(59 cases) and April 1999 to March
2000 (27 cases), respectively. For the
two counties no seasonal difference in
isolation of pathogens was detected.
That contrasts with other reports that
have documented seasonal variation
in the involvement of enteropathogens
in diarrhea (23, 28). The failure to find
the effect of season in our study may
be due, in part, to the low numbers of
patients positive for enteropathogens. 

For the six counties whose health
centers sent the 150 fecal or rectal
swabs from diarrheic children to the
PHL during the two-year study pe-
riod, the frequency of detection of the
selected enteropathogens showed a
range. For Caroni County, of a total 
of 108 samples submitted, 9 samples
(8.3%) were positive for the entero-
pathogens studied: 7 Sh. sonnei sam-
ples, 1 S. Typhimurium sample, and 1

TABLE 2. Frequency of isolation of enteric pathogens from childhood diarrheic cases in
health centers in St. George East County and St. George West County, Trinidad, April 1998
to March 1999 

St. George Easta St. George Westa

No. of No. of
samples samples

Year/Month tested No. (%) positive for: tested No. (%) positive for:

1998
April 1 1 (100.0) — Shigella flexneri, 2a 0 NAb

May 5 1 (20.0) — Sh. flexneri, 2a 0 NA
1 (20.0) — hookworm ova

June 14 1 (7.1) — Sh. flexneri, 2a 0 NA
1 (7.1) — S. Typhimurium

July 6 1 (16.7) – EPECc 2 0 (0.0)
1 (16.7) — S. Enteritidis
1 (16.7) — Sh. sonnei

August 2 1 (50.0) — Sh. sonnei 2 1 (50.0) — Sh. sonnei
September 5 1(20.0) — Sh. sonnei 2 1 (50.0) — Sh. sonnei
October 0 NA 3 1 (33.3) — Sh. sonnei
November 2 2 (100.0) — Sh. sonnei 0 NA
December 0 NA 0 NA

1999
January 0 NA 1 0 (0.0)
February 1 0 (0.0) 1 1 (100.0) — C. jejuni
March 9 1 (11.1) — Sh. sonnei 3 0 (0.0)

Total 45 13 (28.9) 14 4 (28.6)

a These samples were collected directly from the health centers in the two counties by the researchers
twice weekly (Monday and Friday) during the two-year study period. 

b NA = not applicable since no samples were processed.
c EPEC = Enteropathogenic Escherichia coli.



C. jejuni sample. For St. Andrew/St.
David County, 1 of the 3 samples
(33.3%) submitted was positive for an
enteropathogen, for Sh. sonnei. Of the
20 samples submitted from St. George
Central County, 2 (10.0%) were posi-
tive for Sh. sonnei. The one sample re-
ceived from Victoria County during
the two-year study period was nega-
tive for the enteropathogens assayed.
In St. George East County, of a total of
14 samples received, 3 (21.4%) were
positive, all being Sh. sonnei. With St.
George West County, 1 of 4 samples
submitted (25.0%) contained Sh. sonnei. 

During the study period, on the
three days (Tuesday, Wednesday, and
Thursday) each week that samples
were not collected by the researchers
from the 17 health centers in St. George
East County and St. George West
County, health center personnel sub-
mitted 14 samples and 4 samples, re-
spectively, to the PHL for processing.
For the same two-year period, with the
twice-weekly sampling from the
health centers in the two counties, we
researchers collected 60 samples from
St. George East County and 26 samples
from St. George West County—that is,

more than four times as many speci-
mens. This large difference indicates
that a noticeable number of fecal sam-
ples from childhood gastroenteritis
cases occurring at the community level
or reported to the health centers do not
reach the PHL. This may be a sign that
the PHL’s numerical data on etiologi-
cal agents associated with childhood
diarrhea do not accurately reflect the
degree of involvement of the various
pathogens at the community level. It
was noteworthy that for all the six
counties together, Sh. sonnei was the
predominant enteropathogen isolated,
emphasizing the possible etiologic im-
portance of the pathogen in childhood
diarrhea in Trinidad. 

Table 4 shows the antibiograms of
the 37 Salmonella and Shigella isolates
that were tested. Of the 37 isolates 
of Salmonella and Shigella tested for
antimicrobial sensitivity, all of them
were sensitive to ciprofloxacin, gen-
tamicin, and cefotaxime. In terms of
resistance, 3 of the 37 isolates (8.1%)
exhibited resistance to ampicillin, 1
(2.7%) to chloramphenicol, and 1 (2.7%)
to sulfamethoxazole/trimethoprim.
Of therapeutic relevance is the find-

ing that Sh. sonnei, which was recov-
ered at a much higher frequency
across the counties studied as com-
pared to the other pathogens, dis-
played a low level (7.1%) of resistance
to the antimicrobial agents tested. The
prevalence of resistance to antimicro-
bial agents among the Salmonella iso-
lates tested is considerably lower than
that reported for S. Enteritidis isolates
from the Caribbean (10). 

For this investigation two major
constraints or problems are obvious.
One is the rather low number of re-
ported childhood diarrheal cases at
both the health center and PHL levels.
The other is the low frequency of iso-
lation of the selected enteropathogens.
For the two counties (St. George East
and St. George West) where samples
were collected twice weekly, it was
highly unlikely that only 60 samples
and 26 samples, respectively, of chil-
dren’s diarrhea were encountered in
all the health centers in the two coun-
ties over the two-year period. These
low numbers for the two counties may
be due in part to the fact that the per-
sonnel at the health centers were un-
able to report to the investigators all
the diarrheal cases encountered dur-
ing the two weekly sampling days,
due to work pressures. In addition,
with the twice-weekly collections in 
St. George East and St. George West
counties, some health center personnel
complained that some patients had
difficulty in voiding feces during their
visits to the centers. Those patients or
their parents or guardians were given
fecal containers to take home and re-
quested to return the following day
with samples of their feces, but in most
instances they failed to do so. There-
fore, there is evidence of underreport-
ing of diarrhea cases in children at the
health centers in those two counties.

The number of cases of childhood
diarrhea reported at the health centers
in the two counties visited by the first
author (ZKM) was small, but the num-
ber was still considerably higher than
the number of samples sent in by
health center personnel and private
practitioners in the six counties who
delivered samples directly to the PHL.
Therefore, there is clearly a need to im-
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TABLE 3. Frequency of isolation of enteric pathogens from childhood diarrheic cases in
health centers in St. George East County and St. George West County, Trinidad, April 1999
to March 2000

St. George Easta St. George Westa

No. of No. of
samples samples

Year/Month tested No. (%) positive for: tested No. (%) positive for:

1999
April 6 1 (16.7) — Sh. sonnei 2 1 (50.0) — Sh. sonnei
May 3 0 (0.0) 2 0 (0.0)
June 5 2 (40.0) — Sh. sonnei 3 2 (66.7) — Sh. sonnei
July 0 NAb 3 1 (33.3) — S. Enteritidis
August 1 0 (0.0) 0 NA
September 0 NA 1 0 (0.0)
October 0 NA 0 NA
November 0 NA 0 NA
December 0 NA 0 NA 

2000
January 0 NA 1 1 (100.0) — Sh. flexneri
February 0 NA 0 NA
March 0 NA 0 NA 

Total 15 3 (20.00) 12 5 (41.7)

a Samples were collected directly from the health centers in the two counties by the researchers twice weekly (Monday and
Friday) during the two-year study period. 

b NA = not applicable since no samples were processed
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prove the diarrhea surveillance system
in the country so as to ensure that sam-
ples from health centers arrive at the
PHL for diagnosis. 

A second issue of concern was the
low frequency of the selected path-
ogens detected in the samples col-
lected over the study period; 83% of
the samples were negative for all the
enteropathogens for which assays
were done. A possible limitation was
the fact that the study design was to
assay for selected bacterial and para-
sitic pathogens only. In an earlier
study of infants with gastroenteritis
admitted to hospitals in Trinidad, ro-

tavirus was the agent most frequently
associated with the illness (2). It is pos-
sible that that viral agent may also be
important in community-based child-
hood diarrhea in Trinidad and To-
bago, and this question needs further
investigation. However, in our study it
is clear that Sh. sonnei was the en-
teropathogen most frequently isolated
from the pathogen-positive fecal or
rectal swab samples. We therefore
conclude that Sh. sonnei may be an im-
portant etiologic agent for childhood
diarrhea at the community level in
Trinidad. However, a more extensive
community-based cohort study is

needed in order to explore the etio-
logic importance of this pathogen in
diarrheic children in Trinidad. 
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TABLE 4. Antibiograms of 37 Shigella and Salmonella isolates recovered from childhood diarrheic cases, Trinidad, 1998–2000a

Isolates resistant to:

No. of Resistantc AMPd CHLe SXTf

Pathogenb isolates tested No. % No. % No. % No. %

Shigella sonnei 28 2 7.1 2 2.7 0 0.0 1 3.6
Shigella flexneri 5 1 20.0 1 20.0 1 20.0 0 0.0
Salmonella Typhimurium 2 0 0.0 0 0.0 0 0.0 0 0.0
Salmonella Enteritidis 2 0 0.0 0 0.0 0 0.0 0 0.0

Total 37 3 8.1 3 8.1 1 2.7 1 2.7

a All 37 isolates tested were sensitive to ciprofloxacin, gentamicin, and cefotaxime.
b Enteric pathogens recovered from fecal or rectal specimens either collected directly from the 17 health centers in St. George East and St. George West counties or from spec-

imens submitted by health center personnel or private practitioners in six counties to the Trinidad Public Health Laboratory. 
c Resistant to one or more of the six antimicrobial agents tested.
d AMP = ampicillin. 
e CHL = chloramphenicol. 
f SXT = sulfamethoxazole/trimethoprim.
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Objetivo. Determinar la frecuencia y las características de ciertos agentes enteropató-
genos detectados en niños con diarrea en seis condados de la isla de Trinidad.
Métodos. El presente estudio transversal se llevó a cabo de abril de 1998 a marzo de
2000. Especímenes de heces o hisopados rectales de niños menores de 12 años se obtu-
vieron y se procesaron usando métodos estándarizados para la detección de Salmonella
spp., Shigella spp., Escherichia coli enteropatogénico (ECEP), Campylobacter spp., Yersinia
spp., Cryptosporidium parvum, y huevos de parásitos. Los antibiogramas de los agentes en-
teropatógenos se determinaron mediante el método de difusión en un disco. 
Resultados. Se procesaron 236 muestras en total; 86 de ellas provinieron directamente
de 17 centros de salud en dos condados (St. George East y St. George West), mientras
que las otras 150 muestras se obtuvieron del Laboratorio de Salud Pública de Trinidad,
al que fueron entregadas por médicos particulares y el personal en seis condados de la
isla. De las 236 muestras, 33 (14,0%) mostraron positividad a Shigella, 4 (1,7%) a Salmo-
nella, y 1 (0,4%) a ECEP. Dos de las muestras (0,8%) mostraron positividad a Campylo-
bacter jejuni, y una (0,4%) tenía huevos de anquilostoma. Ninguna muestra salió positiva
a Cryptosporidium parvum ni a Yersinia spp. De las 86 muestras obtenidas directamente
de los centros de salud, el porcentaje con Shigella fue de 20% (12 muestras de 60) en el
condado de St. George East, en comparación con 26,9% (7 muestras de 26) en el condado
de St. George West, sin que la diferencia fuese estadísticamente significativa (P > 0,05
según la prueba de ji al cuadrado). De las 150 muestras procedentes de los seis conda-
dos que habían sido entregadas directamente al Laboratorio de Salud Pública de Trini-
dad, 14 (9,3%) salieron positivas a Shigella. Este porcentaje fue más pequeño, en grado
estadísticamente significativo, que el hallado en las muestras tomadas directamente de
los centros de salud (P < 0,05 según la prueba de ji al cudrado). El serotipo más frecuente
fue Sh. sonnei, que se observó en 28 de las 33 (84,8%) cepas de Shigella aisladas de las 236
muestras. En términos generales, la frecuencia con que se detectaron enteropatógenos
no varió con las estaciones del año ni mostró ninguna relación con el país de origen. Las
37 cepas de Salmonella y Shigella que se sometieron a pruebas de sensibilidad fueron sen-
sibles en su totalidad a la ciprofloxacina, la gentamicina y la cefotaxima. Tres de las 37
cepas aisladas (8,1%) fueron resistentes a la ampicilina, 1 (2,7%) al cloramfenicol y 1
(2,7%) a la combinación de sufametoxazol con trimetoprima.
Conclusión. De los enteropatógenos investigados mediante pruebas detectoras, Sh. sonnei
fue el más frecuente y es, quizá, el principal agente causal de la diarrea infantil en Trinidad.

Diarrea; infecciones bacterianas; resistencia microbiana a las drogas; Trinidad y To-
bago.
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