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We assessed the colonization patterns, over time, of three sentinel drug-resistant enteric bacterial genera in
samples from a cohort of 20 healthy small children in a periurban community in Mexico. The children were
monitored during a 13-week period by means of weekly home visits and examinations of stool collections. These
specimens were tested for the presence of Escherichia coli, Klebsiella species, and Shigella species resistant to one
or more of seven antimicrobial agents. Ninety, 77, and 62% of the stool specimens had E. coli isolates resistant
to ampicillin, trimethoprim, and tetracycline, respectively. Simultaneous resistance to more than one antibiotic
by an E. coli isolate was observed in 88.5% of stool samples. Persistent fecal shedding of ampicillin-, trimetho-
prim-, and tetracycline-resistant E. coli occurred during the study period in the majority of children. We detect-
ed colonization by E. coli resistant to chloramphenicol, gentamicin, nitrofurantoin, or norfloxacin, as well as
by Klebsiella species and Shigella species resistant to one of these antibiotics, in fewer children and for shorter
periods. These data suggest the common and persistent intestinal shedding of multidrug-resistant E. coli
strains by small healthy children.

During the last several years an alarming worldwide increase
in the incidence of community-acquired infections with bacte-
ria resistant to multiple antibiotics of common use has been
observed (7, 12). The fecal flora represents a large potential
reservoir for sources of antimicrobial resistance, as well as the
site where resistance genes can be transferred from the com-
mensal flora to virulent microorganisms (9, 20). Thus, a better
knowledge of the frequency of occurrence of antibiotic-resis-
tant bacteria carried by healthy individuals in the community is
urgently needed.
There are few studies addressing this issue, and they have

shown a high prevalence of commensal fecal coliforms resis-
tant to various antibiotics (3, 6, 13, 14, 17, 21). Yet, these have
been cross-sectional surveys which have not allowed an evalu-
ation of the carriage of these microorganisms in stools over
time.
During the last decade, our group has carried out cohort

studies on childhood diarrheal diseases (5, 11, 16, 23), as well
as on antibiotic misuse (2, 4), in a periurban community in
Mexico City. Taking advantage of a sample of healthy children
less than 2 years of age who were under surveillance for infec-
tions by enteropathogens, we designed a substudy to longitu-
dinally assess the pattern of intestinal colonization by gram-
negative bacilli resistant to one or more of seven antimicrobial
agents.

MATERIALS AND METHODS

Study area. This study was conducted in San Pedro Mártir, a periurban area
on the southwestern outskirts of Mexico City, approximately 2.5 miles (ca. 4 km)
from the Instituto Nacional de la Nutrición. Household and pharmacy surveys of
antibiotic usage in this community have been previously published (4).
Sample population and epidemiologic surveillance. A subsample of 20 healthy

children under 2 years of age was randomly selected and enrolled in this study.

All were participating in a longitudinal surveillance of diarrheal morbidity, feed-
ing practices, and colonization with enteropathogens; children from this cohort
were those whose mothers volunteered to participate in the study (11, 23). These
20 children were monitored during 13 weeks; 10 were monitored during the
3-month period of July to October 1990, and the remaining 10 were monitored
during the period of October 1990 to January 1991. Trained field workers visited
every household once a week to interview each child’s mother and to collect stool
specimens.
Stool collection and processing. Freshly passed stool specimens from each

child were collected weekly in the homes regardless of symptom status, placed in
a plastic container, kept on ice, and transported to the laboratory at the Institute
within 3 h after collection. Thus, 13 consecutive weekly fecal samples were taken
from each child.
Antibiotic resistance screening test. A sterile cotton swab was immersed in a

stool sample and rubbed until brown. The soiled swab was then squeezed into 2
ml of sterile saline solution, yielding what was considered to be a suspension of
approximately 250 mg of stool specimen per ml (10). Aliquots (0.1 ml) were
streaked on seven antibiotic-containing MacConkey agar plates, each containing
one of the following antimicrobial agents in the specified amount (in micrograms
per milliliter): ampicillin (64), trimethoprim (16), tetracycline (32), chloram-
phenicol (50), gentamicin (16), nitrofurantoin (200), and norfloxacin (16). These
antibiotic concentrations were chosen after three consecutive tests of 0.1-ml
aliquots of a broth suspension of Escherichia coli ATCC 25922 (equivalent to
standard 1 of McFarland). These suspensions were plated in media supple-
mented with decreasing concentrations of each of the studied antibiotics; the
minimal drug concentration showing the absence of growth was selected as the
concentration used for the screening method. A control MacConkey plate con-
taining no antibiotic was also streaked. After incubation at 378C for 24 h, the
plates were examined for the presence of colony growth and compared with the
control plate. One colony of each morphological type observed on each plate was
selected for further study. Isolates were identified by the API 20E system (Ana-
lytab Products, Plainview, N.Y.).
Antibiotic resistance confirmatory test. MICs of each of the seven antibiotics

were determined for E. coli, Klebsiella spp., and Shigella spp. isolated from the
antibiotic-containing plates. CFU (104 to 105 per ml) were inoculated into Muel-
ler-Hinton broth supplemented with CaCl2 (25 mg of calcium per liter) and
MgCl2 (12.5 mg of magnesium per liter) and containing various serial twofold-
decreasing antibiotic concentrations (19). E. coli ATCC 25922 and Pseudomonas
aeruginosa ATCC 27853 were used as controls.
The presence of an antibiotic-resistant isolate was defined as growth of at least

one colony on the antibiotic-containing plate. An antibiotic-susceptible isolate
exhibited the growth of at least one colony on the plate containing no antibiotic
(control) but no growth in the antibiotic-containing plate. The majority of the
isolates from the antibiotic-containing plates were confirmed to be drug resistant
since they showed MICs above the resistance cutoff values determined by the
National Committee for Clinical Laboratory Standards (positive predictive value
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(52) (5) 655-9675. Fax: (52) (5) 513-0010.

1699



of the screening test, .90%). Bacteria isolated only from the plates containing
no antibiotic (controls) were not further tested by the broth microdilution assay.
Colonization patterns. Intestinal colonization by antibiotic-resistant bacteria

during the 13-week study period was classified as follows: continuous coloniza-
tion was uninterrupted shedding of a resistant isolate of a given species lasting
more than 8 weeks; recurrent colonization consisted of two episodes of excretion
of a resistant isolate of a given species separated by at least two consecutive
negative stool samples; intermittent colonization consisted of more than two
episodes of shedding of a resistant organism of a given species separated by at
least two consecutive negative specimens; and sporadic colonization was a single
episode of excretion of a resistant isolate, lasting 8 weeks or less.

RESULTS

Antibiotic-resistant enteric isolates. Two hundred and sixty
stool samples from the 20 children were obtained and pro-
cessed in the microbiology laboratory (13 specimens per child).
In the no-antibiotic (control) plates, E. coli was isolated from
all fecal samples, Klebsiella spp. were isolated from 54 samples
(21%), and Shigella spp. were isolated from 4 samples (1.5%).
Table 1 shows the relative frequencies of occurrence of stool
samples with at least 1 CFU of E. coli or of Klebsiella spp.
resistant to any of the tested antimicrobial agents (ampicillin-
resistant Klebsiella spp. are not reported, as these microorgan-
isms are intrinsically resistant to the drug). Table 2 shows the
frequency of stool specimens with E. coli resistant to only one
or, simultaneously, to more than one of the seven antibiotics.
Eighty-four percent of stool samples had an E. coli isolate
simultaneously resistant to two, three, or four different anti-
microbial agents.
Colonization by antibiotic-resistant E. coli. All 20 children

were colonized at some point by E. coli resistant to ampicillin,
trimethoprim, tetracycline, and chloramphenicol (Table 3). In
less than half of the 20 children, E. coli organisms resistant to
gentamicin (9 children), nitrofurantoin (3 children), and nor-
floxacin (1 child) were identified. As determined by specific
colonization patterns, the majority of children who shed E. coli
resistant to ampicillin, trimethoprim, tetracycline, and chlor-
amphenicol had a continuous or recurrent colonization and,
except for isolates resistant to chloramphenicol, in the majority
of children, resistant E. coli organisms were excreted during
most of the study period. In contrast, all but one child with
E. coli resistant to gentamicin, nitrofurantoin, and norfloxacin
had sporadic colonization patterns of short duration (less than
7 weeks).

Colonization by antibiotic-resistant Klebsiella spp. Most
children were colonized at some point by klebsiellas resistant
to trimethoprim (14 children). Less than half of the 20 children
were colonized by isolates resistant to tetracycline (9 children),
chloramphenicol (7 children), gentamicin (a single child), or
nitrofurantoin (a single child); no child shed any isolate resis-
tant to norfloxacin. In contrast to what was found with E. coli,
the great majority of the children colonized by antibiotic (in-
cluding trimethoprim, tetracycline, and chloramphenicol)-re-
sistant isolates had sporadic colonization patterns of short du-
ration.
Colonization by antibiotic-resistant Shigella spp. Only two

children were colonized by resistant isolates of Shigella spp.:
one child had two episodes of colonization (of 1 week’s dura-
tion each), one by a trimethoprim- and one by a tetracycline-
resistant isolate of Shigella boydii; and the second child had a
single (2-week) episode of colonization by Shigella sonnei, re-
sistant to ampicillin, trimethoprim, and tetracycline.

DISCUSSION

There is worldwide concern about the emergence of antibi-
otic resistance in common pathogens of community- as well as
hospital-acquired infections. Normal nonpathogenic floras of
ambulatory and hospitalized individuals may represent an
enormous and constant reservoir of resistant genes, potentially
transferable to virulent microorganisms; yet, data on the fre-
quency of antibiotic-resistant bacteria colonizing the bowels of
healthy individuals are scarce.
Surveys conducted with hospitalized and healthy individuals

in diverse areas from developed and developing countries have
shown a high frequency of naturally occurring aerobic gram-
negative bacteria in fecal floras with resistance to one or sev-
eral antimicrobial agents (3, 6, 13, 14, 17, 21, 22). Cross-sec-
tional studies of small children attending day-care centers in
Houston, Tex., have shown that up to 37 and 70% of infants
are colonized with fecal E. coli resistant to trimethoprim and
ampicillin, respectively (17); also, transmission of trimetho-
prim-resistant E. coli among children within day-care centers,
and from day-care children to household members, is common
(8). Carriage of E. coli resistant to antimicrobial agents has
been found far more often in healthy children from Venezuela
and China than from North America (13). Another study, in a
children’s emergency hospital in Sudan, showed that more
than 39% of the children had enteric isolates resistant to all six

TABLE 1. Frequency of occurrence of stool specimens with at
least one colony of E. coli or Klebsiella spp. resistant

to any of the tested antimicrobial agentsa

Antibiotic
No. of stool samples (%)b with resistant:

E. colic Klebsiella spp.d

Ampicillin 235 (90) NRe (NR)
Trimethoprim 201 (77) 20 (8)
Tetracycline 161 (62) 13 (5)
Chloramphenicol 102 (39) 10 (4)
Gentamicin 12 (5) 1 (,1)
Nitrofurantoin 4 (2) 1 (,1)
Norfloxacin 2 (1) 0 (0)

a Resistance was confirmed by the broth microdilution test of isolates from the
antibiotic-containing plate.
b Percentages were determined from a total of 260 stool samples from 20

children.
c From all 260 stool samples, E. coli was isolated on the plates containing no

antibiotic (control).
d From 54 of a total 260 stool samples, Klebsiella spp. were isolated on the

plates containing no antibiotic (control).
e NR, not reported, as bacteria were intrinsically resistant to ampicillin.

TABLE 2. Frequency of occurrence of stool specimens
with E. coli resistant to antimicrobial agentsa

No. of antibiotics
to which E. coli
was resistant

No. of stool
samples (%)b

Cumulative
frequency
(%)c

0 4 (1.5)
1 26 (10) 256 (98.5)
2 84 (32.3) 230 (88.5)
3 73 (28.1) 146 (56.2)
4 62 (23.8) 73 (28.1)
5 9 (3.5) 11 (4.2)
6 2 (0.8)

a Ampicillin, trimethoprim, tetracycline, chloramphenicol, gentamicin, nitro-
furantoin, and norfloxacin.
b Percentages were calculated from a total of 260 stool samples from 20

children.
c Cumulative frequency is the number of specimens remaining from the 260

original samples from which numbers of samples with E. coli resistant to addi-
tional antimicrobial agents could be determined.
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antibiotics studied and 80% had enteric isolates resistant to at
least four of these drugs (22).
Despite this evidence of the high prevalence of potentially

transferable antibiotic resistance in gut commensal organisms
of children, especially children from developing countries, to
our knowledge there has been no assessment of the pattern of
the intestinal carriage of drug-resistant coliforms, over time,
among healthy children in a community. The longer the period
of shedding of these microorganisms in feces, the greater the
chances of interpersonal transmission and contamination of
drinking water and food with these bacteria (18). A recent
study in two southern cities of The Netherlands showed that
the high degree of drug resistance of members of the family
Enterobacteriaceae in fecal samples from 124 healthy, presum-
ably adult, volunteers remained more or less constant over
time during a 15-week follow-up period (15).
Through the longitudinal surveillance of our cohort of 20

healthy children, we were able to define the patterns of intes-
tinal colonization, during a 13-week period, of three sentinel
bacterial genera resistant to any of seven antibiotics commonly
used in clinical practice. Interestingly, we documented that the
majority of these children were continuously shedding in their
stools E. coli resistant to ampicillin, trimethoprim, and tetra-
cycline throughout the observational period. On the contrary,
colonization by E. coli organisms resistant to gentamicin, ni-
trofurantoin, and norfloxacin was observed in only a few chil-
dren and excretion of these gram-negative bacilli was of short
duration.
We have previously reported the pattern of antibiotic usage

in the same urban community (4). On the basis of a survey of
1,659 randomly selected households, we have estimated that
approximately 5% of the individuals use at least one antimi-
crobial agent in a 2-week period and that the most commonly
used antibiotics are ampicillin, trimethoprim, and tetracycline,
which constituted one-third of all reported drugs (20, 7, and
6% of all consumed antibiotics, respectively). In contrast,
chloramphenicol, gentamicin, nitrofurantoin, and norfloxacin
represented only 2% of all antibiotics used by these individu-
als. There seems to be an association between the common
consumption of the former group of drugs and the continuous
shedding of E. coli resistant to these antibiotics in most of the
studied children in this community; yet, a firm conclusion can-
not be drawn from the present study as data on antibiotic usage
by the children or their household contacts were not gathered.
These observations further support the hypothesis that the

overuse and misuse of these drugs in the management of com-
mon illnesses (2) may represent an important environmental
pressure for the selection, in the bowels of these individuals, of
bacteria possessing genes encoding drug resistance. In turn,

these microorganisms might be continuously shed in feces and
widely spread to other household members, including small
children, by fecal-oral transmission routes commonly seen in
this kind of community with crowding and poor sanitary con-
ditions. Thus, the colons of these individuals present numerous
opportunities for fecal floras to exchange genetic material; in
fact, the possibility of acquisition of resistance determinants by
pathogens, from commensal bowel bacteria, was suggested af-
ter an epidemic of enteritis by multidrug-resistant Shigella dys-
enteriae in central Africa (9).
In contrast to colonization by E. coli, colonization by strains

of antibiotic-resistant Klebsiella spp. occurred less frequently
among studied children and for shorter periods. A possible
explanation for this is the lack of optimal sensitivity of our
method to isolate these microorganisms; it might be that the
antibiotic concentrations in media used for selection in the
screening method were rather high and/or that our ability to
detect antibiotic-resistant Klebsiella isolates was overshadowed
by the relative abundance of E. coli organisms in stools.
We identified only two children who shed Shigella spp. in

their stools; this low frequency of isolation could be explained
by the relatively low incidence of infections with these micro-
organism in this age group as well as by the fact that a Shigella-
selective medium was not used in this study. All five isolates
showed resistance to one or more of the antibiotics of common
use in the treatment of shigellosis. The alarming increase in
multidrug-resistant strains observed in many areas of the world
(1, 9), as well as the recent description of a high incidence of
symptom-free carriers of Shigella spp. other than S. dysenteriae
(11) (as a potential source of a wide dissemination of these
microorganisms), has raised concerns about perspectives of the
optimal antibiotic management of inflammatory diarrhea.
In conclusion, data from this longitudinal study confirm that

in certain communities small children can be colonized by E.
coli strains resistant to multiple commonly used antimicrobial
agents. Furthermore, fecal shedding of these microorganisms
persistently occurs for periods of at least a few months, which
could represent an important hazard for the dissemination of
antibiotic-resistant bacteria to other members of the commu-
nity.
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TABLE 3. Number of children under 2 years of age colonized by E. coli resistant to any of seven antimicrobial agents

Antibiotic

No. of children colonized by resistant E. coli with:

Colonization patterna: Fecal shedding
of 7 weeks’ or
longer durationbContinuous Recurrent Intermittent Sporadic Any

Ampicillin 18 2 0 0 20 20
Trimethoprim 11 9 0 0 20 19
Tetracycline 9 6 0 5 20 11
Chloramphenicol 1 11 2 6 20 7
Gentamicin 0 1 0 8 9 0
Nitrofurantoin 0 0 0 3 3 0
Norfloxacin 0 0 0 1 1 0

a For definitions, see Materials and Methods.
b Regardless of the colonization pattern.
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