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In a very remote rural Bolivian community where the use
of antimicrobials has been minimal and where exchanges
with the exterior are very limited, 67% of subjects were found
to be carriers of fecal Escherichia coli with acquired resistance
to �1 antimicrobial agent(s); the highest rates were observed
for tetracycline (64%), ampicillin (58%), trimethoprim-sul-
famethoxazole (50%), and chloramphenicol (41%). The most
relevant implication of these findings is that, in certain set-
tings, the spread and maintenance of antimicrobial resistance
can occur, regardless of whether selective pressure generated
by the use of antimicrobials is present.

Microbial resistance to drugs has become a global public-health

problem compromising the efficacy of antimicrobial chemo-

therapy. The magnitude of this problem has recently been ac-

knowledged by the World Health Organization, which has

launched a global strategy for the containment of antimicrobial

resistance [1]. The emergence and spread of resistance are uni-

versally acknowledged to be associated with heavy consumption

of antimicrobial agents in clinical and veterinary practices, and

the prudent use of antibiotics is considered to be mandatory

for preservation of their therapeutic effectiveness for as long

as possible [2]. Within this perspective, a combination of mis-

use and overuse of antimicrobial agents, along with overcrowd-

ing and poor sanitation, is among the reasons given to explain
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the exceedingly high resistance rates observed in low-income

countries [3]. However, several aspects of the impact of anti-

microbial use remain poorly understood [4], and this issue is

difficult to investigate, because, for several decades, the use of

antimicrobial agents has been almost universal and because

there is a lack of representative bacterial collections from the

preantibiotic era.

The phenomenon of drug resistance is not restricted to path-

ogenetic bacteria; it also involves the commensal microbiota of

humans and animals, which, although not specific targets, are

continuously exposed to the selective pressure generated by

antimicrobial chemotherapy and may become a major reservoir

of resistant strains and resistance determinants [5]. For this

reason, some commensal microbiota, such as fecal Escherichia

coli, have been exploited as sensitive indicators in surveillance

regarding antimicrobial resistance [6–9].

In the present study, we investigated antimicrobial resistance

in the commensal E. coli microbiota of the population of a very

remote rural Bolivian community where the use of antimicro-

bials has been minimal. Unexpectedly, remarkably high resis-

tance rates were detected, a finding suggesting that, in some

cases, the spread and maintenance of resistant strains and re-

sistance determinants may not be directly related to antimi-

crobial consumption.

Subjects, materials, and methods. Alto Los Zarzos, a very

remote rural Bolivian community of 130 Guaranı́ Indians that

is located in the Gran Chaco region of the Tarija department,

was investigated in the present study. This community is at an

altitude of ∼1700 m and is accessible from the closest health-

care post only via a 3-h climb up a steep slope in the forest.

The population lives in huts with no sanitary or hygienic fa-

cilities. Locally collected rainwater is the only source of water.

The principal activities are agriculture and animal breeding. A

health-care worker visits the community approximately every

3 months. This community was chosen because local health-

care authorities considered it to be one of the most remote,

having little exchange with the exterior and, thus far, very lim-

ited access to health-care services.

Before fieldwork was started, a meeting was held with the

community leader and adults, to explain the purposes and pro-

cedures of the survey. The study design, including its ethical

aspects, was reviewed and approved in advance by the Bolivian

Ministry of Social Welfare and Public Health and by local

health-care authorities. Informed consent was obtained from

all adult participants and from the parents or legal guardians

of minors.
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Information about previous drug use, visits to the health-

care post, travel outside the community, and previous hospi-

talization was obtained from each adult participant (parents or

legal guardians spoke on behalf of the children). Specially pre-

pared forms were used to record the data collected. The in-

terviews were conducted by trained Guaranı́ health-care work-

ers. The local health-care workers were interviewed with regard

to the same information, separately from the villagers. Data on

veterinary and agricultural use of antimicrobial agents were

obtained from the community leader.

A total of 108 individuals (61 male and 47 female), ages 1–

77 years (mean age, 22.7 years; median age, 14 years), were

investigated. This group included all the inhabitants present on

the day (20 September 1999) when the survey was conducted.

A stool sample was collected from each subject, and a fecal

swab obtained from each sample was stored in Amies transport

medium (Oxoid) and, within 24 h, was transferred, in a cold

box, to the laboratory of the Camiri District Hospital. Screening

for resistant isolates was performed by a rapid method, essen-

tially as described elsewhere [7]. This approach was preferred

because it is known to correlate well with those based on testing

of randomly collected colonies from primary stool culture and

because it is more sensitive [6]. The swabs were plated on

McConkey agar, and disks containing antimicrobial agents (am-

picillin, chloramphenicol, gentamicin, amikacin, kanamycin, to-

bramycin, nalidixic acid, nitrofurantoin, trimethoprim-sulfa-

methoxazole, and tetracycline [Becton Dickinson]) were ap-

plied to the seeded plates. After incubation at 37�C for 18 h,

the plates were inspected for growth. One of the following types

of results was observed for each disk: (1) the presence of a

substantial zone of growth inhibition (with a diameter generally

larger than that which the NCCLS recommends as the suscep-

tibility breakpoint for disk-diffusion testing); (2) the presence

of a substantial zone of growth inhibition but with isolated

colonies growing inside it; or (3) either no or a very small zone

of growth inhibition. The first type of result (i.e., presence of

a substantial zone of growth inhibition) was interpreted as

indicative of susceptibility to the agent contained by the disk,

because this correlation had always been found in preliminary

tests performed on similar samples (A.B., unpublished data);

the other 2 types of results were interpreted as being pre-

sumptive for resistance, and either a pool of the colonies grown

inside the zone of inhibition or a loopful of the microbial lawn

that had grown in the proximity of a disk was preserved in

cystine-trypticase agar tubes (Becton Dickinson), for use in

confirmatory studies in which these preserved cultures were

isolated on McConkey agar and in which lactose-fermenting

oxidase-negative colonies were identified by use of the API 20E

identification system (bioMérieux). All confirmed E. coli iso-

lates were then tested for antimicrobial susceptibility, by the

standard disk-diffusion method [10]. E. coli ATCC 25922 was

used as a reference strain for quality control in susceptibility

testing.

Colony blot hybridization was performed as described else-

where, by use of a blaTEM probe labeled with [32P] by the random-

priming technique [11]. The probe was a polymerase chain re-

action–generated amplicon containing the entire blaTEM-1A gene

(GenBank accession number J01749). E. coli ATCC 25922 and

E. coli DH5a(pBR322) were used as negative and positive con-

trols, respectively. Differences between proportions were statis-

tically assessed by x2 test.

Results. According to interviews, during the 12 months

preceding the study, 41 subjects (38%) reported a history of

travel outside the community (mostly to either the district cap-

ital, Entre-Rios, or the department capital, Tarija); 6 subjects

(6%) and 35 subjects (32%), respectively, reported either vis-

iting the nearest health-care post or seeking the aid of a tra-

ditional healer (mostly for trauma); and 8 subjects (7%) re-

ported previous use of antimicrobial agents (6 reported use of

ampicillin, and 2 reported use of trimethoprim-sulfamethox-

azole). Only 4 subjects (4%) reported a history of hospitali-

zation in the district capital (3 women had been hospitalized

during delivery of children, and 1 man had been hospitalized

for treatment of trauma). The health-care worker who visited

the community approximately every 3 months confirmed that

the use of antimicrobial agents was very limited. Veterinary and

agricultural use of antimicrobial agents was totally absent.

Confluent bacterial growth was confirmed in all fecal swabs.

Samples from 29 subjects (27%) did not yield isolates with

presumptive resistance to any of the tested drugs; samples from

the other 79 subjects (73%) yielded isolates with presumptive

resistance to �1 drugs, and these isolates were subjected to

confirmatory analysis, including species identification and, for

isolates confirmed to be E. coli, to conventional susceptibility

testing on the basis of disk diffusion. Multiple isolates from

the same subject that showed the same resistance profile were

considered to be replicates. Confirmatory analysis resulted in

a total of 113 nonreplicate antibiotic-resistant E. coli isolates

from 72 (67%) of these 79 subjects (the isolates from 7 subjects

belonged to species other than E. coli); of these 72 subjects, 43

had E. coli isolates with 1 resistance profile, 21 had isolates with

2 resistance profiles, 4 had isolates with 3 resistance profiles,

and 4 had isolates with 4 resistance profiles. The prevalence of

drug resistance detected in isolates from the studied population

is reported in table 1. Remarkably high rates were observed for

resistance to tetracycline, ampicillin, trimethoprim-sulfameth-

oxazole, and chloramphenicol. A relationship between the prev-

alence of drug resistance in an isolate and the age of the source

subject was observed only for trimethoprim-sulfamethoxazole.

Multidrug resistance (MDR) characterized isolates from the

majority (64/72) of the subjects yielding antibiotic-resistant E.

coli. The most common MDR, observed in 37 subjects, included
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Table 1. Prevalence of fecal carriage of antimicrobial-resistant Escherichia coli among
108 subjects from a remote rural community in Bolivia.

Type of drug resistancea

Prevalence, by age range

1–6 years
(n p 17)

7–14 years
(n p 37)

�15 years
(n p 54)

Total
(n p 108)

Tetracycline 9 (53) 26 (70) 34 (63) 69 (64)

Ampicillin 7 (41) 24 (65) 32 (59) 63 (58)

Trimethoprim-sulfamethoxazoleb 4 (24) 23 (62) 27 (50) 54 (50)

Chloramphenicol 4 (24) 18 (49) 22 (41) 44 (41)

Kanamycin 1 (6) 1 (3) 3 (6) 5 (5)

Tobramycin 0 0 1 (2) 1 (1)

�1 Drug 10 (59) 27 (73) 35 (65) 72 (67)

NOTE. Data are no. (%) of subjects.
a No isolates resistant to gentamicin, amikacin, nalidixic acid, or nitrofurantoin were detected.
b The prevalence of resistance to trimethoprim-sulfamethoxazole was significantly ( ) lowerP p .017

among the youngest subjects (those �6 years of age) than among older subjects (those �7 years of age).

Table 2. Single-drug resistance and multidrug resistance
(MDR) in isolates from 72 subjects with fecal carriage of
antimicrobial-resistant Escherichia coli.

Resistance profile
No. (%)

of subjectsa

No. (%) of isolates

MDR
for all drugs
in categoryb

Nonreplicate
drug resistant

Single drug 8c (7) NA 8

Tet/Amp/Tsx/Cm 37 (34) 35 (95) 67

Tet/Amp/Tsx 11 (10) 11 (100) 14

Tet/Amp 6 (6) 6 (100) 6

Tet/Amp/Tsx/Cm/Km 3 (3) 3 (100) 7

Tet/Amp/Cm 2 (2) 1 (50) 5

Tet/Cm 2 (2) 2 (100) 2

Amp/Tsx 1 (1) 1 (100) 1

Tet/Amp/Tsx/Km 1 (1) 1 (100) 2

Amp/Tsx/Km/Tob 1 (1) 1 (100) 1

Total 72 (67) 61 (85) 113

NOTE. Amp, ampicillin; Cm, chloramphenicol; Km, kanamycin; NA,
not applicable; Tet, tetracycline; Tob, tobramycin; Tsx, trimethoprim-
sulfamethoxazole.

a Data in parentheses are percentage of the 108 subjects enrolled in
the study.

b Data in parentheses are percentage of subjects in resistance-profile
group (no. of subjects with MDR profile/no. in resistance-profile group).

c Isolates from 7 subjects had resistance to Tet, and an isolate from
1 subject had resistance to Amp.

resistance to tetracycline, ampicillin, trimethoprim-sulfamethox-

azole, and chloramphenicol. Most of the subjects yielding MDR

isolates yielded �1 isolate in which all of the corresponding traits

were simultaneously present (table 2). Individual E. coli isolates

exhibited variable drug-resistance patterns: 32 (28%) were resis-

tant to 1 drug, whereas the remaining 81 (72%) were resistant

to 11 drug. The most common MDR pattern included tetra-

cycline, ampicillin, trimethoprim-sulfamethoxazole, and chlor-

amphenicol and was observed in almost one-third of the isolates.

Of the 81 ampicillin-resistant isolates, 78 were recognized by a

blaTEM probe in a colony blot hybridization.

Discussion. In the present study, we detected, in the pop-

ulation of a very remote rural Bolivian community exhibiting

a relatively high degree of isolation and a history of very limited

use of antimicrobial agents, a high rate of fecal carriage of E.

coli with acquired resistance to antimicrobial agents. The fact

that 96% (78/81) of the ampicillin-resistant isolates carried a

blaTEM gene [12] corroborates this finding. Because the use of

antimicrobial agents has been claimed to be the driving force

in the emergence and diffusion of bacterial resistance, our find-

ings were quite unexpected: even if we cannot consider the

study population as virgin in terms of antimicrobial use, an-

timicrobial consumption seems to be far too low to account

for the high prevalence of antimicrobial resistance in the res-

ident microbiota, especially when compared with the preva-

lences measured in settings characterized by overuse of anti-

microbial agents [8]. As far as nonhuman use of antimicrobials

is concerned, veterinary and agricultural use has been totally

absent in the area that we studied. The acquisition of resistant

bacteria from water sources contaminated by other human pop-

ulations can be excluded because of the geographical location

of the community. The hypothesis most likely to explain such

a scenario is that resistant strains have occasionally been in-

troduced into the community after exchanges, although limit-

ed, between its population and that of other areas—and that

resistant strains and resistance determinants have efficiently

spread, facilitated by unhygienic conditions. Nevertheless, the

persistence and spread of similar strains in the community, in

the absence of significant selective pressure generated by an-

timicrobial consumption, remains to be explained, unless these

strains exhibit additional selective advantages linked to the re-
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sistance determinants [4]. Another possibility might be envi-

ronmental exposure to antibiotic-producing organisms (e.g.,

stored food contaminated by molds producing antibiotic sub-

stances). Yet another possibility would be the maintenance of

antimicrobial resistance due to the associated linkage selection

resulting from exposure to heavy metals. In fact, heavy metals

and antimicrobial coresistance have been evidenced in the mi-

crobial population of ecosystems contaminated by metals in

the absence of antimicrobial selection [13–15]. Although the

clonality of resistant isolates was not specifically investigated in

the present study, the resistance patterns were quite hetero-

geneous, suggesting that it is unlikely that this phenomenon

was due to efficient dissemination of a single resistant strain

in the population.

One limitation of the present study is that quantitative data

on antimicrobial consumption were not available and that in-

formation regarding population mobility, exposure to antimi-

crobial agents, and health-care practices could be obtained only

through retrospective interviews. However, the community’s

awareness of the importance of this study, demonstrated by its

willingness to participate and by the involvement of trained

Guaranı́ health-care workers in the interviews, implies that the

data collected are reliable. Another limitation is represented by

the fact that clonality was not specifically investigated in resis-

tant isolates. The most relevant implication of the present

study’s findings is that, in certain settings, the spread and main-

tenance of antimicrobial resistance can occur regardless of the

selective pressure generated by the use of antimicrobial agents.

Further investigation will be necessary for an understanding of

the mechanisms underlying similar phenomena, mechanisms

that may be relevant to any program aimed at the control of

antimicrobial resistance.
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