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ABSTRACT

In view of the intimate relationship of humans with coastal lagoons (used for recreation, tourism, water
supply, etc.), the discharge of domestic effluents may lead to the establishment of routes of dissemination of
pathogeni ¢ mi croorganisms, including microorgani sms carrying genesfor resistanceto antimicrobial s, through
the surrounding human communities. The objective of the present investigation wasto relate the presence of
antimicrobial-resistant bacteria to the environmental characteristics of three coastal lagoons, comparing the
results with those from hospital sewage. Of the lagoons evaluated, two (Geriba and Imboassica) receive
domestic sewage discharge, and the other (Cabitinas) isstill in anatural state. Weisolated in aculture medium
containing 32 ¥ pg/ml of Cephalothin, fecal coliforms (E. coli), non-fecal coliforms(Klebsiella, Enterobacter,
Serratia, and Citrobacter), non-glucose-fermenting Gram-negative bacilli, and Aeromonas sp. In cultures
from the hospital drain we found strains showing numerous markers for resistance to most of the 11
antimicrobialstested. On the other hand, in culturesfrom Cabitnas and | mboassicalagoons, wefound strains
showing resistance only to antibiotics frequently observed in non-selective situations (considered as
“common” markers). The capacity for dilution in the ecosystem, and salinity appeared related with the
occurrence of multi-resistant bacterial strains. The intensity of recent fecal contamination was not shown to

be associated with the numbers and types of markers found.
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INTRODUCTION

The use of bodies of water as receptacles for organic
effluents has increased with population growth, aggravating
thedecline of sanitary conditionsin diverse human communities.
Discharge of organic effluentsinto water reservoirs, aswell as
promoting artificial eutrophication, allows them to be
contaminated by pathogenic microbes (10), including carriers
of genes for resistance to various antimicrobials (antibiotics

and chemotherapeutics). These environments can come to be
important sites of human contamination by pathogens that are
resistant and multi-resistant to antibiotics.

Bacterial resistance to antimicrobialsis agrowing medical
problemworldwide, generated by sel ection processesfollowing
the massive use of antibiotics. The occurrence of strongly
selective environments for antimicrobials such as hospitals,
industries, and veterinary activities (where large quantities of
antimicrobials are used to promote growth and to prevent and
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treat infections) leads to an increase in the frequency of
resistance bacterial genes. Degraded sanitation in communities
may lead to the establishment of routes for dissemination of
microorganisms(19,22) and genetic elements such as plasmids,
which can amplify the problem by contributing to the increase
of multi-resistant bacteria.

Somemicroorganismsimportant in humaninfection such as
the Gram-negative bacilli (GNB), including enterobacteriasuch
as Enterobacter sp., and other GNBs such as the non-glucose
fermentors, for example P. aeruginosa, may persist for long
periods in the environment. The fecal coliforms (E. coli)
resistance in extra-intestinal conditions is lower compared to
the intestinal tract, so their presence can be taken to indicate
recent fecal contamination generated by humansor other warm-
blooded animals (16). Other enterobacteria, including non-fecal
coliforms, and other groups of GNBs (non-fermentors and
nutritionally undemanding groups) in addition to the
enterococci (especially important agents of hospital infections),
can maintain themselvesfor prolonged periodsin environments
such as waterbodies, forming contamination pathways. These
microbes are common in the intestinal microbiota and can, in
certain situations of lowered immunity of the human organism,
cause endogenous and exogenous (skin or mucosa
colonization) infections. Because of their opportunistic
character they are known as amphibionts (23).

Sampleswere collected in Cabi(inas, Imboassica, and Geriba
coastal lagoons, located on the northeastern coastal plain of
the state of Rio de Janeiro. The occurrence of GNBs showing
phenotypical resistance markers (expression of genes specific
for resistance and/or manifestation of constitutive resistance)
to therapeutic or prophylactic antimicrobial sused to treat human
infections (also used in veterinary treatments and the food
industry) was evaluated. We also collected samples from the
sewage drain of the Pedro Ernestro University Hospital,
qualitatively evaluating microorganisms discharged into the
extra-hospital environment.

The objectives of this study were: 1) To examine the
possibility of relationships between poor sanitation (indicated
by the presence of fecal coliforms) and ecological degradation
(defined by nutrient concentrations) and the phenotypes of
bacterial resistance found in the environments analyzed; I1) To
propose a general model of circulation of bacterial resistance,
suggesting the means of interaction among the waterbodies,
certain habitats that are strongly selective for antimicrobial-
resistant bacteria, and the general community environment.

MATERIALSAND METHODS

Study Area

Geriba Lagoon is located in BUzios in the municipality of
Cabo Frio, Rio de Janeiro. When it was sampled, thelagoon had
amean depth of 10 to 20 cm. The drainage canal, which carries
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the domestic waste of approximately 4,000 people, is dlightly
higher than thelagoon surface and its contents cannot be diluted
by lagoon water. This lagoon is in a state of advanced
eutrophication and sanitary degradation.

Imboassica and Cabilnas lagoons are located in the
municipalities of Macaé and Carapebus, Rio de Janeiro. These
lagoons have mean depths of 1.5 and 3.2 m, and areas of 3.26
and 0.34 km? respectively (26). CabiunasLagoon lieswithin the
Restinga de Jurubatiba National Park, and receives no waste
input. Imboassica Lagoon receives the domestic waste of
approximately 10,000 persons and is undergoing artificial
eutrophication (10). Itscanal isrelatively wide (5to 7m) and lies
at the same level as the lagoon, allowing the lagoon water to
enter and dilute the effluents. The wastes discharged into
Imboassi caand Geribalagoons do not include hospital effluents.

HUPE-UERJ University Hospita is a third-level 600-bed
public hospital located in the municipality Rio de Janeiro city. It
is an important treatment center for ambulatory, clinical and
surgical inpatients from this and surrounding municipalities.

Deter mination of Environmental Par ameters

The concentrations of total nitrogen (N) were determined
according to Mackereth et al. (21) and phosphorus (P) using
the method proposed by Golterman et al. (13). The values for
salinity were obtained by means of aLabComp salinometer and
for colimetry by the methods proposed by Apha (1). The
environmental parameters of the hospital effluent were not
determined.

Detection of Microorganismsand ResistanceMarkers

Lagoon samples — For the bacterial cultures we used
Escherichia coli (EC) broth (Merck) in 100 ml volumes,
concentrated 2x, containing Cephalothin for a final
concentration of 32 pg/ml. Cephalothin resistance, which has
significant clinical importance, isfrequently found in situations
without strongly selectivity (water reservoirsand non-hospitalar
strainsin general), having high association with other markers
as Chloramphenicol, Tetracycline and Trimethoprim-
sulfamethoxazole, considered in our categorization as* common”
markers (see text below). This allowed addition of a sample
volumeof 100ml.

Samplefromhospital drain— For the bacterial cultureswe
used EC broth in 100 ml volumes, concentrated 2x, containing
Gentamicinfor afinal concentration of 8 ug/ml. Dueto the high
correlation between Gentamicin resistance and multirresistant
profilesin hospitalar strains (34), thisantimicrobial was used as
a selective agent to eliminate a high number of strains with no
importance to our objectives. Thisallowed addition of asample
volumeof 100ml.

Cultures- Inoculated mediawereincubated at 37°C for 24-
48 hours. Subsequently, about 5 pl of the EC broth culture was
seeded by decanting onto Eosin Methylene Blue agar (EMB)



containing 32 pl/ml of Cephalothin. These cultures were
incubated at 37°C for 24 hours.

Bacterial identification and tests of sensitivity to the
antimicrobials— Bacterial identification was based on colony
morphology in culture medium, bacterioscopy of Gram-stained
bacterial streaks, standard oxidation-fermentation (Hugh-
L eifson), oxidase production, glucose and lactose fermentation,
urease activity, H,S production (from sulfur-containing amino
acids), indole from tryptophan, use of citrate and mal onate and
decarboxylation of lysine, arginine and ornithine (9). The
bacteria strains were tested by Muller Hinton agar diffusion
for sengitivity toagroup of antimicrobials: Cephalotin, Cefoxitin,
Cefotaxime, Ceftazidime, Tetracycline, Chloramphenicol,
Trimethoprim-sul phamethoxazol e, Gentamicin, Amikacin, and
Norfloxacin according to Bauer et al. (4). Two strains of the
same species were considered distinct if they showed different
patterns of resistance to the antimicrobials.

Categorization of the antimicrobials — In order to evaluate
the degrees of bacterial and antimicrobia resistance, based on
the specialized literature (32), we established a priori categories
of antimicrobials use, for practicality in obtaining indications of
bacterial selection. A) Those antimicrobials considered as
“common” (frequent use in community) as Chloramphenicaol,
Tetracycline, Trimethoprim-sulfamethoxazol e (chemotherapeutic
agent), Cephalothin (also used in hospitals) and Cefoxitin; B)
“Special” antimicrobias(Primarily hospital use/ morerestrict use)
as Cefotaxime, Ceftazidime, |mipenem/Meropenem, Norfloxacin
(chemotherapeutic agent), Amikacin and Gentamicin.

Based in this antimicrobia categories we determined three
categories of strainsaccording to the type of resistance marker or
markers detected: strongly “multi-resistant” (expression of
resistance to more than two groups of special antimicrobials);
“sengtive’ (dightly resistant: few markers showing associations
of common markers, frequently encountered in bacterial agentsof
community or ambulatory infections), and athird, “intermediate”
group of bacteria, carrying up to two markers for resistance to
antimicrobials, which areindicatorsof stronger selection processes
(hospitdl, clinics, cattleraising, food industry, etc.).

Antimicrobial resistance of bacteria

RESULTS

At theoutlet of the Geriba L agoon sewage canal we measured
high total P and N contents, and a high coliform count. In the
limnetic zone, thetotal N and P contentswere respectively 82.5
and 75.6% lower than in the sewage canal . The number of total
coliformsin thelimnetic zonewas morethan 1000X smaller than
sewage cana number, and thefecal coliform density was 900,000
in the sewage canal and <2 MPN/100 ml in the limnetic zone.
The salinity in limnnetic zone was 10X higher than that found
to sewage canal (Table 1).

High total phosphorus and nitrogen contents were found in
the Imboassica L agoon sewage canal, although all values were
lower than those found in the Geriba canal. In the Imboassica
Lagoon limnetic zone, the total N and P concentrations were
respectively 76.8 and 88.6% lower thanin the sewage canal. The
MPN/100 ml of fecal and total coliformsweresimilar inthe Geriba
and Imboassica canals, athough in the limnetic zone of Geriba
therewas substantially higher reductionin relation to the sewage
canal than in Imboassica (Table 1). The total nitrogen and
phosphorus contents were markedly lower in Cabitinas Lagoon,
aswerethe estimatesfor total and fecal coliforms(Table 1).

For all samples, except that from the limnetic zone of Geriba
Lagoon, wewere ableto isolatein the selective media, bacterial
colonies belonging to species or genera of GNBs that are
important in human infections, with a potential to transfer
resistance to other bacteria(Table 2). The general categories of
microorganisms found in the Geriba sewage cana were fecal
coliforms (E. coli), non-fecal coliforms (Enterobacter,
Citrabacter, and Klebsiella), and non-fermenting GNBs (e.g.,
Acinetobacter sp. and the genus Aeromonas).

In the Geriba canal, the presence of the Ceftazidime- and
Norfloxacin-resistant E. coli, Amikacin- and Gentamicin-
resistant K. pneumoniae, and Ceftazidime-resistant C. freundii
strains established the occurrence of intermediate bacterial
resistance at that location. The other strains analyzed, except
for the hospital strains, whichwereall multi-resistant, showed a
low resistance profile (“sensitive” strains).

Table 1. Total Nitrogen, total phosphorus, salinity, pH and MPN of total and fecal coliforms at the three lagoons sampled.

Lagoon Sampling Total Nitrogen  Total Phosphorus Total Coliforms Fecal Coliforms Salinity  pH
Location (ng/h (ng/h) (MPN /100ml) (MPN /100ml)
Geriba Sewage outlet 13,340.9 2,817.9 >1,600,000 900,000 32 7.63
Limnetic zone 2,325.5 685.1 900 <2 34.1 8.58
Imboassica Sewage outlet 10,103.7** 1,058.7%* >1,600,000 900,000 428 7.58
Limnetic zone 2,340.38%* 120.64* 240,000 4 4.32 7.99
Cabitunas*** 709.38 15.36 1,200 <2 0.5 6.7

* Meansof datafrom March 1999 through June 2002 (source: UFRJLimnology L aboratory);

** Taken from Lopes-Ferreira(1998);

*** Means of datafrom March 1999 through June 2002 (source: UFRJLimnology L aboratory).
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Table 2. Microorganismsisolated in media selective for enterobacteria and non-fermenting Gram-negative bacilli (containing 32
pg/ml cephal othin), present in samplestaken during the year 2000 from 3 coastal lagoons of the state of Rio de Janeiro and thedrain

of the HUPE-UERJ University Hospital, Rio de Janeiro.

Site Microorganisms Resistance Markers* Category**
1. DRAINAGE CANAL OUTLET
Klebsiella pneumoniae Ce Am Gm I
Escherichia coli Cl Te Ts Ce Cz Nr I
Gerib4 Enterobacter cloacae Ce Co S
Lagoon Citrobacter freundii CeCoCzTe I
Aeromonas sp Ts Ce S
GNNFB*** Cl Te Ts Ce Co S
2. LIMNETIC ZONE
Negative Culture
Cabitinas GNNFB Cl Te Ce Co S
Lagoon Enterobacter cloacae Te Ce Co S
Serratia marcescens Te Ce Co S
1. SEWAGE CANAL OUTLET
GNNFB Ce Co S
Imboassica Citrobacter sp. Ce Co Te S
Lagoon Enterobacter cloacae Te Ce Co S
2. LIMNETIC ZONE
Escherichia coli Ce Co S
Klebsiella pneumoniae Te Ts Ce Co Cz Cx Nr Am Gm MR
Klebsiella pnemoniae Cl Te Ce Co Cz Im Nr Am Gm MR
HUPE###* Klebsiella oxytoca Cl Te Ce Co Cz Cx Nr Am Gm MR
klebsiella oxytoca Cl Te Ce Cz Cx Nr Am Gm MR
Citrobacter freundii Te Ts Ce Co Cz Im Nr Am Gm MR
Acinetobacter calcoaceticus Cl Te Ts Ce Co Cz Cx Im Nr Am Gm MR

* Cl = Chloramphenicol, Te= Tetracycline, Ts= Trimethoprim-sulfamethoxazol e, Ce = Cephal osporin, Co = Cefoxitin, Cz= Ceftazidime,
Cx = Cefotaxime, Im = Imipenem, Nr = Norfloxacin, Am= Amikacin, Gm= Gentamicin. ** MR = multi-resistant (high selection), | =
intermediate (specia markers present indicating previousselection); S="sendgitive” (“common” resistance markers). *** GNNGFB
= Gram-negative non-glycose fermenting bacillus. **** Samplefrom hospital drain isolated in selective medium containing 8 pg/

ml Gentamicin.

DISCUSSION

Therelatively high total phosphorus and nitrogen contents
in Geriba Lagoon indicate its advanced stage of artificial
eutrophication, whilethe densities of fecal coliformsdemonstrate
the deterioration in sanitary conditions in the lagoon. As
previously mentioned, this lagoon has a small water volume
andislocatedinaregion of low rainfall, limiting the capacity for
dilution of effluents and thus contributing to the acute
eutrophication. In the limnetic zone there were marked
reductions in the densities of fecal coliforms, and no bacterial
strains were isolated that were resistant to the antimicrobials
considered in this study. The high salinity in the limnetic zone,
in contrast to the low salinity of the effluent input, may account
for the absence of resistance strains and the low density of
fecal coliforms, besides contributing to the high pH value.
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In the Geriba Lagoon sewage canal, bacterial strains
showing markersfor resistance to special-type antimicrobials
werepresent (Table 2). Although these markersfor intermediate
resistance do not indicate a strong previous selection, as do
the markers for the hospital strains, their presence suggests
that moderate selection has occurred, possibly originating in
the activities of hospitals or local clinics. In line with this
interpretation is the fact that this lagoon does not receive
non-domestic effluents. This kind of resistance profile may
originateinindividual swho wererecently hospitalized, or may
indicate the degree of selection exerted by the use of
antibiotics in a community setting. Touching on the first
hypothesis, it is important to consider that, according to
Vecina-Neto (33), thereisamean of 13.3 hospitalizations per
100 inhabitants per year in Brazil, which suggests a close
connection between the hospital and community



environments. On the other hand, the use of antimicrobialsin
the domestic setting has expanded and may be exercising
enough selection pressure to permit the appearance of
moderate resistance profiles, thus confirming the increase in
the problem of resistance in the community (2).

The resistance markers observed in Cabiunas and
Imboassica lagoons are common, and do not indicate the
presence of considerable previous selection. Slightly resistant
strains, indicating low level s of selection, may befound equally
in locales where there is no discharge of organic effluents,
and in situations of compromised sanitation. Thisemphasizes
theimportance of the selection processin determining critical
and moderate resistance profiles, demonstrating a lack of
connection between the scenarios of sanitary and ecological
degradation, and the resistance profiles found. Sherley et al.
(29) observed resistance to 32 therapeutic antimicrobials in
strains of enterobacteriaisolated fromwild animalsin Australia.
In the same study, resistance to Amikacin, Ciprofloxacin,
Meropenem, and Gentamicin was found in none of the strains
analyzed (these four antibiotics are listed as “ Special”).
Papandreou et al. (24) described ahigh frequency of resistance
to Cephalothin, Ampicillin, Carbenicillin, Cefuroxime, and
Cefoxitinin Gram-negative bacterial strainsisolated from the
Patras Reservoir in southwestern Greece. Of these antibiotics,
all can be considered “common” according to the categories
used in this study. In the same study, the 239 strains isolated
were sensitive to quinolones, aminoglycosides, Imipenem,
Aztreonam, Ceftazidime, and Cefoperazone; all these
compounds and groups of compounds were considered
“gpecia” in this study.

Strains resistant to antimicrobials may, under certain
conditions, transfer genes by means of plasmids (19) to other
strains that are resistant to other antibiotics, and this process
can generate strains resistant to a larger group of antibiotics
than formerly. Plasmids (self-replicating DNA molecules), which
in many situations can carry genes for resistance to
antimicrobias(5,15), are potentialy transferable among bacteria
(31). Inthese plasmidsthere may beveritable“blocks’ of genes,
determining the expression of multiple resistance (5,30).
Transposons are highly important in increasing the maobility of
different genes favoring the acquisition of resistance genes by
plasmids, the latter originating in the chromosomes and/or in
other plasmids (7). As this process continues, multi-resistant
strains are generated, leading to additional problems in the
treatment of infections caused by them. The increase in
connectivity (dispersal of resistance genes) among the
compartments shown in Fig. 1, just as among the elements
resident in each compartment, potentialy contributes to the
occurrence of gene transfers. Gene transfers associated with
selection pressures are responsible for the appearance of multi-
resistance profiles (8), and is also of fundamental importance
for dispersion of resistance genes (2).

Antimicrobial resistance of bacteria
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Figure 1. Resistant strains cycling model by the three proposed
compartments considering selection, genetic transfer and
dissemination processes.

The “high selection” compartment considered in Fig. 1,
which includes hospitals and veterinary activities, merits
emphasis regarding the transfer of resistance genes among its
constituent elements (hospitalized patients or animals given
large doses of different antibiotics for long periods). The
dissemination of resistant strains has been studied in hospitals,
and has been indicated as a source of serious problemsrelative
toinfectionsin hospitals (11). Great efforts have been madein
hospital sworldwideto avoid contamination of patientsby multi-
resistant bacterial strains, which aggravate the clinical picture
of infections, increasing morbidity and mortality (12).

It is a well-known concept that resistance genes (and
correspondingly, markers for resistance to antimicrobials)
appear, except in the case of special selective conditions,
randomly in bacteriaas do those of isolated generaand species.
Groups of genes (and the markers for resistance to
antimicrobials) would by this hypothesis appear in a random
manner. But, in environments with active selection by
antimicrobials, the associations among genes (and
subsequently among phenotypic markersfor resistance) would
occur in a statistically dependent manner, thus increasing the
association frequencies of resistance genes (and of phenotypic
markers), which in the context of random associations, would

201



F. de Meirelles-Pereira et al.

berelatively rare (25,27,28). Among the strains obtained in our
study, those isolated from the hospital drain are examples of
associations of resistance markersthat are indicators of strong
selection.

Withinthe* community” compartment, thereisthe potential
for high frequency of transfer of resistance in situations of
poor sanitation in houses and, principally, by means of
contaminated bodies of water. It isnoteworthy that inlocalities
with few resources and especially poor sanitation, due caution
with hospital effluents is not observed, and these are often
discharged completely untreated into waterbodies. Guardabassi
et al. (14) showed that the use of an antimicrobial, oxolinic acid,
introut feed could alter theresistance profile of bacteriaisolated
from streams downstream from the point of discharge of the
effluents. Thus, waterbodies receiving effluents containing
strongly selected bacteria can constitute an important genetic
route for transfer of multi-resistance among the high-selection
compartments and the general community. A well-described
process of interaction among the compartments under
consideration resulted from the intensive veterinary use of a
peptidic antibiotic, Avoparcin, which lead to establishment of
resistance of enterococci to Vancomycin (3,18). Casual transfer
of thisdeterminant of resistance can have serious consequences
for thetreatment of one of the most important human pathogens,
Staphylococcus aureus, for which, after wide resistance
developed, Vancomycin was held to be the last resource for
treatment (6).

In this study, we focused our efforts on enterobacteria,
particularly on coliforms (this is the reason for the use of EC
media), but we recognizetheimportance of other fecal indicators
like Enterococci and Clostridium, that we intend to approach
in future studies. The purpose of the present study was to
demonstrate the importance of considering the entire systemin
treating the question of bacterial resistance. Cycling of resistant
strains playsafundamental rolein the appearance of profiles of
multi-resistance. Treating the question of bacterial resistance
to antibiotics in the global context requires not only adequate
knowledge of cellular and molecular mechanisms, but
increasingly demands ecological and epidemiological
approaches (2). It is necessary to invest in new medications
and in improved sanitation of communities and waterbodies,
and through research to develop functional predictive models.
These modelsmust arise from interdisciplinary research groups
that are able to take into account molecular, clinical, socio-
economic, epidemiological, and ecological aspects of the
problem.
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RESUMO

Aspectos ecolégicos daresisténcia antimicrobiana de
bactériasdeimportanciaem infeccdo humana

Tendo em vistaa intimarelagdo entre os seres humanos e as
lagoas costeiras (usadas para recreacdo, turismo, fornecimento
deégua, €tc.), o lancamento de efl uentes domésticos e hospitalares
podem contribuir para o estabelecimento de rotas de
disseminacdo de microorgani smos patogénicos, incluindo aqueles
carreadores de genesderesisténciaaantimicrobianos. O objetivo
dapresenteinvestigacdo foi o derelacionar apresencadebactérias
resistentes a antimicrobianos com caracteristicas ambientais de
trés lagoas costeiras, comparando os resultados com os obtidos
em esgoto hospitalar. Das lagoas estudadas, duas (Geriba e
Imboassica) recebem efluentes domésticos e outra (CabiUinas),
Se encontra em estado natural. Utilizando cultura contendo 32
po/ml de Cefd oting, isolamoscoliformesfecais (E. cali), coliformes
ndo-fecais (Klebsiella, Enterobacter, Serratia e Citrobacter),
bacilos gram-negativos ndo fermentadores de glicose e
Aeromonas sp. Nas culturas de esgoto hospitalar foram isoladas
cepas contendo marcadores de resisténcia paraamaioriados 11
antibi6ticos testados. No outro extremo, foram isoladas apenas
cepas apresentando resisténcias a antibidticos freqlientemente
observadas em situagdes ndo-sel etivas (considerados aqui como
marcadores “comuns’) nas lagoas Cabilnas e Imboassica. A
capacidade de diluicdo do corpo aquético e a salinidade
mostraram-se relacionados com a ocorréncia de cepas
multirresistentes, enquanto aintensidade de contaminacéo fecal
recente ndo se mostrou associadaao nimero etiposde marcadores
detectados.

Palavras-chave: resisténcia bacteriana, eutrofizacao,
microbiol ogiasanitaria, microbiologiaambiental.
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The correct figure and respective caption are pitese below (the original caption
contains the word “tranfer”, being the correct egsion “transfer”):
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Figure 1.

Caption:

Resistant strains cycling model by the three predampartments considering selection,
genetic transfer and dissemination processes.





