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ABSTRACT 

Due to ecological effect, it is expected that population 
exposures to antimicrobial drugs may lead to micro- 
organisms’ modifications, occasionally leading to re- 
sistance emergence. The present review was based on 
previous empirical data and on related literature search 
for quantitative empirical models exploring the hu- 
man-bacterial interactions. Our previous studies have 
shown the emergence of ciprofloxacin resistant (CIP- 
R) Escherichia coli significantly related to previous 
specific levels of ciprofloxacin consumption and to 
urban clusters of CIP-R E. coli. The evidence of sig- 
nificant spatial clustering of antimicrobial resistance 
(ciprofloxacin resistance E. coli) reinforces the ecolo- 
gical effect hypothesis as a major drive in resistance 
emergence. In other words, human populations sub- 
mitted to a certain ciprofloxacin or quinolone usage 
level may affect neighbours within certain geogra- 
phical areas, not necessarily due to individual antim- 
icrobial intake, but as a driving pressure over a mo- 
dified circulating E. coli population. Apparently quan- 
titative spatial-temporal analytical frameworks may 
be better for understanding human-bacterial interac- 
tions based on any of their epiphenomena (antimicro- 
bial consumption, antimicrobial resistance, geno/phe- 
notypic characteristics).  
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1. INTRODUCTION 

Although obvious, it is important to reinforce that mi- 
croorganisms exist irrespective of their pathogenicity 
potential. Actually, most of their existence in nature is 
not harmful to most species, yet being the opposite. 
However, as part of the complex relationship between 
man and microbes, human infections or colonisations are 
indeed one of many possible epiphenomena of microor- 
ganisms’ existence [1], frequently due to an imbalance in 
the human-microbe interaction. 

As part of this imbalance, mortality due to infections 
represents approximately 85% of all deaths worldwide, 
and community acquired ones are highly prevalent [2,3]. 
Furthermore, a considerable amount of infections or co- 
lonisations-related microorganisms present a risk of re- 
sistance acquisition to one or more antimicrobial agents 
[2,4,5]. As stated by Lipsitch and Samore [6], “the use of 
antimicrobial agents is a powerful selective force that 
promotes the emergence of resistant strains”. In other 
words, it is well established that the use of antimicrobial 
agents may act as a potent selective drive for promoting 
the emergence of resistant strains within the individual 
under antimicrobial use. 

However, due to the transmissibility risk of infectious 
conditions [6,7], it is expected that the status of a certain 
subject affects the acquisition risk of this very same con- 
dition by others surrounding the original subject, a so- 
called ecological phenomenon. It would then be expected 
that this principle also applies to population exposures to 
antimicrobial drugs which, in turn, may lead to microor-  
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ganisms’ modifications with occasional resistance emer- 
gence. In other words, microorganisms exposed to anti- 
microbials within an individual or within a group of in- 
dividuals (population) may be driven to modifications 
(resistance emergence); and modifications, once establi- 
shed, affect nearby neighbors by transmission (ecologi- 
cal effect). Due to ecological effect (or transmissibility 
potential), it is expected that population exposures to an- 
timicrobial drugs may lead to microorganisms’ modifi- 
cations, occasionally leading to resistance emergence. The 
present review was based on previous empirical data and 
on related literature search for quantitative empirical mo- 
dels exploring the human-bacterial interactions. 

2. REVIEW 

We conducted previous experiments to understand the 
emergence of resistance in light of population selective 
forces [8,9]. A potential explanatory model was used to 
explore empirical observational data of human-micro- 
biome interaction, i.e. on the one hand outpatient antim- 
icrobial (ciprofloxacin and quinolone) consumption, as a 
global indicator of population antimicrobial exposure; 
and on the other hand community urinary tract (UTI) 
infections by E. coli, as an indicator of temporal and spa- 
tial pattern of bacterial resistance emergence. The un- 
derlying concept was that antibiotic use or consumption 
would act as a population trigger for pressing towards 
microbiome modifications. Thus, the hypothesis investi- 
gated was based on the rational that the emergence of 
bacterial resistance and possibly its dissemination would 
be related to spatial and temporal patterns of population 
antimicrobial consumption. Since there is vast documen- 
tation on E. coli quinolone resistance emergence related 
to individual antibiotic intake [10-12], quinolone con- 
sumption pattern was then used for this first study phase. 
The articles [8,9] have shown that the emergence of 
community urinary tract ciprofloxacin resistant (CIP-R). 
E. coli was significantly related to the previous three 
months levels of ciprofloxacin consumption between 5 
and 9 Defined Daily Doses (DDD)/1000 inhabitants-day 
and to urban clusters of CIP-R E. coli in the city of São 
Paulo, Brazil, even after controlling for ciprofloxacin 
consumption. The generalized additive model (GAM) 
[13] was applied over one year observational sample of 
routine urine culture geo-coded results from two major 
outpatient centers showing 4372 E. coli urinary tract in- 
fections cases, with 723 ciprofloxacin resistant/inter- 
mediate cases. There was a clear evidence of hot-spots in 
the city associated to elevated risk of E. coli ciproflox- 
acin resistance acquisition. As investigated by the spatial 
analytical framework, significant spatial clustering of an- 
timicrobial resistance was shown, even after controlling 
for population consumption, reinforcing the ecological 
effect hypothesis. The model [8,9] has been applied on a 

longitudinal observational study, and as such, conclu- 
sions are limited to the environment used, even consid- 
ering the elevated sample size and the goodness of fit of 
the model. As a cluster-randomized study of antimicro- 
bial resistance, we applied the ratio of resistant to sus- 
ceptible as an endpoint. The spatial clustering of antimi- 
crobial resistance in this population pointed to an ecolo- 
gical effect, i.e., the results suggested that a human po- 
pulation submitted to a certain ciprofloxacin usage levels 
(5 to 9 DDD/1000 inhabitants-day) affected others around, 
not necessarily due to individual antimicrobial intake, 
but as a driving pressure over a modified circulating E. 
coli population (ciprofloxacin/quinolone resistance clus- 
ters). In other words, a certain population quinolone con- 
sumption pattern increased nearby neighbours’ risk of re- 
sistant E. coli acquisition. 

As previously noted [6,7], a population could experi- 
ence indirect effects of antimicrobial use, such as an en- 
hanced risk for resistance acquisition, because of antim- 
icrobial usage by others in the population. Nevertheless, 
it is still unknown how these different environmental and 
individual determinants are distributed over space and 
time and their possible influences on a resistance emer- 
gence or clonal spread. It has been shown by time-series 
analysis that antimicrobial usage in a restricted and con- 
tained environment, such as a hospital, is temporally 
linked to the emergence of bacterial resistance [14,15]. 
Different epidemiological determinants may favour the 
emergence or establishment of specific resistances in gi- 
ven environments. Recently, the occurrence of an ecolo- 
gical phenomenon has been demonstrated [16] by a sin- 
gle clonal group accounting for nearly half of communi- 
ty-acquired urinary tract infections in women caused by 
E. coli with resistance to trimethoprim-sulfamethoxazole 
in three geographically diverse communities. In a differ- 
ent study, a geographical information system and a Ber- 
noulli regression model were applied to detect clusters of 
higher risk of acquisition of S. aureus soft tissue ab- 
scesses [17]. Also, there have been strategies used with 
spatial scan statistics to identifying clusters of samples 
and to detecting areas with significantly high or low sam- 
pling rates of a national antimicrobial resistance monitor- 
ing program [18]. Jones et al. [19] applied a spatial ana- 
lysis methodology and found more than half of emerging 
infectious diseases events to be caused by bacteria or ri- 
ckettsia, with a large number of drug-resistance and sig- 
nificant correlation with socioeconomic, environmental 
and ecological factors. These approaches, including the 
present one, adopt a population-level perspective to elu- 
cidate the infection emergence problem and risk factors 
associated, in particular the resistance issue. 

3. DISCUSSIONS 

It has been shown that resistance lies within the human  
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commensal bacterial species, which were once consid- 
ered relatively harmless residents of the human micro- 
biome [20]. It is still vastly unknown how different de- 
terminants are distributed over space and time and their 
possible influences on a microbiome, in particular on a 
specific epiphenomena such as clonal resistance emer- 
gence and spread. However, it seems reasonable to spe- 
culate that a human-driven increase in antibiotic con- 
centrations of a given ecosystems, such as a city, may 
influence both antibiotic resistance and the microbial po- 
pulation dynamics [21]. Based on this line of thinking 
and on empirical findings [8,9,14-19], it is reasonably 
expected to observe a natural derivation of a bacterial 
population ontogeny under a certain level of exposure to 
external factors. This seems to be the case for the human 
commensal E. coli under ciprofloxacin/quinolone expo- 
sure, which would then derive to a resistant population 
and would occasionally be related to human infectious 
processes. This seems to be in accordance with the auto- 
poietic theory [22,23] and, thus, bacteria in general and E. 
coli in particular would be representatives of a secondary 
autopoietic structure, with their existence determined as 
a network part of a greater system [23]. As such, parts of 
this system if submitted to certain pressures could mod- 
ify the whole system. Hence, as previously demonstrated 
[24], enterobacteria has an significant potential for adap- 
tation, which in general could help explain how antibi- 
otic resistance and virulence evolve so quickly, and in 
particular why the emergence of E. coli resistance was 
detected in geographical clusters and was related to po- 
pulation antimicrobial exposures (and not to individual 
ones) [25,26]. 

4. CONCLUSIONS 

Human populations submitted to a certain ciprofloxacin 
or quinolone usage level may affect neighbours within 
certain geographical areas, not necessarily due to indi- 
vidual antimicrobial intake, but as a driving pressure 
over a modified circulating E. coli population (as demon- 
strated by ciprofloxacin/quinolone resistance clusters). 

It seems reasonable to expect a natural derivation of a 
bacterial population ontogeny under a certain level of ex- 
posure to external factors, which may be better studied 
within a population and spatial-temporal framework. 

The adopted spatial-temporal framework accepts the 
inclusion of any number of potential variables, making it 
possible to fit in the model virtually any antimicrobial- 
microorganism combination for the study of resistance 
emergence. 

The spatial-temporal modelling approach embedded 
into a Geographical Information System analytical frame- 
work may help understanding human-bacterial interac- 
tions based on any of their epiphenomena (antimicrobial 

consumption, antimicrobial resistance, geno/phenotypic 
characteristics). 
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