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Abstract 
The ability of multidrug-resistant Escherichia coli to adapt and grow in a wide range of different 
environmental conditions may be crucial to the global spread of antimicrobial resistance. The aim 
of this study was to evaluate the survival ability of 54 multidrug-resistant E. coli strains, isolated 
from three different biotopes (clinical setting, gull intestine, river water) when subjected to varia- 
tions in pH (from 3 to 11) and salinity (from 0.5% to 6% of NaCl) and to nutrient deprivation. The 
growth of each isolate as well as of a reference strain was assessed during 168 h in every varying 
condition. Slight variations in the growth ability under some abiotic stress factors were recorded 
among the isolates from the different biotopes. Multidrug-resistant isolates from gull feces were 
found to be the more tolerant to environmental abiotic changes, while isolates from river water 
were the less tolerant. In addition, it was notorious that the carriage of antimicrobial resistance 
has a clear fitness cost in comparison with the susceptible (reference) strain, highlighting the ne-
cessity of reducing the selective pressure exerted by antibiotics. This study underlines the ecolog-
ical hardness of multidrug-resistant E. coli isolates with a consequent ability to reach and colonize 
new host and environments. 
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1. Introduction 
The bacterial species Escherichia coli comprises a genetically diverse group of strains, with the majority being 
commensals of mammals, but others are pathogenic, causing either intestinal or extraintestinal disease [1]. Cur- 
rently, the emergence of multidrug-resistant bacteria is becoming a worldwide concern and since E. coli acquires 
resistance easily and is commonly found in many different animal species, it is used for surveillance studies of 
antimicrobial resistance [2] [3].  

Multidrug-resistant E. coli is widely distributed in the environment and it has been isolated from surface wa- 
ters [4] [5], vegetables [6] [7] and even feces of gulls and other waterbirds [8]. The survival of these bacteria in 
the environment is related not only to the degree of bacterial contamination but also to its capability to endure 
(and even proliferate) in a wide range of abiotic stress factors, such as temperature, pH, salt concentration and 
the amount of organic material. E. coli presents good growth at 37˚C and pH between 6 and 8, however, some 
reports indicate that it can tolerate a pH in the range 5 - 9, but adaptation to acid seems to be greater than to al- 
kaline [9]. Enteric bacteria, when released into the sea, where the salt content is normally around 3.5%, are sub- 
jected to an immediate increase in osmotic pressure [10], and to adapt to those osmotic changes they can take up 
or synthesize specific molecules (osmoregulators, such as potassium ions, glutamate, glycine-betaine) which act 
as osmotic balancing agents [11] [12]. E. coli is capable of utilizing several compounds (organic and inorganic) 
as carbon sources, depending on the nutrient availability; however, glucose is the preferred carbon source. Vari- 
ations in those abiotic factors such as extremes of temperature, pH and salinity, nutrient deprivation and osmotic 
pressure can constitute environmental stresses, once they have an adverse effect on the physiological behavior of 
bacterial cells, leading to a reduction in the growth rate, or even inhibition of growth or cell death [13]. 

Thus, it is necessary to understand which factors among multidrug-resistant strains allow them to survive out- 
side their hosts, enabling them to thrive in various interconnected ecological niches. Strains with higher ecolog- 
ical hardness have a larger probability to reach and colonize a new host and have a better capability to acquire 
new genetic determinants of both resistance and virulence. The network of gene exchange is shaped principally 
by ecology rather than geography or phylogeny, with most of the gene exchange occurring between isolates 
from ecologically similar, but geographically separated, environments [14]. 

The aim of this study was to evaluate the survival ability of 54 multidrug-resistant E. coli strains, isolated 
from three different biotopes (clinical setting, gull intestine, river water) when subjected to a variation in pH 
(from 3 to 11), salinity (from 0.5% to 6.0% of NaCl) and nutrient deprivation (from a enrichment medium to 
only physiological solution, via intermediary dilutions of the medium). 

2. Materials and Methods 
2.1. Bacterial Strains 
It was used a reference strain, E. coli ATCC 25922, and 54 E. coli strains isolated from three different biotopes: 
clinical isolates (n = 18) from patients with urinary tract infections admitted to an Hospital of Porto (HP); iso- 
lates (n = 18) from gull feces collected from Porto coastline (GF) and isolates (n = 18) from river water samples 
collected from Ave River, in the north of Portugal (AR). All isolates were characterized and species identifica- 
tion was confirmed by biochemical tests, using an API 20E kit (bioMerieux, Craponne, France). A susceptibility 
testing assay was performed for all isolates using the disk diffusion method according to CLSI guidelines [15]. 

Strains were stored in glicerol at −20˚C until use and were maintained on Tryptic Soya Agar (TSA—Liofil- 
chem, Roseto degli Abruzzi, Italy) slants. Fresh colonies were obtained by plating on Tryptone Bile X-Glucu- 
ronide agar (TBX—Biokar Diagnostics, Alonne, France). 

2.2. Growth Medium and Ranges for Abiotic Factors 
Buffered Peptone Water (peptone, di-sodium phosphate and potassium dihydrogen phosphate)—BPW (Oxoid, 
Basingstoke, England) was the medium used to study the influence of the three abiotic factors on the growth 
of E. coli strains. The pH was adjusted by adding NaOH or HCl to BPW medium (range 3 to 11), the salinity 
was adjusted by adding NaCl to BPW medium (range 0.5% to 6.0%) and nutrient deprivation was achieved by 
diluting the BPW medium in physiological solution (range from non diluted BPW to no BPW medium) (Ta- 
ble 1). 
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Table 1. Range of values tested for each abiotic factor.                    

pH Salinity—NaCl (%) Nutrient deprivation—BPW dilution 

3 0.5 Nd 

4 1.0 1:1.125 

5 1.5 1:1.3 

6 2.0 1:1.5 

7 2.5 1:1.8 

8 3.0 1:2.25 

9 3.5 1:3 

10 4.0 1:4.5 

11 4.5 1:9 

 5.0 No 

 5.5  

 6.0  

Nd: no dilution (100% BPW medium). No: no BPW medium (only physiological solution). 

2.3. Experimental Conditions for Survival Tests 
To test the influence of the three abiotic factors, 96-well plates were used. In the precedent day, the BPW me- 
dium adjusted to each value of the factor range to be tested was dispensed (180 µl) into each well. The pre-pre- 
pared microplates were kept at 4˚C. In the next morning, inocula of each strain were prepared suspending over- 
night fresh colonies in physiological solution to achieve an OD600 between 0.015 and 0.020. Then, 20 µl of each 
inoculum were added to the respective wells of the microplate. After inoculation, microplates were incubated at 
37˚C, with shaking (50 rpm) for 168 h. At periodical intervals (0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 28, 32, 
36, 40, 44, 48, 56, 64, 72, 84, 96, 108, 120, 144 e 168 h), the absorbance at 570 nm was measured using a mi- 
croplate photometer (Multiskan EX—Thermo Scientic, MA, USA). 

2.4. Statistical Analysis 
The statistical significance of difference among isolates from different biotopes was evaluated using one-way 
ANOVA and between each E. coli isolates group and E. coli reference strain was evaluated using Student’s t test. 
P values < 0.05 were considered statistically significant. 

3. Results and Discussion 
The influence of the variation of every abiotic factor in the growth of each one of the 54 E. coli isolates and the 
reference strain (E. coli ATCC 25922) was obtained during a period of 168 h. For convenience in presenting the 
results, here it is shown the mean of OD570 values obtained from the isolates (n = 18) coming from the same 
biotope (Figure 1). Moreover, the specific growth rate—µ (h−1) was calculated. Briefly, OD570 values were con- 
verted in natural logarithmic (ln OD570) and the slope of five adjacent points of the exponential phase was taken 
as the µ, as follows: 

µ y
x

∆
=
∆

                                         (1) 

In Equation (1): Δy = ln (OD570)10 h − ln (OD570)2 h and Δx = time (10 h) − time (2 h). 
The specific growth rate values achieved are shown in Table 2.  
In a very acidic condition (pH 3) no growth was observed for each one of the tested isolates. At pH 5 they 

were able to grow but needed a longer period of adaptation to reach the maximal growth. In alkaline conditions 
(pH 9 and 11) they quickly adapted themselves but the maximal growth they have reached was much lower than  
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Figure 1. Growth assessment of multidrug-resistant E. coli from three biotopes (GF, HP, AR), through variation of OD570 
during 168 h, when exposed to different abiotic factors. The results shown are the mean of 18 isolates from each biotope. In 
the Y-axis are the OD570 values and in the X-axis is the time (h). Error bars represent standard deviations.                 

 
at pH 7, which was the preferred condition. Isolates from each biotope followed the same trend; presenting µ 
values very similar for each pH condition tested, however, E. coli GF were the isolates that could better tolerate 
changes in pH. 

Regarding the salinity, each group of isolates presented a similar behavior towards the different concentra- 
tions of NaCl assayed. A salinity of 0.5% was found to be the most favorable one. Salinity increase led to a de- 
crease in growth. Salinity equal or lower than 4.5% seemed not to be propitious for E. coli proliferation. Isolates 
from AR were the most susceptible to salinity, while isolates GF were the ones that have better endured higher 
levels of salinity; with µ values at salinity 3.0% of 0.0223 h−1 and 0.1756 h−1, respectively. Wastewaters have 
been considered the most important sources of human-derived antibiotic resistance in coastline areas [8] [16], 
suggesting that colonization of gulls by ESBL-producing E. coli might occur more readily with strains display- 
ing higher resistance to salinity. In addition, when they are excreted in gull feces they can persist in seawater 
(salinity of approximately 3.5% [17]) and will have a higher probability of colonizing new hosts that are in close 
contact with seawater and beaches, like seabirds and humans. 

It is well known that bacteria during starvation conditions have the ability to rapidly reduce the endogenous 
metabolic rate [18]. Therefore, nutrient deprivation had, as expected, a negative effect in the growth of multi- 
drug-resistant E. coli. Similarly to what was reported for salinity, E. coli isolates GF were more tolerant to nu- 
trient starvation than isolates from AR and HP. The lower ability of E. coli isolated from inpatients with urinary 
tract infections to adapt to nutrient deprivation was most likely a result of the fitness cost associated with the 
drawback of carrying important virulence genes that allow the colonization and adaptation to human urinary 
tract [19].  
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Table 2. Specific growth rate—µ (h−1) of E. coli isolates from each biotope and E. coli refer- 
ence strain when exposed at different abiotic factors.                                   

Abitoc factor  E. coli GF E. coli HP E. coli AR E. coli ATCC 25922 

pH 

3 0.0041 0.0094 0.0051 0.0087 

5 0.2839* 0.2469* 0.2321* 0.5250 

7 0.3076* 0.2994* 0.2483* 0.5906 

9 0.2977* 0.2721* 0.2525* 0.583 

11 0.2357* 0.2227* 0.1834* 0.4238 

Salinity 

0.5% 0.2908* 0.2647* 0.2052* 0.5759 

1.5% 0.2148* 0.1895* 0.1447* 0.5186 

3.0% 0.1756* 0.1648* 0.0223* 0.3758 

4.5% 0.0063 0.0065 0.0051 0.0080 

6.0% 0.0170 0.0092 0.0072 0.0081 

Nutrient 

BPW 0.3064* 0.2842* 0.2250* 0.6360 

BPW dil 1:2.25 0.2885* 0.2622* 0.2025* 0.6087 

BPW dil 1:9 0.2257 0.2001 0.1518* 0.3002 

Growth rate values are the mean of 18 isolates coming from each biotope (GF, HP, AR). The specific growth rate 
µ (h−1) was calculated as the slope of five adjacent points. *indicates a statistically significant. 

 
In general, isolates GF were the most resistant to changes in those abiotic factors. The ability of these strains 

to grow in the aquatic environment (poor in nutrients and with high salinity), was essential to reach and colonize 
a new biotope like gull intestine. On the contrary, E. coli AR isolated from river water were found to be the less 
tolerant to changes in those abiotic factors. These multidrug-resistant strains were recovered after the first days 
of rainfall following the dry season that have dragged the fecal bacteria (present in the farmyard manure used to 
fertilize the cultivation areas in the surroundings of the river) to the river water. Thus, these strains may not have 
had the time to get adapted to the new environment, which may also explain their lower ability to tolerate varia- 
tions in the abiotic factors studied. As stated by others [20] [21], the environment appears to be the main driving 
force for adaptation, however, it is also true that time has a crucial role to permit genomic and phenotypic inno-
vations to happen. In addition, this group of strains (E. coli AR) was the one presenting the highest variability 
among themselves (high standard deviation) (Figure 1), which denotes the heterogeneity in their behavior, pos- 
sibly due to the presence of strains with truly different backgrounds. In an interesting review, van Elsas et al. 
[22], have underpinned the E. coli ability to survive in various ecological niches and focused on the importance 
of studying E. coli behavior in its secondary habitat (especially soil and water resources) in order to better man- 
age this microorganism from both environmental and public health perspectives. 

A noteworthy result of our study was the fact that the reference strain was always able to reach a higher 
growth in comparison to the multidrug-resistant isolates (difference statistically significant for a P < 0.05) as 
shown in Table 2. Certainly, the genetic modifications involved in the acquisition of resistance to antibiotics can 
reduce the fitness of these pathogens [23] [24]. Therefore, the fitness cost associated with resistance can be a 
disadvantage in the absence of the selective pressure exerted by antibiotics. As wild type strains are genetically 
lighter (less burdened) than multidrug-resistant strains, they probably can bit the latter up (because they have 
faster rates of adaptation) in the absence of antibiotics [25]. This hypothesis may justify the reason why signifi- 
cant reductions in resistance require equally significant reductions in drug consumption [26] [27]. Knowing that 
the major selection pressure driving changes in the frequency of antibiotic resistance is the volume of drug use 
[26], it is demanding a decrease in the usage of antibiotics in human and veterinary medicine and as growth 
promoters [28]. Recently, many policies have been prompted to prevent unnecessary antibiotic use and to im- 
prove antimicrobial treatment protocols [29]. However, there are variability in the application of those prescrib- 
ing restriction policies and, therefore, they are not always sufficient to eliminate resistance determinants, be- 
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cause there are other factors than the fitness cost of resistance to take in account like the clonality of resistant 
isolates and co-selection by other antimicrobials [30]. To avoid co-selection, it is necessary to reduce the usage 
of all classes of antimicrobials [30]. 

Finally, more precise methodologies instead of absorbance measurement could have been used to evaluate the 
bacterial growth, such as metabolic activity assessment or flow cytometry analysis. However, those techniques 
would have hampered the use of such a wide number of isolates, which was our aim, as well as the accomplish- 
ment of so many measurements.  

4. Conclusion 
In conclusion, E. coli is a commensal of human intestine, but managed to reach and survive on many other en-
vironments such as gull intestine and river water and at the same time it acquired resistance to a great number of 
antimicrobial drugs. The evaluation of the ability of multi-resistant E. coli to tolerate drastic changes in abiotic 
factors is a crucial element to predict its ability to spread and to establish new colonizations. 
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