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STUDII SI CERCETARI

DINAMICA POPULATIILOR BACTERIENE IN
ECOSISTEMELE DELTAICE - STUDIU DE CAZ PE
BRATUL SFANTU GHEORGHE

ABSTRACT. The aquatic ecosystems - a perfect environment to
propagate the characters of pathogenicity and virulence of the mi-
croorganisms, could be reservoirs of antibiotic resistance genes.

During January - June 2013, a program to investigate bacterio-
logical water quality of St. Gheorghe branch has been created. The
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investigations were carried out systematically, by establishing 11 lo-

cations with anthropogenic potential risks that could influence the

quality of aquatic ecosystems. The surface water and sediments samples were monthly collected and the bac-
teriological indicators with their antibiotic resistance profile were quantified and analyzed. The Enterobacteri-
aceae and Pseudomonas sp. strains with antibiotic resistance profile were identified and they were subjected
to PCR technique to identify the genes encoding these resistance mechanisms. The natural resistance mechanisms
to antibiotics were identified, but there was amplified a tem gene which encode for resistance to B-lactams.
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1. INTRODUCERE

Ecosistemul acvatic este mediul ideal de dise-
minare a caracterelor de patogenitate si virulenta
ale microorganismelor si poate deveni un rezervor
de gene de rezistenta la antibiotice. Contaminarea
microbiologica a apei este o problema actuala cu
consecinte negative asupra sanatatii populatiei,
mai ales daca ecosistemul este integrat intr-o arie
protejata precum Delta Dunarii. Microorganismele
pot patrunde in toate tipurile de ecosisteme, iar
atunci cand dobandesc rezistenta la antibiotice,
sunt facilitate aparitia patologiei infectioase si
transferul genelor de rezistenta.

Obiectivul studiului experimental a fost re-
prezentat de realizarea investigatiilor microbiolo-

1. INTRODUCTION

The aquatic ecosystem is the perfect environ-
ment to propagate the characters of pathogenicity
and virulence of the microorganisms and it can be-
come a reservoir of antibiotic resistance genes.

The microbiological contamination of water is a
current problem with negative effects on population
health, especially when the ecosystem is integrated
in a protected area such as the Danube Delta. Mi-
croorganisms can penetrate all types of ecosystems,
but when they acquire antibiotic resistance, the
transfer of antibiotic resistance genes and the emer-
gence of diseases are facilitated.

The aim of the experimental study was to mon-
itor the microbiological pollution of the aquatic eco-
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gice in Delta Dunarii (bratul Sfantu Gheorghe) si
monitorizarea diversitatii populatiilor bacteriene
cu scopul de a evidentia tulpinile rezistente la an-
tibiotice si genele codificatoare pentru mecanis-
mele de rezistenta.

Depasind limitele capacitatii productive de re-
generare si de dilutie proprii ecosistemelor acvati-
ce, agentii poluanti proveniti atat din surse punct-
iforme cat si din surse difuze, se raspandesc rapid
prin insusi curentul de scurgere al apei [1].

in Delta Dunarii sunt zone in care apa fluviului
este utilizata ca principala sursa de apa potabila,
fara aplicarea proceselor de dezinfectie.

De la infiintarea Deltei Dunarii ca Rezervatie a
Biosferei (1990), institutiile nationale de speciali-
tate au aratat interesul fata de dezvoltarea relati-
ilor de cooperare cu Rezervatia Biosferei Delta Du-
narii [2]. La nivel national exista un cadru legislativ
care stabileste principiile de conservare ale tutu-
ror activitatilor de mediu si prezinta regulile pen-
tru a indeplini conditiile de calitate ale apei de su-
prafata. Indicatorii bacteriologici recomandati
pentru monitorizarea calitatii apei sunt bacteriile
coliforme si enterococii intestinali, insa calitatea
microbiologica nu se rezuma la aceste microorga-
nisme, ci depinde de propagarea caracterelor de
patogenitate si virulenta.

Ca areal de studiu s-a ales bratul Sfdntu
Gheorghe, cel mai vechi brat al Deltei Dunarii,
transportand 22% din volumul de apa si aluviuni.
Programul de investigare a fost realizat luand in
calcul impactul activitatilor antropice asupra eco-
sistemelor acvatice.

2. MATERIALE SI METODE

De-a lungul bratului Sfantu Gheorghe s-au lo-
calizat 11 puncte de prelevare, avand in vedere
unele aspecte antropogene care ar putea influenta
calitatea ecosistemului acvatic (figura 1).

Investigatiile au fost efectuate lunar, pe sec-
tiunile de control selectate, in cadrul campaniilor
de prelevare a probelor de apa de suprafata si se-
diment, realizate in perioada lanuarie - lunie 2013.

Analizele au fost efectuate in Laboratorul Con-
trol bacteriologic la INCD ECOIND si, de asemenea,
in Laboratorul de Microbiologie al Universitatii
din Bucuresti.

Prelevarea esantianelor de apa si sediment a
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system in the Danube Delta (St. Gheorghe Branch)
and to identify antibiotic resistant bacteria and the
genes which codify the resistance mechanisms.

By exceeding the limits of productive capacity,
regeneration and dilution of the aquatic ecosystems,
the pollutants originating from point and diffused
sources are rapidly spread by the water streams it-
self [1].

In the Danube Delta are some areas where the
population uses the surface water as drinking water
source, without applying any treatment or disinfec-
tion processes.

Since the establishment of the Danube Delta as
a Biosphere Reserve (1990), the international spe-
cialized institutions have shown their interest in de-
veloping the cooperation relations with the Danube
Delta Biosphere Reserve [2]. At national level, there
is a unitary legal framework that establishes the
principles for all environmental activities preserva-
tion and outlines the rules to meet the quality re-
quirements of the surface water. The bacteriological
indicators recommended to be monitored are: col-
iform bacteria and intestinal Enterococcus, but the
microbiological quality of water means more than
these microorganisms, it means the propagation of
the bacterial characters of pathogenicity and viru-
lence.

As a reference area for this study, the St. Gheor-
ghe Branch was chosen as emissary, the oldest
branch that carries out 22% of the water and sedi-
ment total volume. The investigation program taking
into account the anthropogenic activities impact on
the aquatic ecosystems.

2. MATERIALS AND METHODS

There were established 11 sampling points, con-
sidering some anthropogenic issues that could influ-
ence the aquatic ecosystem quality (figuref1).

The investigations were performed monthly, on
the selected control sections, within the surface wa-
ter and sediments sampling campaigns, carried out
during January - June, 2013.

The analyses were performed in Bacteriological
Control Laboratory from INCD-ECOIND and also, in
Microbiology Laboratory from University of Bu-
charest.

Sterile containers for sampling of water and sed-
iment were used [3].
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Fig. 1. Sectiunile de control pe Bratul Sfantu Gheorghe (S1 - Isaccea, S2 - Amonte Tulcea,
$3 - Aval Tulcea, 4 - Nufaru, S5 - Balteni, S6 - Mahmudia, S7 - Murighiol, S8 - Uzlina,
S9 - Ivancea, 510 - St. Gheorghe port, 11 — confluenta cu Marea Neagra).
Fig. 1. The sampling points on the Sfantu Gheorghe Branch (S1- Isaccea, S2 - Upstream Tulcea,
$3 - Downstream Tulcea, S4 - Nufaru, S5 - Balteni, S6 - Mahmudia, S7 - Murighiol, S8 - Uzlina,
S9 - Ivancea, 510 - St. Gheorghe port, S11 - Black Sea confluence).

fost realizata in conditii aseptice, fiind utilizate
recipiente sterile [3].

Analiza probelor de apa de suprafata s-a efec-
tuat prin metoda membranei filtrante, iar probele
de sediment au fost analizate prin tehnica tuburi-
lor multiple. Mediul solid Chapman TTC agar s-a
utilizat pentru identificarea bacteriilor coliforme
din apa de suprafata, iar Bulion Lauril sulfat de so-
diu pentru esantioanele de sediment [4, 5, 6].

Enterococii din probele de apa au fost identifi-
cati pe mediul solid Slanetz and Bartley, iar cei din
sediment au fost determinati folosind Bulion azidd
de sodiu [6, 7]. in esantioanele de apa de suprafa-
ta s-a decelat si Pseudomonas aeruginosa, prezen-
ta acestuia fiind controlata prin metoda membra-
nei filtrante [8].

Pentru obtinerea culturilor pure, coloniile izo-
late au fost insamantate pe mediu nutritiv, iar an-
tibiogramele au fost realizate prin metoda disc-di-
fuzimetrica pe mediu Muller-Hinton. Pentru testa-
rea rezistentei la substante antibacteriene, s-au
utilizat diferite tipuri de antibiotice:

» Antibiotice generale (Kanamicind, Acid Na-
lidixic, Tretraciclind si Trimethoprim) si antibio-
tice B-lactamice (Amoxicilind cu Acid clavulanic,
Ceftriaxond, Ceftazidim, Ampicillind si Imipenem)

The membrane filtration method was used to
perform bacteriological analysis of surface water
and multiple-tube technique for the sediment mi-
croorganism’s analysis.

The coliform bacteria identification in surface
water samples was performed by membrane filtra-
tion method on Chapman TTC medium and the
identification of the coliform bacteria in sediment
samples was performed by multiple-tube on So-
dium lauryl sulphate broth [4, 5, 6].

The Enterococcus in surface water samples was
identified through membrane filtration method on
Slanetz and Bartley medium and the Enterococcus
in sediment samples was performed by multiple-
tube method [6, 7].

The presence of Pseudomonas aeruginosa was
controlled only in the surface water samples and
its identification was performed by membrane fil-
tration method on Pseudomonas agar base medium
[8]. To obtain isolated colonies it was used the aga-
rose gel and the antibioresistance was specifically
performed for each bacterial class on Muller-Hin-
ton medium by using the disc-diffusion method.

Different antibiotics were used to identify the
resistance of specific bacteria, as follows:

e The general antibiotics (kanamycin, nalidixic
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pentru Enterobacteriaceae;

e Ampicilind, Vancomicind, Ciprofloxacin, Te-
traciclind si Gentamicind pentru Enterococcus;

e Kanamicind, Ciprofloxacin si antibiotice B-
lactamice (Imipenem, Cefepim, Ceftazidim si Pi-
peracilind) pentru Pseudomonas aeruginosa.

Identificarea genelor care codifica pentru rezis-
tenta la antibiotice s-a efectuat aplicand metode
de biologie moleculara. S-au selectat tulpini de En-
terobacteriaceae si Pseudomonas sp. rezistente la
antibioticele B-lactamice si s-au supus extractiei
ADN. Materialul genetic rezultat a fost utilizat in
tehnica PCR. n acest proces au fost utilizati pri-
merii tem, shv, ctx-M, cmy si oxa pentru tulpinile
de Enterobacteriaceae si tem, shv si pse pentru
Pseudomonas sp.

3. REZULTATE SI DISCUTII

Rezultatele analizelor cantitative ale indicato-
rilor bacteriologici din esantioanele prelevate evi-
dentiaza dinamica populatiei bacteriene in diferite
conditii de mediu. Datele numerice obtinute sunt
prezentate in figurile 2, 3, 4 si 5.

Analiza cantitativa a bacteriilor coliforme in
probe de apa si sediment a indicat valori ridicate
in lunile februarie si, respectiv, aprilie 2013.

Indicatorul bacteriologic Enterococcus sp. a in-
registrat valori semnificativ mai mari in probele de

acid, tetracycline and trimethoprim) and B-lactam
antibiotics (amoxicilline with clavulanic acid, cef-
triaxone, ceftazidime, ampicilline and imipenem)
were used for Enterobacteriaceae;

e The ampicillin, vancomycin, ciprofloxacin, te-
tracycline and gentamicin disks were used for Ente-
rococcus;

» The kanamycin, ciprofloxacin and B-lactam an-
tibiotics (imipenem, cefepim, ceftazidime and pi-
peracillin) were tested for Pseudomonas aerugino-
sa.

To identify the genes that determine the microor-
ganisms resistant to antibiotics, the Enterobacteri-
aceae and Pseudomonas sp. strains resistant to the
B-lactams were selected and subjected to DNA ex-
traction used in PCR technique.

To point out the acquired resistance genes such
as ESBL type, the primers: tem, shv, ctx-M, cmy and
oxa were used for Enterobacteriaceae strains and
the primers: tem, shv and pse were used for
Pseudomonas sp. strains.

3. RESULTS AND DISCUSSION

The microbiological indicators were quantitati-
vely analyzed from surface water and sediment sam-
ples to observe the bacterial population dynamics in
different environmental conditions.

The obtained results are present in figure 2, 3, 4
and 5. The quantitative analysis of coliform bacteria
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Fig. 2. Variatia spatio - temporala a indicatorului bacterii coliforme totale in probele de apa de
suprafata prelevate din cele 11 sectiuni de control in perioada lanuarie - lunie 2013.

Fig. 2. Spatial and temporal variation of total coliforms indicator from surface water samples
taken from the 11 control sections during January - June 2013.
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Fig. 3. Variatia spatio - temporala a indicatorului bacterii coliforme totale in probele de sediment
prelevate din cele 11 sectiuni de control in perioada lanuarie - lunie 2013.

Fig. 3. Spatial and temporal variation of total coliforms indicator from sediment samples
taken from the 11 control sections during January - June 2013.
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Fig. 4. Variatia spatio - temporala a indicatorului Enterococcus sp. in probele de apa de suprafata
prelevate din cele 11 sectiuni de control in perioada lanuarie - lunie 2013.

Fig. 4. Spatial and temporal variation of Enterococcus sp. indicator from surface water samples
taken from the 11 control sections during January - June 2013.

apa de suprafatd, in ianuarie si februarie si a fost
decelat sporadic in primele trei luni de prelevare,
in probele de sediment.

Cuantificarea indicatorilor microbiologici in
componentele ecosistemului acvatic nu este sufi-
cienta pentru a determina potentialul patogen
bacterian. Bacteriile rezistente la antibiotice au
devenit o preocupare constanta in toata Europa,
diseminandu-se si cauzand aparitia continua de noi

38

in water and sediment samples indicated high values
in February and respectively April 2013.
Enterococcus sp. recorded significantly high val-
ues in surface water samples in January and Febru-
ary and was found sporadically in the first three
months of sampling, in the sediment samples.
Quantification of microbiological indicators in
aquatic ecosystem components is not sufficient to
determine the pathogenic potential of any bacteria.
WwWWww.romaqua.ro
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Fig. 5. Variatia spatio - temporala a indicatorului Enterococcus sp. in probele de sediment
prelevate din cele 11 sectiuni de control in perioada lanuarie - lunie 2013.
Fig. 5. Spatial and temporal variation of Enterococcus sp. indicator from sediment samples
taken from the 11 control sections during January - June 2013.

fenotipuri de rezistenta.

Antibiogramele tulpinilor determinate in probe-
le de apa de suprafata si sediment au indicat atat
prezenta mecanismelor de rezistenta naturala cat
si a celor de rezistenta dobandita.

Au fost identificate 4 bacterii rezistente la
antibioticele B - lactamice:

- Ewingella americana si Pseudomonas aerugi-
nosa proba de apd din sectiunea de control S4
(Nufdru);

- Pasteurella pneumotropica in apa de suprafa-
td din punctul de prelevare S7 (Murighiol);

- Pseudomonas luteola in apa prelevatd din sec-
tiunea S9 (lvancea).

in prima jumatate a secolului trecut, productia
de antibiotice a fost una dintre cele mai importan-
te realizari ale medicinei. Utilizarea agentilor an-
timicrobieni a redus mortalitatea si a contribuit
substantial la cresterea duratei de viata umana.
Antibioticele sunt utilizate ca agenti terapeutici
sau profilactici in medicina umana si, de aseme-
nea, pe scara larga in practicile agricole.

De-a lungul timpului, mai multe specii de bac-
terii au dobandit mecanisme de rezistenta la anti-
biotice care sunt rapid raspandite in mediul incon-
juraror si transmise pe orizontala [9].

Pentru a evidentia genele de rezistenta enzima-
tica de tip BLSE, au fost utilizati primerii de gene
tem, shv, ctx-M, cmy si oxa pentru tulpinile de en-
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Antibiotic resistant bacteria have become a con-
stant concern throughout Europe, spreading and
causing continuous occurrence of new phenotypes
of resistance. Isolated strains from surface water
and sediment samples were subjected to antibi-
ogram which indicated the presence of the mecha-
nisms of acquired resistance.

There were identified four B - lactams resist-
ant bacteria, as follows:

- Ewingella americana and Pseudomonas aerug-
inosa in water sample from S4 sampling point (Nu-
faru);

- Pasteurella pneumotropica in water sample
from S7 sampling point (Murighiol);

- Pseudomonas luteola in water sample from S9
sampling point (lvancea).

In the first half of the previous century, the pro-
duction of antibiotics has been one of medicine’s
greatest achievements. The use of antimicrobial
agents has reduced human’s mortality and substan-
tially contributed to human’s increased life span.
Antibiotics are used either as therapeutic or as pro-
phylactic agents, also widely used in agricultural
practices [9].

Over time, more bacterial species have acquired
increasing antibiotic resistance mechanisms and
those are rapidly spreading into environment.

To emphasize the enzymatic resistance genes as
ESBL type, the primers of tem, shv, ctx-m, cmy and
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terobacterii si primerii tem, shv si pse pentru
Pseudomonas aeruginosa. Electroforeza in gel de
agaroza a demonstrat prezenta B-lactamazei TEM
la Pseudomonas aeruginosa dintr-un esantion de
apa de suprafata (figura 6).

Rezistenta naturala la antibioticele Ampicilina
si Amoxicilina cu Acid clavulanic a fost evidentiata
la Ewingella americana, Pasteurella pneumotro-
pica, Pseudomonas luteola. Este posibil ca aceste
bacterii sa detina gene de rezistenta care sunt ac-
tivate numai in prezenta unui antibiotic inductibil.

Pseudomonas aeruginosa reprezinta un feno-
men de rezistenta la antibiotice si demonstreaza
practic toate mecanismele de rezistenta bacteri-
ana, atat enzimatice, cat si mutationale [10]. Este
cunoscut faptul ca Pseudomonas sp. prezinta rezis-
tenta intrinseca la numeroase antibiotice si are ca-
pacitatea de a dobandi gene codificatoare in pre-
zenta unor factori determinanti.

Cel mai frecvent mecanism de rezistenta al a-
cestor agenti cu potential patogen este produce-
rea de B-lactamaze si enzime implicate in meta-
bolismul aminoglicozidelor [11].
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oxa genes were used for the Enterobacteriaceae
strains and the primers of tem, shv and pse genes
for Pseudomonas aeruginosa strain.

The electrophoresis on agars gel showed the pre-
sence of tem B-lactamase at Pseudomonas aerugi-
nosa strain isolated from surface water sample (fig-
ure 6).

The natural resistance to antibiotics such as am-
picilin and augumentin was demonstrated for Ewin-
gella americana, Pasteurella pneumotropica, Pseu-
domonas luteola bacterial strains. It is possible that
these bacteria have resistance genes which are ac-
tivated only in the presence of an inducible antibi-
otic.

Pseudomonas aeruginosa represents a phenome-
non of antibiotic resistance and demonstrates prac-
tically all known enzymatic and mutational mecha-
nisms of bacterial resistance [10]. It is known that
Pseudomonas sp. has intrinsic resistance to many
antibiotics and the ability to acquire gene encoding
resistance determinants.

The most common resistance mechanism of these
pathogens is the production of B-lactamases and
aminoglycoside-modifying enzymes [11].

Fig. 6. Gena de rezistenta tem la tulpina de Pseudomonas aeruginosa
[apa de suprafata - S4 (Nufaru)].

Fig. 6. The tem resistance gene at Pseudomonas aeruginosa strain [water sample - 54 (Nufarul)].
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4. CONCLUZII

Potentialul ridicat de patogenitate si virulenta
detectat prin indicatori de poluare fecala in apa de
suprafata a indicat o capacitate impresionanta de a
dobandi si de a transmite caracterele genetice care
definesc mecanismele de rezistenta la antibiotice.
Fenomenele de sinergism si antagonism si spectrele
de rezistenta rezultate din antibiograme au indicat
varietatea de antibiotice B-lactamice la care micro-
organismele din ecosistemele acvatice au dezvoltat
rezistenta.

in perioada studiului efectuat in Delta Dunarii, pe
Bratul Sf. Gheoghe, s-a evidentiat rezistenta natu-
rala a microorganismelor la antibiotice si s-a identi-
ficat o gena tem, responsabila de rezistenta unei
tulpini de Pseudomonas aeruginosa. Asadar, a fost
demonstrat faptul ca rezistenta la antibioticele B-
lactamice a devenit un fenomen frecvent in mediul
acvatic. in acest moment, este importanta dimin-
uarea impactului social al efectului de rezistenta la
antibiotice prin cunoasterea caracteristicilor gene-
tice care contribuie la acest fenomen. Utilizarea op-
tima a antibioticelor va reduce densitatea tulpinilor
bacteriene rezistente la antibiotice si, prin urmare,
va fi redus riscul de contaminare a populatiei.
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4, CONCLUSIONS
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