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Wastewater treatment plants as a hub between clinical and
environmental antibiotic resistance

Oczyszczanie Sciekow z punktu widzenia klinicznej i Srodowiskowej opornosci na antybiotyki
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ABSTRACT

Antibiotics (AB) are among the most important phar-
maceuticals applied in both, human and veterinarian
medicine. As long as their use, concerns about an increase
in resistance (ABR) of originally targeted organisms exist.
Within the last few years the significance of wastewater
treatment plants and the release of antibiotic resistant
bacteria (ARB) or genes (ARG) by discharged effluents
got into the focus of scientific research. Within a waste-
water treatment plant there are two specific conditions
that could induce transfer of ARGs and selection of ARBs:

e Low concentrations of antibiotics that are far below

a therapeutically dose and can act as selection pa-
rameter for ABR

e Living or dead resistant clinically relevant bacteria

that can transfer their ARGs via different means to
environmental bacteria that are adapted to usual en-
vironmental conditions and therefore can transfer
ARGs to the gene pool of the aquatic environment

Both aspects can be demonstrated by applying the con-
cept of the “mutant selection window” to wastewater
treatment plants that implies that between a miniumum
inhibitory concentration (MIC) and a higher mutant pre-
vention concentration (MPC) there is a concentration
range where an antibiotic has an effect on the selection
of ARBs. The pathway of resistance back from the envi-
ronment to the human is not clear now and hardly in-
vestigated. As awareness ARBs and ARGs by wastewater
treatment plants is there now, engineers are about to
adopt existing treatment technologies for decreasing the
release and are designing new technologies that even are
able to inhibit their release to the aquatic environment.
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STRESZCZENIE

Antybiotyki (AB) s zaliczane do najwazniejszych far-
maceutykéw uzywanych zaréwno u ludzi jak i u zwie-
rzat. Od poczatku ich stosowania byty obawy o mozli-
woS$¢ powstawania na nie opornosci (ABR). W czasie kil-
ku ostatnich lat znaczenie oczyszczalni Sciekow i wydala-
nie bakterii opornych na antybiotyki (ARB) albo genéw
(ARG) w wodach 3ciekowych stato sie przedmiotem szcze-
gélnych badan naukowych. W zaktadzie oczyszczanie
Sciekow odgrywaja role dwie specyficzne okolicznosci,
ktore moga indukowa¢ transfer ARG i selekcje ARB:

e niskie stezenie antybiotykéw znacznie ponizej ste-
Zenia terapeutycznego, ktore dziataé moze jako pa-
rametr selekcyjny dla ABR
obecnos¢ zywych lub martwych opornych bakterii o
znaczeniu klinicznym, ktére moga transferowaé swo-
je ARG na rozne sposoby do bakterii zaadaptowa-
nych do zwyktych swoich warunkéw srodowisko-
wych i ktére moga przenosi¢ ARG do puli genow
srodowiska wodnego.

Oba czynniki mogg by¢ wykazane stosujac koncepcje
»okienka selekcji mutantow” w odniesieniu do oczysz-
czalni Sciekow, ktora zaktada, ze miedzy najnizszym ste-
zeniem hamujgcym (MIC) a wyzszym stezeniem zapobie-
gajacym mutacji (mutant prevention concentration, MPC)
znajduje sie przedziat koncentracji, gdzie antybiotyk wy-
wiera wplyw na selekcje ARB. Droga powrotu opornosci
z powrotem ze Srodowiska do cztowieka nie jest jeszcze
wyjasniona i jest usilnie badana. Stan obecnej wiedzy co
do ARB i ARG przenoszonych w oczyszczalniach Sciekow
pozwala na to, zeby inzynierowie utrzymywali dotych-
czasowe technologie obnizajace ich wydalanie i projek-
towali nowe, ktore beda zdolne nawet do catkowitego
zahamowania wydalania czynnikéw opornosci bakterii
do srodowiska wodnego.

Stowa kluczowe: oczyszczalnie Sciekdéw, antybioty-
koopornosé, sSrodowisko
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Antibiotics (AB) are among the most important
pharmaceuticals applied in both, human and vet-
erinarian medicine. As long as their use, concerns
about an increase in resistance (ABR) of originally
targeted organisms exist. Those concerns are sup-
ported by increasing observations of a continuous
spreading of even multi-drug resistant organisms
that are a serious threat to public health. The rea-
sons for the spreading of antibiotic resistance are
agreed to be multifactorial with overuse, unnecessary
and careless prescriptions [1] being only some of
possible reasons. Within the last few years the sig-
nificance of wastewater treatment plants and the
release of antibiotic resistant bacteria (ARB) or genes
(ARG) by discharged effluents of even tertiary treated
wastewater got into the focus of corresponding sci-
entific research. The number of peer reviewed papers
in that context rose from about 35 in 1994 to 100
in 2004 and already is exceeding 700 published
2014. The common agreement in all of the papers
is, that wastewater treatment plants are a significant
source for the emission of ARBs and ARGs into the
environment either via effluents into the aquatic
compartment or via application of biosolids in agri-
culture.

The reasons for the release of ABs, ARBs and
ARGs via wastewater treatment plants is obvious.
After application and consumption of antibiotics
they are excreted from humans as well as animals,
collected in sewerage and transported to the waste-
water treatment plants. The same is valid for ARBs
and subsequently ARGs too as they are widely
spread in the population and nowadays with the
tendency for short hospital stays and ambulant
treatments not necessarily are concentrated at health
care centers or similar institutions. Not all of the
collected wastewater is treated in wastewater treat-
ment plants, but in the case of combined sewer sys-
tems (joint transport of fecal waters and rainwater
from surface run offs) and heavy rains, a part of the
wastewater directly is discharged into receiving wa-
ters by stormwater overflows. There is still no suffi-
cient information in literature on the relevance and
contribution of stormwater overflows for the preva-
lence of ARBs and ARGs in the environment.

The treatment processes in wastewater treatment
plants are based on biological (mainly bacterial)
processes for carbon and nitrogen removal. The
“pollution” in the wastewater described e.g. as

amount of total organic carbon (TOC) is used to
about the same extend for assimilatory and dissim-
ilatory processes. Due to kinetic consideration for
bacterial growth (Monod kinetics), the bacteria are
not able to utilize substrate completely and residual
amounts of the substrate is released to the effluents.
Additionally not all substances in wastewater can
be utilized as substrate in a direct metabolic reac-
tion. Some substances are used as co-metabolits and
others cannot be used at all. Beside biological degra-
dation of substances, adsorption to the biofilm of
activated sludge is a relevant removal pathway from
the aqueous phase too for hydrophobic substances.
The consequence of all processes occurring are, that
e.g. antibiotic are only removed to some extent, de-
pending on their inflow concentration, structure
and chemical properties resulting in (usually low)
residual concentration in the effluent of conven-
tional plants. A second important aspect in waste-
water treatment is that the biocenosis involved in
the biological treatment process are a mixture of
bacteria originating from human and animal intes-
tine and environmental bacteria, both “meeting”
at that specific hub. Within the app. 6 to 24 hours
of hydraulic retention time in the plants bacteria
from human origin die off under the abiotic condi-
tions of wastewater treatment plants quite fast [2],
but some of them as enterococci are more persistent
and survive the process despite the fact that their
number is reduced by some log units [e.g. 3]. ARBs
that die off nevertheless carry ARGs that can be in-
corporated by different means by other to that point
not resistant bacteria.

Summing up within a wastewater treatment plant
there are two specific conditions that could induce
transfer of ARGs and selection of ARBs:

e Low concentrations of antibiotics that are far
below a therapeutically dose and can act as se-
lection parameter for ABR

e Living or dead resistant clinically relevant bac-
teria that can transfer their ARGs via different
means to environmental bacteria that are adapt-
ed to usual environmental conditions and
therefore can transfer ARGs to the gene pool
of the aquatic environment

The importance of both aspect can be demon-
strated by applying the concept of the “mutant se-
lection window” [4] to wastewater treatment plants
(figure 1).



72 Medycyna Srodowiskowa - Environmental Medicine 2015, Vol. 18, No. 1

Norbert Kreuzinger: Wastewater treatment plants as a hub between clinical and environmental antibiotic resistance

4 C
s deleterious effect over susceptible
and resistant population
=
% Rt ALCEE SELLEE “MPE€ ;. ~;Mutant prevention-Eoncentration’ - === === ========-
5 "Mmi‘m Selektion of resistant ___ )N
c slection subpopulation _'@
S window”
@ -MHE; ;.- - ;minimum inhibitery Coneentration™ - <~ -~ = === == e
< )
o)
Absence of effect —> (T
@D

>

»Mutant
selection

AB - Concentration

WWTP, WWTP,,

window” )
= . o === Mem;-,-;nﬂnhnum-i'nhibitoweoncemm'&--~~-~---«----~'-
L]

susceptible / sensitiv bacteria ()

time (h] resistant bacteria @

deleterious effect over susceptible

and resistant population

= s e e e = = MPE - s VIUtant prevention-€oncentration’t = = === === s s s aas

>
subpopulation _'@

Selektion of resistant

S
Absence of effect —> ?‘)
OO

susceptible / sensitiv bacteria ()
resistant bacteria

Fig. 1. ,Mutant Selection Window” and wastewater treatment. Modified after [4]
Ryc. 1. ,Okienko selekcji mutantow” a oczyszczanie sciekdw. Zmodyfikowano wg [4]

The concept of the ,,mutant selection window”
implies that between a miniumum inhibitory con-
centration (MIC) and a higher mutant prevention
concentration (MPC) there is a concentration range
where an antibiotic has an effect on the selection
of ARBs. Therapeutical dose as well as the duration
of an application should be in a way that there is
minimum risk for the selction of mutants during
medical application. Due to dilution of AB concen-
trations and partial degradation the concentrations
observed in wastewater treatment plants are far be-
low the therapeutical dose and the MPC. It is as-
sumed, that concentrations are slightly above or be-
low the MIC, but not solid scientific information is
available on that asumption. It only is clear that the
AB concentrations in the plants do not effect the
biological treatment processes.

In two review articles by Michael et al. [5] and
Rizzo et al. [6] the scientific data on occurence of
ABs, ARBs and ARGs are summarized:

Table I. Examples for concentrations of antibiotics in the
effluent of wastewater treatment plants. Modified
from [5]

Tabela I. Przykfady stezenia antybiotykdw z odptywdw oczysz-
czalni sciekéw. Zmodyfikowano wg [5]

Antibiotics Effluent concentrations [ng L]
Penicilline up to 200
Makrolide up to 700
Erythromycine up to 287
Clarithromycine up to 328
Roxithromycine up to 68
Fluorchinolone up to 100
Ofoxacine up to 82
Sulfonamide up to 1.000
Sulfamethoxazole up to 370
Tetracycline up to 20
Trimethoprim up to 38
Chloramphenicol up to 68
Clindamycin up tp 110
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Table Il.Examples for ARGs in wastewater treatment plants. Modified from [6]
Tabela Il. Przyktady stwierdzenia ARG z odptywdw oczyszczalni sciekdw. Zmody-

fikowano wg [6]

Antibiotics group

ABGs found in wwtps

Aminoglycosides

aad(A1, A2, A13, B)
aph(A, A-3, A-6, 2); str(A, B), strB

Beta-lactams

Class A: CTX, GES, NPS, PER, SHV, TEM,TLA, VEB
Class B: IMP, VIM
Class C: ampC, CMY

Class D: OXA
mecA
Glycopeptides vanA
Macrolides Mel, ereA2, ermB, erm(B, F)
mph(A, B), aacA6-ib-cr
Quinolones aacAB-ib-cr
gnr(A3, B1, B2, B4, B5, S2)
Sulfonamides agnrVC; gnrS sul2; sul(1, 2, 3)

tetU, tetA
Tetracyclines

tet(A, B, D, G, H, Y, 31, 35, 36, 39)
tetM, tet(M, S), tetX

dfr(A1, A12, 18)

Trimethoprim dfr (I, V, VII, XII, 13, 16, 17, A19, B2, D)
dhfr (I, VIII, XV)
Multidrug acr(B, D), mex(B, D, F, I,'Y)

One of the few studies proving the horizontal
transfer of ARGs from clinical to environmental bac-
teria was published by Yang et al. [7] using a
metagenomics approach. In that comprehensive
study, 271 ARGs belonging to 18 types of ABR were
identified in different compartments (inflow; efflu-
ent; activated sludge and anaerobic digested sludge)
of a wastewater treatment plants. Even the total re-
moval of ARGs was determined with 99.82%, 78
of the ARGs persisted throughout the treatment
processes. The aerobic treatment process was found
to be more efficient compared to the anaerobic step
that shows environmental conditions very similar
to those in human intestines (37°C; anaerobic).
Some of the ARGs were related to bacteria species
that were not found in the inflow of the plants but
are commonly found in biological wastewater treat-
ment plants, so it was concluded, that horizontal
gene transfer occurred from clinical to environmen-
tal bacteria

Despite the fact, that a lot of scientific papers
prove the significance of wastewater treatment
plants as a significant source for the release of AB,
ARBs and ARGs to the environment and even the
transfer from clinical relevant bacteria to environ-

mental bacteria, the pathway of resistance back
from the environment to the human is not clear
now and hardly investigated. Application of sewage
sludge as fertilizer or reuse of treated wastewater for
irrigation in agriculture as well as direct uptake in
recreational waters may be possibilities for closing
the loop. As awareness for the potential impacts of
the release of ARBs and ARGs by wastewater treat-
ment plants is there now, engineers are about to
adopt existing treatment technologies for decreasing
the release and are designing new technologies that
even are able to inhibit their release to the aquatic
environment.
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