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Research background

With the iIncrease in resistance levels, at least
700,000 people die due to antibiotic-resistant

Infections each year, and this figure will exceed
10,000,000 in 2050.

---------- WHO, 2014

dissemination (circle)

From Natural to Clinical
Environmemnts:
A Functional Shift

determinants (red dot)

Transfer of antibiotic resistance genes from natural clinical environments.



Research background

ARGs are widely distributed

In  various environmental
compartments.

The detection rates of ARGSsS
In the release sources and
receiving  systems  both
reached 80%a.

The detection freguencx of ARGs



Research background

& Little information exist on the migration and attenuation of ARGs in
estuary ecosystem, which is central to predicting their fate after release
Into marine environment. Disappearance kinetics / Fate mechanisms ?

The present study aimed to :

» (1) investigate the fate of antibiotic resistance in estuaries and marine
environment;

» (2) clarify the effect of estuarine and marine physicochemical conditions on the
maintenance and propagation of antibiotic resistance.



Research regions and methodology

® Research regions

Location of the sampling sites



Research regions and methodology

« The target gene was obtained by
real-time PCR (RT-PCR) with
SYBR Premix Ex Taq Il (Tli
RNaseH Plus) and a light cycler
480 real-time PCR instrument.

® Methodology

SYBR Green |

Antibiotic resistance in E. coli

was measured using a

High-performance liquid modified chromogenic agar
chromatography-mass (MI agar)

spectrometry analysis of
antibiotics.



Antibiotic resistance In the typical marine

environment — Daliache River and Liaohe River estuaries

1.80E+03 Daliaohe river estuary B Liaohe river estray
- BSull WSul2 WSui3 Wintl =) us LY LRy j
3 1506403 3 3.008:03 Sull Sui2 Sui3 intl
g 2
S 1208+03 oo
£ £ 2.00E+03
= 9.00E+02 =
8 g
o £ 1.50E+03
S 6.00E+02 3
S S 1.00E+03
L] 5]
B 3.00E+02 =
: I AR Al e L = ]
- [ [ : LA ois IHaD D
0.00E+00 I I I I I 0.00E+00 | .- l I I I
0.41 2.09 5.02 10.05 15.27 19.97 22.47 0.44 1.9 a7 10.63 15.5 21.76
Salinity (%) Salinity (%)

Distribution of sull, sul2, sul3, and the integrase gene of class 1 integrons (intl) in the Daliaohe River
and Liaohe River estuaries.

» Sull and sul2 were the major resistance genes detected, whereas sul3 was
relatively less in water samples from both estuaries.

» The pattern of intl genes was very similar to that observed in sull.

» The spatial distribution of sul-ARGs and intl was largely affected by dilution of
seawater.




Antibiotic resistance In the typical marine

environment — Daliaohe River and Liaohe River estuaries

Trends in change rate of sull, sul2, sul3, and the class 1 integrons (intl) concentration in Daliaohe
River and Liaohe River estuaries.

» Along with increased salinity, the adaptability of most of the original carriers of
sulfonamide resistance genes which thrived in the inland water environment was

reduced, causing an eventual weakening in the vertical transmission of ARGS In
the estuary.



Antibiotic resistance In the typical marine

environment — Daliaohe River and Liaohe River estuaries

® antibiotic- re3|stant Escherichia coli

® Liaohe estuary o Daliaohe estuary |, , » There was significant attenuation of E. coli
' abundances in the process of migration from

: the inland rivers to the ocean.

» The average attenuation rates of E. coli were
99.45% and 95.45% in the Daliaohe and
Liaohe estuaries, respectively.
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abundances in the two estuaries were 69.48%
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Salinity the total attenuation rate was 72.48%.
Distribution and sulfonamide-resistance levels of E. coli in the Daliaohe and
Liaohe estuaries. Bubble size indicates relative level of antibiotic resistance.
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Antibiotic resistance In the typical marine

environment — Daliache River and Liaohe River estuaries

® Antibiotics
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Spatial distribution of five types of antibiotics in Daliaohe River and Liaohe
River estuaries.

€ Although both estuaries suffered from pollution of antibiotics to a certain extent,

their concentrations were very low gng/Lz.



Antibiotic resistance In the typical marine

environment — Daliaohe River and Liaohe River estuaries
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» No statistically significant correlations of sul-ARGs were observed with sulfonamide

antibiotic concentration and total antibiotic concentration.

» A demarcation point probably exists such that the spread of ARGs are mainly
determined by the corresponding antibiotic when antibiotic concentration is high. By
contrast, other external factors may share or substitute the role of antibiotic when
antibiotic concentration is low.
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Correlation between the concentrations of ARGs and the concentrations of antibiotics in two estuaries.




Antibiotic resistance In the typical marine

environment — Daliaohe River and Liaohe River estuaries

Correlation analysis of ARGs, 16S-rRNA genes and heavy metal Correlation analysis of ARGs, 16S-rRNA genes and heavy metal

concentrations in the Daliaohe River estuary concentrations in the Liaohe River estuary
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» No significant correlation was found between the abundance of sulfonamide
resistance genes and the water quality constituents.
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In each cell, the top value indicates the Pearson correlation coefficient (r), and the bottom value in italics indicates the p-value. Bold
values indicate statistical significance (p<<0.05).




Antibiotic resistance In the typical marine

environment — Daliaohe River and Liaohe River estuaries

In order to explore the influencing factors in the distribution and migration of sulfonamide-resistant E.
coli in estuaries, the environmental factors index and the disturbance index of anthropogenic activities
were calculated.

— CEFI, = Z’;wj x Y,

(w: weights of each indicator, y: standardization
of environmental indicators )

DIAA =37 W xp;

(w’: weights of each pollutant, p: standardization
| of pollutants)

—

The weights of each indicator in CEFI and the weights of each pollutant in DIAA = = === — " 1
: A S|gn|f|cant posmve

_| correlation between |
: CEFI, DIAA and the :
|reS|stance levels of E. |

Correlation analysis of CEFI, DIAA and the resistance levels of E. coli in estuary environment

SAs TCs FQs Mn Co Cu Zn Cd Pb CEFI
025 047 023 037 026 010 041 -003 0.26 0.47 0.43

Resistance levels

of E. coli 021 002 026 006 020 063 004 08 019 1002 003 '

. CO l. .
Sulfonamide- 39 020 -009 060 056 024 063 003 047 |085  0.64 e e it
resistant E. coli

abundance 005 032 068 000 000 023 000 09 002 000 000

The overall effect of environmental factors on E. coli resistance and contamination
Is independent of spatial distribution.




Antibiotic resistance In the typical marine

environment — Daliaohe River and Liaohe River estuaries

€ Multivariable linear regression model analysis

» Analysis the linear relationship between environmental indicators and antibiotic
resistant E. coli.

I_A strong multivariate linear fitting relationship was observed between ant|b|0t|c|
| resistant E. coli abundances and environmental indicators (R?=0.986, p<<0.01).

» Assessing the contribution of environmental indicators on the distribution and
migration of antibiotic resistant E. coli by partial regression coefficient.

The abundance of E. coli ™| 48.56%

physicochemical parameters === | 14.64%

Zn was the highest

(16.19%)
heavy metal sulfonamides accounting
(Mn, Zn, Cu, Co, Cd, Pb) [l RESRZAL | for only 4.26%

Antibiotics = | 7.39%
(Sas, FQs, TCs)




Antibiotic resistance In the typical marine

environment — Layzhou Bay
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Distribution of 16S-rRNA genes, sull, sul2, sul3, aac(6)-1b, gnrS and the integrase gene of class 1 integrons (intl) in water and
sediment samples collected from Laizhou Bay.

» The abundance of sul-genes was more than gnr-genes in different samples.

» Sull and sul2 were the major resistance genes detected, whereas sul3 was relatively less in samples from Laizhou
Bay.

» The pattern of intl genes was very similar to that observed in sull, and the spatial distribution of ARGs and intl
was largely affected by dilution of seawater.
The effect of estuarine physicochemical conditions on the distribution and migration of ARGs

>Heavy metals  physicochemical parameters  XOrganic pollutants  XAntibiotic

Strong Weak



Conclusions

>

>

The concentration of antibiotics was very low in estuary and marine
environment ;

Antibiotic resistance was widespread in estuary and marine environment, and
exhibited a declining trend from the inner estuary to coastal area. Of all the
tested genes, sull and sul2 were the most prevalent in the estuary and marine
environment;

No statistically significant correlations existed between antibiotic resistance
and antibiotic residues in the estuary and marine environment. The fate of
antibiotic resistance was most affected by environmental pressures from non-
antibiotic contaminants.
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