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Diversity and antibiotic resistance of bacteria from bathing
beaches: based on the cultivation method
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4 Western Guangdong Characteristic Biology and Medicine Engineering and Research Center, Zhanjiang 524048,
Guangdong, China

Abstract: [Objective] The increasing antibiotic resistant bacteria (ARB) caused by the
horizontal transfer of antibiotic resistance genes (ARGs) have aroused increasing concern, and
it is particularly important to monitor the ARB in the environment. [Methods] We collected
seawater and sand samples from three different bathing beaches in Zhanjiang. The plate coating
method and agar diffusion method were employed to study the bacterial counts, diversity, and
susceptibility to antibiotics. [Results] The seawater samples had higher content of inorganic
nitrogen than the normal value and the bacterial counts increased with the increase in the visitor
flow. The bacteria counts in the sand samples were higher than those in the seawater samples.
The bacteria from the bathing beaches belonged into 18 genera, 12 families of 3 phyla.
Proteobacteria (49.64%) was dominant in the seawater samples, while Firmicutes (54.74%)
was dominant in the sand samples. The bacteria showed stronger resistance to beta-lactams,
with the resistance rates of 23.25%, 20.53%, and 17.42% to penicillin, vancomycin, and
ceftriaxone, respectively. The resistant bacteria were mainly Bacillus, Vibrio, Pseudomonas,
Streptomyces, and Enterobacter. The multidrug-resistant bacterial strains from seawater were
significantly more than those from sand, and increased with the increase in the visitor flow.
[Conclusion] There are diverse drug-resistant bacteria from bathing beaches, and continuous
surveillance is required to assess its potential impact on public health.

Keywords: bathing beach; bacterial diversity; antibiotic resistance; antibiotic-resistant bacteria
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Z2% (/KK BbRE) (GB 3097—1997),
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Table 1

SLSLES o SR PREGE , BrAifb bR E T 20%
b T =80 °CrkAH KR AT

M4 TaKaRa i) & #RAEUHT , 4RBUCERE
PREEIZH DNA, Zd6A4: TAY TR (B
ARFTAEA A ST T @5 %Hh 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") fll 1492R
(5'-TACGGTTACCTTGTTACGACTT-3") . PCR
SN AA Z2 RSN A ELA S BESCRR[11]0 BRAS Y
16S rRNA JL[H 751 7E EzBioCloud (https://www.
ezbiocloud.net/) K48 ZE PR A AR AL HE X 4347
e Hoor 2, I 781 A5 % GenBank £
W, 554 OR143835-OR143874.

1.5 HEIE Rz

PR AW 25 2 SRR R 1 R,
HhERER., 4A5R . AN EMMURRZEK™
FREE HPRLE T LA A 25, RIRNBRZE .
VUPR RIS Tl Frle 24 TR s s ) 25 2 T [ R 9 R /K L
HERFR A R,

K HABEY H: (B) K-B 3P B vk
PRIFAT S 35 %, B B, AR 3] 40 °C
AR ESEFRH T, #8257, BIAKRFRIL, Fri
[ J , PR B 0B AS [R) R 2R BT 141 25 ) 24 8
AR, BAFEIL 2-3 MU AAEaR, T
37 °CIH IR AN T 5% 20-48 h, 18 i 0 1 ELAR
(B 325 B B DR/ T SRR I

Classification and specification of antimicrobial susceptibility paper

Classification Chemical name

Abbreviation Specification

Beta-lactam Penicillin G

Piperacillin

Ceftriaxone

Imipenem
Macrolide Erythromycin
Quinolones Ciprofloxacin
Glycopeptides Vancomycin
Aminoglycosides Kanamycin
Amide alcohols Chloramphenicol

Tetracyclines Tetracycline

Anti-tuberculosis drugs Rifampin

P 10 U sheet
PIP 100 pg sheet
CRO 30 pg sheet
IPM 10 pg sheet
E 15 pg sheet
CIP 5 pg sheet
VA 30 pg sheet
K 30 pg sheet
C 30 pg sheet
TE 30 pg sheet
RA 5 ng sheet
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Figure 1

TR AE R i ; TOC 7554 2.33-3.33 mg/L,
COD &M 1.97-3.10 mg/L, VENAIE XK+
WOE AR B0 TOC, COD & i 3 5 T H:
iR, T RE S 3 AT TH K HEA S B AL & 1%
Wi, CHLE &N 40.63—43.75 mg/L, Hih Ak
/D BARIL SO R F OB g LA & i
Fm T ANREZ N EIERY, ARSI K
FREE XA R A

2% (MKKBARE)  (GB 3097—1997), —
bR pH iy 7.8-8.5, COD &#<3 mg/L, Jokl
A<0.3 mg/L. AI UL 3 &bt pH IRMIK, TeHLES &=
i, USRS AR SR E o i 1)
COD FmfFatntl, WAL= TR
(. B TOC. COD &t Al LAt s AT A e
bel e KR ML 15 YRR BT HAbR

C
2 ab
2
an
£
Q
o
=
Z A
ab a ]
4
.l A
V4 A

Physicochemical properties of sea water for three bathing beaches. A—E: The determination of pH,

salinity, TOC, COD and inorganic nitrogen, respectively. Different lowercase letters indicated significant
differences among bathing beaches (P<0.05). TOC: Total organic carbon content; COD: Chemical oxygen
demand. J: Jinsha Bay Beach; Z: Sino-Australian Friendship Garden Beach; A: Olympic Sports Center Beach.

The same below.
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Figure 2 Comparison of microbial quantity from
bathing beaches. *: P<0.05.

KRBT 31710 M@, FERE
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23.75%) . WEA5 (KT s (Phaeobacter , 13.04%) .
}4 4T 18 J& (Enterobacter, 11.61%) 553 Hak A
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Figure 3 Comparison of bacterial community composition in the seawater and sand of bathing beaches. A, B:
Relative abundance map at phylum level. C, D: Relative abundance map at genus level.
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Figure 4 Alpha diversity index of bathing beaches. A: Chaol index. B: Simpson_1-D index. C: Shannon-H
index. D: Menhinick index. E: Margalef index. Error bar represents the difference between the values of
different groups in a bathing beach. *: P<0.05; **: P<0.01.
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Figure 5 Principal coordinate analysis generated
using Bray-Curtis distance. SJ: Water samples from
Jinsha Bay Beach; SZ: Water samples from
Sino-Australian Friendship Garden Beach; SA: Water
samples from Olympic Sports Center Beach; TJ:
Sand samples from Jinsha Bay Beach; TZ: Sand
samples from Sino-Australian Friendship Garden
Beach; TA: Sand samples from Sino-Australian
Friendship Garden Beach.
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Figure 6 Distribution of antibiotic resistance of bacteria from bathing beaches. P: Penicillin G; PIP:
Piperacillin; CRO: Ceftriaxone; IPM: Imipenem; E: Erythromycin; CIP: Ciprofloxacin; VA: Vancomycin; K:

Kanamycin; C: Chloramphenicol; TE: Tetracycline; RA: Rifampin.
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Table 3 Comparison of the resistance proportions to antibiotics for bacteria from three bathing beaches.

Antibacterial drugs

Proportion of bacterial resistance from different bathing beaches (%)

J V4 A
P 21.61 28.91 31.27
PIP 9.77 5.90 0.74
CRO 21.61 15.04 13.65
IPM 11.46 7.67 5.21
E 24.09 10.62 2.48
CIP 4.17 1.47 0.50
VA 26.17 14.45 14.89
K 6.25 3.83 1.24
C 11.98 0 0
TE 17.19 15.34 12.90
RA 4.56 3.54 0.50

P: Penicillin G; PIP: Piperacillin; CRO: Ceftriaxone; IPM: Imipenem; E: Erythromycin; CIP: Ciprofloxacin; VA: Vancomycin; K:

Kanamycin; C: Chloramphenicol; TE: Tetracycline; RA: Rifampin.
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Table 4 Multi-drug resistance of bacteria isolated
from bathing beaches

Sample Number of drugs with ~ Cumulative percentage

resistance (%)
J Z A
Water 3 8.57 2.32 0.89
5 6.25 2.14 0.36
6 5.71 0.71 0.18
Sand 2 3.89 1.47 2.00
4 1042 2.21 4.21
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