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a b s t r a c t

Mangrove sediments are prone to anthropogenic activities that could enrich antibiotics resistance genes

(ARGs). The emergence and dissemination of ARGs are of serious concern to public health worldwide.

Therefore,acomprehensive resistomeanalysisof global mangrovesediment isof paramount importance.

In this study, we have implemented a deep machine learning approach to analyze the resistome of

mangrove sediments fromBrazil,China,Saudi Arabia,India,and Malaysia.Geography (RANOSIM ¼39.26%;

p < 0.005) as well as human intervention (RANOSIM ¼16.92%; p < 0.005) influenced the ARG diversity.
ARG diversity was also inversely correlated to the human development index (HDI) of the host country

(R¼ 0.53; p <0.05) rather than antibiotics consumption (p >0.05).Several genes includingmultidrug

efflux pumpswere significantly (p<0.05) enriched in the siteswith human intervention.Resistomewas
consistently dominated by rpoB2 (19.26 ± 0.01%), multidrug ABC transporter (10.40 ± 0.23%), macB

(8.84 ± 0.36n%), tetA (4.13 ± 0.35%), mexF (3.26 ± 0.19%), CpxR (2.93 ± 0.2%), bcrA (2.38 ± 0.24%), acrB

(2.37 ±0.18%),mexW (2.19 ±0.17%), and vanR (1.99 ±0.11%).Besides,mobile ARGs such as vanA, tet(48),

mcr,and tetXwerealso detected in themangrovesediments.Comparativeanalysis against terrestrial and

ocean resistomes showed that the ocean ecosystem harbored the lowest ARG diversity (Chao1 ¼71.12)

followed bymangroves (Chao1¼258.07)and terrestrial ecosystem (Chao1¼294.07).ARGsubtypessuch

as abeS and qacG were detected exclusively in ocean datasets. Likewise, rpoB2, multidrug ABC trans-

porter,andmacB,detected in mangroveand terrestrial datasets,werenot detected in the ocean datasets.

This study shows that the socioeconomic factors strongly determine the antibiotic resistome in the

mangrove. Direct anthropogenic intervention in the mangrove environment also enriches antibiotic

resistome.

©2020 Elsevier Ltd. All rights reserved.
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1. Introduction

Antibiotic resistance is the ability to resist the inhibitory ef-

fect(s) of an antibiotic. Such resistance has made the treatment of

bacterial infectionsextremelydifficult.Over700,000deathsrelated
to antibiotic resistance are reported globally which is projected to

rise sharply in the coming decades (Friedrich, 2019). Antibiotic

resistance has become an acute global concern. For instance, the

mortality due to methicillin-resistant Staphylococcus aureus

(MRSA) alone is comparable to that of HIV (Coates et al., 2011).

Multidrug resistant bacteria are not only confined to the hospital
environments but also in environmental soil, wastewater treat-

ment plants,gutmicrobiome,etc.(Diaz et al.,2017).Theprevalence

of ARGs in the environment could lead to the dissemination of the

clinically relevant ARGs to the surroundings and distant locations

(Zenget al.,2019b).Rapid andexponential dissemination of ARGsis

not only confined at the local or national level but also spreadson a
global scale. Although antibiotic resistance is a global issue, the

consequences of antibiotic resistance are more severe in devel-

opingcountries (Klein et al.,2018).Infectionscaused bymultidrug-

resistant (MDR) microbes are also associated with higher

* This paper has been recommended for acceptance by Klaus Kümmerer.

* Corresponding author.

E-mail addresses: rnkumavath@gmail.com, rnkumavath@cukerala.ac.in

(R. Kumavath).

Contents lists available at ScienceDirect

Environmental Pollution

journal homepage: www.elsevier.com/locate/envpol

https://doi.org/10.1016/j.envpol.2020.115795

0269-7491/©2020 Elsevier Ltd. All rights reserved.

Environmental Pollution 268 (2021) 115795


