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A B S T R A C T

Microplastics are recognised as ubiquitous pollutants as they are now found in all terrestrial and marine eco
systems. The interactions between microbiota and microplastics are an issue of fundamental importance in 
studying and maintaining global health. Microplastics alter the structures and functions of microbial commu
nities, resulting in adverse health effects. A comprehensive understanding of these effects through interdisci
plinary research is essential to mitigate pollution and protect the health of ecosystems. The review aims to 
explore these interactions within a One Health framework. Indeed, a deeper understanding of the processes 
involved in the interaction between microbiota and microplastics could pave the way for new and promising 
strategies to mitigate the harmful effects of microplastics on ecosystems and human health.

1. Introduction

The term plastic was coined by Leo Baekeland in 1907, the term 
being derived from the Greek word ‘plastikos’, meaning flexible and 
easy to mould [1]. Plastic is a material with unique characteristics such 
as lightness, flexibility and strength. Despite its unique properties, 
ineffective disposal combined with irresponsible behaviour has made 
plastic one of the most worrying pollutants for global health. Annual 
plastic production has more than doubled in 20 years, and it is estimated 
that nearly 70 million tonnes of plastic will be released into the envi
ronment by 2050 [2]. The degradation of plastics is an extremely 
complex process that can take hundreds of years and involves phe
nomena such as photodegradation, hydrolytic degradation and the ac
tion of physical and biological agents [3]. The plastic particles produced 
by degradation can be classified as macroplastics (size >25 mm), 
mesoplastics (size between 5 and 25 mm) microplastics (MP) (size of less 
than 5 mm) and nanoplastics (NP) (size between 1 nm and 1 μm). 
Moreover, the MP can be classified into two main categories: primary 
MP and secondary MP. Primary MP are specifically manufactured to be 

less than 5 mm in size, such as the plastic microspheres used in personal 
care products. Secondary MP is formed from large pieces of plastic that 
degrade over time through the action of sunlight, water, and wind [4–6]. 
MP are currently environmental contaminants found in terrestrial and 
marine ecosystems. Polyethylene (PE), polypropylene (PP), polystyrene 
(PS) and polyvinyl chloride (PVC) are the main plastic polymers found in 
the environment. MP accumulate in marine sediments and coastal areas, 
with higher concentrations near urbanised and industrial areas. In 
addition, MP have also been found in remote areas such as glaciers, polar 
regions, and the deep sea [7–9]. The routes of exposure to MP include 
ingestion, inhalation and contact with the skin [10–12]. Different 
studies have shown that MP can release toxic chemicals and additives 
used during manufacturing, which can penetrate tissues and cause 
damage at the cellular and molecular levels. Fig. 1 highlights some of the 
mechanisms by which MP can affect the microbiota. In addition, the 
potential effect of MP in inducing systemic inflammatory responses, 
increasing the risk of chronic diseases such as obesity, diabetes, and 
heart disease, has been studied [13–16]. Several studies have shown that 
marine organisms can ingest large quantities of MP with intestinal 
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obstructions and damage to cell membranes. In addition, MP can act as 
carriers of pollutants, such as polychlorinated biphenyls (PCBs) and 
dioxins, which are absorbed by the tissues of marine organisms. This 
phenomenon can severely affect marine species’ health and marine 
ecosystems’ biodiversity [17,18]. MP significantly affect terrestrial 
species, especially animals that accidentally ingest them. In fact, it has 
been demonstrated that MP causes increased inflammation and disrup
tion of reproductive systems, affecting the survival of many terrestrial 
species, such as birds, reptiles, and mammals. In addition, releasing 
toxic chemicals from MP can adversely affect the growth and develop
ment of terrestrial organisms, generating concerns for biodiversity and 
the balance of ecosystems [19]. MP can have severe implications for the 
food chain as they are ingested by marine and terrestrial organisms, thus 
entering the food chain. This can cause direct harm to the organisms that 
ingest them but can also have cascading effects on all subsequent trophic 
levels. The microbiota is the microbial community colonised in a certain 
type of district or ecological niche. It performs crucial functions such as 
digestion, immune system regulation, and protection against pathogens 
[20,21]. Variations within the microbiota provide valuable information 
on functional and structural changes induced by external factors such as 
MP [22,23]. A thorough understanding of this complex relationship is 
essential to take targeted and informed action to preserve universal 
health. Interactions between microbiota and MP influence the bio
accumulation of MP in organisms, the transfer of harmful chemicals, and 
the degradation of MP in the environment [24–26]. It is crucial to study 
the composition of the microbiota and its specific functions to under
stand how the microbiota is modified or influenced by MP. This review 
highlights how exposure to MP alters the microbiota in humans, ani
mals, insects, marine sediments and soil, underlining the importance of 
the One Health approach. The review summarises the evidence available 
in the literature on the effects of MP on the microbiota, with the aim of 
identifying under-researched areas of study and little-known implica
tions from a One Health perspective (study inclusion criteria are re
ported in the supplementary material).

1.1. MP and human gut microbiota

The human microbiota provides an immense amount of genetic in
formation. In fact, this genetic information is estimated to be 150 times 
greater than the genetic information of the entire human genome. The 
term microbiota refers to a microbial community colonising a particular 
type of environment or ecological niche. The human body is charac
terised by cutaneous, oral, vaginal, pulmonary, oesophageal, gastric and 
nasal microbiota, in addition to the gut microbiota, which is the best 
studied human microbiota. The gut microbiota is now recognised as a 
genuinely essential organ in maintaining health [27–29]. Through the 
provision of unique enzymes and biochemical pathways, the microbiota 
has a crucial role in the extraction of nutrients from food. MP can 
interact with the human gut microbiota, affecting the composition and 
function of microbial communities. Experimental studies have shown 
that ingestion of MP can alter gut microbes’ diversity and relative 
abundance, with potential health consequences such as gut inflamma
tion, dysbiosis, and altered metabolic functions [30,31]. A study by 
Tamargo et al. investigated the effects of MP on the colonic microbiota 
[32]. The simgi® system reproduced the human digestive tract as a 
dynamic simulator during the study. The phylogenetic analysis showed 
that after PE terephthalate treatment, important differences in taxa were 
found depending on the three compartments of the simgi® system 
considered: ascending colon, transverse colon and descending colon. In 
particular, exposure to PE terephthalate in the ascending colon resulted 
in an increase in the Firmicutes and Desulfobacterota phyla and a decrease 
in Bacteroidetes. At the level of the transverse colon, however, there was 
a noticeable increase in Proteobacteria and Desulfobacterota, alongside a 
sharp decline in the relative abundance of Bacteroidetes, which dropped 
to 10 %. Finally, at the level of the descending colon, a decrease in the 
relative abundance of Bacteroidetesof more than 15 % was noted. The 
results of the study showed that for the phyla Bacteroides and Para
bacteroides, there was a decrease in abundance in all compartments of 
the colon. Meanwhile, an increase was observed for Escherichia/Shi
gellaand Bilophila in the transverse and descending colon. Huang et al. 
investigated the effects of PE MP and tetrabromobisphenol A on the gut 
microbiota [33]. The study analysed faecal samples from ten healthy 

Fig. 1. MP and microbiota interaction mechanisms.
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volunteers who had not been treated with antibiotics for at least 3 
months. Exposure to MP involved treatment with tetrabromobisphenol 
alone (5 and 25 mg/L) or in combination with PE. The study results 
showed that Firmicutes was the dominant phylum in the control group, 
representing 78.89 % of the bacterial community. However, the per
centage of Firmicutes was drastically reduced, reaching values of 35.2 % 
and 0.9 % after exposure to 5 mg/L and 25 mg/L tetrabromobisphenol 
A, respectively. The effects of consuming takeaway food stored in single- 
use plastic containers on oral and gut microbiota were investigated by 
Zha et al. [34]. The enrolled patients were divided into occasional, 
frequent and non-consumers based on the frequency of takeaway food 
consumption. The results highlighted that Firmicutes, Proteobacteria and 
Actinobacteriota represented the most abundant phyla present in the oral 
microbial community of the three groups. In particular, the oral 
microbiota of the frequent users group (consumption ≥ three times a 
week) showed an increase in Thiobacillusand Oribacterium bacteria. On 
the contrary, the analysis of the intestinal microbial community of the 
enrolled subjects revealed that Faecalibacterium, Collinsella and Dorea 
were the three genera most associated with the group of occasional 
consumers (once a week). While Agathobacter, Collinsella and Dorea were 
the genera most associated with the frequent consumers group. In a 
study conducted by Zhang et al., the effects of MP contamination on the 
nasal and intestinal microbiota of subjects living near a plastics factory 
(high exposure group) were assessed by comparing them to the micro
biota of subjects living in Huanhuaxi Park in Chengdu, China (low 
exposure group) [35]. The analysis of relative abundance demonstrated 
that the phyla Proteobacteria and Campylobacterota were significantly 
reduced in the high exposure group compared to the low exposure group 
(P < 0.05). The genera Bacteroides, Actinomyces, Porphyromonas, Hae
mophilus, Gardnerella and Gemella were significantly lower in the high 
exposure group than in the low exposure group. Moreover, a study by 
Yan et al., analysed the impact of MP in subjects suffering from in
flammatory bowel disease (IBD) [36]. The study underscored a pro
nounced elevation in the faecal concentration of MP in patients with 
IBD, registering at 41.8 elements/g dm, compared to 28.0 elements/g 
dm observed in healthy controls. This substantial disparity in MP levels 
suggests a potential involvement of these particles in the pathogenesis of 
IBD.

1.2. MP and animal gut microbiota

MP also pose a high risk to animal health. Exposure to MP in farm 
animals poses a risk to the animals’ health and humans, who are at the 
top of the food chain and consume contaminated dairy products and 
animal meat [37]. The interaction between MP and animal microbiota 
provides a new key to understanding the remarkable impact of these 
contaminants on a global scale. It has been shown that MP and plasti
cisers such as bisphenol A and phthalates can alter the gastrointestinal 
microbial community of teleost fish. In particular, MP contamination 
has been shown to increase opportunistic pathogenic bacteria such as 
Mycoplasma,Actinobacillus and Stenotrophomona [38]. A study in Mus
covy ducks found that exposure to MP increased the abundance of 
Streptococcus and Helicobacter with damage to the gut [39]. Li et al. 
highlighted how exposure to MP in chickens resulted in profound dys
biosis [40]. The study showed the disappearance of 11 gut bacterial 
genera after exposure to MP (Caproiciproducens, Fusobacterium, Angela
kisella, Ignatzschineria, Colidextribacter, Pseudoflavonifractor, Papil
libacter, Tuzzerella, Rikenella, eubacterium_ventriosum group and 
V9D2013_group). A study by Zou et al. showed how MP contamination 
reduced growth in chickens and highlighted an alteration in the gut 
microbial community [41]. In this regard, the study highlighted a 
drastic decrease in Proteobacteria and an increase in Cyanobacteria. The 
Proteobacteria phylum is involved in the breakdown of complex nutri
ents, contributing to intestinal metabolism and digestion. In this regard, 
the Enterobacteriaceae family, which belongs to the Proteobacteria 
phylum, is crucial in the fermentation of carbohydrates that are not 

digestible by the host.
In contrast, although cyanobacteria are bacteria commonly found in 

the gut microbiota of chickens, their presence profoundly impacts ani
mal health. They produce cyanotoxins, such as microcystins, nodularins 
and anatoxins, which are highly toxic. A study of faecal samples from 45 
Caretta caretta turtles found the presence of plastic debris in all samples 
analysed [42]. The study also showed how plastic debris altered the 
turtle’s gut microbial community, increasing Cetobacterium somerae. At 
present, data on the effects of MP on the microbiota of animals is limited. 
However, the data presented show how these contaminants alter the 
normal composition of the microbiota, leading to health risks. Currently, 
there is limited data on changes in the gut microbiota of companion 
animals due to MP. MP contamination is one of the major global public 
health challenges. The analysis of microbiota interactions with MP 
represents an innovative vision for maintaining the health of livestock, 
companion animals and wildlife. Fig. 2 shows how exposure to MP alters 
the gut microbiota in different animal species [39–41,43–47].

1.3. MP and microbiota of insects

Various studies have highlighted how the presence of plastic in the 
environment determines the creation of favourable habitats for vectors 
of arboviruses such as Aedes aegypti and Aedes albopictus responsible for 
the spread of viruses such as Dengue, Chikungunya, Zika and Yellow 
Fever [48–50]. It has been observed that tyres and plastic containers, 
which are used for various purposes, become collection sites for stagnant 
water, which help to increase survival rates and reduce the predation of 
mosquito larvae. In addition to these activities, MP have been hypoth
esised to facilitate mosquito vector activity. In a study by Edwards et al., 
the effects of PS MP on Aedes aegypti and Aedes albopictus mosquito 
larvae were analysed [51]. The effects of MP on gut damage and the 
fungal and bacterial microbiota have been evaluated. The study’s results 
indicated that MP exposure had a minimal impact on adult emergence 
rates. Furthermore, it was found that exposure to MP established a 
change in the intestinal bacterial microbiota with an increase in Eliz
abethkingia and Aspergillus.Elizabethkingia anophelis is an aerobic Gram- 
negative bacterium ubiquitously found in soil, aquatic environments, 
plants and digestive segments of animals [52]. The presence of Eliz
abethkingia anophelisin the gut of mosquitoes facilitates the lysis of red 
blood cells by bacterial haemolysins, contributing to the digestion of 
ingested blood. The study conducted by Chen et al., showed that Eliz
abethkingia anophelis can respond to the extreme conditions determined 
by iron availability due to meals [53]. In detail, the study conducted by 
Chen et al., showed that Elizabethkingia anophelis responds to such 
fluctuations using multiple iron absorption pathways such as TonB- 
dependent outer membrane transporters and chelating proteins. 
Furthermore, the study showed that the presence of Elizabethkingia 
anophelis and its ability to lyses red blood cells is linked to increased 
fertility in mosquitoes. In a study by Yan et al., it was shown that the 
uptake and accumulation of PS MP in Aedes aegypti mosquitoes is present 
in all stages of insect life, from larvae to pupae to adults [54]. The study 
reported that Aedes aegypti larvae feed by accumulating an average of 
7.3 × 106 MP in 3 days. Furthermore, it was found that the amount of 
MP was significantly reduced in mosquitoes compared to pupae, with an 
average of 15.8 elements in pupae and 10.9 elements in adults. Finally, 
the study indicated that MP uptake did not significantly influence the 
survival rate in the various life stages of the insect. In a study by Li et al., 
the effects of MP on Culex quinquefasciatus mosquitoes, vectors of 
Wuchereria bancrofti, Zika virus and West Nile virus were evaluated [55]. 
The study showed that MP exposure was associated with a reduction in 
the lethal effect of pyrethroid insecticides from 97.77% to 48.88 % (p <
0.05) with a 15.1 % removal of deltamethrin concentration. The study 
also reported that the most abundant microbes in the midgut of Culex 
quinquefasciatus were Wolbachia spp. (43.74 %) and Elizabethella spp. 
(21.05 %), Moreover, that a reduction in Wolbachia abundance was 
observed following MP exposure. Wolbachia, an endosymbiont 
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intracellular bacterium, colonises a wide range of insects, including 
mosquitoes. Wolbachia has recently been studied for its ability to cause 
sterility in Aedes mosquitoes [56]. This mechanism appears to be due to 
a process known as cytoplasmic incompatibility, a phenomenon that 
renders mating between Wolbachia-infected and non-infected mosqui
toes infertile. In addition to this evidence, we must also highlight the 
presence of studies that show that exposure to MP can be harmful to 
mosquito survival. In this regard, a study by Malafaia et al., analysed the 
effect of PE MP on Culex quinquefasciatus larvae [57]. The results of the 
study indicated that exposure to MP results in significant suppression of 
total glutathione and radical scavenger levels. Furthermore, it was re
ported that superoxide dismutase activity did not differ between the 
treated and untreated groups, while acetylcholinesterase activity was 
significantly increased in larvae exposed to MP. Moreover, Wang et al., 
evaluated the effects of exposure to PS MP on the gut microbiota of 
honeybees [58]. The relative abundance analysis showed that the 
genera Lactobacillusand Bifidobacterium had an abundance of 72 % and 
12.33 %, respectively, before exposure. However, after 10 days of 
exposure to 100 nm diameter PS MP, a reduction of Lactobacillus to 
54.34 % was observed. Furthermore, after 15 days of exposure, a 
reduction in the abundance of Bifidobacteriumto 6.35 % was highlighted. 
Fig. 3 shows how exposure to MP alters the gut microbiota in insects 
[51,58–60].

1.4. MP and marine sediment microbiota

MP are now found not only in all oceans but also in all the seas, with 
a distribution that extends from coastal regions to extreme depths. The 
enormous distribution of MP in the oceans is one of the main global 

concerns, as fish populations ingest these substances with harmful 
consequences. It has also been shown that plastics often form physical 
barriers that trap fish populations and that MP alters the marine 
ecosystem by affecting the microbiota of its sediments. The microbiota 
of marine sediments is essential for decomposing dead organic matter, 
which is the main source of nutrients for benthic organisms (worms, 
molluscs and crustaceans) and the marine food chain. The microbiota of 
marine sediments is essential for the degradation of carbohydrates, fats 
and proteins into simpler substances such as H2O and CO2. The alter
ation of the microbiota of these sediments by MP has a major impact on 
the marine balance, with consequences for the whole ecosystem. In this 
regard, a study by Seeley et al. observed how different types of MP can 
modify the composition of microbial communities in coastal sediments 
[61]. The study highlighted how PVC treatment caused a significant 
reduction in Ectothiorhodospiraceae, Magnetococcaceae, Sed
imenticolaceae, Chromatiaceae, Lentimicrobiaceae, Pirellulaceae, Woeseia
ceae and Thermoanaerobaculaceae. It was also found that PVC treatment 
reduced the denitrification activity of the sediment microbial commu
nity. Denitrification is a catabolic process mediated by sediment mi
crobes that is necessary to remove the reactive nitrogen typical of 
coastal systems [62]. Denitrification converts nitrates (NO3-) and ni
trites (NO2) into nitrous oxide (N2O) and nitrogen (N2), thereby regu
lating the balance of the ecosystem. Li et al., showed how MP alters 
sediments’ chemical-physical properties [63]. The study highlighted 
how MP are able to reduce pH from 7.10 to 6.75, reduce total nitrogen 
content by 13.96–23.97 %, reduce cation exchange index and total 
phosphorus content, and increase the amount of total organic carbon. 
Such changes in chemical-physical characteristics have been correlated 
with a decrease in the diversity of sediment bacterial communities. In 

Fig. 2. Alteration of animal microbiota following exposure to MP. 
Caption Fig. 2: SCFA: short chain fatty acids, PE, PS: polystyrene.
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this regard, it has been shown that MP, acting on the total organic car
bon content, determine an increase in Bacteroidotes with a variation in 
the diversity of the microbial community. Several studies underline that 
coastal sediments, sediments at great depths, and sediments from 
freshwater basins can constitute a huge pool for the deposition of MP. In 
this context, it has now been shown that sediments represent “wells” for 
MP collection [64]. This phenomenon is related to the chemical-physical 
properties of the materials considered, which, when endowed with a 
density greater than that of seawater (>1.02 g/cm-3), tend to sink and 
accumulate in the sediments. Despite the large amount of data showing 
the presence of MP in marine and coastal sediments, studies analysing 
the impact of MP on the microbiota of the same sediments are limited. It 
is therefore necessary to increase the available data on this topic to 
adequately address MP pollution by identifying innovative management 
strategies.

1.5. MP and soil microbiota

Having colonised every natural ecosystem, MP is also found in soil 
with highly variable concentrations that can reach 67 g/kg− 1 [65]. 
Despite efforts to recover large plastic materials dispersed in the envi
ronment, soil contamination by MP is an ever-increasing problem. In 
this context, several efforts have been made in recent years to under
stand the impact of MP on the soil microbiota. The soil microbiota 
comprises a vast microbial community characterised by bacteria, pro
tozoa, viruses, fungi and archaea, crucial for implementing soil 
biogeochemical processes. These processes are essential for maintaining 
fertility and the health of vegetation. In this regard, soil microbiota is 
crucial for the mineralisation process by converting organic matter into 
nutrients for plants, the nitrogen fixation process by making atmo
spheric nitrogen available, the denitrification process, the nitrification 
processes by oxidising the ammonium ion in nitrites and nitrates, and for 
cycling of nutrients such as nitrogen, phosphorus and sulphur. The 

impact of MP on the soil microbiota was analysed in a study by Feiet al., 
who highlighted how soil contamination with PE and PVC MP increased 
the relative abundance of Burkholderiaceae, suggesting how bacteria 
involved in nitrogen fixation can be stimulated by MP contamination 
[66].

Furthermore, PVC contamination was associated with increased 
relative abundance of Frankiales, Propionibacteriales and Micrococcales. 
In contrast, PE contamination was associated with a decrease, suggest
ing how different contaminants can determine specific changes in the 
soil microbiota. A study by Dong et al., showed that PS MP dramatically 
reduced the relative abundance of Proteobacteria and Firmicutes, while 
significantly increasing the abundance of Bacteroidetes (Fig. 4) [67]. 
Several studies have demonstrated how MPs can alter the fungal com
munity of soil microbiota. It has been shown that MP, acting as impor
tant carbon reserves, can determine an increase in the genera Fusarium, 
Aspergillus and Penicillium [68]. It has also been shown how MP 
contamination can have toxic effects on plants by modulating the mi
crobial composition of the soil. In this regard, a study by Qian et al. 
highlighted how MP can increase the amount of Xanthomonas, a bacte
rial pathogen for plants [69]. Analysis of the changes in soil microbiota 
caused by MP is an innovative key to ensuring the fertility and health of 
terrestrial ecosystems [70]. Although several studies have addressed this 
issue, we need to expand our knowledge of the effects of MP contami
nation on soil microbiota.

2. Conclusions

MP represent a serious threat to environmental ecosystems and to 
human and animal health. The present review analyses the effects of MP 
on the microbiota of humans, animals, insects, marine sediments and 
soil, highlighting the need for a multidisciplinary approach to find 
innovative solutions to a global problem. The proposed review high
lights the under-researched implications of the effects of MP on the 

Fig. 3. alteration of insects microbiota following exposure to MP. 
Caption Fig. 3: PS: polystyrene, PE: polyethylene.
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microbiota. In this regard, the review highlights how MP may favour the 
re-emergence of diseases by increasing vector fecundity by acting at the 
microbiota level. In addition, the review identifies the study of the ef
fects of MP on marine sediment microbiota and soil microbiota as an 
innovative and currently under-researched area. In addition, the pro
posed review highlights how the One Health approach, characterised by 
multidisciplinary collaborations, research integrated with monitoring 
and control methods, and efforts in the policy and awareness-raising 
fields, represents the crucial and indispensable approach for the man
agement of MP pollution and for the analysis of its effects on the 
microbiota.

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.onehlt.2025.101002.
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[52] P. Kämpfer, H. Matthews, S.P. Glaeser, K. Martin, N. Lodders, I. Faye, 
Elizabethkingia anophelis sp. nov., isolated from the midgut of the mosquito 
Anopheles gambiae, Int. J. Syst. Evol. Microbiol. 61 (2011) 2670–2675, https:// 
doi.org/10.1099/ijs.0.026393-0.

[53] S. Chen, B.K. Johnson, T. Yu, B.N. Nelson, E.D. Walker, Elizabethkingia anophelis: 
physiologic and transcriptomic responses to Iron stress, Front. Microbiol. 11 (2020) 
804, https://doi.org/10.3389/fmicb.2020.00804.

A.C. Procopio et al.                                                                                                                                                                                                                             One Health 20 (2025) 101002 

7 

https://doi.org/10.1016/j.envpol.2022.119415
https://doi.org/10.1016/j.envpol.2022.119415
https://doi.org/10.1016/j.heliyon.2024.e29393
https://doi.org/10.1016/j.heliyon.2024.e29393
https://doi.org/10.1016/j.chemosphere.2022.136407
https://doi.org/10.1016/j.chemosphere.2022.136407
https://doi.org/10.1007/s11356-022-21773-y
https://doi.org/10.3390/ijms241512421
https://doi.org/10.1289/EHP11072
https://doi.org/10.1056/NEJMoa2309822
https://doi.org/10.1016/j.fct.2023.113642
https://doi.org/10.1016/j.fct.2023.113642
https://doi.org/10.3390/toxics8030059
https://doi.org/10.3390/toxics8030059
https://doi.org/10.1016/j.ecoenv.2020.110536
https://doi.org/10.1016/j.envpol.2020.114089
https://doi.org/10.1007/s10482-020-01474-7
https://doi.org/10.1007/s10482-020-01474-7
https://doi.org/10.3390/microorganisms8101587
https://doi.org/10.3390/microorganisms8101587
https://doi.org/10.1038/s41522-020-0123-4
https://doi.org/10.1016/j.jprot.2020.103737
https://doi.org/10.1016/j.gr.2021.07.029
https://doi.org/10.3390/toxics9020041
https://doi.org/10.3390/toxics9020041
https://doi.org/10.3390/toxics8020040
https://doi.org/10.3390/toxics8020040
https://doi.org/10.1038/s41576-020-0210-7
https://doi.org/10.1038/s41579-020-0433-9
https://doi.org/10.1038/s41587-020-0603-3
https://doi.org/10.1038/s41587-020-0603-3
https://doi.org/10.1016/j.chemosphere.2019.125492
https://doi.org/10.1016/j.chemosphere.2019.125492
https://doi.org/10.1016/j.scitotenv.2020.138929
https://doi.org/10.1016/j.scitotenv.2020.138929
https://doi.org/10.1038/s41598-021-04489-w
https://doi.org/10.1016/j.scitotenv.2021.146264
https://doi.org/10.1016/j.jhazmat.2022.129903
https://doi.org/10.3389/fpubh.2022.1005535
https://doi.org/10.3389/fpubh.2022.1005535
https://doi.org/10.1021/acs.est.1c03924
https://doi.org/10.1021/acs.est.1c03924
https://doi.org/10.1007/s11356-024-32424-9
https://doi.org/10.1016/j.cbd.2021.100834
https://doi.org/10.1016/j.scitotenv.2023.164050
https://doi.org/10.1016/j.scitotenv.2022.159089
https://doi.org/10.3390/ani13152503
https://doi.org/10.3389/fmars.2021.637030
https://doi.org/10.1016/j.scitotenv.2019.06.265
https://doi.org/10.1016/j.scitotenv.2019.06.265
https://doi.org/10.1016/j.chemosphere.2021.130144
https://doi.org/10.1016/j.jes.2023.08.020
https://doi.org/10.1016/j.scitotenv.2020.141018
https://doi.org/10.1016/j.jhazmat.2023.132691
https://doi.org/10.1016/j.jhazmat.2023.132691
https://doi.org/10.1016/j.onehlt.2024.100684
https://doi.org/10.1186/s13071-021-05069-7
https://doi.org/10.3390/v15051043
https://doi.org/10.1093/jme/tjad097
https://doi.org/10.1099/ijs.0.026393-0
https://doi.org/10.1099/ijs.0.026393-0
https://doi.org/10.3389/fmicb.2020.00804


[54] J. Yan, S. Yao, T. Zhang, Z. Ye, J. Weng, X. Hu, K. Zhang, Microplastics and their 
impacts on organisms and trophic chains, Water 14 (2022) 4069, https://doi.org/ 
10.3390/w14244069.

[55] J.H. Li, X.H. Liu, G.R. Liang, H.T. Gao, S.H. Guo, X.Y. Zhou, D. Xing, T. Zhao, C. 
X. Li, Microplastics affect mosquito from aquatic to terrestrial lifestyles and are 
transferred to mammals through mosquito bites, Sci. Total Environ. 917 (2024) 
170547, https://doi.org/10.1016/j.scitotenv.2024.170547.

[56] A.A. Hoffmann, B.L. Montgomery, J. Popovici, I. Iturbe-Ormaetxe, P.H. Johnson, 
F. Muzzi, M. Greenfield, M. Durkan, Y.S. Leong, Y. Dong, H. Cook, J. Axford, A. 
G. Callahan, N. Kenny, C. Omodei, E.A. McGraw, P.A. Ryan, S.A. Ritchie, 
M. Turelli, S.L. O’Neill, Successful establishment of Wolbachia in Aedes 
populations to suppress dengue transmission, Nature 476 (2011) 454–457, https:// 
doi.org/10.1038/nature10356.

[57] G. Malafaia, T.M. da Luz, A.T.B. Guimarães, A.P. da Costa Araújo, Polyethylene 
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