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Abstract

Microplastic (MP) is an environmental pollutant, which is toxic to aquatic organisms and may 
affect their microbial community structure. Here, MP exposure with size-dependent and time-
dependent effects on gut microbiota of zebrafish were evaluated. High throughput sequencing of 
the V3-V4 region of the 16S rRNA gene revealed that the core microflora consisted of Fusobacteria, 
Proteobacteria, Firmicutes, Bacteroidetes, and Actinobacteria. At the phylum level, the relative 
abundance of Verrucomicrobia, Tenericutes, and Firmicutes significantly decreased in the MP-treated 
groups compared with the control group, while the abundance of Actinobacteria and Bacteroidetes 
significantly increased in the MP-treated group. By contrast, the relative abundance of Verrucomicrobia, 
Chlamydiae, and Chloroflexi significantly increased in the guts of fish in the 10-day group compared 
with the 1-day and 5-day groups. Besides, there were five specific genera in correlation with MP, 
including Porphyromonas, Xanthobacter, Campylobacter, IMCC26134 (unclassified Verrucomicrobia), 
and Lachnoanaerobaculum. Alpha and beta diversity analyses indicated no significant differences in 
bacterial communities in different treatments. However, LEfSe analysis showed that the gut microbiota 
composition was different between treatments and control. These results indicate that polystyrene MP 
can modify the gut microbiota composition; consequently, the health risks of MP to aquatic organisms 
should not be ignored. 
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Introduction

Gut microbiota plays an important role in host 
metabolism, immunity, and homeostasis [1]. A 
combination of factors can affect the composition of 
gut microbiota, including the host’s genetic background, 
lifestyle, and feeding habits, as well as selective 
pressures on the gut environment [2-4]. Furthermore, 
gut microbiota dynamics are highly sensitive to 
exogenous stressors. Recent studies have demonstrated 
that exposure to different kinds of environmental 
pollutants, including antibiotics, nanomaterials, 
pesticides, heavy metals, and persistent organic 
pollutants, can effectively induce gut microbiota 
dysbiosis in different experimental models [5-7].

Microplastic (MP) is a ubiquitous environmental 
pollutant in the ocean and freshwater ecosystems; many 
organisms can easily absorb it due to its small size. 
Microplastic absorption affects physiology, metabolism, 
and behavior in organisms, and even induces cell death. 
The ingestion of MP reportedly causes pathological 
stress and tissue damage in the livers of developing 
zebrafish (Danio rerio) [8]. Marine fish (Oryzias 
latipes) reportedly ingest and bioaccumulate the 
toxic chemical substances sorbed to microplastics, 
resulting in pathological and oxidative stress along 
with liver inflammation [9]. Other studies show that 
MP can alter feeding of Cybister japonicus [10] and 
swimming behaviors of Carassius auratus [11] during 
trophic transfer. Recent reports indicate that feeding 
on polystyrene MP can affect the gut microbiome of 
fish and induce metabolic disturbance [12]. MP readily 
adsorbs pollutants in water, and is easily colonized by 
microorganisms (like bacteria, fungi, protozoa, and 
algae) to form biofilms (inorganic and organic, or initial 
conditional membranes), which may accumulate many 
pathogens and increase the probability of disease [13]. 
The composition and distribution of biofilms on the 
surface of the MPs were analyzed using 16S rRNA 
sequencing [14], and the results indicated that MPs 
were enriched with certain dominant bacteria such as 
Vibrionaceae, Rhodobacteraceae, Flavobacteraceae, 
Microtrichaceae, and Sphingomonadaceae, compared 
with seawater samples. Among them, Vibrionaceae, 
Rhodobacteraceae, and Flavobacteraceae are associated 
with tissue damage in stony corals, and Vibrios are the 
main pathogens of coral albinism. However, the effects 
of polyethylene MP exposure on aquatic animal gut 
microbiota and overall health are not well understood.

Many microbes colonize on the intestine of their 
hosts and influence host physiology and immunity [15]. 
In turn, the host controls which species cannot colonize 
by mounting immune responses [16]. The overall 
compositional balance of the gut microbial community is 
important for ensuring balance in the intestinal mucosa 
and beyond [17]. In some cases of zebrafish, induction 
of endocytosis depends on microbiota [18], indicating 
that gut inflammation is influenced by a combination of 
chemicals and microbiota. Attention to gut microbiota is 

essential when investigating the toxicity of MP, but the 
mechanisms underlying the effects of MP on zebrafish 
gut microbiota remain unclear. We believe that the data 
acquired in this study provide a theoretical basis for 
understanding the toxicity of MP to aquatic organisms.

The zebrafish has become a model animal in the 
field of disease modeling, toxicology evaluation, and 
drug screening [19, 20] because the species is stable, 
easily bred, has transparent embryos, and can be readily 
observed. Also, the similarity between zebrafish and 
human genes is >80%. Currently, high-throughput 
sequencing technologies are promising tools for deep 
exploration of microbial communities [21]. This study 
was designed (1) to evaluate gut microbial community 
shift of zebrafish after MP exposure using the 16S 
rRNA sequencing technology and (2) to explore the 
correlations of gut microbial community with MP size 
and exposure time. The results may provide insight 
into the underlying relationship between changes to 
intestinal flora and aquatic toxicities.

Materials and Methods 

Ethical Statement

All protocols were in accordance with the National 
Institutes of Health Guide for the Care and Use of 
Laboratory Animals (China).

MP Characterization

Pristine polyethylene (PE) MP beads with various 
size ranges (45-53 μm, 90-106 μm, 250-300 μm) were 
purchased from Cospheric Ltd. (California, USA), 
supplied as 1 g/mL. Because PE is one of the most 
used polymers for plastic production worldwide [22],  
it was an ideal choice for test material in our  
experiment. The selected PE-MP beads were prepared 
in 10,000 particles/L in deionized water. 

Zebrafish Husbandry

Healthy four-month-old zebrafish (0.31±0.02 g 
in wet weight, 31.4±0.6 mm in body length) were 
purchased from a fish market (Shenzhen, China). They 
were cultured in a 332.5-L (100×95×35 cm) aquarium 
that was integrated with a filtration system at 25±1ºC 
with a 14 h light/10 h dark cycle in culture water 
(pH: 7.88±0.004; dissolved oxygen: 8.16±0.04 mg/L; 
electrical conductivity: 0.248±0.005 mS/cm). At least  
2 weeks before the experiment, zebrafish were fed daily 
(9:00 am) with commercial food (Inch-gold, China) 
at 1% of the average body weight of all specimens, 
for acclimatization. The feed used in the experiments 
contained >45% crude protein, >5% fat, <3% fiber, 
<12% ash, >4% calcium, >1.2% phosphate, and <10% 
moisture, according to the manufacturer’s information. 
The mean (±SD) particle size of the feed, which 
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included a mix of fishmeal, fish oil, wheat, shrimp meal, 
defatted soybean, and various vitamins and minerals, 
was 1.51±0.17 mm. All zebrafish used in the exposure 
experiments were monitored to ensure that they were 
free of parasites and adverse health conditions [23].

Fish Exposure and Sample Collection

After acclimatization, five zebrafish were randomly 
selected from the aquarium and transferred into  
beakers containing 400 mL of culture water (same as 
mentioned above), acclimated for 6 h, and then starved 
for 24 h before the experiment. Next, MP solution 
(10,000 particles/L) was added to each treatment 
according to the following protocol: 

I) Size group: zebrafish were exposed to MP  
(10,000 particles/L) for 5 days in quantities including no 
MP (control, CK), 45-53 μm MP (A5), 90-106 μm MP 
(B5), and 250-300 μm MP (C5). 

II) Time group: 45-53 μm MP (10,000 particles/L) 
was selected, and three exposure times of 1 d (A1), 5 d 
(A5), and 10 d (A10) were set.

Three replicate beakers were assigned to each 
experimental condition. In addition, the beakers were 
continuously aerated to provide adequate oxygen for 
the fish and to avoid the agglomeration of microplastic 
particles. Fish were fed daily. Before feeding, the water 
was half-replaced, and then half the MPs were added. 
In all experiments, no fish died during the courseof the 
exposure.

At the end of the exposure, each group of fish was 
rinsed with deionized water to remove residual MP 
particles. Then, all fishes were euthanized by anesthetic 
overdose (0.2% tricaine methane-sulfonate, MS-222) 
prior to intestinal tract sampling. 

DNA Extraction, PCR Amplification, 
Quantification, and 16S rRNA Gene Sequencing

The genomic DNA (gDNA) in zebrafish 
intestinal tract was isolated with a DNA isolation 
kit (Hangzhou Bioer technology, China). DNA 
integrity and purity were detected using 1% agar-
gel electrophoresis, and DNA concentration and 
purity were detected using NanoDrop One. Next, the 
gDNA was amplified using primers (Forward primer: 
5’-ACTCCTACGGGAGGCAGCA-3’; Reverse primer: 
5’-GGACTACHVGGGTWTCTAAT-3’) to target the 
V3 and V4 regions of the bacterial 16S rRNA gene. 
Amplicon sequencing was completed using the Illumina 
HiSeq 245-530 platform (Guangdong Magigene Co. Ltd, 
China). Raw data obtained by sequencing contained 
the linker and barcode sequences, which were removed 
before analysis. Reads with overlaps were stitched using 
USEARCH (v10.0.240) software, and the mosaic data 
were filtered first using FastP (v 0.14.1) to filter out 
N-containing sequences and low-quality sequences, 
and then using chimera filtration to obtain valid data 
(effective tags) for subsequent analysis. The effective 

tags for all samples were clustered using UPARSE 
software (http://www.drive5.com/uparse/). The 
sequences were clustered into operational taxonomic 
units (OTUs) with 97% identity, and then the OTUs 
representing the species sequences were annotated. 
According to the species annotations, the number 
of sequences annotated to each classification level 
(kingdom, phylum, class, order, family, and genus) was 
counted for each sample. Alpha diversity indices were 
calculated in QIIME from rarefied samples using the 
Chao1 index for richness and the Shannon and Simpson 
indices for diversity. Beta diversity was calculated 
using principal coordinate analysis (PCoA), based on a  
Bray-Curtis distance algorithm. The significance of 
bacterial taxa abundance was evaluated by linear 
discriminant analysis effect size (LEfSe) [24]. Analysis 
using the Kruskal-Wallis test yielded an alpha value 
of <0.05, the pairwise Wilcoxon test yielded an alpha 
value of <0.05, and the logarithmic LDA effect score 
reached 3.0. The sequencing data were deposited in the 
National Center for Biotechnology Information (NCBI) 
with the BioProject number of PRJNA662480.

Data Analysis

All data were evaluated as the mean±standard error 
of the mean. Statistical analyses were performed using 
one-way analysis of variance and Duncan’s test, and the 
results were analyzed using SPSS version 20.0 software. 
The level of statistical significance was set at P<0.05.

Results

Overall Characterization of the Sequencing Data

The summary information for sequencing of the 
V3-V4 region of 16S rRNA genes is shown in Table 1. 
In the size group, 685,751 valid reads from 12 samples 
with 221 operational taxonomic units (OTUs) were 
delineated using 97% as a homology cut-off value.  
In the time group, 514,978 valid reads from 9 samples 
with 230 OTUs were delineated. 

Effects of MP on the Composition 
of Gut Microbiota 

The Venn diagram showed that samples shared 
a large portion of phylum and genus classifications  
(Fig. 1) after different MP size exposures. At the 
phylum level, Planctomycetes were specific to CK  
while Epsilonbacteraeota were specific to MP groups 
(Fig. 1a). At the genus level, there were five specific 
phyla in both CK and MP groups (Fig. 1b). 

In the time group, 13 phyla were detected after 
different exposure times. Among them, Dependentiae 
were specific to A1, Armatimonadetes were specific to 
A10, and Planctomycetes were specific to A1 and A10; 
no phyla were specific to A5 (Fig. 1c). At the genus 
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level, 106 genera were detected and there was one 
specific genus (Ruminococcus) in A5, six specific genera 
(Prosthecobacter, Pseudoxanthomonas, Cytophaga, 
Brevibacillus, Armatimonas, and Gordonia) in A10, and 
zero specific genera in A1 (Fig. 1d). 

Next, the phyla and genera shared by all the 
individuals in the control and treatment groups were 
used to identify core microbiota. We compared the 
composition of zebrafish gut microbiota exposed to 
MPs for different sizes and exposure times. The results 
showed similar composition among groups (Fig. 2). The 
identified 15 phyla (relative abundance ≥0.01%) included 
Fusobacteria, Proteobacteria, Firmicutes, Bacteroidetes, 
and Actinobacteria, among others. 

We then further compared the differences of specific 
microflora between different groups. At the phylum 
level, the relative quantities of Verrucomicrobia and 
Tenericutes were significantly lower in the group 
exposed to 45-53 µm MP (A5) than in the CK group, 
while Actinobacteria quantities were significantly 
higher in the group exposed to 45-53 µm MP (P<0.05; 
Fig. 3a). Also, the relative abundance of Bacteroidetes 
was significantly higher in the group exposed to  
90-106 µm MP (B5) than in the CK group, and the 

Sample ID No. of OTUs No. of reads

Size 
group

A5 187 174860

B5 159 165266

C5 168 183257

CK 179 162368

Time 
group

A1 177 168617

A5 188 174648

A10 204 171713

Table 1. The number of OTUs and reads of samples.

Fig. 1. Venn diagram illustrating overlap of (a, c) phyla and (b, d) genera in gut microbiota of zebrafish treated with (a, b) 0, 45-53 µm, 
90-106 µm, 250-300 μm MP and (c, d) 45-53 µm MP for 1, 5, and 10-days. CK: no MP; A5: 45-53 µm MP-exposed for 5 days; B5: 
90-106 µm MP-exposed for 5 days; C5: 250-300 µm MP-exposed for 5 days. A1: 45-53 µm MP-exposed for 1 day; A5: 45-53 µm MP-
exposed for 5 days; A10: 45-53 µm MP-exposed for 10 days.
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relative abundance of Firmicutes was significantly  
lower in the group exposed to 250-300 µm MP (C5) 
than in the CK group (P<0.05; Fig. 3a). In addition,  
the composition of gut microbiota also changed 
significantly in the gut after 1-day, 5-day, and 10-
day exposure to 10,000 particles/L of 45-53 µm MP. 
As shown in Fig. 3b), at the phylum level, the relative 
amounts of Verrucomicrobia, Chlamydiae, and 
Chloroflexi significantly increased in the guts of fish in 

the 10-day group compared with the 1-day and 5-day 
groups (P<0.05). 

At the genus level, the composition of zebrafish gut 
microbiota also changed after MP exposure (Fig. 3). 
The relative abundance of Phreatobacter was 
significantly lower in the group exposed to 90-106 µm 
MP than in the CK group and significantly higher in 
the guts of fish in the CK and 10-day groups compared 
with the 1-day group (P<0.05). In contrast, Shewanella 

Fig. 2. Change in the gut microbiota composition at the phylum level after a) treated with 0, 45-53 µm, 90-106 µm, 250-300 μm MP; 
b) treated with 45-53 µm MP for 1, 5 and 10-day (each color represents one bacterial phylum). CK: no MP; A5: 45-53 µm MP-exposed 
for 5 day; B5: 90-106 µm MP-exposed for 5 day; C5: 250-300 µm MP-exposed for 5 day; A1: 45-53 µm MP-exposed for 1 day;  
A5: 45-53 µm MP-exposed for 5 day; A10: 45-53 µm MP-exposed for 10 day.
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was significantly lower in the groups exposed to  
45-53 and 250-300 µm MP than in the CK group, but it 
was significantly higher in the 1-day group compared 
with the CK, 5-day, and 10-day groups (P<0.05).  
A significant increase of Flavobacterium was observed 
in the group exposed to 90-106 µm MP compared 
with the CK group and in the 1-day and 5-day groups 
compared with the CK and 10-day groups (P<0.05). 

Alpha-Diversity Analysis 

The microbial community alpha-diversity was 
calculated using different diversity indices such as 
community richness (measured by observed OTUs) 
(Fig. 4). We did not observe any significant differences 
in Chao1 richness or Shannon and Simpson diversity 
indices (Figs 4(a-c)) between the CK and MP groups 
(P>0.05). The Chao1 richness of the community was 
relatively higher (P>0.05) in the A5 and CK groups 

compared to the B5 and C5 groups. Simpson diversity 
(dominance) of the CK group was relatively lower 
compared to the MP groups (P>0.05), whereas no 
significant difference was observed based on Shannon 
diversity (P>0.05). 

Similarly, alpha-diversity was not significantly 
different in time groups (P>0.05; Fig. 4(d-f)). The Chao1 
richness of the A1 group was similar to that of A5 but 
different from the A10 group. The average abundance 
value of the A1 and A10 groups were relatively higher 
than that of A5 based on Shannon diversity (P>0.05), 
but relatively lower than that of A5 based on Simpson 
diversity (P>0.05). 

Beta-Diversity Analysis

To detect the extent of the similarities between 
microbial communities, β diversity was measured 
using Bray-Curtis, and principal coordinate analysis 

Fig. 3. Relative abundance of the microbiota at the phylum or genus level in gut microbiota after treatment with a) 0, 45-53 µm,  
90-106 µm, 250-300 μm MP for 5 days and b) 45-53 µm MP for 1, 5, and 10-days. CK: no MP; A5: 45-53 µm MP-exposed for 5 days; 
B5: 90-106 µm MP-exposed for 5 days; C5: 250-300 µm MP-exposed for 5 days. A1: 45-53 µm MP-exposed for 1 day; A5: 45-53 µm 
MP-exposed for 5 days; A10: 45-53 µm MP-exposed for 10 days.



Effects of Polyethylene Microplastics Exposure... 5891

(PCoA) was performed. Conforming to the above 
results, the samples clustered together regardless of 
MP size. However, PCoA results clearly showed that 
communities from different MP exposure groups were 
more distant, particularly from those of the CK group 
(Fig. 5a). 

In addition, there were slight differences with regard 
to different exposure times. The PCoA results showed 
partially overlapping 95% confidence interval in the 
A1 and A5 groups. Results were ambiguous in the A10 
group, most likely due to low sample size (Fig. 5b).

Linear Discriminant Analysis Effect Size 
(LEfSe)

To identify the specific bacterial taxa associated 
with MP treatment, the gut microbiota in the controls 
and the samples treated with MP were compared using 
LEfSe. A cladogram representation of the microbiota 
structure and the predominant bacteria is shown in 
Fig. 6; the greatest differences in taxa are displayed. 
However, these differences are not comprehensive, 
in accordance with the analysis above. According 
to the results of LDA score, Vibrionales showed 

significantly higher abundance in the CK group at 
order level. Vibrionaceae and Chitinibacteraceae were 
significantly enriched in the CK group at the family 
level. Vibrio and Paracaedibacter were the dominant 
genera in the CK group. In contrast, Actinobacteria and 
Bacteroidetes were enriched in the treatment group at 
the phylum level. At the class level, Bacteroidia was 
dominant in the treatment group. Flavobacteriales and 
Micrococcales were prevalent at the order level, while 
Flavobacteriaceae and Microbacteriaceae were prevalent 
at the family level. Flavobacterium, Chryseobacterium, 
and Aurantimicrobium were enriched in the treatment 
group at the genus level. 

After exposure to 45-53 µm MP for 1, 5, and  
10 days, a difference was found only between A1 
and A10 groups (Fig. 7), which is consistent with the 
findings above. At the genus level, Acidovorax showed 
significantly higher abundance in the A1 group. The 
abundances of Verrucomicrobia and Verrucomicrobiae 
significantly increased in the A10 group at phylum and 
class levels. Verrucomicrobiales, Legionellales, and 
Rhizobiales were dominant orders in the A10 group 
at the order level. At the family level, Legionellaceae, 
Rubritaleaceae, and Terrimicrobiaceae were enriched 

Fig. 4. Alpha diversity indices of the intestinal bacterial communities of zebrafish after treated with (a, b, c) 0, 45-53 µm, 90-106 µm, 
250-300 μm MP for 5 days and (d, e, f) 45-53 µm MP for 1, 5, 10-day. Chao1 richness (a, d), Shannon diversity (b, e), and Simpson 
diversity (c, f). CK: no MP; A5: 45-53 µm MP-exposed for 5 days; B5: 90-106 µm MP-exposed for 5 days; C5: 250-300 µm MP-exposed 
for 5 days. A1: 45-53 µm MP-exposed for 1 day; A5: 45-53 µm MP-exposed for 5 day; A10: 45-53 µm MP-exposed for 10 day.
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in the A10 group. At the genus level, Phreatobacter, 
Legionella, Luteolibacter, and Terrimicrobium were 
prevalent in the A10 group. 

Discussion

This study is a characterization of the microbiota 
of zebrafish treated with MP by 16S rRNA sequencing. 
The data presented, together with previous studies [12], 
provide a comprehensive view of MP toxicity to gut 
microbiota of zebrafish. Sequencing of the 16S rRNA 
gene showed that exposure to different MP sizes did not 
obviously induce the gut microbial community shift. 
However, gut bacterial diversity had slight variations 
among treatment groups at different exposure times. 

We used PCoA analysis and observed that the gut 
microbiota composition had shifted by 10 days of MP 
exposure. Jin et al. [12] studied the effects of polystyrene 
MP on adult male zebrafish gut microbiota after 14 days 
of exposure to 100 mg/L and 1,000 mg/L MP at two 
sizes (0.5 and 50 µm). The study revealed a significant 
change in the richness and diversity of microbiota in 
the guts of polystyrene MP-exposed zebrafish. In this 
study, polyethylene MPs with larger particle sizes were 
selected on this basis, because previous studies showed 
that MPs with smaller particle sizes were more harmful 
to organisms [25, 26]. In addition, we set different 
exposure times because changes in host microbes 
are time-dependent [27], and damage to the organism 
is also related to MP exposure time [28]. We found  
a core microbiota that was resistant to MP treatment; 

Fig. 5. At the genus level, PCoA based on the bray-curtis distance plotted against the PCoA1 versus PCoA2 axes after a) treated with 0, 
45-53 µm, 90-106 µm, 250-300 μm MP; b) treated with 45-53 µm MP for 1, 5, and 10-days. 
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Fig. 6. The most differentially abundant taxons among zebrafish identified by LEfSe after treatment with 0, 45-53 µm, 90-106 µm,  
250-300 μm MP. The brightness of each dot is proportional to its effect size a). Only taxa meeting an LDA significant threshold >3  
are shown b).
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Fig. 7. The most differentially abundant taxons among zebrafish identified by LEfSe after treated with 45-53 µm MP for 1, 5, and 10-
days. The brightness of each dot is proportional to its effect size a). Only taxa meeting an LDA significant threshold >3 are shown b).
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however, due to the scarcity of literature, the effect of 
MP on the intestinal microbes of zebrafish cannot be 
determined because of the differences in experimental 
conditions and operations. Further study of this finding 
is needed. 

Previous studies have shown that phyla Fusobacteria 
and Proteobacteria dominate the gut microbiota of 
zebrafish [29, 30]. Similarly, both the control and 
MP treated zebrafish showed prevalence of phyla 
Fusobacteria and Proteobacteria in their intestines, 
with some minor changes in composition. These minor 
changes did not generate α-diversity or β-diversity 
differences, which was inconsistent with the results in 
a previous study that MP could significantly affect the 
gut microbiota in mice [31]. This contradiction may be 
due to the differences in species, MP type, and MP size. 
The absence of these differences led us to explore the 
possible existence of a core microbiota that is resistant 
to MP treatment. As expected, the results indicate 
that both the CK group and the MP treatment groups 
have a specific phylum with five distinguishing genera. 
To make our observations more reliable and provide 
a frame of reference, we compared the microbiota 
presented here with those identified by Jin et al. [12] 
who found that at the phylum level, the abundance of 
Bacteroidetes and Proteobacteria decreased significantly 
and the abundance of Firmicutes increased significantly 
after polystyrene MP exposure. In this study, however, 
the abundance of both Actinobacteria and Bacteroidetes 
increased significantly, the abundance of Firmicutes 
decreased significantly, and the abundance of 
Proteobacteria had no significant change compared with 
the CK group. The sample size, MP size, and exposure 
time may contribute to these conflicting outcomes. After 
treatment at different exposure times, the abundance of 
core microbiota had no significant change. Possibly, the 
criteria for core microbiota could be relaxed to include 
OTUs present in less than 100% of samples or deeper 
taxonomic levels [32]. Therefore, further studies with 
sufficient sample sizes are needed to confirm the core 
microbiota and determine which taxonomic level is 
most appropriate for the definition.

Phreatobacter, Shewanella, and Flavobacterium 
genera, which are closely associated with fish 
metabolism, disease, and inflammation, exhibited 
significant differences in both size and time groups. 
According to these previous studies, Phreatobacter 
is abundant in waters with low chlorine concentration 
[32-35]. However, a recent article reported that genus 
Phreatobacter is prevalent in chlorinated samples, 
suggesting that its abundance in the planktonic 
microbial population could result from biofilm, and it 
could be sensitive to chloramine disinfection and Cu2+ 
accumulation [36]. In this study, the relative abundance 
of Phreatobacter was significantly lower in the A1 and 
B5 groups than in the CK group, possibly due to the 
continuous circulation of water in the tank. 

Genus Shewanella is plentiful in marine and 
freshwater environments, which is most commonly a 

secondary or opportunistic pathogen that rarely causes 
infection. For example, Shewanella algae can produce 
extracellular virulence factors such as siderophores, 
exoenzymes, and tetrodotoxin, and may play a role in 
pathogenesis [37]. In this study, the relative abundance 
of Shewanella was significantly higher in A1 than in 
the CK group, but significantly lower in the A5 and C5 
groups. Previous research indicates that most species 
of this genus have metal-reducing capabilities, so they 
have been used to bio-remediate toxic elements and 
heavy metal contamination [38]. However, because 
infections are rare and most often associated with a 
severely immunocompromised host state, it is unclear if 
Shewanella is a true pathogen. 

Flavobacterium is a common pathogen of farmed 
fish [39]. It can cause acute, subacute, and chronic 
infections [40], which often leads to high mortality and 
economic losses. However, Flavobacterium also can 
positively effect organisms. For example, it frequently 
harbors extracellular macromolecular-degrading 
enzymes, including amylase, cellulase, chitinase, 
peptidases, and diverse glycoside hydrolases (GH), 
which enable the bacteria to digest easily degradable 
polymers like starch and recalcitrant biopolymers like 
chitin. For this reason, it has an important role in the 
turnover of certain organic matter (carbohydrates, 
amino acids, proteins, and polysaccharides) [41, 
42]. In addition, Flavobacterium has shown specific 
detoxifying capabilities against NaCl toxicity to 
Nannochloropsis oculata growth [43]. However, the 
mechanisms for this effect remain unknown. In this 
study, the relative abundance of Flavobacterium was 
significantly higher in the A1, A5, and B5 groups 
than in the CK group. These findings suggest that the 
microbiota itself helps to resist pathogen invasions via 
competition, and gut microbiota structural changes are 
the consequence of competition between probiotics and 
pathogens. 

Although there were many similarities between the 
control and treatment groups, there were also differences 
where specific genera correlated with MP levels. There 
were five specific genera, including Porphyromonas, 
Xanthobacter, Campylobacter, IMCC26134 (unclassified 
Verrucomicrobia), and Lachnoanaerobaculum. Most 
genera identified in MP treatment groups contained 
reported pathogens. For example, Porphyromonas 
is characterized as a keystone pathogen whose 
interactions with other bacteria are critical for the 
development of periodontitis [44]. Xanthobacter can 
grow chemolithoautotrophically and use molecular 
nitrogen (N2) as its nitrogen source [45]. However, 
it has not been isolated from human samples to date, 
so the clinical significance of this genus is unknown. 
Campylobacter can be a pathogen for rainbow trout, 
with disease presentation including exophthalmia, pale 
liver, bloody kidney, hemorrhagic heart, and swollen 
intestine, but not for scattered mirror carp [46]. All of 
these previous findings indicate that zebrafish treated 
with MPs have increased risk of infection by pathogens. 
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However, genera such as Lachnoanaerobaculum, 
isolated from the human small intestine, can produce 
butyrate, which provides nutrients for the tissue  
and protects the integrity of the intestinal mucosa  
[47]. Research indicates that energy deficiency in a host 
may correspond to a decrease in Lachnoanaerobaculum 
[48]. Therefore, Lachnoanaerobaculum could be 
considered a probiotic. The above evidence suggests 
that gut microbiota structural changes are the 
consequence of competition between probiotics and 
pathogens. Although MPs increase the risk of pathogen 
invasions, probiotics provide a potential to recover from 
the damage. These data provide new evidence for the 
hypothesis that the microbiota functions as a metabolic 
assistant to the host and stresses resistant entities. 
Additionally, as a polymer, MP cannot degrade by itself 
in organisms. However, as a synthetic substance, it can 
release toxins when accumulated in organisms over 
time, thus changing the structure and composition of 
intestinal flora and even harming organism health. 

Conclusions 

In summary, the effects of different sizes and 
different exposure times of polyethylene MPs on the 
gut microbiota were analyzed in zebrafish. We observed 
that MP treatment did not change the core microflora 
structure of zebrafish gut microbes, but it did change 
the composition and proportions of certain phyla and 
genera. The results obtained from this study provide 
new insights into the toxicity of polyethylene MP 
and its potential health risks to aquatic organisms.  
In conclusion, studies of the health risks associated 
with MPs are still in preliminary stages. More research 
is needed to determine the ecological risks of MPs, 
particularly with regard to the pathogenesis of MP  
in vivo.  
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