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Introduction: The common carp (Cyprinus carpio) is a species that has been
used worldwide as a source of protein for humans because of its adaptive
capacity to the environment; however, it is also an invasive species. In Mexico,
it was introduced to provide an easily accessible source of protein to people in
rural areas until its extensive nationwide distribution. The community of viruses in
these fish is not completely known.

Methods: Massive sequencing, i.e., whole metagenome shotgun (WMS) sequencing,
and bioinformatic analysis were used to describe the viral community of common
carp (Cyprinus carpio) living in a natural preserved wetland.

Results: Through sequencer Illumina NextSeq 500/550 we got 484,953,684
sequences from ten samples of fecal content of carp (5 samples to DNA and 5
samples to RNA). The virome comprised 30 viral families (13 DNA families and 17
RNA families), among which viruses related to vertebrates stood out, for example
Orthoherpesviridae, Parvoviridae, Astroviridae, Poxviridae, Hantaviridae
and Picornaviridae.

Discussion: The most abundant viral taxa corresponded to bacteriophages, most
of which are of polyphyletic origin. The results of this work contribute to the
knowledge of the different viral taxa found in the common carp in the wild and
indicate that these viral taxa may play a role in health and productivity of
fish farms.
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1 Introduction

The virome formed by viral communities has been studied since
the beginning of this millennium. Initially, non-cultivable viral taxa
were identified in seas and oceans (Breitbart et al., 2002). Later, viral
families were characterized in the intestinal content of humans
(Breitbart et al., 2003) and animals that due to their economic
importance, proximity to humans, and host to or vector of known
viruses, could transmit a virus that affects public health or animal
health (Cann et al., 2005; Chen et al., 2017; Kwok et al., 2020; Tan
et al., 2021).

The viral community of fish has been little studied; currently,
there are seven articles that describe the virome in more than 30
species from various organs, including the spleen, liver, gills and
skin, notably, only one of them analyzed stool samples (Xi et al.,
2023). Three research used metagenomics for their descriptions
(Filipa-Silva et al., 2020; Gadoin et al., 2021; Xi et al., 2023) and the
remaining four performed metatranscriptomics (Costa et al,
2021; Geoghegan et al., 2021; Perry et al, 2022; Grimwood
et al., 2023).The aforementioned studies have mainly studied
abundance and viral diversity, which help to understand the
viral ecology of the most diverse group of vertebrates on
the planet.

For the present, the only research related to common carp
(Cyprinus carpio) was carried out in Basin, Australia (Costa
et al.,, 2021). In contrast, the viromes for freshwater have been
widely studied, and most have reported viral families of
bacteriophages and viruses related to the flora or fauna of the
study site (Aguirre de Carcer et al., 2016; Cai et al., 2016; Chopyk
etal.,, 2018; Guetal., 2018; Moon et al., 2020; Rusifiol et al., 2020;
Palermo et al., 2021).

Carp is a species that has been food for humans since ancient
Roman times, and between the 12th and 14th centuries AD,
unintentional selection occurred that represented one of the first
steps toward carp domestication (FAO, 2005). To date, carp has
been introduced in practically all countries where there is an
opportunity for successful reproduction and is one of the most
cultivated species worldwide (FAO, 2023a). The common carp
(Cyprinus carpio) was introduced to Mexico from Europe at the
end of the 19th century. Subsequently, the Mexican government
imported more carp to improve the quality of the diet, providing
another protein option for Mexican families as well as sources of
work for rural populations (National Institute of Fisheries, 2018).
Currently, common carp is cultivated in different states of the
Mexican Republic, with Tamaulipas, Jalisco and Michoacan being
the main producers in 2021 (National Aquaculture and Fisheries
Commission, 2021).

The common carp is an omnivorous animal that can eat a wide
variety of natural foods, with a diet consisting of zooplankton,
worms, mollusks, crustaceans, insects (which can be eggs and
pupae), stems, leaves and soft parts of plants, seeds of aquatic
plants, fish eggs, small fish and larval fish. Additionally, it has an
adaptive capacity that allows for changes in food preferences based
on the availability of resources (Hoole et al., 2001; FAO, 2005; FAO,
2023b). Feeding by carp occurs mainly in the deepest parts of the
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body of water that they inhabit (benthic behavior); the optimal
temperature of the feeding environment is 20 to 25°C, with feeding
stopping at 8°C (FAO, 2023b). These feeding characteristics can
modify ecosystem conditions if carp are released to the wild, which
is why the National Commission for the Knowledge and Use of
Biodiversity (Comision Nacional para el Conocimiento y Uso de la
Biodiversidad - CONABIO) and the Invasive Species Specialist
Group (ISSG) consider carp a species with invasive potential
(CONABIO (2011); GISD, 2013).

Considering the feeding behavior, adaptability and broad diet of
carp, this fish can provide and expand the information on the
identification and presence of viral communities in freshwater
natural habitats that could be important for health fishes.
Therefore, the objective of this study was to describe, through
massive DNA and RNA sequencing, the viral community in the
fecal content of wild Cyprinus carpio.

2 Materials and methods

2.1 Study site

The wetland “Laguna de Chignahuapan” is located in the
municipality of Almoloya del Rio (19°09’15.9”N 99°29’41.7°W)
within Cienegas de Lerma. It is a naturally preserved wetland
where there is a carp population and is listed on “The List of
Wetlands of International Importance” by Ramsar (Ramsar,
2023).This is the only wetland of “Cienegas de Lerma” best
preserved and no outbreak of illness due to viral infection has
been reported.

2.2 Carp

The fish were caught by the person in charge of the wetland.
Ten wild carp were obtained. The carp were collected from January
30 to February 20, 2022, and were transported to the Department
of Bird Medicine and Animal Husbandry (Departamento de
Medicina y Zootecnia de Aves - DMZA) at the School of
Veterinary Medicine and Animal Husbandry (FMVZ-UNAM,
for its acronym in Spanish) under refrigeration conditions inside
a cooler with ice for human consumption (4°C). Once at the
DMZA, the carp were euthanized using a piercing pin in
accordance with the “Aquatic Animal Health Code” of the
World Organization for Animal Health (WOAH) (OMSA, 2019).
Subsequently, to avoid contamination of the sample with the
microbiome present in carp skin, the fish were sprayed with 70%
ethanol (Givens et al.,, 2015; Li et al., 2015; Cui et al., 2017).
Biometrics as maximum high, partial high, length, body weight and
sex were measured (Supplementary Material 1). The collection of
and procedures involving carp were approved by the Institutional
Subcommittee for the Care and Use of Experimental Animals
(Subcomite Institucional para el Cuidado y uso de Animales
Experimentales - SICUAE) of FMVZ-UNAM, protocol number
SICUA. DC-2021/4-8.
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2.3 Collection of samples

Anatomical dissection was carried out in the necropsy room of
the DMZA under aseptic conditions using sterile surgical tools to
dissect the final part of the lower esophagus (10 cm). The fecal
content of each fish (average 1.13 grams) was collected individually in
DNAse-free and RNAse-free sterile plastic tubes with a screw cap,
and once collected, the samples were stored immediately at -70°C. In
addition, we performed histopathologic analysis of gills, spleen, liver
and kidney, there was no evidence of tissue injuries. Results
not shown.

2.4 Obtaining viral particles

The collected intestinal content samples were allowed to thaw at
room temperature inside a NUAIRE laminar flow hood (model NO.
NU-440-400), after which the samples were resuspended in Viral
Transport Media (GIBCO, Thermo Fisher Scientific, A48750DK) at a
ratio of 1:1 and homogenized by gentle manual shaking. The samples
were centrifuged at 3150 x g for 15 minutes to precipitate the organic
material at the bottom of the tube, and the supernatant was collected.
To remove residual content, the supernatant was centrifuged at
15,000 x g for 15 minutes at 4°C. To remove eukaryotic and
prokaryotic cells, the supernatant was passed through 0.45-pm and
0.22-um filters, 0.4-1 ml were recovered. Finally, each sample was
treated with DNase TURBO (Thermo Fisher, Invitrogen, Catalog
number: AM2238) and RNase Cocktail (Thermo Fisher, Invitrogen,
Product code 10036284), following the instructions of the
manufacturer using 200 pl of sample for each reaction. The
reaction was carried out at 37°C for 1 hour and stopped at -20°C.

2.5 Obtaining nucleic acids from
viral particles

DNA was obtained from 5 samples using a commercial kit
(AllPrep PowerViral DNA/RNA Kit, Qiagen, Hiden Germany, Cat.
No. 28000-50) following the protocol recommended by the
manufacturer. RNA was obtained from other 5 samples using a
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FIGURE 1
Processing and analysis of DNA and RNA samples.
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TRIzol RNA Purification kit and Phasemaker Tubes Complete
System (Invitrogen, Cat No. A33254), for both material genetic
200 pl of sample were used for each reaction. The purified DNA and
RNA samples were used for massive whole metagenome shotgun
(WMS) sequencing at the University Unit for Massive Sequencing
(Unidad Universitaria de Secuenciacion Masiva - UUSM) of the
Institute of Biotechnology (IBT-UNAM). A summary of the
processing of the 10 samples is shown in Figure 1.

2.6 Preparation of WMS libraries and
massive sequencing

Library preparation and sequencing was carried out by UUSM.
Genetic material was quantified using the Qubit' ' dsDNA HS
Assay Kit and the Qubit ™ RNA HS Assay Kit, none of the samples
showed a concentration of 1 mg/pl. The DNA libraries were
constructed using the Illumina DNA Prep Kit following the
manufacturer’s protocol, and the RNA libraries were constructed
using the Illumina TruSeq Stranded mRNA Sample Prep Kit
following the manufacturer’s protocol, where DNA libraries had
average 600 bp and final loading concentration 1.2-1.3 pM. By the
other hand, RNA libraries had average 260 bp and final loading
concentration 4 nM. Both libraries were sequenced using the
Mumina NextSeq 500/550 High Output Kit v2.5. For the DNA
libraries, sequencing was carried out using 2x150 cycles, and for the
RNA samples, sequencing was carried out using 2x75 cycles
(Supplementary Material 2A).

2.7 Bioinformatic analysis

The raw sequences were filtered by quality Phred Q> 30 threshold
using Trimmomatic V0.40 (Bolger et al., 2014). Bowtie2 was used to
remove the host genome (Langmead and Salzberg, 2012) using the
reference genome for Cyprinus carpio (GenBank LN590701.1) and the
mitochondrial genome of Cyprinus carpio (GenBank NC-001606).
Sequences belonging to bacteria and archaea were identified using
Kraken2 with a kmers of size 50 (Wood et al., 2019) for later removal.
The filtered sequences were searched in BLASTn using a value of

Bioinformatic —
Analysis
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e= 1x10”. For DNA samples, the virus database in GenBank (https://
www.ncbi.nlm.nih.gov/labs/virus/vssi/#/virus? VirusLineage_ss=DNA
%20viruses&SeqType_s=Genome&SourceDB_s=RefSeq)
(download date 19/4/2023) was used, and for RNA samples,
NCBI's RNA RefSeq viral database was searched https://
www.ncbi.nlm.nih.gov/labs/virus/vssi/#/virus?VirusLineage_ss=RNA
%20viruses&SeqType_s=Genome&SourceDB_s=RefSeq (download
date 4/19/2023). BLASTn results were viewed and analyzed in
MEGAN Community Edition (v6.12.3) (Huson et al,, 2016) and R
version 4.2.2. with the ggplot2 library.

Using MEGAN, the Shannon-Wiener index and rarefaction
curves were calculated at the viral family level for DNA and RNA
samples (respectively) using normalized counts (sequence counts
were normalized to the smallest sample size). Likewise, to visualize
the composition of viral communities at the DNA and RNA levels
by means of beta diversity, the Bray—Curtis dissimilarity was
calculated. The relative abundance of the most representative viral
taxa (abundance> 1%) in the samples was visualized by bar graphs
generated in ggplot2, and the abundance by mean normalized
counts was visualized by heatmaps generated in MEGAN.

Finally, the sequences classified as viral by BLASTn were
aligned with sequences in NCBI RefSeq viral protein database
https://www.ncbi.nlm.nih.gov/labs/virus/vssi/#/virus?
SeqType_s=Protein (download date 04/22/2023) using BLASTx
with e = 1x10” as the threshold for positive matches. Similarly,
the MEGAN program was used to generate heatmaps of the results
for the DNA and RNA samples (Supplementary Material 2B).

3 Results
3.1 Cleaning and taxonomic assignment

Ten fecal content samples from Cyprinus carpio were processed:
five samples were used to extract DNA, and five samples were used

TABLE 1 DNA and RNA sample sequences assigned to viral taxa.

10.3389/faquc.2024.1289423

to extract RNA (NCBI BioProject accession PRJNA1011357,
publicly available 02/29/2024). A total of 386,988,626 DNA
sequences were obtained, of which 195,888,756 (50.61%) were
with Phred Q quality > 30. Approximately 5% of sequences with
Phred Q quality > 30 were removed because they were sequences
from carp, bacteria or archaea genomes. A total of 6,960,375 viral
sequences were identified by means of BLASTn (Table 1) and
classified into 13 viral DNA families. A total of 97,965,058 RNA
sequences were obtained, of which 58,010,314 sequences (59.21%)
sequences with Phred Q quality> 30 were preserved. Approximately
~18.09% of the sequences with Phred Q quality > 30 were removed
because they were sequences in the carp, bacteria or archaea
genomes. BLASTn alignment identified 402,250 viral sequences
classified into 17 viral families, a group of unclassified
Picornaviral and a group of unclassified RNA viruses (Table 1).

3.2 Abundance and viral diversity

The most abundant group of viruses were bacteriophages,
approximately 90% of viral sequences corresponded to viral
families related to bacteria; these sequences were classified into
polyphyletic viruses (before known as Caudovirales) and 7 families:
all of them detected in DNA samples (Ackermannviridae,
Autographiviridae, Chaseviridae, Herelleviridae, Schitoviridae,
Zobellviridae and Demerecviridae). Vertebrate-related viruses were
the second most abundant group of viruses, approximately 7% of
viral sequences corresponded were classified to viral families related
to vertebrates (rodents, fish, reptiles, birds and humans); these
sequences were classified into 10 families: 4 detected in DNA
samples (Iridoviridae, Poxviridae, Orthoherpesviridae (before
known as Herpesviridae (Benko et al., 2021)) and Parvoviridae)
and 6 detected in RNA samples (Astroviridae, Coronaviridae,
Hantaviridae, Nodaviridae, Picornaviridae and Retroviridae).
Viral families related to invertebrates had at less 1.4% of

Genetic Total Q>30 Carp Bacteria Shannon-
material sequences* | sequences sequences®  and archaea® Weiner index®

1 DNA 79,795,586 39,101,090 4,226,750 13,980 3,811,695 0.759

2 DNA 70,005,538 35,673,332 2,454,290 37,806 472,026 2371

3 DNA 75,251,934 40,314,588 2,231,726 27,585 280,601 2117

4 | DNA 64,889,386 34,133,400 419,936 42,922 475,550 2.288

5 DNA 97,406,182 46,666,346 671,090 28,937 1,920,503 1.863

6 | RNA 29,437,850 14,033,208 3,332 1,025,106 147,292 1.209

7 | RNA 23,005,262 15,808,048 644 24,947 213,904 1127

8 | RNA 25,947,558 1,388,802 3,800 300,036 9,977 1.289

9 | RNA 17,874,730 15,809,710 2912 9,026,524 12,790 0.194

10  RNA 3,061,574 10,970,546 5,324 104,125 18,287 2315

Amount per sample of sequences assigned to a viral taxon using BLASTn and the GenBank database (April 2023).

*The number of sequences in each sample includes their corresponding paired files R1 and R2.

“Removed sequences.
“Index calculated at the family level.
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sequences classified into 4 families: 1 in DNA samples
(Mimiviridae) and 3 classified in RNA samples (Chuviridae,
Dicistroviridae and Iflaviridae). Approximately 0.7% of viral
sequences corresponded to viral families related to plants these
sequences were classified into 7 families, with all 7 detected in RNA
samples (Botourmiaviridae, Caulimoviridae, Partitiviridae,
Solemoviridae, Tombusviridae, Tospoviridae and Virgaviridae).
While viral sequences related to algae and phytoplankton were
the least group of viruses with less than 1% of sequences classified
into 2 families: 1 detected in DNA (Phycodnaviridae) and 1 detected
in RNA (Marnaviridae). Ultimately, unsorted RNA virus (including
unclassified Picornavirales) sequences represented less than 1%.

Three of five DNA samples (60%) and 1 of 5 RNA sample (20%)
showed a Shannon-Weiner index between 2-3, representing
homogeneous diversity, and the rest of the samples, 40% to DNA
samples and 80% to RNA samples, had low diversity (<2),
representing heterogeneous diversity (Table 1). For both the DNA
and RNA samples, diversity was analyzed through rarefaction
curves at the level of viral families. The rarefaction curve for
DNA samples indicated that each sample reached its respective
plateau between 10,000 and 20,000 sequences (Supplementary
Material 3), and the rarefaction curve for RNA indicated that
each sample reached an asymptotic level between 12,000 and
12,500 sequences (Supplementary Material 4).

For the DNA samples, bacteriophages were the most
representative families (90.14%), among which poliphyletic
viruses were identified in all carp. The viral family related to
vertebrate that was detected in all carp was Poxviridae, with an
abundance of 0.3 to 5.4%. Nevertheless, it was not the only viral
family related to vertebrate; Iridoviridae was also detected in carp 1
and 5 (20% of carps) with abundances <4%, Orthoherpesviridae and
Parvoviridae in carp 5 (10% of carps) with abundances of 0.4% and
0.2%, respectively. Viral taxa related to invertebrates represented

100
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0.8% of viral sequences among which Mimiviridae had abundances
of 0.11 to 6.12%. Algal-related viral families represented 0.55% of
viral sequences, among which Phycodnaviridae had an abundance
of 0.23 to 2.9% in all samples (Figure 2).

For RNA samples, viral families related to vertebrates were most
representative sequences with 75%. For all RNA samples, there were
sequences belong to Picornaviridae with abundances of 1 to 80%
and Solemoviridae with 0.4 to 97%. Four carps (80%) had viral
families related to vertebrates: Astroviridae (0.1 to 1.8% of
abundance), Hantaviridae (0.2 to ~8.1%), Nodaviridae (0.6 to
1.1%) and Retroviridae (0.005%). Viral families related to plants
were also present in 4 carps: Virgaviridae (0.89 to 7.2%) y
Partitiviridae (0.35 to 66%). Viral families related to invertebrates
represented 9.57% of RNA viral sequences, which Dicistroviridae
were detected in four carps (80%) with abundance of 2.7 a
49.63% (Figure 3).

3.3 Beta diversity

As seen in Figure 4, unsupervised hierarchical grouping
(dendrogram) carp 2 and 5 were grouped in same clade as they
contained viral families that were only detected in these samples,
such as Ackermannviridae in carp 1 and the aforementioned
Orthoherpesviridae and Parvoviridae in carp 5, with carp 1 being
the sample with the greatest dissimilarity in relation to the others
(Bray-Curts index 0.622-0.725). While, carps 2 and 4 were grouped
together in the dendogram as they were similar in their viral
community, as well as in proportion of reads assigned to each
viral family (Bray-Curtis index 0.188), on the other hand, carp 2
showed a dissimilarity of 1.179 and 0.156 with carps 3 and 4,
respectively, however; by showing a higher abundance of counts
assigned to viral families related to bacteria, it was grouped close to
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FIGURE 2

Relative frequency of the most representative viral families in DNA samples extracted from the fecal content of common carp (Cyprinus carpio).
* Viral families with an abundance <1% or present in only a few samples were included in "Other”.
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these carps (Figure 4). Similarly, the heat map of RNA samples had
a similar architecture to DNA in terms of the dendogram, as it
clustered carps 8 and 9 together due to their high abundance in viral
families such as Chuviridae, Caulimoviridae and Retroviridae in
tent 8 and Solemoviridae and unqualified Picornavirales in carp 9.
The carp 6 and 7 samples were highly similar to each other (Bray-
Curtis index 0.05) and were pooled together, being carp 7 the RNA
sample with the highest dissimilarity in relation to the others (Bray-
Curtis index 0.853-0.980). Carp 10 was not pooled with carp 6 and 7
due to high abundance in 12 viral families (Figure 5).

Relative frequency of the most representative viral families in RNA samples extracted from the fecal content of common carp (Cyprinus carpio).
* Viral families with an abundance <1% or present in only a few samples were included in "Other”.

Carp 8 Carp 9

%{L Plants

4 Discussion

Our analysis of fecal contents of wild carp revealed a viral
community composed of 30 viral families, which 17 correspond to
RNA viral families and 13 to DNA viral families. Among these 30
viral taxa, 21 have been detected in other studies of viral populations
in different fishes, the most remarkable similarity being presence of
all the vertebrate-related viral families reported in the present work.
The Poxviridae family has been detected in 5 different studies
conducted in Australia (Costa et al., 2021), China (Xi et al,
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Chaseviidae
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FIGURE 4

e ’—‘;

Unsupervised hierarchical grouping of DNA samples at the family level. The relative abundance of viral families was obtained from the BLASTn

analysis, and the assigned sequence counts were normalized, analyzed and visualized in MEGAN Community Edition. The color code indicates the
relative abundance in relation to the mean (red indicates greater abundance,
classified in Orthoherpesviridae family by ICTV (International Committe on Taxonomy of Viruses).
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and blue indicates lower abundance). *Sequences in this taxon now are
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2023), Portugal (Filipa-Silva et al., 2020) and New Zealand (Perry
et al., 2022; Grimwood et al., 2023), followed by Hantaviridae and
Picornaviridae, which have been reported in 4 studies conducted in
Australia (both) (Costa et al., 2021; Geoghegan et al., 2021) and
New Zealand (Perry et al., 2022; Grimwood et al., 2023) for
Hantaviridae, and, China (Xi et al, 2023) and Portugal (Filipa-
Silva et al., 2020) for Picornaviridae. For its part, Astroviridae and
Parvoviridae families have been detected in three different
researches, wich were caried out in Australia (Costa et al., 2021;
Geoghegan et al,, 2021) and New Zealand (Grimwood et al., 2023),
while the sites reporting Parvoviridae were conducted in China (Xi
et al.,, 2023), Portugal (Filipa-Silva et al., 2020), and Gulf of Guinea
(Gadoin et al., 2021). Likewise, Orthoherpesviridae was reported as
Herpesviridae in three different investigations performed in China
(Xi et al, 2023), Portugal (Filipa-Silva et al, 2020), and New
Zealand (Grimwood et al., 2023). It is noteworthy that the
present research shows the largest number of viral families related
to vertebrates detected so far in fish, the study performed by Xi et al
(Xi et al.,, 2023). is the second with 5 viral families, which was the
only one that used samples of fecal contents for its research.
Differences in the presence or absence of some viral families
between the common carp viral community and the viromes
described in other marine and freshwater fish species could be
due to the study site, study subject, type of sample and abiotic
factors, such as; temperature, ultraviolet radiation and pH (Sahu
et al., 2023), that could affect the composition of viral communities.

It is important to emphasize that in the seven previous studies
on viroma in fishes living in natural aquatic environments, viral
families that affect fish have been detected, for example;
Alloherpesviridae, Poxviridae, Iridoviridae, Picornaviridae,
Caliciviridae, Rhabdoviridae, among others (Filipa-Silva et al.,
2020; Costa et al,, 2021; Gadoin et al., 2021; Geoghegan et al.,
2021; Perry et al., 2022; Grimwood et al., 2023; Xi et al.,, 2023), but in
absence of disease. Likewise, in the present description of viroma in
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carp fecal contents, viral families that might affect fishes including
carp, such as Iridoviridae, Picornaviridae, Poxviridae and
Nodaviridae, were detected without any outbreak of diseases.

Other authors have reported illness in common carp by Koi
ranavirus (unclassified Iridovirus/Ranavirus), carp picornavirus
(unclassified Picornavirus) (Lange et al., 2014; George et al., 2015;
Kaviarasu et al., 2020) and carp poxvirus on fish farms (Ono et al.,
1986). This scenario shows how limited our knowledge is in terms
of viral pathogenesis and spread of these viruses in fishes living in a
natural aquatic environment versus fish farms.

The detection of these viral families in common carp could
represent the proximity they have with the diverse hosts where the
viruses replicate, even without determining whether fish could
participate in the transmission of these viral taxa, so further
studies of molecular biology, isolates and epidemiology would be
needed to corroborate or refute the participation of fish living in
natural aquatic environment in the transmission of viruses to
farm fishes.

In viromes described for freshwater environments, viral families
related to aquatic or terrestrial vertebrates have been detected (with
the exception of Hantaviridae) and were identified in the present
work (Rooks et al., 2010; Fancello et al., 2012; Ge et al., 2013; Wan
et al., 2013; Green et al., 2015; Green et al., 2018; Kim et al., 2015;
Mohiuddin and Schellhorn, 2015; Cai et al., 2016; Alexyuk et al.,
2017; Gu et al.,, 2018; Potapov et al,, 2019; Chopyk et al., 2020;
Rusifol et al., 2020; Palermo et al., 2021) which point out, if these
environments also participate in spreading viruses to other animals
taxonomically different from fish.

Although there are no fish viruses that cause zoonoses or
diseases to another taxonomic group of animals other than fish,
the detection of these viral families in the fecal content of common
carp in the wild could represent a public or animal health risk
similar to that with fecal matter of domestic animals through viral
families such as Astroviridae and Parvoviridae, which have been
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identified in the virome of the fecal content of dogs, cats, cattle,
small ruminants, pigs and productive birds, as well as Retroviridae
detected in cattle, small rumiants, pigs, productive birds and dogs.
Coronaviridae reported in cattle, pigs, dogs and cats.
Orthoherpesviridae (before known as Herpesviridae) detected in
cattle, pigs, productive birds, dogs and cats. Picornaviridae and
Poxviridae has not been detected in cats, Iridoviridae only reported
in cattle and productive birds, Hantaviridae have been only
detected in production birds (Zhang et al., 2014; Kwok et al,
20205 Shi et al., 2021). The viromes of the wild common carp and
domestic animals differ mainly because of a greater diversity of
vertebrate-related viruses and bacteriophages in domestic animals.
However, viruses detected in the feces could only pass-through
digestive tract. In order to know if those viruses replicated in
common carp and participate as mechanical carriers or reservoirs
in the natural aquatic environment, experimental studies are
required in the future.

The confirmation of viral families related to vertebrates by
BLASTx (except Coronaviridae, Hantaviridae and Retroviridae)
indicates that common carp is a species to consider for the
presence of viral families that could represent a risk to public
health and animal health; however, more detailed studies
(molecular, isolates and epidemiological) are need to be able to
deny or confirm the presence of viral species in common carp that
cause diseases to animals or humans. Importantly, the virome
described in the present work represents a part of the viral
community present in the “Laguna de Chignahuapan” wetland
and habitats in the region.

The viral families related to plants accounted for a small
percentage of sequences (0.70%) but comprised the second most
diverse group after viruses related to vertebrates; 7 viral families
were identified: Botourmiaviridae, Caulimoviridae, Partitiviridae,
Solemoviridae, Tombusviridae, Tospoviridae and Virgaviridae.
These may have been present in fecal samples due to the feeding
behavior of carp when eating various types of plants or their debris
(Garcia-Berthou, 2001). Only Caulimoviridae and Tombusviridae
have been reported in fishes viromas (Gadoin et al., 2021; Perry
et al,, 2022); for the viromes in freshwater fish, only Partitiviridae,
Tombusviridae and Virgaviridae have been detected (Djikeng et al.,
2009; Rusifiol et al., 2020).

The unsupervised hierarchical clustering shows that carps even
sharing the same environment might present differences in their
viral populations, with viral taxa existing only in some carps, such as
Ackermannviridae family in carp 1, Orthoherpesviridae and
Parvoviridae in carp 5 and Coronaviridae in carp 10. These viral
communities could be affected by biotic (microbial community and
extracellular enzymes) and abiotic factors (sedimentation, oxygen,
pH, ultraviolet radiation and salinity) in presence, absence and
frequency of virus taxa. However, those factors have not yet been
assessed for their influence on the fish viroma, but have been tested
in free DNA from aquatic environments (Sahu et al., 2023).

The results for the common carp suggest variability within the
dynamic ecosystem of Laguna de Chignahuapan, unlike a closed
ecosystem animal farm, such as commercial poultry or pigs for
human consumption, where these ecosystems have biosecurity
measures that focus on reducing the entry of microorganisms that
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could cause disease in animals. Consequently, the virome in these
farm animals comprises fewer viral families than did the virome of
carp in this study (Shan et al, 2011; Lima et al., 2017). In pigs, a
constant presence of some viral families (Picornaviridae, and
Caudovirales before known as Myoviridae and Podoviridae) can
be observed in all individuals (Yang et al., 2022).

In virome studies of other fish, viral diversity has been explored
from different perspectives; for example, in tuna, a “core” virome
comprising bacteriophages, Microviridae, Circoviridae and
Geminiviridae was identified (Gadoin et al, 2021). In gilthead
seabream and horse mackerel, the differences in the virome
between the liver and skin of the same species are explained by
the sampling regions (Filipa-Silva et al., 2020). For marine fish
studied in Australia, initially, the authors considered the study of
diversity based on behavioral differences of the different species, and
later, the virome was analyzed by grouping the fish by taxonomic
order (Geoghegan et al., 2021). These analyses of diversities have
been conducted based on the particular objective of each study.

5 Conclusion

The fecal content virome of the common carp (Cyprinus carpio)
from a natural preserved wetland contained an abundant
community of phages and secondly other viral taxa related to
terrestrial and aquatic vertebrates, with some of these viral
families having been detected in different marine and freshwater
fish viromes studies.

This information provides a first overview of the viral taxa that
may be present in a natural and still preserved aquatic environment.
However, although some viral families affecting farms fishes have
been reported to cause disease, there is not sufficient evidence of
viral fish illness in naturally aquatic environment. Therefore, the
role of common carp in natural environments as potential
reservoirs of different viruses needs further investigation.
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