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Aquatic invasive species (AIS) threaten aquatic 
ecosystems and biodiversity through predation, com-
petition, habitat alteration, and pathogen introduction 
(Moyle and Light 1996; Wilcove et al. 1998; Koehn 
2004; Sato et al. 2010; Cucherousset and Olden 

2011). AIS are nonetheless known to be the driving 
force behind native fish declines in some aquatic eco-
systems (Hermoso et al. 2011). For example, pre-
dation by Nile Perch Lates niloticus led to the ex-
tinction of 200 fishes including endemic cichlids in 
Lake Victoria, Africa (Kaufman 1992; Witte et al. 
1992). In the US, where many river systems have al-
ready been impacted by decades of overfishing, pollu-
tion, and habitat change (Karr et al. 1985), the pres-
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ence of AIS further stresses these ecosystems. 
While certain AIS impacts are well-studied, little 

attention is given to introduction and transmission of 
pathogens by invasive fishes. Nevertheless, those im-
pacts can be substantial (Prenter et al. 2004; Gozlan 
et al. 2005). Invasive Common Carp Cyprinus carpio 
introduced spring viremia of carp virus (SVCV) to 
the United States (Goodwin 2002). SVCV is asso-
ciated with hemorrhaging and gill degeneration and 
is pathogenic to centrarchids, esocids, and other na-
tive US fishes (Goodwin 2002). 

Silver Hypophthalmichthys molitrix and Bighead 
H. nobilis Carps and their hybrids, collectively re-
ferred to as bigheaded carps (BHC), are both invasive 
in the US (USFWS 2004). BHC were brought to the 
US from eastern Asia in the 1970s to control plankton 
first in municipal wastewater treatment ponds and lat-
er in aquaculture (Kolar et al. 2005; Conover et al. 
2007). Since being introduced to local rivers, they 
have become established in the Mississippi, Missouri, 
Illinois, and Wabash Rivers and their tributaries 
(Schrank and Guy 2002; Conover et al. 2007; De 
Grandchamp et al. 2008; Sampson et al. 2009; Coul-
ter et al. 2013). Increasing BHC populations in Mid-
western rivers have created concerns that they are 
negatively impacting invaded ecosystems. For exam-
ple, Silver Carp diets overlap with native Gizzard 
Shad Dorosoma cepedianum and Bigmouth Buffalo 
Ictiobus cyprinellus (Sampson et al. 2009), and they 
are expected to compete with juvenile sport and com-
mercial fishes in the Great Lakes if they become es-
tablished in the basin (Mandrak and Cudmore 2004). 
While there have been several studies on resource 
competition by invasive BHC (Schrank et al. 2003; 
Irons et al. 2007; Cooke et al. 2009; Freedman et al. 
2012), knowledge of BHC pathogen susceptibility is 
primarily limited to data from their native ranges. A 
detailed list of pathogens and other disease causing 
agents known to affect BHC is provided in Kolar et 
al. (2005). 

Whether invasive BHC are carriers or hosts for 

exotic and native diseases is critical information need-
ed by aquatic resource managers for more compre-
hensive assessments of the BHC impacts on native 
fishes and the development of biological controls for 
BHC. Therefore, our first objective was to conduct 
a systematic survey of parasites, bacteria, and viruses 
of BHC and native fishes in the upper and middle 
Wabash and the lower Tippecanoe Rivers, Indiana, 
US. We sought to determine whether BHC in the 
study area carry pathogens that are also present in 
sympatric native fishes and hypothesized that BHC 
would harbor similar pathogens to Bigmouth Buffalo, 
due to niche overlap, and Common Carp, due to phy-
logenetic proximity. Our second objective was to de-
termine the sensitivity of BHC to a representative 
number of fish viruses using in vitro approaches. This 
allowed us to test pathogens not present in our study 
area and to screen for high BHC sensitivity, which 
might indicate their potential use as a biological 
control. We hypothesized that BHC would be suscep-
tible to viruses that are known to affect other cypri-
nids.

Materials and Methods

Fish collection

Fish were collected from March to September 2013 
in the Wabash River near River Mile 293 and the 
Tippecanoe River at Oakdale Dam (Figure 1 and 
Table 1). The water temperature during this time ran-
ged from ～15 to 28°C between April and September 
and from ～1 to 5°C from October to March (USGS 
https://waterdata.usgs.gov). A combination of elec-
trofishing, gill netting, fyke netting, and hook-and- 
line was used to capture the full range of target 
species. The invasive fishes collected included both 
BHC species as well as Common Carp. The native 
species included: Bigmouth Buffalo, Smallmouth 
Buffalo I. bubalus, Emerald Shiner Notropis atheri-
noides, Channel Catfish, Flathead Catfish Pylodictis 
olivaris, Freshwater Drum Aplodinotus grunniens, 
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Gizzard Shad, Bluegill Lepomis macrochirus, Large-
mouth Bass Micropterus salmoides, Smallmouth Bass 
M. dolomieu, and Shovelnose Sturgeon1) Scaphirhyn-
chus platorynchus. We collected and necropsied 134 
fish, but were unable to obtain the target number of 
individuals (n=12) for some species (Table 1). Total 
length (mm) (fork length for Shovelnose Sturgeon) 
and mass (g) were measured and observations of in-
ternal lesions, external parasites, and injuries were 
noted in the field. 

Sample collection

Fish were bled from the caudal vein using 3 mL 
syringes fitted with 22-26G ½-1” needles. For fish 

1) All Shovelnose Sturgeon samples for the study were 
taken from fish sacrificed as part of the annual IDNR 
Sturgeon monitoring effort; thus, no additional Shov-
elnose Sturgeons were sacrificed for this project.

collected in the Wabash River and the attached bor-
row pit, bleeding occurred ≤8 h after collection. In 
the interim, fish were held in a 1.2×1.2×0.9 m mesh 
cage in the Wabash River. For fish collected from 
the Tippecanoe River, bleeding occurred ≤1 h after 
collection and fish were briefly held in a 19 L bucket 
of water or on a fish stringer. Blood was stored in 
heparinized vacutainers and kept on ice until centri-
fuged for plasma collection (0.1-1 mL). Fish were 
then immediately euthanized using an overdose (≥250 
mg/L) of MS-222 (Western Chemical Inc., Ferndale, 
WA) and necropsied in the field in a controlled envi-
ronment within an enclosed trailer. Spleens were re-
moved in the field and immediately frozen in liquid 
nitrogen. Stomach and intestines were removed and 
stored on ice. Dissecting tools were sterilized between 
each necropsy with 70% ethanol and an ethanol lamp. 
Scalpel blades, surgical drapes, and gloves were 
changed between each fish and the work area was 
cleaned with 70% ethanol. Samples were stored in 
-20°C (gastrointestinal tracts) or -80°C (plasma and 
spleen) freezers in the Aquatic Ecology Laboratory 
at Purdue University.

Metagenomic analyses

Next generation sequencing (NGS) was used to 
screen for bacteria, viruses, and parasites from fish 
plasma and spleen tissue. Genomic DNA was extracted 
from spleen using DNAzol Reagent (Invitrogen, Grand 
Island, NY) and viral DNA and RNA were extracted 
from plasma using the PureLink Viral RNA/DNA 
Mini Kit (Invitrogen, Grand Island, NY) following 
manufacturer instructions. Quantification of the nu-
cleic acids was carried out using a Nanodrop 2000 
spectrophotometer (Thermo Fisher Scientific, Wilmin-
gton, DE), and samples with ratio of absorbance 260/ 
280 nm >1.8 were used for further analysis. Viral 
RNA samples could not be processed further due to 
the presence of yeast tRNA used during the extraction. 
The high percentage of tRNA in the RNA samples 
would have swamped the sample RNA during se-

Fig. 1. Map of the Wabash River system in Indiana with 
West Lafayette/borrow pit (red dot) and Oakdale Dam 
(green dot).
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quencing, resulting in little useable data.
DNA from the spleens and plasma were each pooled 

by species; however, Emerald Shiners were omitted 
from sequencing because their small size precluded 
the required amount of DNA from being collected. 
Bigmouth and Smallmouth Buffalo, both of genus 
Ictiobus, were pooled together to allow all samples 
to be run in one lane. The resulting 23 samples were 
submitted to the Purdue Genomics Core Facility for 
library construction and sequencing. Twelve libraries 
were constructed from spleen samples with TruSeq 
DNA PCR-Free Sample Preparation Kits (Illumina 
Inc., San Diego, CA) and 11 libraries were constructed 
from plasma samples with TruSeq Nano DNA Sample 
Prep Kits (Illumina Inc., San Diego, CA). A control 
(enterobacteria phage phiX174 library) was added to 
each sample library. Sequencing was performed on 
a MiSeq sequencer (Illumina Inc., San Diego, CA) 
using a 600-cycle, paired-end, multi-indexed run with 
the MiSeq Reagent Kit v3. Sequence read quality sta-
tistics from FASTQC software (Babraham Institute, 
Cambridge, UK) were provided by the Purdue 
Genomics Core Facility.

Raw reads were filtered to remove adapters and 
poor quality bases (Phred33 < 20) from 5’ and 3’ 
ends using Trimmomatic (Bolger et al. 2014), and 
a final minimum length of 30 bp was employed. 
There were on average, 1,273 single end reads (0.1%) 
created in each library from filtering and these were 
not used in further analysis. No other filtering was 
done. Reads from each library were assembled sepa-
rately using ABySS (Assembly by Short Sequences) 
(Simpson et al. 2009) with k-mer=110, 90, and 70. 
The k-mer=110 assemblies were chosen for analysis 
based on their ABySS fitness score and analyzed us-
ing BLAST (Altschul et al. 1990) via DiaGrid 
(Purdue Research Foundation, West Lafayette, IN) 
and databases available through the National Center 
for Biotechnology Information (NCBI). Blastn was 
used to compare the contigs to known sequences in 
the nucleotide (nt) database (Benson et al. 2013). The 

10 matches with highest E-value were filtered to re-
tain matches with length ≥50 bases and e-value ≤10-5. 
Matches above this cutoff were considered acceptable. 
Matches below the cutoff were considered unreliable, 
due to a high likelihood of encountering such a match 
by random chance, and disregarded. From the accept-
able matches, bacteria, viruses, and archaea matches 
were extracted and are presented in the results. The 
eukaryote sequences were then searched using Perl 
scripts for common and scientific names of fungi 
known to be harbored by and potentially pathogenic 
to fish (Noga, 2010). The remaining eukaryote se-
quences which represent host DNA were not used 
further. Additionally, matches to synthetic sequences 
in the database were ignored.

To verify the sequencing detections and provide 
additional screening, BHC spleen DNA was tested for 
Aeromonas salmonicida, Salmonella enterica, Pseu-
domonas putida, Lactococcus lactis lactis, and Large-
mouth Bass virus (LMBV) by PCR using primer se-
quences available in the literature (Table 2). Due to 
resource limits we were unable to run PCR on all 
organisms detected via NGS. Therefore, bacteria were 
selected based on detection in BHC via NGS (A. sal-
monicida, S.enterica, and P. putida) and on a previous 
report of a mortality event in BHC due to L. lactis 
(Khoo et al., 2014). LMBV was chosen because it 
is a DNA virus and an emerging pathogen (Noga, 
2010). Native fishes and Common Carp were also 
screened for these pathogens using spleen DNA, if 
they were positive in the NGS results. 

PCR was carried out using GoTaq Green Master 
Mix (Promega Corp., Madison, WI) and a T100 
Thermal Cycler (Bio-Rad Laboratories, Hercules, 
CA) following manufacturer instructions. Each PCR 
reaction mixture (25 μL) contained 12.5 μL GoTaq 
Green Master Mix, 10 μM gene-specific primers 
(forward and reverse), 1 μg DNA template, and nucle-
ase-free water. All reactions were performed under 
the following conditions: Initial template denaturation 
at 95°C for 2 min, 35 cycles of 94°C for 10 s, primer 
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annealing at 58°C for 30 s, product extension at 72°C 
for 1 min and final extension at 72°C for 5 min. PCR 
products were separated by electrophoresis on 1.5% 
(w/v) agarose gel in 1×TAE buffer using Mini-Sub 
cell GT cell (Bio-Rad Laboratories, Hercules, CA). 
The DNA fragments were visualized by ethidium bro-
mide staining and photographed using the Image Lab 
software on the Gel Doc EZ system (Bio-Rad Labor-
atories, Hercules, CA) under UV transillumination. 

Gastrointestinal helminths.―Stomach and intes-
tines were thawed and cut open longitudinally and 
contents rinsed with tap water over a sieve. Contents 
were examined under a dissecting microscope and 
helminths (Trematoda, Cestoda, Nematoda, and Ac-
anthocephala) were enumerated, placed in glass vials 
and fixed in 70% ethyl alcohol. Parasites were keyed 
to the lowest taxonomic level using Bray et al. (2008) 
and Chabaud et al. (1975:1978). Abundance, preva-
lence, and mean intensity were determined for each 
helminth species (Bush et al. 1997).

Cell cultures

Silver and Bighead Carp cells (skin, gill, fin, and 
fry) were inoculated with viruses commonly found 
in the upper Midwest: LMBV, Bluegill virus (BGV), 
Golden Shiner virus (GSV), infectious pancreatic ne-
crosis virus (IPNV), Channel Catfish virus (CCV), 
SVCV, and viral hemorrhagic septicemia virus (VHSV). 
Isolates used for these assays are maintained at the 

USFWS La Crosse Fish Health Center, WI and in-
cluded SVCV isolated from Common Carp from Pool 
8 of the Upper Mississippi River (2007), LMBV iso-
lated from Largemouth Bass from Pool 10 of the 
Upper Mississippi River (2008), BGV isolated from 
Bluegill from an aquaculture facility located in WI 
(2007), CCV isolated from Channel Catfish from an 
aquaculture facility located in IL (2011), IPNV iso-
lated from Brook Trout Salvelinus fontinalis from 
Elton Creek, WI (2013), VHSV genotype IVb isolated 
from Muskellunge Esox masquinongy from Lake St. 
Claire, MI (2009), and GSV isolated from Muskel-
lunge from an aquaculture facility located in WI (2014). 
Cells were rinsed with 0.05% trypsin, removed from 
the flask, and seeded on 24-well tissue cell culture 
plates. Once the cells were confluent, 0.1 mL of tissue 
cell culture medium known to contain each virus was 
added to the cells. Plates were incubated at appro-
priate temperatures (25°C for LMBV, CCV and BGV; 
20°C for SVCV; and 15°C for VHSV, GSV, and 
IPNV) and monitored for the development of cyto-
pathic effect (CPE) for up to 10 d.

Results

River survey

Upon capture, the majority of the fish collected for 
the study (Table 1 and Figure 2) appeared to be 
healthy, although several fish had external parasites 

Fig. 2. Prevalence of external parasites, 
open wounds and internal lesions on nec-
ropsied fish. Collected silver carp, bighead 
carp, common carp, emerald shiner, big-
mouth buffalo, flathead catfish, and gizzard 
shad had no observable external parasites, 
injuries, or internal lesions.
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or pre-existing external wounds. Specifically, leeches 
(suspected Piscicola sp.) were collected on three 
Channel Catfish, primarily on the pectoral fins and 
the underside of the head. One Smallmouth Buffalo, 
one Channel Catfish, and one Freshwater Drum had 
significant pre-existing external wounds that appeared 
to be infected. This Freshwater Drum also had white 
nodules on several fins and necropsy of this fish re-
vealed a pale spleen. Internal lesions were also pres-
ent on individuals of six species. During necropsy, 
potential parasites were observed on the livers, kid-
neys, and/or spleens of two Channel Catfish, five 
Smallmouth Bass, four Bluegill, four Largemouth 
Bass, one Freshwater Drum, and two Shovelnose 
Sturgeon. None of the BHC collected had any ob-
servable external parasites, injuries, or internal lesions. 

Metagenomic analyses

NGS generated 46,355,062 total raw reads (length= 
300 bases) from spleen and plasma (Supplementary 
Table 1). ABySS assembly created 2,739,091 and 
1,032,366 contigs for spleen and plasma, respectively. 
Of these contigs, 563,061 (20.6%) and 249,260 (24.1 
%) had matches to the nt database with length ≥50 
bases, e-value ≤10-5. The remaining contigs did not 
have close matches in the nt database and were not 
identified. No fish-related pathogenic fungi were 
found searching BLAST output for common and sci-
entific names via Perl script and satisfying cutoffs of 
length ≥50 bases, e-value ≤10-5. 

Bacteria and viruses comprised <1% of acceptable 
blastn matches for contigs against the nt database. The 
majority (i.e. >95%) of acceptable blastn matches 
were to Eukaryota and most of these aligned to se-
quences from fish taxa, especially model species (e.g. 
Zebrafish). A small percentage were not able to be 
assigned to a domain by BLAST. There were 5 bac-
teria species found in BHC (Pseudomonas fluorescens, 
P. putida, Salmonella enterica, Caligus rogercresseyi, 
and Lepeophtheirus salmonis), all of which were also 
found in the native species and/or Common Carp 

(Table 3). Ten additional species/subspecies were 
found only in the native fishes and/or Common Carp. 
In particular, Common Carp, Channel Catfish, and 
Gizzard Shad had multiple additional bacteria: five, 
five and two, respectively. Pseudomonas spp. and C. 
rogercresseyi were identified in the highest number 
of species (92% and 67%, respectively). Two Lacto-
coccus lactis subspecies, two Bacillus spp., and Sta-
phylococcus aureus were detected in Gizzard Shad, 
Channel Catfish, and Common Carp and Smallmouth 
Bass, respectively. 

Cyprinid herpesvirus 3 (i.e. Koi virus) was detected 
in Common Carp, Freshwater Drum, and the pooled 
Bigmouth/Smallmouth Buffalo sample. No other vi-
ruses (except the Enterobacteria phage phiX174 con-
trol) were detected (using cutoffs of length ≥50 bases, 
e-value ≤10-5) in the other study fish species.

Using PCR we detected P. putida in Bluegill, 
Largemouth Bass, and Smallmouth Bass with both 
PCR and NGS with prevalences of 55%, 43%, and 
17%, respectively. However, we were unable to detect 
the same bacteria using PCR for most of the de-
tections in the sequencing results. The bacterial 16S 
rRNA gene was detected using the universal primer 
in Silver and Bighead Carp samples, but none of the 
specific viruses and bacteria examined (A. salmonici-
da, S. enterica, P. putida, L. lactis lactis, and LMBV) 
were detected. The bacterial 16S rRNA gene was de-
tected in all Smallmouth Buffalo and five of six 
Bigmouth Buffalo, but neither P. putida nor S. enter-
ica were detected, although both bacteria were de-
tected in the NGS results for the pooled buffalo 
sample. Similarly, we did not detect P. putida in 
Common Carp, Channel Catfish, Freshwater Drum, 
or Shovelnose Sturgeon, despite its detection in the 
NGS results for those fishes. 

Gastrointestinal helminths

Parasites from the stomach and intestines were 
identified to species where possible. Twenty-five dis-
tinct taxa were identified (Table 4, Supplementary 
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Tables 2-3). Only six helminth species were present 
in more than one host species, but were generally re-
stricted to one family. Megathylacoides giganteum 
was found only in the two ictalurid species, while 
Leuceruthrus micropteri, Proterometra macrostoma, 
Posthodiplostomum sp., and Neoechinorhynchus cy-
lindratus were each found in multiple centrarchid 
species. The exception was Acanthocephalus dirus 
which was found in both Freshwater Drum and Shov-
elnose Sturgeon. 

The most prevalent parasites identified were the in-
vasive monozoic tapeworm Atractolytocestus hur-
onensis, present in over 70% of the Common Carp; 
the trematode L. micropteri, present in over 50% of 
the Smallmouth Bass; and the cestode M. giganteum, 
present in 50% of the Flathead and Channel Catfish. 
Both Asian carp species were free of macroscopic 
gastrointestinal parasites (Table 4). The remaining 12 
host species were generally not dominated by a single 

parasite. Seventy-five percent of the hosts had only 
low mean intensities (<10) of multiple parasites, and 
Gizzard Shad and Emerald Shiners each had only one 
individual helminth (Supplementary Table 2). The 
largest exceptions were Largemouth Bass (Neoechi-
norhynchus cylindratus intestine mean intensity=20) 
and Shovelnose Sturgeon (A. dirus intestine mean in-
tensity=53). Unlike mean intensity, mean abundance 
varied less with ranges of 0.1-3.5 and 0.1-13.8 for 
stomach and intestines, respectively (Supplementary 
Table 3).

In vitro study

All viral isolates tested generated a cytopathic ef-
fect (CPE) in both Silver and Bighead Carp cell lines, 
except for CCV (Table 5 and Figure 3). All cell lines 
(skin, gill, fin, and fry) from both carp species showed 
high sensitivity to LMBV, with all inoculated cells 
undergoing rapid cell death. VHSV and GSV also 

Fig. 3. Microphotograph showing cytopathic effects in several bighead carp cell lines. A1 – Viral hemorrhagic septice-
mia virus (VHSV) on fry at 18 hrs (20X), A2 – Negative control for VHSV (20X). B1 – Spring viremia of carp 
virus (SVCV) on fry at 18 hrs (10X), B2 – Negative control for SVCV (10X). C1 – Largemouth bass virus (LMBV) 
on gill at 18 hrs (20X), and C2 – Negative control for LMBV (20X). The scale for each magnification is shown 
in the bighead fry controls (A2 and B2).
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generated a CPE in all BHC cell lines, though the 
effect was not as rapid as observed with LMBV. 
Finally, CPE was generated by SVCV in all cell lines 
except Silver Carp skin cells, by BGV in all cell lines 
except Bighead Carp fin cells, and by IPNV in all 
cell lines except Bighead Carp skin and fin cells.

Discussion

BHC in the study area did not appear to be heavily 
burdened by native pathogens of the invaded ecosys-
tems, although bacteria and ectoparasites were de-
tected. In BHC, NGS identified: three Gram negative 
bacteria: P. flavescens, P. putida, and S. enterica; and 
two copepods C. rogercresseyi and L. salmonis. Both 
C. rogercresseyi and L. salmonis are ectoparasites, 
and although many precautions were taken, we cannot 
rule out contamination from the fish’s exterior as a 
possible cause of the copepod detections. For the 12 
fishes used in the metagenomic study, these five or-
ganisms were the most commonly detected and were 
each detected in at least one native fish. In fish, 
Pseudomonas spp. causes septicemia, fin erosion, and 
ulceration (Noga 2010); however, we did not observe 
any symptomatic BHC or external parasites on these 
invasive fishes. We were unable to confirm the pres-
ence of these bacteria via PCR. There are a few possi-
ble reasons for this discrepancy. PCR exhibits both 

high sensitivity and high specificity that can prevent 
detection of variants and new mutations of the target. 
On the other hand, NGS has the potential to identify 
pathogen DNA, including variants, in the presence of 
very low levels of pathogen DNA. Moreover, the lack 
of observable symptoms indicates that BHC were not 
heavily infected/infested, which could result in small 
quantities of pathogen DNA and low detection rates. 

Cyprinid herpesvirus 3 was the only virus detected 
with high certainty. This virus might have been more 
readily detected with NGS due to its large double- 
stranded DNA (genome size=245-295 kb) (Michel et 
al. 2010). Detecting small viruses and RNA viruses 
proved to be more difficult. Interestingly, Common 
Carp is the only species known to be susceptible to 
this exotic pathogen (Michel et al. 2010), although 
it was also detected in this study in native Freshwater 
Drum and buffalo. Additional work is needed to de-
termine whether Freshwater Drum and buffalo act as 
carriers of this virus and whether either species can 
become symptomatic. 

The suspected parasites observed on the internal 
organs of the native fish during necropsy were likely 
white grub (Posthodiplostomum sp.) or tapeworm 
larvae. These observations were supported by our 
analysis of gastrointestinal helminths. Both Bluegill 
and Largemouth Bass had white grub on their in-
testinal tracts, while Channel Catfish and Smallmouth 

Table 5. Sensitivity of Asian carp cell lines to seven common viruses

Cell line SVCV LMBV BGV CCV IPNV VHSV GSV
Bighead Carp skin
Bighead Carp gill
Bighead Carp fry
Bighead Carp fin
Silver Carp skin
Silver Carp gill
Silver Carp fry
Silver Carp fin

+
+
+
+
-
+
+
+

+
+
+
+
+
+
+
+

+
+
+
-
+
+
+
+

-
-
-
-
-
-
-
-

-
+
+
-
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

Viruses are abbreviated as spring viremia of carp virus (SVCV), Largemouth Bass virus (LMBV), Bluegill virus 
(BGV), Channel Catfish virus (CCV), infectious pancreatic necrosis virus (IPNV), viral hemorrhagic septicemia virus 
(VHSV), and Golden Shiner virus (GSV). “+” indicates a cytopathic effect was observed and “-“ indicates no ob-
servable cytopathic effect.
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Bass had adult cestodes. None of the Silver or Bighead 
Carp collected in our study had any observable in-
testinal parasites. This is consistent with results from 
an Illinois study that found no intestinal helminths 
in 53 necropsied Silver Carp (Wilcox 2013). Most 
fish species in the study had low mean abundance 
and mean intensity of gastrointestinal parasites and 
appeared healthy upon collection. Catfishes and bass 
were the most frequently afflicted with macroscopic, 
gastrointestinal parasites, but did not appear to be 
more affected than other species upon collection. 
Additionally, we identified one helminth of the Both-
riocephalus genus in a Smallmouth Bass stomach, 
which we were unable to identify to species. However, 
Bothriocephalus claviceps and B. cuspidatus are na-
tive helminths commonly found in Smallmouth Bass 
(Hoffman 1999); therefore, this parasite was likely 
not the invasive Asian tapeworm. 

One of the key steps in the ability of a virus to 
switch hosts is the ability of a virus to replicate in 
the cells of the new host species (Parrish et al. 2008), 
which would indicate that several viruses in this study 
have the potential to infect BHC. Several of these 
viruses have not previously been identified as affect-
ing BHC, including LMBV, BGV, IPNV, and VHSV. 
All cell lines for both species exhibited a high sensi-
tivity to LMBV. LMBV is primarily a centrarchid vi-
rus and is known to cause mortalities solely in 
Largemouth Bass. However, LMBV is also capable 
of causing CPE in a cell line produced from another 
cyprinid, the fathead minnow (USFWS and AFS-FHS 
2014). Sensitivity to VHSV IVb and IPNV was not 
surprising given their broad range of hosts (Frattini 
et al. 2011; Munro and Midtylyng 2011). No sensi-
tivity to CCV was found, but CCV is known to be 
highly host specific to Channel Catfish (Plumb 1978). 
In vivo studies are needed to determine if these vi-
ruses are able to infect live BHC, and whether BHC 
are symptomatic or asymptomatic carriers. Further-
more, when a new host successfully becomes infected 
with a virus, mutations generally occur which could 

cause changes in viral pathogenicity in the original 
host (Parrish et al 2008). Therefore, it is possible that 
changes could occur with the ability of these viruses 
to infect native fish after BHC species become estab-
lished in areas known to harbor these fish viruses. 
The interaction between BHC and Midwestern fish 
viruses will be important to monitor as these invasive 
fish continue to expand their range.

The low prevalence of pathogens in the BHC in-
cluded in our study area has both positive and neg-
ative implications for management of these invasive 
fishes. Low prevalence of pathogens in invasive BHC 
may point to a limited impact on native fishes via 
pathogen transmission. At the same time, limited sus-
ceptibility to local pathogens and the apparent relative 
good health of BHC compared to the native fishes 
we collected are concerning. Pathogens are generally 
an important mechanism of natural population con-
trol, and low susceptibility to local pathogens com-
bined with a lack of natural predators for adult BHC 
in invaded ecosystems indicates a substantial need for 
greater for anthropogenic intervention in the absence 
of these natural control mechanisms. 
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