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Largemouth Bass Virus: An Emerging Problem for
Warmwater Fisheries?

Ty L. GoLDBERS!

Liniversity of Ilinois, Depariment of Velerinary Pathobiclogy
N1 Sauth Lincoin Anéius
Urbance, [lnots 61802, LISA

Abstruct—Lurgemnouth bass vieus (LMBY) is a eecently discovered pathogen of warmeater
fishes, most nutably kirgemouth bass Mirrapteris salmeides, s association with comspicoous
fish kills fas beed 1o conlinuing soncern about its arigin, spread, and potential impact om wild
fisherics. This, w tuen, has helped foster ongring research intn the binlogy. pathogenesis,
diagnosis and epidemiclogy of the virus. This article atempis briefly to summarize what is
currently known about TMRBY and o suggest how future resaarch might contribute o

Introduction

| In1995 investigation of 2 kill of approximatedy 1,000
largerouth bass in the Santee Cooper Reservolr of
Bouth Carolina led ko the discovery of a new virus,
largermouth bass virus (LMBY; Plumd f al. 1598}
The appeacance of this pathogen was swrprising;
na viruses had previnusly been assowiated with el-
ther systemiv infection vr epidemiv morialily in
¢ wild larpemouth bass. The finding generated con-
E siderable comcern among fisheries biologists and
anglers, leading Lo sustaloed public interest and
scienbific research.

LMBYV way classified tentalively as an
iridovirus (family Iridoviridae; Plumb et al. 1496),
a finding later confirmed by molecular analyres
{Mau et al. 1999, Tridovicuses are o diverse [am-
ily of large DNA viruses intecting a variety ot
heterothermic vertebrate and invertebrate hosts
Williams 1995}, LMBY is specifically a encmber
of the genus Kawatirus, As ruch, it iz clossly re-
lated ko certumn iridoviruses of fish, amphibians
and reptiles. It is distantly related to lymphocystis
disease virns (genus Lymphocystivirug), a well-
charagterized indovirus of lsh with a broad host
tange (Leibovitz 1980; Anders 1989, Tidona and
arai 1997} Within the ranaviruses, LMBY iy
nearly idontical (987% of nueleotide pesitions in
the major capsid pratein and  wiral
methyitransferase genes) to Doctor fish virus
(DFY) and Cuppy virus & (GV6), bwo previously-
characterized iridoviruses of Labroides dimidotus
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arswering the many questions that shil remain.

and Foecilia recticulata, respectively (Mao et al.
1995, This vlose celationship suggests that LMDV
may have originated from the intrnduction of an
exobic {Southeast Asian) pathugen of ormamenial
fish ko Morth American waters

I.MEY has bean dorumented only in the
United States. Since ity discovery in 1993, and
through 2002, it has been found in 17 states {I4g-
tire 13 The occurrence of the first [MBV-sssoc-
oted fish kills in the Soulheast seemed at first o
imply a westward and northward expansion from
asoutheastern epicenter. Subseyuent surveys have
rovealed, however, that LMBY is highly prevalent
thromghout ite known range (Fiumb et al. 199%;
B.A.SS. 2001, 2002). The apparenl Sculheasl Lo
Northwest expansion of LMBY may be real. or it
may reflect the directed sampling efforts of states
at the borders uf the expanding known range At
present, not all states have surveyed for LMBV.
The gengraphic distribution of the virus is, there-
[ure, almost cortainly more extensive than that
showty in Fgre 1,

LMBY has been found in populations of bass
that have experienced documented fsh kills, and
alap in apparently healthy populativns. When
LMBV has been [ound in association with fish
kille, certain clinical features are characteristic
(Plumb et al. 1999; B.AS.S. 2001). Fish of both
sexcs, mulliple age classes, and different gemetic
constitutions are affected. Affected fish float to the
surface gnd exhibit loss of cquilibrium prior to
death, but show no external lesions. Hypatemia
{increased blood flow, leading to darkened col-
vration) is occasionally seen, but is not consie.
lently associated with infechon. Internally, mang
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Figure 1. Map of the Lnitex] Stabs. showing the known peographin desmbution ofiargemouth bass vieus (s of 20002), Situtes
i wlich i virus has been idenified ane shaded, Stars represent the Logatians of docurmnted L BY=assnciated fish kills,

{but not allj fish display exudative inflammatfon
and gidargernent of the swim bladder (Plumb et
Al 1994, ilberg oL al 2000; B.AS.S. 2002). Finally,
killy tend 0 be overwhelmingly dominated by
largemouth bass. (ther centrarchid spocies and,
prebiminarily, the chain pickeral fzor niger have
boen fuund ti carry the virus In the wild, but <o
far nore appeer t have fhown elinical signs
(B.ASS5. 2000, 2002). The virus iv experimentally
pathogenic in striped bass Morene saxtalis (Plumb
and Zilberg 19990), but roe LMBY-associated kills
hiave been documented in this spectes, The exact
mechanisim by which LMBY kills {ish is not yet
Kriow.

The modes of transmission and pathogenesis
of LMBY are not well understood. Experimertally,
bass ean be infected by injection with cultured vi-
Tus, impersion n water containing virus, cohabi-
tation with infiected fidh, or ingestion of experlingte
tully-infected prey (Plumb and Zilberg 1994,
DLASS. 2001}, Both direct ransmissivn and trans-
miRsion from sescervoir species (e.g., prey) could
maintaim the vivus in bass populations. Fuvther
maore, LMBY can remain viable for extended peri
ods in water and i frozen fish (7 and = 155 clays,
vesprctively; Plumb and Zilberg 19990; BoaSs
KR, suppesting that persistence in the phyaical
environment could also by inportant

The epideminlogy of LMBY infection and
rlinical disease has been difficult to investigate.
Surveys for the virus have not generally boen sys-
tematic, Extensive snrveys have been humpered
by the lack of a nuntethal diagnostic kest. The cur-
rent Jiagnostc test for LMBY involves isnlation
af the virus from homogenired visceral Lissues,
and, therefore, requlres sucrifice of the fish, Asa
rosult, practical testing of populalions for LMBY
has become difficult and politically charged, This
is especially so becausc Lhe generally-secepted
ideal sample for LMBY testing is 60 {lsh per popu-
lation. This number way derived from a binomial
sampling distribution to reflect the sample size
thal would yield 8 95 percent probability of de-
tection of at leasl one pusitive fish in a popula-
tion with a prevalence of disease of five percent.
Thig aumbor owever, assumes |‘r{'|'[l"l'| sengitiv-
ity and specificity of the bt In fact, the senglly
ity and specificity of the current st for LMBV
have not boen pepurted, making both nepative amd
positive test results diflicult o interpret. Porty:
nately, nontethal test development is cuepently un-
derway. Futwre 105ty may involve MCR amplifica
tion of viral DNA frem biopsivdd tissues and/or
immunglugical (ELTSA)Y reats for antibodies to
LMBY in the sera of {ish, The latter test stratepy
would have the added advaniage of being able tn
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indicate prior exposure of a fish to LMRY, not just
“active infeetion.

Despite the current lack of a nonlethil diagr-
Doeac best, somae states are surveying for | MEY Tl
moal extensive survey B date has Deen condocted
i Texag, and has spanwd mulBple years (B.AS.S,
2002). In Texas, LMBY was [ound n 19/54 [A5%)
of Medervolrs fesied across the stode, wmul i 92714
154%) of the major viver basing in which these roy
ervoles are located, U'revalences of LMEV-poeitive
fish in individual revervoire in 2000 ganged From
L7 W 13.3 percent, with a mean prevalence overall
of 5 peroent.

A central databaye specifie for LMBV is be-
Itg maintained by the L. 5, Fish and wildlife Ser-
vice Warmn Springs Regional Fisheries Center, in
additiom ko the rocently released National Wild
Fish Health Survey Database, Preliminary results
of these surveys indicate that the virus 1y highly
prevalent both as a proportion of total samples
tested within states (hetween 7% and 49%.) and as
aproportiom of ailes teshed (betwoen 227% and 759,
of sites in states in which at Jeast 1) sites were
tested; BAS.S. 2001), Within lakes the prevalence
of LMEV appears w vary considerably from yuar
o yeir and may decline after o fish kill. Lakes
positive in a given year appear Lo remain so, bt

i “conversions” from nugative to positive slalus
- have bevn documented,

The emceging pattern iz that LMBY tends to
 stiike in summer months, possibly precipitated by
- stressors such as elevated temperature, low nxy-
gen, and anpling. Because sampling and olwerva-
tion have been nedther systematic nor randorn with
Tespecl Lo season, strong inferenocs shuuld not yet
be made from this puttern. LM BV-associated fish
kills have not been reported to occor in lakes o
peatedly in consecutive years, but o date longitu-
dinal nbservations have been limited. Lakes that
do cxperience fish kills also suffer vbservable de
elines in catch-per-unit-effort and possibly in the
proportinn of large fish caught, but these offects
seem to be transient. LMDV, therefure, appears to
be as variable over Hime as it is across space,

Future direchions

Whenever new pathogens are discovered, debate
inevitably ensues as to whether the pathogen is
truty new, or surveillance and detection methods
have simply improved. TMBY is nn sxception.
LMBV could be a recently introduced exutic patho-
gen, or it might have eaisted in the United Stotes
for years unnoticed. An iridovirus genetically iden-
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tical {in a portion of the majr capsid protein gene
seguence) by LMEY was novovered in 1991 from
latgemoulh Lass in Lake Weir, Florida (B.ASS
20KE2). LMEV may, therefore, hava been present in
the U8, fur years bafone its chacactorieation in 1995,

‘The high doegree of penetic similarty betwemn
LMBVY and VY /GYVR (Mao et al, 1My and ATMONE
LMBV [solates (Plamb et al, 1999) hay impliesd o
s that LMBY Ly only recently entored North
America, Such conclusions are unpustifed, however,
without accurate knewledpe of the rale at which the
ircloviral magor capsid protein gene evoelves. Indood,
it is krupywn that this penw is conservd enough to be
usetul for the systematic classification of iridovinises
(Tiduna et al. 1948), bul that within indaviral spe-
cies variation is minimal or aoncxistent (Hyatt et al.
20000} As a rosull, the wtility of the ieidoviral major
cupsid protein gene for molecular epidemiclogical
inberonce is guestionable,

Nevertheless, LMBY is an emerging palhogen
inn the sense that its visibility in the sclentific and
poditical arcnas is incressing. As such, LMBY s an
excelient model system for understan ding both Lhe
politics arul the biology of cmerging infections
wildlife/Hsheries diseases, and the ways in which
these interact. For example, public concern as rep-
reseiiled by angling inferest groups has helped
drive the bocus of LMBY research. The questivns,
hyputheses, and prelintinary data outlined in this
article originated largely from LMBY Workshops
spunspred by the Bass Anglers Sportsman Society.

One uf the most vexing quiestions about T MBY,
recopnized by sciembists and monscientists alike, is
why some populations of infected bass expericnoe
fish kills while others, ajso nfoctod, temain dinicaliy
normal. I the beoadest kerms, the variability i clini-
cal response to LMDV infection could reswlt from
tacters operating at one, two, or all of thuee inberact-
ing levels: the hosl, the Fathogen and the envinon-
ment, Sume potential faclors are given in Table 1.

On the “host side,” cerfain populativns of
latgemouth brass may pussess innate resistance or
susceptibility to LMDV, Provious exposure to
[MBY or o similar pathngens with which LMBV
rruss-Tearts immunologically could render bass
populationy resistant b fish kills as a result of “herd
immurnity.” Host genetics may also play a rols. Buss
populations may be either excessively inbed or
vuthred, for example, either of which could reduce
host immunity (Allendorf and Leary 1986;
Templeton 19H4).

O the “pathogen side,” the degree of genetic
variability of LMBV is largely unknown, The ex-
islence of multiple strains is cntirely possibie, for
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Table 1. Favcturs that may acoount for fhe vaciaindity in clinical erpnnse of fish popubations to infection with LMBY,

Factor Proposed mechanisin
Hust factors
Tt it stakus Increazed susceptibilily in populetions immunnlopically naive
to LMBY or similar pathogens
Hust genetica Immiune syatem variability

Innate swsceptibility / resistance Inerepwed rates of infection / viral replication in genetically-

predisposed populations

Talmoeding depression® Increased vulnerability of populations with Jovw immunalogical
helerogengity

Outbreeding depression® Lowered resintance dur o disraption of coadapied immune system
LD Complexes

2 [ .
Strain varlation Srain-relaled varintion in virulence and for skrgin-apectfie
virulence factors
Uher pathogene: Pathogen ipturactions with unidentified coinfecting agents

Fnvirommwntal factors affecting hosts
High témperalun:
Lk Oxygen
Dirsclved loxing
Angling/wurnamend skrews

Physlelogical sthess and immuncsupprersion

lowered physiological resistance to viral infecton and replieation
Larwered phyeiologicel resistance to viral infeclion and repiicatiom
Lowered physiclegicsl resistaney to viral infection and replicativn
Behavinral strews, lowered phyrinlogical resistance and increared

contact rates

Croweding Rehaviiral stress, lowered physiological resistance and inersased
contact rates

Ervrirommental iacturs nffecting the pathogss  Altored viral surviral and replicatisn

Temperature Rapld viral replicution and maximumn infectivity near optimal
temperature

ater quality! Altered eflicienwy of viral franemission and pursistence in the
ehviranment

Beservoir hosta®

Frnhanvud efficiency of wiral transmission and persistence in the

environment

“Favtors may interart pasitively, such that multiple factors may be necessary o precipiaie o fish kill,

“Beth inbreewling depression and outhresdieoyg depression could oecur naturally {e.g. a5 & rerult of natural eyeles
uf population expansion and dectite or artfcially (e.g. wd o remitilt of shocking).

“Ter date, i cuinfecting agents have bovn identified in conslstent association with L BY=related fish Lills,
“Crowding vould ocuue natisally (e during the hrewding season or beraure of congreation around localized
resoutoes) gr artificially {e.g. duc o intenuve management practives sueh as in hatehery rearing).

“The nprimal temperuture for EMBY replication in el lines under laboratary conditions is 30° C {Plaskoshi ot al

Lk

Waler quality Factors directly affacting the pathogen couid include such variables as P, orgamic cuevtent and

concentrations af dissolved solids,

FRuwervoir hosts that might e wopucially important are these that interact directly with langemuuth bass {e.g.

predakor o prey species),

several reasons. First, iridoviruses are notoriously
variable 22 a family, as arc ranaviruses 25 2 genus
(Witlizms 1996). Second, the current diugnostic
test for LMBV uscs cultured celis permissive for a
wide variety of iridoviruscs, and that test may not
disctiminate between genetically diffcrent strains
{Piaskoski et al. 1999). Third, the only gene thus
far sequenced in geographically-distinct LMBY
isnlates (the major capsid protein gene, alse tar-
geted for PCH-based diagnostic test confirmation)
is known to be comserved within iridoviral spe-
cien (Hyatt et al. 2000). Lack of penetic differences

between LMDV isalates in the DNA sequence of
thiz gyme (Plumb et al. 1999 does not, therefore,
prechude the gxistence of strain-level variability
at wther loci. Mdeed, preliminery evidence indi-
cales that, in a controlled laboratory setting, the
ariginal South Caroling LMEV jsalaie may kill
busy more quickly than isolates from IHlinois,
where no LMBEV-related fish kills have been con-
firmed te date (B_A S5, 2002).

If gemetically-distinct viral strains da exist, then
molecularly-based diagnnstic tests could be devel-
vped ndistinguith between strains of low and high

DL i
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. virulence, I'hylogeietic analysis of a suita hly wari-

able viral locus or taci gould halp reconstrock the
ongin and spread of LMBY within the United
States. Such data would ideally be coupled with
information abowt the actual geugraphic distribu-
lion of the virus, and about its prevalence in difiey
ent walcrsheds. The cpiventer of the cpidemic
should correspond o an arsg of high prevalenue
and ligh vira! genctic diversity. Viruses fram this
area should appear basal un & phylogenclic res of
- Bolates collecied from throughout the full Bou-
graphic renge of the viru,

Un the “environment side,” enviromumenta
fwctors conld affeut vither the host or the pathogon
{or both) directly, For cxample, there is o general
cunsensus that LMBV-associated fish kills ape pre-
dpitated by physivlugical stress. Must kills oceyur
i lale summer, at peaks of water terporature and
nadirs of dissolved ooymen, and when anpling pres-
suic is heaviest. High temperatun:, however, iz a
condition that would alse favor aptimal virai Tep-
lication, which has been showr to veeur ab 3090 o
the laboratory {1 %askeski et al. 1999). LMBV-aseo-
ciated fish kills may, thercfore, result from dae =yn-
ergistic interactions of viral infection, reduced host
tmrmune capacity, maximum potential {or transmis-
giun. and cplimal conditions for virg) replication,
Waler yuality declines, anthropagenic toxins, and
habitat degradation could very welt potemdiate yuch
cifecty as well.

Finally, studies are seeded to investigate the
modes of transmission af LMBY between water
bodics. Nahural LMBV reservair sprLies may ¢x-
18t thai could play a role in the gengraphic spreal
uf the virus, LMBY has already been isolated fromm
wild fishes ather 1han largemontlh basy (B.A 55,
2001, 2002); it could have a host tange brroad
envugh toinbect cven nom#ish spevics, such as am-
phibians, that are capable of ransporting the vi-
fus across land barviers. The roles of warn-
blowdud animals (o, waterfawl) ulay prove im-
Portant alsu, especially il LMBV can be shown ex-
perimentaily w survive passagy throupgh the guy-
trolntestinal tract of such species. The potental
for anglers und boats to teansmit LMBY butween
witer bodies should not be ignored, especially
considering preliminary results indicating that
LMRY may by resistant to disinfection wilh stan-
dard concentrations of bleach znd phennl-based
disinfectants (F.A55. 2002).

Lnderstanding the modes of LMBY trarsinis-
sion would he neoessary for limiting the entry of
the pathogen intr uninfected waters, Similarly, un-
derstanding wlhut factors increase or decrease the

susceptibility of bass populations to LMEY would
be critical i ameliorating the effecls of the virus
where iL has arrived, Elucidating the biology of
LMEBY in both of these nespects should be a pri
mary goal of fAiture LMBY research,

Is LMBV a Threat?

Is LMBV a threat to the susttinabilily of warmwater
fisherics? Given that kills have not yel been re-
purted for LMBV-positive lakes in conseculive
years, und given that the population-level affecks
of LMBV appear tn be transient, it is tempiing ko
vonchude that the answer 15 “na”, This conclusion,
howeyver, would be prematore. [ Hsease epidemics
aT Rot unkaown in largemouth bass (e, MNoga et
al. 15%: I'rancis Floyd et al, 1963), but nowe hawvye
heen as cxtensive actoss space i as profricted over
time as that ultributed 1o LMBY,

Toe little is yet known about the pathogenesis,
#pidemiology, angd natural hiwtesry of the virus to
predict ik futiire impact. | MBY is proba by nat, in
and of itself, sulhicient w cause fish kills. Rather, it
appears to interact in camplex ways with other
envirgnmental factors in precipitating such svents.
Sub-lethal effects of LMBV infertion mray alse ox-
ist. Even if the virus does net kill fish outrighl, it
could alter their behavior or physiology in ways
that decrease a population’s sustainability or ifs
utitity to recreational anglers. Civen fhis, and given
the fact that LMBV docs not appear to be present
everywhere throughont iks mnge, it is best seon as
a pathogen in the process of emerginyg, Ity conse-
quences luve yet #0 be played ot in full,

Verhaps the: greatest concerr s warranted ot
tor the: speaific eftccts of LMBY, but rather fur what
the prascita of this new pathugen may signify,
Wildlife diseases in general appedr ty be emetying
at an ageclerated rate (Dobson and Eoulopuules
2001} I'he growing comsensus is thiat anthropogen |y
cowvigenimental change underlies this phenomenon
{aszak et al, 200M). The cxpanding impact uf hu-
man populations om the natural environment angd
the cuncomitant pressures levied on wikdlife may
accaunt for the recent emergence of so many nuvel
pathogens.

Il wu, then 1LMDBV might be a harbinger of
things to conmw, LMEV itself may turn nut tobe nly
2 miner player in the population dynamics of
wariwater fish populations, but it shoul] wive us
cause hor concern anyway. It niy be an carly incdi-
cabur of a coming wave of health-related prohlets
in which the sustainabilily of our wild Fisheries de-
uines by our own hand.
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