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INTRODUCTION 

Mortality in aquaculture can be attributed to many causes , 

such as oxygen de pletions, toxicants, . predation, poaching, and 

nutritional imbalanc e, .l •ut losses due to disease and parasitism 

are by far the most sigriificant factors. Al though disease and 

parasite epizootics do no t affect every culturist every year, 

most cul·turists do suffer losses to these causes at various 

times. The worst case scenario is that a n aquaculturist would 

be driven to declare bankruptcy dueto disease problems,· but only 

about five percent of commercia l f.Lsh farmers working in the 

Uni ted S ta.tes ha ve s e vere di sea se problems in a ny gi ven year 

(Stickney 1979). Even still, each year the aquaculture industry 

reports significant losses of fish and money . In the first ha l f 

of 1989, 115 million catfish with a value of $11.6 mil lion were 

lost to disease (Meyer 1991). In 1988, the catfish industry 

reported that 39 mill ion catfish were killed by disease (Meyer 

1991) . Also in 1988, the trout industry reporte d losses o f fish 

due to disease at 10.4 million fish with a value of $2.5 mil U.on 

(~eyer 1991). These numbers indicate that diseases and parasites 

can present devastating problems to fish farmers. 

'l'he i mportance of therapeutants to aquacuJ.ture cannot be 

overstated . Even under the care of the most meticulous culturist 

who employs best management practi ces, outbreaks of disease are 

going to occur .. As a resu.l t, anesthetics are needed to reduce 

stress of fish during handling, disin:Cectants are calle d upon to 
' 

' ) remove pathogens from equipment and facilities, and chemicals are 
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ne.eded to improve water quali ty and to control vegetation . Also 1 

parasi ticides, antibacterials, and fu.ngic i d es a re used to control 

specific organisms. It is inevitable that - diseases and 

parasitism will continue to be a limiting facto~ i n the 

aqqaculture industry. Presently the re are o nl y five registered 

chemicals approved for therapeutic use in food fish aquaculture. 

If the aquaculture indus try is going to progress and reach its 

full potential, then chemicals which are safe and effecti v e must 

be regi stered and made available fcr use by aquaculturists. 
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Tl~ current status of the use of animal drugs in aguaculture 

is in a drastic s·tate pf change-·. T' ' T ?.in a hetter u. nd,~rs:t:and:img ¡

o :E whal: is happen ing now 1 a r~:~v i.eH· e ·;~ tt1r.? F~•re'1.h!(; · t·ba.ii ' ha[:ps.~~e·:C 

in this area over the past t.hirty years is nrx·.essary. Dn.t.:.i.Lry the 

1950's anct 1960's, workerr-: in fish cultt.1re aw::l f.i.sh ffi(:}itagement 

u sed chemica1s w:tüch were developed and regis \iered' for complet,crnv 

different purposes (Lennon .1967). 'I'hose in tb •'?· f:Üdli o.Jf. 

f isheries were scavengers, borrrJr,.,ring chemica ls f r om other 

discip.linns and using them in a careless rnanner 1 not knowing what 

possible effects a drug might have (Lennon 1967) . At thls time, 

on.ly eight qhemicals r.vere regis t-.ered and approved for aquatic use 

(Lennon 1967). ' 

Congress charged the U.S. Environmerrtal Protection Ag~ncy 

(EPA) with the control of the use of pestici.des and t he U . S . Food 

and Drug Admird.s·tra'tion (FDA) with the control. uf, the use of 

drugs (Neye.r 1976). In 1972, the Federal E:'lvú:oi1mental'Pe:sticide 

Co, : t:rcl Act. (FEPCA) was enact:ed 1 which. t"eqruire.d that al.Lch~ical 

uses be covered by appro'.'ed :;:·egist.rations gJ:·anted by the· F ~

1
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FDA. (Meyer 1.976) Host chemicals used i.n fi.E.}Mries lacked proper · 

:r:egis·trations and were beinq used in vic-I:1. ':.iotl. of this act (1~eyer...: 

et al. 1976). FEPCA also requ.i.red. tbat existing re~istratio . n , 'l 

of pesticides be rev .i.eHed by l~h r ~ :t.:.\:'1\. O~eye:.r. et al. 1976). 

Tnvestigation of exis-1: i ng re9isi:.r;;:tti·::ms s-í~ov:Ied- tba i.:- many; 

regist.rations were too l.imited o.z:- ±.nade.quate to c.o"S"e:.'l:": the. m.:my 

uses employed in aquaculture and fish c ries nt·í:\na:geme.nt (Meyer et:: 

a.L 1976). So, in orcter to snpJ:!>Oi':t·_ clai.ms of lmlllan. and 

environment.al safety , most registra~ :: iol:'s r.r.1eeded add.it.ionn.l data 

(Meyer et al . 1976). Only ·twc ch~m.icc..Is l...VErL">:. exemp t from re-

t·P.gistrat:Lon: Terramycin and s'-..üfa-:meraY.:.!Lne· (1-fey<=::r ef: ;;zl:~ 1:976): . 

All other chemicals needed additional rcse.a1:ch ¡ e:.:en suc'ir ~n2eient: 

remedies of sal t and fb:tmalin, w.hid\ bad beer.l us'?.d f'0r over lOO 

yr~ars wr:re not: ex'?.mpt: from thE.~se n:~qn.iL~'?. ln er:;;e.s. (MrO!yer et al. 

1976) . 'ro spearhead this registrat::ion p.t'i:JC~!Z:".s 1 the,U. S".:. Fish anr1 

Wildlife Service (USFWS) for-mulat:ed a list,. f'roan , sc-.rJl:--.ys o .E 

fishery professionals, of the most needed chEmicals for use in 
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There is r:1. recognizable separation which exis·ts in the 

avaiJ.able literatura anr.l enforcemerd.: of requlations for 

i:h'3rapeu Ji e d r:-ugs wt' i c h a rP- u sed j n aquacul tu re. . This d.L vis i on 

occurs· among ·those ~~pe c ies r,.;!l i_ · :t1 -:.1.re c o :lsiclered as 11 fooc?-l' ' or 
11 non-food" species. 11 A species or popu lation y¡ il t bf~ c:.u"":M...s-i·!ie:rr:::d 

'food' if it is reasonably likely to be consumed for food either 

by hl,mans or food prrdu.cing a n imal::; " (S tefan 199 2) . 'l'he FDA, as 

established in i ·ts mission, i s concerned with ·the use of 

therareut;:¡nts witl1 food fish spec.Les . 'l'he FDA recognizes three 

categories of comrnonly cultured fish: baitfish and 

ornamental/ aquaria f ish, both of \·Jhich are viewed as non-food 

species, and broodfish, which are all regarded as food species . 

'l'he use of ctrugs during the different life stages of broodfish 

has become a highly controversial issue. The FDA's current stand 

on food fis h is that they will be "considereg _food at a~)- life 

stagesr• (Stefan 1992). 

"Enforcement policies for food anct non-food species and 

populations are likely to differ in important ways because the 

public heal·th consiclerations for the two groups are d:i:ffG:r.t::nt:·." 

(Stefan 1992) Those drugs which are approved for use with fcod 

species have c hanged f"~:"eqnently d' ing the past several years, -

and are found often throughout ttJe ll i:erature. T.helre.: ~;:¡!?ears, 

however , to be a lack of current info nnation ava:ilabl!c:a- for tllos'2 

spe cies which are non-food. The FDA is considerably less 

concerned with drugs used for non-.food species du;s;. to the 

elimination of the threat to hu~ a n food safety. Ct~rtain drc<J~· 

are app~oved for use wi th food species 1 vlhile numc.ro1.o15. athe.r-:-=; 1 

vlhich by their historibal uses have p roven innocuous ·to· the. 

target fish, the environment, and the applicator, a!re aJ.Ilcmed for 

use with non-food species . 

.. The FFDCA provides tllree methods by which a drug nrety legally 

b'?. used to t r e :1 t aquacu1 ture species. A drug may legal:ly h0. u.z:;2d· 

if _ii: meets any one of the fol l owing cri·teria: 1) if it i.s GRAS 

and GRAE: ¡ 2) if i t: lS an app.rove-d new animal dr-ug anp l icat ion 

(NADA) ; or 3) if i ·t has been grant:ed an INAD exempt.i<...-n,, A drug 

vlhich is GRAS "iil•:l GRAE or that possesses an NADA, is coills'ic}:~'!:'ed 

an a.pprove.d drug. An INAD exemptiol' is the legal met'' ')d for 1..1tse 
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fisheries and designated the Fish Control Laboratory at LaCrosse, 

Wisconsin as the lP.ad facility to coordinate the regis·tration 

effort (Meyer et al. 1976). A·' s", ber.:=t11se of the overwhelming 

needs for research, industry was called upon to assist in the 

process (Meyer et al. 1976) . 

By 1976, eighteen chemicals wcre registered for specified 

uses in fisheries, and ten of these were for use on fisiJ used as 

human food (Meyer et al. 1976) . Some n~w chernicals hacl been 

registered by 1985 which brought the total up to over thirty 

(Schnick et al. 1985). By 1989, the nurnber of drugs and 

chemicals approved for treating diseases of fish and shellfish 

was thir.ty-nine ( Schnlck et al. 1989) . But even though new 

chernicals were being regis·tered, some chemicals were being lost:. 

One way that this happened was tha t in arder to save .. rnoney, 

sornetimes fish cultur·ists purchased generic products rather tha n 

registered chernicals (Schnick et al. 1985). 'I'his prevented 

sponsors frorn recovering the cost of registering their product 

and the manufacturer suspended or c~nceled production and sale 

of the product (Schnick et Rl. 1985). Two examples of loss of 

a fishery chemical are Masoten a.nrl suLfameri"zine (Meyer 1 989} .. 

1\no·ther way therapeutic chemicals c:>n be lost is if they are used 

so mnsh that fish pathogens develop resistant strains (Meyer 

1989) . Sorne s trains of. Ae . .r . Q.mon.s1~. anr:l f:seudQmonas ha ve become 

increasingly resist~nt of T~rramycin (Meyer 1989). 

To help register or approve drugs fo r use in fisheries, the 

FDA can issue an investigatio nal new animal drug (INAD) exemption 

(Stefan 1992). With this INAD exemption a culturis·t has the 
; 

right to use an unapproved compound, but would have to submit 

data back t o the FDA to support ·the drugs formal approval (Stefan 

1992). In the past, the FDA was very lenient in granting INAD 's 

for aquaculture, and in retur-n very litt:le ,.:¡::tta was being 

developed ·to support tl1e formal approval of the drug ( Stefan 

1992) . 'l'lüs process was not. effective; the subsequent failure 

to develop data was not putting the aquaculture industry in a 

position to use various compounds legally (Stefan 1992) . 

'I'herefore, ma.ny of the regist:r..'ations o f. drugs were revoked, 

l~aving orlly five drugs approved for use wi.th aquRculture sper.; i.es 
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( Stefan 19 92) . 'l'he INJ\0 process s ·ti.ll exis ts toda y, but t.he 

integrity of this process was f~stored by making it difficuit to 

get INAD' s and the FDl\' ::; de.mu.J~ci i ng ·tbe d.evelopment of dáta on 

unapproved drugs (Stnfan 1992). 

CURREN'!' STATUS 

The FDA's basic mission is to: 

assure that foods are pure and wholesome, sé~>f,e to eat' and 
. produced under sani tary condi t ions; r_tha t drng~· and 
medical devices are safe and made effec-l:i ve fctr· the.i·i:· 
in1:ended uses; thn:t costnetics are sa.f:e and r.tade f i!:um 
appropriate ingred.ien+.:s; and tha·t label.ing anll· pacl'::aging¡ 
for all the.se products is trut.hful, informative, and noJ.::.1 
deceptive (Beaulieu 1992; CVM, USFDJ\ 1992; Stefan 1~92)~-

t .. 
The Federal F'ood -- ~ Drug a.nd Cosmetic 1\ct. ( FFDCA) and jJ;~ 

accompa11ying regula'tions provj de guidance fo~T the FOl~bby clF.:.ar.ly· 

def.Lning what is r~quired and/ or permi t ted rega.rding > p~·odncts 

tha·t fall nnder the iFDA' s j urisdiction. Among the prodtrc .. -ts :ehich 

are under th~ FDA's jurisdiction are an1:r,~ ... 1.1 reeds, ~nimal feed 

addit.ives, and animal drugs. 

The clo.ims made for a product 
(or the way in which it :üs act.ually¡ noed) detennine:-
wh.e·ther i t is a drug. B1'' def ini.t .. i-on, a dl-uiJ, is an 
articie intended for use Jn 1r.he rJiagaasLc:;., cure; 

. t. t. t ~ t t . ~{·· d" . m1 1ga 1on ,, ·re a cmen-, or pr<?.O? "" .. m··:lon w..r: J.:s~ase 1n rnan 
or other animals; and articJ ... ~s (.c~itlíll?-:t: than f.ood) . in·tended 
to · é\ .ffect t.he st.ructure oJ: <1.1Jl>f f:uaction of the. bod.y.' of: 
man- or- other animals. 1\. d:n11-.;r ::ÍY'li:el?ded f br use in anim<Als . 
that.: is nbt generally l. ·Rcog·!t,-Ji:r.t.:rl ~r m ~ perts. qualified by 
sc.ientif ic training and e.~~J?~~·i.e;n::.\2 i:c\ .rcw~JJ.lé1Jte the saf.ety 
and e:Efectiveness · -of ue·.w au:ii.ma.U. r.:en.t~ : Ti' as b-..ar-e·- -a.nd 
effecti ve is. a · 11 new · anima 1~ ::Gl!l':.:lg:" ~H ·5r-r:!a'"s1'ieu 1992; t::::~M~ 

USFDA 1992; Stefan 1992) . 

A dru.g that is genera lly recogjiJ"ii:U.z·.B'l as r--.afe (GRl\S) 1 ls a drt~g 

that is safe for the animal , ·th·e :¡pP.rcorl' adiruii?J'.ir..it.9xiilg tn:a· d.rug, 

persons eating .. ·food - prodtlcts der.~\J~ tDr.,.,.ru·. -tff-'1~ aud.mal. and.·· t-.. h.e:: 

environment . , ·A drug that: l.s gB51'·~rr. ... l1:y: r.:ec.í:rqüzer),. f!S:- ef-fs~tive· 

(GRAE) / is a product tha t w.i11 do u/.-!J.;..lt i t-. is claimf'Vl to do, 

corisis.tently a.nd uniformly. Re<-~gniir:Jiun of a <.\rug as safe m 

effecti..ve is determined from elata oh<thllncu~. :l!rom:;• contx.o111ed-

studi.es, which have publ.ished re~ults in profess.ional scient.ific 

literatnre. 

4 
• r 



J 
j 

o 

o 
o 
o 

• ! 

' 
·~ ~ · 

There is a recogni.z a.bl e separa tion Hh ich exis ·ts in ·t .he 

available literatura 

therapeuJj.c dru.gs vrhich 

011d enf;_1rcement of regu.la tions for 

used in aquacultur-e. This division 

occurs· ·among -1:hose specic>s which a1 9 consi.dered as "foodl'; Clr 

''non·-food" spe.cies. 11 1\. species or population will be, c:un~i · d.e-rGn 

'food' i f it is reasonably likely to be consumcd for food either 

by humans or food producing animals" (St ~ efan 1992). The FDA, as 

established in i ·ts miss ion, is concerned wi th the use of 

therapeutants with food fish species. Tl1e FD.l\. recognizes three 

categories of comrnonJy cultured fish: baitfish and 

ornameú·talfaquaria fish, bof:h of· ~vhich are viewed as non-··food 
' ' ¡ species, and broodfish, which are all regarded as food species. 
L .• 

The use of .drugs during U1e different L\.fe stages of broodfish 

has become a highly controversia.l issu.e. 'L'he FDA' s current stand 

on food fish i.s ·that they h'ilJ: be 17 CO!lsidereg . .food at all life 

s ·tages" (Stefan 1992). 

" Enf.orcement policies for food and non-food species and 

popula·tions are likely to differ in :Lmportant ways because t:he 

public health considerations for th·= two groups are d~~ffC?.r.rmt.:-." 

(Stefan 1992). Those d:t. ~ ngs "!ilhich are aprroved for use vlith food 

species have changed fz 1uently during the past severa! years, 

aml are fonnd often throughout ·the liter~ture. 'rhe~e..: uppears, 

however, to be a· lack of cur.cent information availabl!e- for thos~ 
1 

specics vdlich are non-food. 'l'he FDA is considerably lP.SS 

·=oncerneq v1ith drugs used for non·- food specie:s du~ . ·to the 

eliminat.ion of tl-le threa·t to human fo od safety. Cnrtain dra!J~· 

are approved for use wi th food species , while nunq.et-u);,s. o ·titer·s, 

wh.ich by their historibal use.s have proven innocuOlJs to· the. 

target: fish, the environment, and the applicator , arre aJ.Ilrnred for 

use with non-food species . . 

. The FFDC.l\ provicles three methods by wh.ich a drug muy lega tly 

be used to treat aqu.acul t ure sp € ~ .. :ies. A d r ug may le'Flll ~ •. bfi) u.m~d· 

if _it · meets any one of ·th~ following criteria: 1) if it is GRAS 

and GRAE; 2) if i t is an approvr· d ne1·1 animal drug applica·tion 

(NADA); or 3) if it has be.en gran-ted an INAD exempticnn:.u A drug 

HlJich. is (:'RAS and GP.l\E or that po :. ~sesses an NADA, is. c o v.~ si. d ~ed 

an approved dru.g. An INl\D exemption is ·th legal methodi for. tM3e 
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of a new animal drug or for ·an unapprov ed use of an approved 

drug. f~ 

~ 

The estimated expe.nse of lneet ing th8 necessary da1=a 

requireml:mts ··· fdx t .hle.. am?:icmró'l.1,_ of a d.ln'.f."J ñ:s estünate.d '· at" · $.5-2' 

mill ion. ( Schnick (undated) ) . Cl'le.'T.'ic.r.tl m'3mu-far..::·turing c.tJmpanies 

generally provide funding for the ne.ces;sarr l!'esearch for 

approval, or ~nly those drugs which the company is assured wi11 

be able to recover the research and development costs, and 

additionally, will provide a profit for their company. For th~s 

reason, very few drugs receive funding for research towards the~r 

approval from actual drug manufacturing companies. In addition 

required to be 

a drug to be 

to the expense involved, all of t:he data is 

pUblished in the1· scientific literature for 
í 

recognized as GRAS and GRAE. To he approved as a NADA the data 
- ... 1 

requirements are essentially the s ame as those to be GRAS and 

GRAE, however, the1 ~ e is no obligation for the data to be 
l 

published in professional li~'- . 8rature. Because of this obligation 

of dat~ to be publi.shed in prof.e~ssional litera-tu:~:e., _ drugs can 

actually be more lifcely to be approved under the N.l\DA process-

There are no .drugs being used ÍJl aquacul ture that ha11.e rnet· i.:.he. 

requirements . to be GJ?J\.S and GRAE, conseqt~tently, all approved'· 

drugs currently b eing u sed in aquacuJ ~ ture are. NADA' s . 

A drug granted. a · NAD.l\. is limi ted 1:o a drug mant1fact.1\i:ted· Dx' 
a . sp~cific spons0r, for use· with a specific species, . forr 

specified indlicatio~, at -spécl.fic dos.es, and w.:Ü:h · specifies-'1 

· lirtd·tation.s' . includihg any wH:hvl . ~-...awal t.i'.ID.'f! betwee.n . treart:me ~ ': Gtff 

th9 product and the a va i labil.i ty of ir.he tr.-eated product. to thte< 

'-·· public ~ To date, fi ve drugs ha we bec?!ll a¡pp:r:ove<l for ( li.:m-H:etl). use 

as th.erapeutants with food speci8:s im aq_uacultur~ · ('J. ;: ~ble 1.),. 

) 

' 1 
1 ! 

; í 
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howev~r~ only four ·of t .hese druqs a .lte. corm.11>ei:1.::iallY. a'!i~ah~e 

It is .ünpor-tant:· .. t.o tmder.stano t~ ~ ,t tmes'=! are lirnited' appt"OWt.lSJ 

o f . tl·te drugs, OJ.!Ji·rt! 1-th ;;'l.t t::hese 1. :.ntgs ll'lf!¡Y not J ~-- · used for.· aJ }: 

purposes., nor wi·th a.'LI s¡per . .:ie:S. 

An INAD ex~ernpt:lcm . is leg,mJ!y re:qu.ired for the . usa : of ~ny · 

uh"'prroved drug, and the.refore, is tJJie firs.t step · Íl1t'- oht.ai!&iiit;J .'.: 
. ! · '. 

a NADA for: any .. new animal drur:¡. An INAD exemptinn· a1low:: :fom: ... ·. · 

lega J. j nterst:a·te .. shipment:. of unapproved drugs, as: Wi!li: a:s¡., tli~· · 
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authorization for treated ~ nimals intended to be released for 

human consumption or slaugh : ered. Hos·t i~nportantly, the· IHAD · .. ... 
exemption allows ' ( and is necessa r:y) f C'r the unapproved use of· a . 

n 'evl animal drug :f .. ;r the purpose of con f ~n~~t . ing resear.ch-. f-or it's 

future ~ppioval as a NADA. 

INAD' s are grai,·ted by 1:he CRnter fo-r:- Vete .. ~-j i .m~ry U~.ic.ini?. 

( CVM) • Approval or rej ection of a requested j!JW\D :. eX:.111lF>;l:·iol;7·. 

generally ·takes approxima tely 18 o days . 1\.n HTAD is vc:rlf..d fo.!J.:r él-' 

one year period, ·therefor:e, i t~ mtist be renewed í.il:7rnüatil..y. l\ 

request for an INAD exemption mus\: include: th.e name cf;·· tl'1a, 

specif ic drug óf interest ( from t .he specl f ic manufac·turer) , 

a.vailable data on humen fon r:1 sa fe·ty, environmental safet:y, target · 

an:LJ11al safe·t'y, eff:Lcacy information (especialJ.y dose), design c~f , 

study protocols, and a sponsor, a monitor, and an investigatar¡ 

must be identified (CVM, USFDA 1992). 

The sponsor is t.he actual hold~ ~ r of the INAD ex~mp:c:i.on and 

is ultima t:ely responsible for the use of the drug u:3 . . a..athorized 

by the exempti<?n. A sponsor is responsible for esta.bJ_islting. 

prot:ocols, appointing a moni·tor, and .keeJ~ing all necessary 

contacts ··with the CVM. ~he CVM also holds the sponsor liable for 

ensuring t.há.t the studi.es :::'lnd clistribution of th.c! drug. are not 

· 1.nduly prolonged (Bea.nlieu 1992¡ CVM, U:SFDA 199'2)·. Sponsors 

guther all of the va.r{ous data gene.r.a.ted under the . INAD and· 

submit. them i:o the CVM, who ·then pJ.a<ec~:: 1:h·e. data in a Public 

Ha~ter File (PI1F), vlhich can then be aocE!S:sed, rer.ferenced; . and 

used as · 'support by tl1~ '' 1narnifacturing ooAApany s~.i>king · the l\t;,.~DÁ · b : · 

The. ~onitor, .who is iestáblished by and "t-:7ork~; for the sp~J:nsor; · . 

j e; i ·o ensure tliat tl1.e "investigator und:erstands amcl: accepts: .his 
resoons:i.bili ~ tiec; as an investigatnr and has ade1quate facilities, 

. ·. . . ,1 • • ·. ; 

re~ ·- 'l:tces, anirnals, a ncl . time t:o conduc·t: q ¡f:!' f:1tll:'i3pOS'ad . studj"'• 

.(Beanli.eu · 1992; CVM, USFDA J.992). Io1.-·nitors are expected: tó Jrie"""r-
• • 1 • ··~ • 

pérsona.l conta cts vii t:h and V J si t t:.he fa.c.ili tres o .fe aach 

invest.Cgator o v er the course of the e:ntire st:u~; . and · wiH1oÚt 
di.rectly p.articipating in ·the . coliectlon af cta·ta.', ensure .. tb t 
da·ta arq being genera t ed and properly recol::'d'?d. "'r'\'l.eyf shnuid 

J;:ecp a complete record of aLl contacts w:i.th inves . ;; ·ators arjd: 

fina :Lly certifz that · the results teported by ·the investiga.tor · 
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o · 
() 
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! : 

comple·tely and accurat~1y reflect the resul ts of the study11 

(f~aulieu 1992; CVM, USFDA 1992). 

i The investJgator keeps a copy of the protocols, signe.d by 

·bdbh ·the=T- spmásor .. ahd·':the monitor~ ·· and ÍS '· responsible: :fo?C'" carryi.u9'· 

ou:t res-;earc~ as er.;Hn:tJJif.<a-led-.i by thesE"- protocols. Ir .. i . .5, important: ... 

that ·the invest:igct'l-mr mai-n11R.I.in Üru:n:mgli and.'1 acc:ul!:'attl~ · record.$. .. 

throughout the study ( as . weli as' col'lect a.ncl t El-'Ullrmit .a -11 data 
1 

that is generated . The investigator is n ~po . .ns~t..ble fdmr the 

implementation of the drug study, control of the d.tmg, the tes·t 

animals, and of their proper disposal. Upon comp,létion of:i" the 

study, the investigator must submi·t all data and records to .-the-· 

! sponsor, a long wi·th ·a certif ication as ·bo the completenf'...ss and 
l ~--

'--

- !_ __ 

1 \ 

h·. 
,, 
•, 
"""L 

, · 1 
• 1 

- l._ 

accuracy :of these ~ate ~ ials. 

The amount of w~rk and time which are required ro gat.l:l.er a1.1. ,. 
the data necessary ~ for a drug's approval ure e~ 1 ~nsive. This, 

; ~ · 

coupled with the J::ligh costs associatP...d wieh te!:ft.ing, kBeps rnany 
·1 

chemical manufactur~rs frorn seeldng JJY.AD sp~'.lnsorship. This can 

be· a maj.0r prohlem- for tne frr.oducer becaU.IiH3 he'jshe g9:nerally doés 

not have the experier.rce., faci Litie~¡ 

for recei ving a.n INAD spo nr~ or: s h.ip. 

o;r.; bhe ca.pitttL~ necessar.y 

'lhe.. FilA. has •. provided an 

intention.al loop-hole· by which.r proouce:c·s· r~tay ohtain short-tenrt-

INAD exernptiow:'l. if they are abtl..e!:! h' I!!eet_ specific conditions and 

requireinents . 

The "Cmr:passionat-e INAD P'~licy•r· · a.llows. for a compa.ssitniorte· 

INA.b . to be g,ranbw..t if.:; .1) t.'i'!fr:hmals' l.ives- a>·;r.e~· thr.eatened ami · 

.subj éct , tr-:~ suffa:J:iml?1·: or .- d r.!ath.. c:lf ur;ct: treated; 2.) t:hé:re . is 

· suff icient sc:C.entif it~ .. e~d.D.et·¡-cf.<f . s :~ rwn:t.ing; ther use of tll€·-di'tl'gf;fm ... 

:the condi tion to be treated; and 3) t . be.~e .:. .is- no existing·· app.b.:wed·· 

drug: or treatrn1mt for t!.he cc..·•ndi.tion¡,, or, if the· proposed 

·treatment. offers· s;orne s-4-gnifi:.ccunt ati5lt.l'lltage over e-xiSting 

app:toved tr-B~t::rrr.rmt..~ ' " CS.tg.:fi.~ J: l •. :ttV:.1il'.r),., ,1\-.ll· emerge.ncy. IN.M)!• ~t:ñO'lDt. . 

may be grar L.ftt2t'l~ :e.~ a=:. om<a.-t·5:imr;::. <"~ry~~Yi si tuat.io~1 in· wb.icH:; th{:!:· 

éifa~éi:nen'{:'.ionE-!d· G'!OHdii:Ü('\hS· tmd!J .:1!81p1irement-s ha ve been ~ aet~ · .. ;.rhe 

agency wiJa noü t:a'J:er:atr5' thf~ u ~ m 0t! an erner:gency INAD in cases 

. wlilére producers simply have not p .lanned for. reC1.M:ring or: seasortai 
1 ·, • ·": • . . 'J 

. problE;!ms. . These INAD exernptions do no·t exempt. t".he. holder·: t'ram . 

the responsibility of collecting data, they are sirnply atldi.tí.onai~ 

8 
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.methods by which an INAD e x emption rnay be obtained. 

Producers cart provide a majar part of the data which will be 

.;: necessary for a new animal drug's future approval by obtaining .·. . 
:.·TNAD exemptions as.:. all o.w:e.:d .. under the cornpa.ssionate INAD · process. 

By ini tiating th.é .. data collec:·tion for new anima .'!. drugf.J '· f: .i -rrndtilc~r5· 

.J.essen the time and costs in vol ved for manufactr..n · ~ -cz:s whu- can get : · . 
. ·: ':t he drugs produced, labeled, and rnarketed, to obtai:trr. rJ NADA. Tfle 

.. ; j;Jroducers r initial effor-ts towards a partic ular drug( s., aru:o.x>val 

)nay encourage a uni versi ty , a Federal or state.J gro~p, CIJI· 

.:·aquaculture producer group , cir the Cv11 's IR--4 program, to acqu.ire 

.· :s ponsorship of the drug. Through the use of the compassiona~e 

\. : ·~· · It-TAD policy, producers can benef'i t thernsel ves by ~coming · 
1 ' 

) 5,nvol ved in, and ac·tually becoming apart of 1 the NADA procm~s for 

·it new · animal drug. 

The agency · allows ·the ·use c:>f certain new animal d.tLI,gs undt:;.r 

.. 1 .ppecific 
. _, ,. 

,,.. 
condi tions by t .wo rnethods in addi tion to an INAD 

·: .. ,'exernption. Low e ·nforcement priority is a decision by the agency 

- · .. ¡:.¡{to use "regulatory discretion" in the enforcernent oL t_he u.se o•f 
: : iJ 

· ) ;<; r~orne drugs which have been historically used in. aquacul·ture: 

· ~~e ven drugs (Table 2} are recognized as having Iow· regulato~y 

· . ~ l :·1'.pr·iority. · These drugs and their accepted u~S:es, from their 

'· ,.,. : ( ;~ historical use in aquaculture, ha ve be en suff icientrjf dooumented 
. .. \ : ~ . .. . . . . 

· ·.;·;il11 · sc~ent~f~c li terature for the agency ·to rnaJf.ta i ts:.. o.ec.ision · 
'¡ ,, . . 1 

·-· .. ;: · -{¡::',;based .oh _ _:he ·- ~-ature of the ~r~g , infor~atiGm regarding H:s 

:tfuetabolism and residues in the ·treated animal, tfH!· tmd.city Of 
(i i~t¡ . 

•;:;'!·:the drug residues to man, and other factors in.~VludlimJ¡ the naanner 
. , ·1_! 

. . .' · f.P • • • 
.' ''H.n wh~ch 1.t 1.s generally used in practice" ( !U\SFDA 19'9.2·},:. 

/¡ 
<··i• !i '' Extra-label 
. ·' 

. , i 
use .. ~s · an exemption av:ail.able anly· to· 

<~: ~ ~eterinarians. It allows veterinarians to use mn ta:na-J!lproved drug 
·· . ·;; ; ~r. ·an approved drug for uses other than its sp~cj,¡f.ioo UriO. ih the 

. '.li ··.. ' . 
,- ... · :H!:::réatment of a disease; · this does not allow WMppreved' use . .f'or,· 
' :~J~0 . ' . 
·¡ ' ·· ¡¡~ .. ne prevent1.on of dJ.sease . The agency does 

:, t·í · · 

'' \~i t$e of chloramph~ · hit:o1· nor ni trofurans. 
: · P.·l·, · .. . 

ne>t alloW! e:>rord-la&rl· 

Wt1en a vete.oriha ~ t:ian 

~· ,· p .xercises extra- label use1. hejshe :~.s accepting 1responsibility for 
J ·, . ' : . • ..... .. ~ · . 

':· .; . : . ~afety and éffic~cy of treatment, as well as, tb~e absence· of 
: .. ~ ~:f~ · ar m f ul res - idue~ · if: use.d 'in food species. 

, • • } ; .... ~ ~lf 

<~ .. ,, . i'. ~. ~ · ;;, :.:. Data · needed for the approval of a drug include: efflicmcy.:¡ 
· -·";,'· -. Y.w~ -> · 

1 · - ; -~:~-- t :·!· . 

. 
;·¡ _ ,~{¡:.~ : .. . 

. -~ 1 ~ _· ,·; '"/';_ 
·... . '. -\: ·:· 

:· .. J .. :_ ·: 

J 

) 

.· t. t f f 
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1

.í ~ /; safety of target species, i\uman food safety, environmental safety 
. :J:•t-. ~- ~L ~ and affects, q.nd rnanufacturing a nd conl:r:ol inforrnation. I.N.AD' s 

.~ .\ ' . generally--. .only . provide data · which can 1 be obtained frow. fie1d 
1_, (. 

_ · ;~~~ ,,. stüa1:·es "'''·" Maiiyt !;lAté.l ··:lñ'ü'St be·· obta..imed .. from well controlled: st.'ild.i:es 
; t · 1, 

:~'! ; t . ~ ~ lhir.z . ~ C""élYlno~ J-m pt!t:rf.ñr.med in . the field . . 'fhese data···are.-usua11y 

. };F': generatL-:d by· the f.P..:tpp~l.-tÜn.J .; n¡~ntl.f.a~t"l{LJ-i.ngJ cam_mc:nri:?.s.,~. add:i!tiona1 

·._:.r(.: testing cornpanies) ancl by t:hr ·e CV1~J.f s · IK?~ Pro .ll!ut:\ ~: liud · iÍíef3~ · 'l"líe 

.· ·, , ~ i ,i'" ~se of ÍNAD; s , to genera te as much . data as possibl"e· -- J:ilme~it s the 

. .. .. · .~~': : c~ances of new animal drugs being approved an(l.:' g:t.:.-ante"d.....an NADA' s .. 

L· .·J;t .. :::: 
· .. (,Í;;, ·~AD A TESTING .REQUIREMENTS 

- ~ ''-\'(::: . 

L ."-': :'.·it' ·. Safety and effectiveness data are required to .. be sublilitted ~ . 
. ·. ·, .. ,, ~ .· .... 

· >.i,( .. ~· . : t ' t> the FDA as par-t 1of the NADA. · Safety studie>s are designed to L · .. ·f.:¡_{·.E:.how that the drug~. or test article>., . is safe for · the tarqet 

or the é~irnal being t~~ated , ~afe for hurnaris, and - safe ~ 

.i 

l 

: : 

1 
l. 

i ., 

·, " 
•j 

1 

J ·¡ 

L · 
' "-" : . 

enviromnent ~ Effec:ti venE?.:;s s ·tudies must show that the · 
. ! 

effect1. ve foll- its label·. e Ud ro, or intf:nded use. The · FDA 

sa:Eet.y and · ef:EE-cr"L-r:i.veness dala <"..S "all studies and tests 

· : ~,f . · an animal drug on animalr-i: aw:l all st;udies and tests on the 

drug for identi.ty 1 stabi-lity r pU:l""'Íty, potenoy 1 and . . 
\ 

bioavailability" (2J.:CFR 514.l~.h),.. Studies ami te.s·ts on the new 

~ni mal drug may inclu~ testin~ .. U1e active in.gred.lient of ·the ~ 

., i:brmulati-on, ... the inert ingJ:edJ.éuts r impu.rities, metabolites, or · 
' 

.degradat.ion . P.F"osJ~cts . of the drug; · For simplif ication, an· FDA 
'~test . ~tic le"; is u sed t..-oÁ desc;orilie the chemical or· mixtUre 
: S'itl.Udy . . -. 'lbe . t_!l¡1 l U:~p!Q.c:H~ ; ··of., tt}j_ S,~ E~r::!tJ. O.U. ÍS to hi.giJ.ligM.';. "the 

· . xf.~fuermm · studies whi.ch· rnay· t~ · neqA:ld.r~a: f.or registratian· of·· il!D. 
; . . '1 . . 

,- ~~acu;t..turre therapeut:ant : and. ter. h~i~;.'>fly describe the nature of 
1. 

· · ~iected st.::lldies.. 

.. the · P-rodnct. idénti~ and; CCIJIPOSitioli -· is 

to. · a~~Rs; tt.tl 1?· · yr.e~h : Enr"~cf:añ iras--: to eva 1 uate .. tílm:· . s:a.f~ : 

1

1'!mi! ~:~ ar.u>..4 · ... e."f"fectbF.<&less o:fr a-El' · CVIiJ:Dm'm .... nts n:f the product ( 21:. CFR-· Si4 

4 o CFR 1:5:0:), . Pr:oduc.:t: .. idnuti t. y and co~msi tion dat¡t ilmst 
lw:le a description· of the--product: i.d.~ti ty- and disciosúre of 

· redlents, description ·ox beginning ·materíals and manufacttiring · 

a-r;-e:r .. a· """ctiscuss1on o"f formation of irnpurities.. . JU1 

present. in concentrations equal to or greater tban O. :l. 

'.•;r 10 
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weight percent must be identif ied and quantif ied. An applicant' s 

product identity _and composition will be compared by the agency 

with curren-tly l.&·egist.ered products . to determine if the 

compositions are identical or substantially different. Also, 

knowing the product's composition will lead to proper labeling, 

packaging and possible use restriction requirements. 

Certified limits, or the outer range of concentration of all 

the product's ingredi~nts, as well as the nominal concentration, 

or the normally expected concentration, of the active ingredient 

must be supplied to the agency. The certified limits and nominal 

concentration are enforceable and .legally binding for registered 

products from the date of production to the date of use, unless 

the stabilit-Y of the product requires the assignment of an 

exp.iration date~ 

1 The applicant must supply. the agency wi th 

sam~les of the product, samples . of analytical -reference 
· ~¡IJ 

standards, and the analytical methods used to determine the 

product's active ingredients, inert ingredienfs, and impurities 

of toxicological significance. If samples of commercial product 

are teste? by the agency and the certif ied limits are found 

outside the claimed valu~s, regulatory action may result, which 

may involve product recall. 

Physical and· chemical characteristics listed in Table 3 are 

required data for the active ingredient and any inert ingredients 
1 

or impurities of toxicological significance. The requirement of 

certain data may be waived depending on the physical 'state or 

chemical class of the test article. For example, the m~ltihg 

point st~dy is required for those test articles that are solids 
1 

at room temperatura and therefore, the boiling point study wouid 

not be required. Likewise, · the octanoljwater par~ition 

1 

c_oefficient study is required only i.f the test article is organic 

and non-polar. 

Physical and chemical character is·tics are usec1 in 

confirmation or support of identification of the product., .l.~s 

active and inert ingredients, and impurities. Color, physicai 

state, and odor are used in emergency situations for response to 

spills and accidents or in poisoning cases where miri!mal 

irtformation is known about the test article. Melting or boilihq 

11 
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poin-ts, vapor pressure, a'hct pH are irnportant for worker safety ~ 

Octanoljwater partitio n coeff icient is necessary to determine~~ 

need for further fish and wildlife accurnu.lation studies. Storaq~ 

stabili ty--st1:td:i-es -_,deterrnine'"the need for toxici·ty studies oi· ti;le : 

degradation products if the test ajrt..:iclcf? G'.ornposi t.ion cJ:i1.ail'.lC]~ du·e 

to the storage condi.tions. <:;orrosion ch.-;rrat::'J.E1.1:·hs·ttJ.(-:.s studi~ are 

designed to determine the chemical cornpat::i:.b-D.i.ty to~.:i:t:h j_ts 

container, lid, liners, and searns of the containe:t . ~ ·. st.:abilLt.y¡ . 

oxidizing or reducing ac·tion, f lammabili ty ,. expl'odabjJ..i t}'; 

storage stability, corros ion characteristics , and die.le-etric· : 

breakdown voltage are used directly in hazards ?~sessm~~-

Further data requirements may be placed in the catn9ories of 

residue .chemistry1_ environmental fate, toxicology, reentry. 

protection, spray 41 drift, wildlife and ,. 
nontarget insect, .and eff icacy studies. 

aquatic organiems, 

Tr."a--<!!h ca1:egory has 
~ 7"' 

required and condi ~ional ly requ.ired data whic:l'l: reflects the 

general use pattern ' of ·the d.rug to be regü:;r..ered; in this case 

the general use pattern of the new animal r-lrug is use oJ!l · an 

aquatic food crop. 

Residue chemistry data requirernents listed in Table 4 are. 

used by the asrency to estímate the ~pasure to residues in · food .~ 

or water consurned by hurnans or anLmals. 'l'his data is usmt-· in· 

setting tolerances in or on food or feed. Né)blre of· the residue· 

studies typically use · radiolabelJ~etfr. t.:es.~ artic·l.es and .. ar.e . 

designed to . d ;eternd.ne'. the ; degr.ee . of. uptw-.ke of the test· artic1e· 

by the treated animal, the most potemtially affected organs 

(target organs); and identification o.f the rnretaboi.ites of the 

test article. · Magni tude of the resirilu~ stu•.dies atre: reqai:red to.; 

show the concentration···of -- the resid'l!4es- in a disappearance-eurve· . 
for assignrnent of a \vithdrawal time. Withdrawa~ 'time-- is - the 

amount of time that must lapse after the last application of _the 
. -

new animal drug to achieve the legall;y as..."i--ig.med tole-rance _ level 

of residues allowed in ·the edible product.s Gf the treated. an.:bnai. 
The best· drug candidates . for new animal drugs would be t:hose t:om.- · 

pounds vlith short withdrawal times and very negligible residiles_ 

1 2 



Environrnéntal fate data requirements listed in Table 5 aid 

·, in establishing label rest rictions and in protection of 

;: threatened or endangered spécies or wildli~ populations at risk . 
. ·· r 

· :: Degradati.on . studi~s det.e~mine the rate of degradation .of tbe.test 

. article when expósed to tlJe e:Q.,Vironrnent. If th~ · test. ar.ticle 

.· :;_ persists in the environment 1 1ti'l.e neftc:'" .. 1 t;)fyr nonilcrrget .. organism-

, testing is. identif ied and adverse e :·tl"f.:'ect:!s mw.;t·: rm determir'IE'!d.: 

.. Hetabolisrn studies are designed to deüermine tU.ie <.f'~ailabi~ity of 
1 

.::. t;he test article to rotational crops as well a~:.; its pr.rsistence 

. · ~ in soil and aquatic environments. Mobi li ty studí~es dn.termine tbn 

.· mode of transport and eventual de~tination of the . test article 

·;, .in the envir onrnent , Potentia l env ironrnental hazarcls are assessed 
' 

~ .. ., .;·. fc..J:r:· contamination o .f human and animal food, loss of v,sable. land 

a nd wate~ resources dueto contarnination, and habitat · loss.due 

U J transport in the environrnen-t. Dissip_a.t.d..on . stüdies are 

·. ::·:_Ó'2:signed to determine the hazards of reentry1. in treated:. areas, 
·, ::i i 

.... : :·; ·~ i; · esidues in rotational crops and other food ffi\!Urces, loss.. ot 
. :\ ', 

: . . · .. ~· · · · land 1 surface 1 and ground water to cúutaF.ihation'. Accumulation · 
1 ,, .. ·, . 

L:_ : .j¡ ~ tudies determine residue levels jn . t ·ood supplies from wild 

. ·: l. ~ , ···s our ces or rotational crops and . the residue.s in aquatic animals 
·i ;.·¡ . 

. ¡ i-· ·_:;1, eaten by humans. 
i ! : ·.:·:. :?: .• . 

· ... ' t ; .. :'J¡· ;_· ... :· . 
. · .:_·¡ ;- >::;l·::_ .: . 'I'oxicology data req~irennents . li.stedi in TaDJ.e 6. are·· necessar1r: 

• • 

1 

; ; ,f ~ ~ determine the short-tP..rm. and- l.ong··-term. risks: of. exposure ·to · 

) .. 

) 

) 

- ~ · .. l~ : ~ :Iie test article·: ·· · Acute t:ox.iLci.t ~ ~- te::s1:ing·• evaiuates the toxic 
·. \.... . ~ ~ ;: : . c h~racteristics and heal th .h:aza¡r-dlr.: d•.lffi t~ shor..t ... term exposure! to 

t . . ~ . ~ -. . - · ; } ,~ne test article. ··· · InitiatL ···inf.o_rmatimr j.s· d.e.termined ' far;,. drla.g¡.· 

~ -t lb ra~sific~tion 1 cautiotmry '· I.a · be ~ l:lng 1 a,rrJ· the ne·ed · for cbiid 
··- .. {'¡ ~ - ~ - ~istant packaging. Acut:e studiE!"S asst<iSS . the init:ial mode of. . 

. l,t 6xic ·action of thé ·test· arti.t:i~a and alJso pJ.."'I.:l"'l{.n:<l.e dos e levels· for. · 
" { ' ¡ •• : 

t ~~chr~hic ; testing · ·-'-·rSnb"c.l:n :::cnic tr...ce ,t;, lng~ 0.-...en~n~ines he-altb. ~ 

·;!c..!'esultlng frorn repea.ted • eKpOX~.U.t ?.! cr~>;-r :L1m1.-<hedl tillPI.l. periDds;;. 
1 ~ · · .. . • 

n··· · " ' · . · .~~ ~bet . organs; the ·-accumulatio.a:tJ, potentj.:al of the test artic1é..,., 
) ~ l n.d dos e levels for chronic st.'""'Oldie.os ane... also det~rmiried . :·· in 
J, .. ~·. 

:t : ~)~ c~:::!~~~~:~~::~ogy -studies are designed to detenwin.! .the 

: ·· · ~: q:il.inulative effects due to prolonged and repeated e>eposure . tu <i· 
.· · ~ ;~\ \ \ . :·.: . 

·~ :.? \(' ':'i . . 
i . ¡ .:.¡ '1 , . , : 

' . : 'J 'r , . -. ~ . ; 

'\ .' . v., : . ... , • • • • •• • • J 

'· .,. 'i:·;':: .. : . 
... .. · ... 

; '· ~ _: ,. . . 
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test article. In oncogen.i.ci ty studies, animals are ·observed over 

most of their life span for development of neoplastic lesions. 

Teratogenicl~y studies determine if structural or other 
. lf 

abnormalities- .are induced ·to the fetus after t):le .. mc::rl:bez i.s· 

exposed to the test article during· };.'regnancy. 

studies determine the effects on ;;">'.t';l<\d.~J- funut:'i o}).;a, e.strus 

cycles, . mating behavior, concep·tion, partuuriti'on ~, J..?c;tat.ürn, 

weaning, growth and developll\ent of offspring, ;as w•>E:dJ.:.as nuvt.r..t.t.~J : 

morbidi ty and mortali ty. Mutagenici ty testing evaluél.t:e>~' · t.iu .. -""test 

article' s potential affects on mammalian c.ellu.l.Ar q~:ati.c-; 

components. 

R~entr1 prbtection and spr&y drift studies li~ted " in Table 

7 determine the need for precautionary la.beling t .eoJ mlhihl ze th.e 
' t . 

effect to nont;arge:t:- organisms, especially humans·... Wildlife and 

aquatic organism stuáies listed in Table 8 and nontarge:t org:;bnism 

studies listed in Table 9 determine the need for precc:P&l.:lonary 

labeling to minimize the effect to nontarget organisms. E~f.i.cacy 

studies ~ lis·ted in Table 10 (Schnick 19 ·~2) r1re r:e.-quirEld··bY. the FDA 

regardless of the method of · adminisb-:ati11n of the new animal 

drug. 

Many studies are conditionaJ.ly :r:equírt.:.d dep~g orr tbe · 

nature of the test article. For instan.cR, .. re;gistration of a test 

article would not require the full ba-ttay of chron.ic toxicity, 

studies if the acute and subchronic tox.Í!ci.it.y studies showed it 

to be relatively · non-toxic. •.rhe r.lé:Ft<l! JCequiretl1!ents .- for a 

' 
particÜlar test article éif'e determÜP\!'..d h}'' t:hre FD~ · on a case-by"-· 

·-·- ·case- basis...... The study design and protacol for the study stiou1d . 

be reviewed with the FDA prioJr t:a s"'dlreduling the ::· sbidy . . 

According to Beleau (1991) there are 

successfully completing a ·study. Each of the followinq · st-..epS: Il!BJ'l' 
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) 

) , 
) 

) 

) 

·~ . . 1 

involve the sponsor, testing laboratory personnel., and· 

-representatives of the FDA: identify laboratory, deve1op 

· prot:ocol, method development, method validation, Good Laboratory 

.. Practices., .; ~pprove :· px;-o:~ocol, · p_oncluc1: study¡ monitor st_udf~ . and · 

f. in al reportr. 

Identifying the J:.atnraUn:y te Jconduut 'L~e stn.d:y-:- w,guld inól:ude 

· considerations cf the scien"Ulfi'(c · élnd mana~ \ lfriia·l· · expertise. 

· available, and the species and fac.i.li ties requirE'..di. A p~·ott:teol 

<vhich details the obj ecti ves and · all methods for.r the c0i1tduct of ... 
. the study is developed usually by the sponsor and · testing 

f acility personnel. All techrüques and analytical rnethods are 

. developed and further vali_?~ted · prior to use in t:he study .• 

.:.- Good taboratory Practice (GLP) re~lationr"=' (21 CFR 58)! are 
' ···. 
:',t .he rninirnurn requirernents. for. conductihg a .· study to . assure the 

. : . .,· ·; ·~ 

.:.:::. ~ J,.l a lity and integritry of the. . dat ~ a .~ Brip...f · J~, the GLP :regulations 
~. .. _ 1:.'!<·. 

'"" .'__ :· ,..: equire that eacn and e y ery proc.ed.ur:e is fully docurnented, the 
•'• ' . . 

• • • 1 • 

.;use .. ~ . : and distribut'J.on of the test. a.rticle is. · controlled and 

-. ;:;: docurnented, all fac!ili.ties ancl e.qu.ipment b"'"l.ve wr Lttew procedures 

.... : i ~n.d maintenance docu..men_ted, th~ proce.dures are rnoni tored by 
~~ · r-- · 

· ·~ · ~~ : riuality. assuranc11 pe!l!"sanlí'el, · an.cl. tba:t personnel_ are · properly 
. ,~ ' ·· . 

, ,· ·#· • • 

::::•tra1ned · · .i'.or tl:'l.E:b: · , assign_ed dutiü:.s and' responsibilities. 
'~ · · · . ¡ 

' i~ Oocurnentation of ail. procedures followed~ . tite protocol, all 
·; ~ : :.: · .l\ 

· . .:<:iórrespondence pertaining to ~ a stnd1f, quali : t~ assurance audit 
. ~ ~ \-! ~ .; . . 
. .._:·).,eports. ·and·· findings ,, a;nd tiie: . . f:\ihal rep-m:.t of•"' a study ,. as. ·:eoll.. 

; ' ) ' ( ¡ ~ : . 1 ~ 

•' ' • ~ . , . 1 

·i i ~tf ~ ·samples o ;f tire ~ art:ihle· :ano:..li t"treatml animals, rn~.st be kept 
1 .. ... ,. -, 
\__ .. t.\ i,; d: ·... . . 

· · ' '. ' ' fn ~ a ~signated, ~:trate arc:J:iive <H'ea for. a1 mínimum of two years 
~ - : ~1 ( ;.,· . 

. : 
:; ~~ - · Usually -for. the duratian o.f the ·ne\·t· animal. dr:ug registratiori~ ' 

. t 11. . • 

·; ~ ~~~er the · sponsor is assured that the identified laboratory· caa·· 
. ~~ ~ ~ · 4'•· _:,{: .. Jt'.· 
~t : .. , ' . 

. ~ t~ · \ ~. r · . . .. , 
·· ~ l.J:¡;!: . 
. -i!: -'"~ ·\ 

''1' :.(:.· 
· · ~ ..:: . :. 

·(f'l. '\ 
' 
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o 
o 
o 
o 
o 

,, ., perform the study in compliance wi th the GLP regu1ations, tbe 

1
· protocol is reviewed by the FDA. ·rhe sponsor has a great d.ea.Jt.; 

"" of -work invested .. Íl1' "'the.: ;.study . e~ _ en bef ore- the testing . actnal.Ly· 

begins. 'rhe study is con.dudt.ed. by aquacultu:r.:aJ. scj.rentists aund 

.. ,, moni tored by the testing fa e ·ciit.w r.n:m'1iiÍ'~Y t" a:suuranc:e ~ .(IJ'.l:Jrscmnel. 

O · '·' Th.e sponsor also moni tors the st.udy for: comp}Ji.ancr.:.:.-~v r :il.t.ti · 'th~GLP 

-~. ·' 

) 

) 

· · ~· · '· regulations and adherence to the written, appnJVied pr.otocoL. 

~·; Finally, a final report is \vritten by the t-:esting· facH .. i ty· 
..... 
. ::< personnel, reviewed by the sponsor, and submi tted to the--FDA as 
.,. 

) Q part of the regi,~rat i on package. 
" f 

Discussions with the FDA throughout tl.i.e nine shep mr.ooess is 

:. :·:·.¡_> hi.ghly . desir?l'ble f~r · the maximum exdtan.ge : oe: 
·. . ~ J.' . .•.-a· .. • 

· .. ·· ':'~;., ·_ , coordination of eftorts to brca'\.len tl1e · scope 
. ·:: ·~, ,· . : 

y 
informat.1.on and 

of the. studies 

In ordGr to or.h.iev·e ·a '(.Vorldwide ) . _.:>;:;: . wh enev~r possible (Beleau 19911) •. 

.__ ·: ::' ~~.'{: ri~a xket for the new animal drug, the sponsor mu..st provide data for 
1 . 

. · · ~l. ' . 

_j.'··: registratton of the drug to E:ach. country's governingaqency. Fo:t-
'-·-- . ' '1; .. :.; . 

\ N. ·:,:. c.;¡xample, if i t was desirable. to market tne new animal drug in' the 

;.<}( .r.tnited Ki~gdorn, much of the required data for registration of the 
· .. z::~: ~ : . :{; . . , . , . 
. ;.;(.: drug by the United States E'DA ,,wuld. aJ.so- be required by·· the 
1 ~ •• .' t ~ · · ~ · 

·h¡i ;._1 Ministry of Agricul ttire; · Fishe.r±<?>-_c;., and Food (MAFF) ; : 'tl'ltere.fore., 
.: .;~ · .. ~:-' .. i:·, . 

)?i/f _ offic:~als of MAFF -<. should ·be· ·imcludoo in initial diSCissions· of· 
1 - ~ ·~ ":. _ .. .. . 

): ~<- the . ~§tudies 

1 required· .,_ to- · be perfarmed cmd the 1 protocol 
. , · ·~ ~ - ~ ~ . _; .. 

,./¡/1 ,. . ·· .··~ L ,.-·m.; ; J :: equ.~ernents . 
.. t,i'.¡ .• l. . . . . - ~ 

' . - ~~ } . . ... .·· . , ::~. l 
.. F~ - ~ .. .. ·>.·:t. . .. · ~ -
·. ·Í w.-~ ' 1... .. . . )la 
· :' 1~ ¡{i ·: COMMON FISH DISEASF.S · ANO PPiRABITRS 

·:'!1.:· · '¡')~. . 
_ ;i*~if.~ · · · ; · : .: . . W~en .. f .á::s_l]. .. ~.nc.t other aqua:tt.k· ca~tima~l..:=i are-· cultured dntensively 

·· ~ . . . 
< :~1\.'·\ : ;_, tf.~ e ~han ce . for ... - diseases -- to occur increases appreciabl.y -· 

_ ." _ ~~ :~ : ~arasJ..tes, fungi, and bacteria. ate the main groups aL pathogénic 
~~;-~::-: · ..... :¡ : · ~.:;- ~ : 

, -,~· - ... 

- '1::·/'',;': 16 
.... 



) 

) 

,.. ), 

.·arganisms that can be treated with the use of specific 

~·._- ' cherapeutants. y irus es may al so affect f ~~h ¡ h owever, as tbere 

" .·. are no __ effecti:ye therapeutants for ·these viruses 1 -t..h.ey- wi11 · mot:. .. 
·,.'. 

· bf"J. discussed. Since it · is beyond ·the scope of th i: & . ~ p-31-per to 

~~ ! ~ 1etail the multitudes of para si tic 1 fungal, c.rod · 1Jacteria:1 t 
' . .. , 
~_ -; Cnfections that affect fish, only a brief summar_p ~r,._ttie cc.mmon 

__ pathogens, the associated clinical signs, and the1..--ap~utlc 

¡__ ' .t:reatments for rep ~ - esentati ve di9eases v1i ll be no-tf-:8. 

¡ 
~ ... ,, 

: J.'-'ARAS ITES 

Parasite infectio n is second only to bacteria! infsction as 

\~:he maj or C?tUSe of di seas e among cul tured f ish. Yoblng fish a~e 
1 • 1"\ 

l_ . :-.e .specially vulnerable 
' '1·. 

to parasite infection because the.ir 

... t t' 
: - ),~r o ec 1 ve layers of skin and mucus are mucre tt.rinner in .. 

L.. .\:_.·lt··mparison to adul t f ish. 
'· .· . 

'rhere a re several majar classes of .. 
. :{:;a.rasites which infect fish, each of which are represented by 
. :¡ 
=}'iitmerous species. Cl.inical signs of parasitic í:nfection which 
_:_:> 

,._·:ctre similar to other f ish diseases are sluggishness.; letharqy, 
1 ~ • • • 

~ ql, ,' . 
i~F,;·~x cess1ve mucus,- lack bf appetite, fin erosion, and . emaciation.; 

- ~ i! ' .. 

:Jt ~a · shing is a · sig,n which · t ends · to be more uniqu.J.e i;o parasite 

:it ~ - ~- .• 
:'\t-nfestat1on. 

·t\·'f ' ;' 
:w_J;:otQzoan · 

·.: : ; ~l :: · Protozoans are classified into four major groups: . tfie 
¡ '·~~:.~.; ;; 

• 1 • __ -,;-, -';\ • •• • 

· .'7-. . '·.;.,·f,lagellates, which m ove· ·by one or more whiplike structures ," the 
·',~~ Ji~ :) - . 

i!frdÜ iates, which move by mahy shox-t hairlike projections; the 
·: - ~ w · ' · ' \ .. 

--} ~~~ orozoans, · a _ p _ ªx::~sitic group with sporelike infecti.Ne · stages¡. · 
1 vt- ~~ 

L _·:\ W~ ~d the Sarcodina , which move by pseudopods. These pro.tozoa ai:'e 

~t; .. ,; ... 
. _.¡. . • 1•!, 

·!.!,, ~ " --'.' . ' 
·.¡ ~·~. ~ -, .. · 17 
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.r. · 

easily distinguished when divided into ·two groups,. tbe 

' 
external)~nd the internal. . ~ .. Alt hough it is recognized that some 

. ~ !." •. fF 

species of ··pi:ot:.r.>zoans .. wil.L ·.inf.est .. fish .. ~ ~ - - ~ ' i · ;~~ 

r . 

Ü.:. :i. nternally alike!. 
-~'¡~ !~ 

·. ~i : ~\ 

: J/.~ ~· ~ . 

:(. ' 
External parasites 

both externa.Ll.y. and 

the:. " skin, gi11 

~:;\' .tlssue, or fins where they may cause ph _ vpic~l (~JJ&\':fE" • . as wal.l'Jdl.S 
.~ .. 

4:' cJ.epletion of the vital components of the !Jlood ~ other tissues.-
··· .¡;. '·· · :·¡¡. ·. ~~ome parasi·tes, such as Tricho'Rhrya, which do not · f .eud tlirectly 

:·:<U'. upon the fish, are parasitic in nature in that they benefit from 
~· ~ J · 

·¡ 
. j 

>;:: th1s symb:j..otic relq.tionship while causin.g irrit;ation and b.arm to 
:f!' ~ -

)'· · i · h~ host. Other ex~ernal protozoans feed directly upon the fish 
~ :. 

. ... ~~~ ;, ¡ ' .. . - . . 

·:. ?,): · C<.l.\!Sing irritation and weakening ofc the fish, which cou:fd lead 

./i ft ·· · · t ~. O · s~ct:;~d~~y infectlon and poss:i.ble. death . Most of the externa~ . 

. '~ i ~r :;· p.t ~ otozoa cannot be seP..rr wi trL th.e naked eye wi 1D the exception, of 
... ¡ l:.: - ~ ·. . ..~ · :· . 

· ·¡,! ~¡ t'\1 ~ organism Ichthyo:J>h·thi,;r.ius.,- commonly referred to as "Ichra·.· 
~~!- . ;;...,&-- ---

.. ~ ~ ' ·. 
· · ~ Tcii are found under the epithelium of., the skin, fins, and gills.\ 

. . : "[~ , : · ;~is one of ~he more sedous parasites w'ith which <><JUacultutiSts 

: · J ·:f :; . m : ~ : st · be concerned s·ince i t can · de.cimate an infected fish:: 

• Jt ~· ·:. : F.~?;l;~ulation (liarrren 198'-~) .. ,Jf .... ' J' ¡ 

.. '!;t_[~ .; • . : . .- . ~·:· J · , Pro;Eozoaris, · s-~ch.. ae;; · ,~ : · '.t'richonh.r.ua or AmbinhM<?J·,. .. ··.· JBi:il.> ~ . · . 1Ca113e::v ·w· ... . .· : ---~.l.- e: =-.J.,. :..45:" 

. ·. ·,iJ/< ··-:- ~ .. e~ · . . . 
... : :j l' ·: I:· d7~th f::. ~?~~rectly by building ~p :ta. snc'l'l. a degree on ·the ~Jills . 

}•·fi, • . . ~· ,, ' .·•' ..... . \~· y . ' . ~ : . 
.. jr~ : ;·: ¡ t~i~tjs~~J?cation folJiows. ,,":.Icht_yg.QQ_do, comrnonl.y referred. to as 

_:F\. \ ~ - ~~ ).'~ .. :! ~'- .:~ ._ ·-.. l- • • • • • - - res:ults- in ... .. ¡f ... , .cst~-:r .'o· ; IJ~~ aus~s 

.. . .. ; :~ {(./!· ~: ~- ; . ·:~! 

.. ,:•'¡:U ? dd~f:mmil:t~es, a.~ ·· we.lJ ~ a";:1- Los~ · of sa.l t·s and fluids tbrauqfi .. , :sma!r.l:''' 
• .,, _ :.1 ;. ~ \ 1 

~ ,}~ - ~ - J t ~. 

· "':"" ·:· · ~ ~ · : }-:Üp7,akS · i¡&r the ·epitheJ.ium . 
· '.: ·:~' ~ \:. ',\ 

; : · : . _;:J~ · : ~~;~ .. ·;'~ :~; :: · Treat.ment· for exte1mal prat..ozaa: may take· severa! · forms • 

.... · i ·)::r};::.i .. >F.dbnalin. is .... ~.ff.ectively ..... used ' for t.reatment of most externa1 
."• ''',~ : .'· .. · ~ : , · .. ···Ntt (1 

- -~ ~? ·· \ . · 
) •• · : - ·~ ,, .. / ~ ... t.. ~ • 

.... · .. - ~ ·~ }~· ~ · ',· :;¡;;~;as i ·tes. 
·g.. . . t .¡•· 

:.. 1, -~ - ~ ·: - ,: -~:·· 1,_ •• : : 

.. , ~ ·- ·~ ir . ~ .. :·¡J,. 

¡ .: • . ·:;~;; · ,'{ ;t· 

It is used ata concentration of 167-250 pPm. faróne· 
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) 

) 

. ..,. 
f'il' 
~~ ~) 

'-' ,. 
hour in tanks, troughs, and concrete ponds, and 15-2 5 ppm in 

ponds, repeating 3-5 days la ter, if necessary (Moore 1984). 

Other treatments include potassium permanganate , copper sulfate, 

and malachite green oxalate. Sorne of these treatrnents may be 

combined to obtain better results . For example , in the treatment 

of Costia, copper sulfate is used followed by potassium 

perrnanganate 24 hours later (Untergasser 1989). An acetic acid 

¡ dip at a ratio of 1:500 may help in the case of Ichtyobodo (Moore 
1... ••• 

1984). Sornetirnes a 3% salt solution dip, or 0 . 5-1 . 0% indefinite 

L period treatrnent, can help the fish rid thernselves of sorne 
' 

external parasites¡ if the infestation is relatively light this 
1 

L 
may be . all that is needed (Warren 1981). 

j___ Internal parasi tic protozoa infect the intestine, the kidney, 

or any other organ with a good blood supply. Sorne infect the 
j : 
t ovaries renderin g the e~gs or offspring unviable. 
'··· 

For many of 

¡ 1 these there is no known effecti ve therapeutant. One organism fo+ 
i ,_. 

' 
1 

L 

which there is known to be an effective therapeutant is Hexamita. 

Hexamita may become abundai1t in fish fed meat diets causing 

irritation . to the lining of the gut (Warren 1981) . Problems 

caused by Hexami ta ha ve be en reduced by the use of processed 

diets. It . is treatahle . with magnesium sulfate at a rate of 3% 
J 

' of the ration for two to three days, repeating as nessary . Other 

internal protozoa such as CryQt9biª , found in the bloodstream of 

fish. are muyh more problernatic and less treatable with current 

available therapeutants. A majar disadvantage ~or the 
. 

aquacul turist in treating protozoan infections is, wi th the 

exception of formal in and potassium permanganate, the 

therapeutants which are effecti v e are not approved for use . 
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Hb wever, salt is listed é1n t h e · low r egula ·tory priority l.±st:. 

' . ~ : 

_1'i;:gmatodes 

'.iJh-eJ 1i :r. n~ ma t .:wdes , or .f'latworms, are classified 'either as 

monogenic or di <;¡ pn i ~¡... ~ ~-u:. toling. ~· ( ' íJ .. m tütl·e numlR.:r a:f. hosts requi..1.-ed 
; .... .. :.' .. 

1 ~ o complete their life q p l tf'. · ·. · Mono 0 ~1d..c . tJ.,, -gnatodc-..s-: utilize a 

::üi:lgle host. Species . of t h e ·. genus .Q-yroda cty] j__dae are general1y . 

f..ound on the body ahd fins but occa~ionally may be found on the 

Sp e c ies of the g e nus Da c ~ y logyridae are commonly found . 

o ri:" the gi.lls Most . trematodes are microscopic, 

·i .. :' 
. 1• 

l . 1 • • • 1a r,..re v er sorne spec1es a ·tta1n a · lai1'!Jé :·enough s1ze to be: seen W.J.th ' 

' 1· . ~ ~ 

~r ,.,-· ' '\ : h. ~~ naked e y e. 
~-( . · . 

They can c ausn:- d : :i m r,~ . ge to ·t he surface of tffe skin 

a.nd gi!.rr lf!;, \'• ' , ' f i. . ~ J, 

, ~· '. 
possibl~ . res.ulL"inq in . 'dea th. _Cleidodiscus is one 

p.::· common. trematode vrhicn infects t h e .. g i l l s of · catfish and a wide · 
i:~ _< · ·: 

.. ~~ ·. J: .,. ,: v ariety of o-ther warmwate.r spec.i.es:.:.·.; When numerous, it causes · 
r :t: · · 
. ~\ t 1 ~ 

¡.'!.~ .. - , ,- r.espiratory problerns , by sev_ere.ly : damag ing . gi l l tissue (Narren. 
,;~( ¡ , 

1~ ' < t ' t< .. J..9 8l) . • 
f~l ~ : ¡' 

.Y( .. ·. ·. Treatment for lttfl)nagenic- ~=,: ~ t-remat . odes . inclUdes . potassiWD 
·; ~ ;!\( . ~ ; . ' •·. 

f~ : ~ { ; ·. ·· p errna;ng~ ~ abC! ~t 2- - ~ PtJll!l.- fD:r: ·· one - ~ hour on· three successive.·-cmys 
f tV. ·. . .,_ 
1\'t .. • . 

r; : ~~ -:" _·; · '('~J ht e<rg._a ss~r 1 9-89') • :: · •. ·chler:nmine:· ·· T~ . :: M~ aten, . and · fOJ:::IIIal.iD . are: ... 
- ~·.( . - ~ . ;· .. 
~ ; )•- ·_ ... .- ~ er _·: ;~t!mlcals \,¡hich has prove n· ust!fu.l as treatments. Of :these 
... ·J t; l ' . . ~~ 

-~~jf· · .- _ · c t i ~:ni16ítl~'). pot:ass .i_um· pormanganate ·a nd fonna~in have approva1 for 
-4 ... .. . . ' 

:~ · j ¡f; . ~ - :~ ; - .. ti.s e ) tlli ~í. ~ · d f.isft:-. . A· ·J% ' S:H'JJ:water:·.bath has p.r:.aYen usefu1 in :aany 
~;··· ~ · ·,.-·. ·:' ~--- ... . . ;( 1 -

~ 1 1~ . · '· .. _ iitsbt.nce.S.~ beft:n:·:e · amrci:.m;isl:e r i ng t h.e.3!apeutants. 
'~~!. · ..... . , ,. ,. 
~ ~r ; ... .. · . 

. {t•~: ..; .,, ( :· -·. . ::U· .. -- f.· 
{tf¡; t . ··. 1

:~ :. • 

} k l ~ · ¡\· _ :; /t .. Dirtenic 'trémat·odes require at· leasb: -L-wa. hosts , li"inq· part. 
· -~~ ~ ¡ { ',•,.·; .. -:1'·.. . 
J.t · ~ ' ¡,' ·/·." . • >.,, ... 

~

- ~· - ._. /:i + a_· . i >· r t~ ~ -.J..ife _c.ycle :: in:· ·fish .. and . part oL- its Iife cyc1e iD an· 1 

'· ·' .' ,· :1 
f' ' .... · . ~~· •. • 

~ ~il~ , ~ ~ ermediate host, suCh a!i ·snails 'or birds . They may 1iVe i.n t:tie · 

~ ~~ · ~. ¡ ;' '·.('· . 

~~ {~ _-''''} :_.·. _¡)·:·IJ 

1 : ~ ~ · )~,~- - ~ .. :~::; ;· 
'. ~;t ·· · · ;' .. ,· . . 
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. ' ' 

. \ ,1 

:í.nfestations, as they w.tll retard the growth of the .fisb.. Tfte:.· 

larval forros however, may be rnuch more harmful. The larval f~s -

1 
of these and other species mi<Jrate through the body cavity and 

:i nternal organs causing da:mag~ as they migrate. A-ilh es i C".1n:s;;-

dr,welop in the organs as a res~ u-. (\t· th.L"!~ mig.Yation:. . Severe 

adhesions may render the fish · unable to . digt3.91:."- or absorcl11.: 

:·f'·· nutrients adequately for op·timum grm.Jth. In smne c:ases, when the -
\ -~ . 

1 1·: 
·. ·1· 

· ~; ·J . 
. r··. 
,· : . 
_: (J 

. . i. 

. ::y 
'' - : .·:~ ~~ ~. ~ 

.: :.k 
: ,·.:.·. 
.'1 :;·:( : 

-·· .:.t ; 

- :::·r:_;·:_ 

. . } '.:{¿; 
-. :. •tJ .. •·¡ · 

ovaries are infected, ·adhesions can irnpair th&·ab~~ity · of the-

f ish to produce . eggs and s pawn. In cases wheie th~ species 

J1j,gula intestinalis is found, the tapeworm grows to such a degree : 
' \ . 

·i .. nside ·the body cavity that i ·t eventually causes the belly to 

'J'ttpture and the f ish to die. Al though tapeworms will no.t,."óften 

be a 'Jlftaj·or cause of loss of f ish, -:tnother concern for · the fish · 
;".:{' 

farmer is the fact that t apeworms may be passed on · t~ humans and 

an.imals through improperly cooked f.''ish. As a result, infected 

- - h ~ , '-

. ; ?f.-·\ :e-ish are not marke table . 

soma species are untrea tablf;. one treatment . that 

effecttve···against sorne cest:odes is piper.az.ine citrate mixed with 

.>_l-: . feed at a rate ,.<?f 600 gra:ms . pe]!; Jdlogran¡-: of feed,. . fed once 

·.l ( ··. I;m:r.n.iria · and ev.ening .. on days on~ ,anc1:. eight (Untergasser 1989) ~ -

~ - . . - - ~'! 11, 

; ~ ;-_.: ·_: ,' ·· .. T~e : .- js~~~rt nd treatment . (day e.ight) is important to kil'.L the· 

) ,\y\> "S,~ .,.~ that may hav e detach>ed a nd can di?.velop , int<> .. worms •. 

f ·• · Ol!~· ,\ Ué a tments wb,ich ha ve pro ven e.f.f.hrl:i v «· a >ce: c)lí--n-bli:cyj¡ t;m., 

: ¡ -. .·,, o!r1a e ,' :~

11

_o ~ , }' t.~ - f. the dOoo<J., fed at 1~ of lrody weigbi: for th~ree 

· .:·l.--:.·. days. Some stud1es ha ve foumd di.b~tvrin dilaurate to be more 
. 1 l,'f : 1 • • ; • 

> .. ··;:) · .~-- ~- : - ~:Ít :fecti v~ ·than di-n-butyl tin cixide whem gi ven . at the . same 
.. - ~ - ;\ · . .=. -: -:. :-- ; . ..-: ... . . ,. . ·. . . . . . . . . 

. ,.,.;J_·J ·.P:roportlons .. Felixan, fed at a rate of 6_0 mi.llig_rams · per 
· . ~ .\ :~ ~ ~ :-.> ·-/·.: .·. 
,.:;{-: ·:.:.:,._: .··. 
<\ • · 1 ·' 

/ . ;' ~ ;, - -~ / : _:· :;. :": 
.. : ~ ...... 
. ··. ~. 

) 
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¡, 

kilogram of fish, along with phenothiaz ine, scolaban and yomesan 

have preven effective against t apeworms (Mitchell et al. 1980). 
l ' 

Non e of the above therapeutants h.ave bee{l approved for food f ish. 

Nematodes 

Nernatodes are nonsegmented roundworms, which in the adult 

stage, occur in the intestinal tract (Warren 1981) . Sorne species 

however, such as the Philonema and Philometra will infect almost 

any tissue of the fish host. · Nematodes are often associated with 

underfed fish (Mitchell (undated)). A few of the nematodes, such 
' 

as Anisakia and Contracaecum, cause serious damage to the liver 

of many marine fish. The larvae of nematodes are very common ~n 

fish. Larval anisakids, which a r e ingested b y people eating 

infected fish, can invade the wall of the human digestive tract 

l (Landau 1992) . 

. ( Treatment methods include 10% Concurat at 10 grams per 

J 

) 

kilograms of feed gi ven once daily for f i ve days . Another 

treatment that has worked successfully to varying degrees is 5% 

fiubendazol at 1 gram per kilogram of feed five times every other 

day. Flubeqdazol may also be added to the water to destroy eggs 

that may remain after the fish are t~eated (Untergasser 1989). 
i . 

Leeches 

Leeches are an occasional cause of concern for the 

aquaculturist. Leeches attach to and damage a fish by living .on 

its blood. . Damage is not limited to the loss of blood, but 

lesions caused by blood sucking often become an entry point for 

seconda~y infection. The leech may infect the fish wi.th 
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protozoan parasites _ \-Jhich the leech rnay carry · internally-

Treatrnent for leeches is o f ten a 3% salt bath for a - few minutes. 

Dipping···the···fj_s_h into a lime bath also is an effective way a'f:. 

treating infected fish. 

Copepods 

The vast rnajority of the copepods in fresh and salt water:. ·are;-

an irnportant part of the diet of fish. Anchor worrns of the ·!gel1'Xtr,..; 

Lernaea destroy scales and cause hernorrhag ic and 1.tlcerated 2.reas 

at the point of tJ?enetration. Tbe majar injury tb• th.s-- hos·t. 

* . results from the ct::>nsurnpt1on of blood and from th>e.: pr~s.encc- • of ·.· 

an open wound at the attachment si te which 

establishment of sécondary infections. This dvJnag,¿ · reduces- . the . 

salability of the fish . 

Fish lice, of the genus Argulus, puncture the skin, . inject 

a cytolytic toxin through the sting and feed on blbod. So me 

species in this genus are .serious pathogens often. cau ... <ting . severe 

mortalfty .. of "fish , in ponds. Those of ~ · he g~nera . Acb:t.b~ and-

ErgasilÜs : ar·e ·- fqund on the gills and f ins. The infected·. si..tes 

on the fish may , becorne ·ulcerated and Jt~<.nvide an access-.- :for· 

s.econdary infection (Warren 1981). In genm:a.l, copepods ·~ inhibit 

the · growth and reproduc·tion of fish being cultured wfien 
' í·l · 

··!!':··.::. infd,ta·tion occurs . · Sorne species of ~epads have no 
)j._ . ": l.q ' 
. !,_(, · known, therapeut1c control. Others aY-e controlled:· . by a, 
Jii· ~ 

:·¡~; ~ · .. · .. coinid!:nation of o. s ... :f>pm --copper sulfate a:nd ~ - . 2 ppm ferric sulfate 
~[1 . '(t· . 
l >: for six to nine days. Formal in ~nd pot.c:ss:Lum permang~nnte are 
~ . 
~¡ ·.... 1 1 • 

~~;:: : - .: · also . successf~ll - ; _·1n treat1ng sorne copepods. Thec tr..eatment of 
· ·tj,\· . 
l \·:i--:.choice however is Masoten. Two applications, of. 0~25 · pplt at aa. 
·r ·:' , ~ · ·. 

-' ~ . > ---: :. . 
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one week interval, of Masoten have been found to be effective. 

In other cases, Masoten must be used weekly for five weeks sincel• 
1 in sorne species it kills only the larval stage. 

FUNGAL INFECTIONS 

} Fungal infections are responsible for significant losses in 

most fish producti6n facilities each year (Moore 1984). Fungal 

infections may occur either externally or internally. Clinical 

signs of fungal infection include a fuzzy appearance on the 

surface of the fish, lethargy, skin lesions, and lack of 

appetite. 

-sorne species attack exi:erna lly and penetra te inside the sl~.in 
. . 

to the fish organs by means of their mycelium. Normally, fungal 

spores do not attack the healthy skin of the fish (Meyer 1976). 

If however, the slc~n has been damaged by bites or other wounds, 

bacteria! infection, br parasites , then the spores find a 

suitable location to penetrate and germinate. The externa! 

fungi , usually Saprolegnia, appears in the form of fuzzy grayish, 

whitish~ or dirty brown patches on the body. The fungal lesions 

occur almost anywhere on . the body of the host, when they occur 

on the gills the fish is usually lost. 

Branchiomyces is an internal fungus which is responsible for 

one type of gill rot. It has been found in most species of pond 

fish. It has a rapid onset and can often be too late to tteat 

once ¿detected, resplting in large . fish losses. Once a fungal 

infection has become severe enough that ~he hyphae filaments can 

be seen by the naked ey~, it is very difficult to save these 

particular.· infectad fish. However, it is an indication that 
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treatment is necessary '•for the pond, raceway, or tanJc. In 

addition, eggs f?Y become infected and require treatment. 
J 

rrreat.ment · · · ~~i~-ts.-.,.for sorne species, however they , are usually-

0 ineffective once the myce~ia• hBve formnl. 'Vreatments~ , wl:ücb..: viiLtr· 

o 

•' · , · 

kill zoospores, · iúclude the use of fo :nm U.J1 c.l.T~ . 2 rr.·51TO ru;>m in 

ponds, and copper sulfate applied at a rate of o. -,5.-ppm. fór evrmr; 

100 ppm total alkalinity, used only when total a 1kalihity exceeds 

40 ppm (Moore 1984) • Copper sulf.ate should be Ut1:ed th1.-ee ti'IM~s · 

at three day intervals . A rnalachite green dip and griseofulvin · 

have also b~en used with ~ome success (Untergasser 1989}. 
~ · . 

BACTERIAL DISEASES 

.. 
'f 
,. 

Bacteria are mibroscopic organisrns that: can crea.te ·externa 1· 

·:.: or internal lesions, ulcers and sores . Many bacteria are·-normal: 

inhabitants of the water and only cause infections when fish are 

;: in poor conditiom; (Getehell 1Sl92) . 

-.t·· 
¡ . 

l. 

. ~ •. 

1: . 
. ;: . 

. \ .· 
· ~ · ' : ..• 

•.',. ~ ' . 

"'f ~ • 
::' :¡ ~ ,: 

: ; :~· ~· . ·: .: ·' 

i• 
; 

EXTERNAL PISEASE BACTERIA 

Columnaris 

This d·isea:se·; is . cc.~USE?d . by f.hondr:-gcc~ts columnaris. - (~op)mgn 

columnaris is now classified as Y.le-xibar~e~: c:olumnaris). · It is 

found .in salmoni~s and many WáT.IDMater ~ishes. The bacteria affect 

small f ingerlings ·to .. the catchabl.r.;- fish.. Although:. columnaris 

disease attacks practically a-ll.l speJCies a>.f. freshwat~r fisb,.. catfish . 

are ·~ :- particular.ly susceptibJJ~. Columnari~ is usua1iy associated · 

with sorne kind of er.oded' condi ti01ES and handling.• .: Under 
' . 

appropriate concUtions colurnl"Jaris rnay ta·ke an explosive .course and 

cause cat:astrophic losses in one or two days after the f.irst 
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::ppearance of the ~i~ease (Piper et al. 1982) . 

. ~ t". ' 
~ · : Clinical signs of columnaris include early signs of grayisb~ 
~ -

·< ~hi · te areas.-. .. on.-;-;~the •.body 1 · head-r fins or gills. Edg~s · of· these--
1 ' 

).J esions may appear· reddened and hemorr.h~a.cJB-<.1. lesiwms aitre imvadé.d 

·· isecondarily by fungus. Most workers considei..,. tl1r..L¡; d:L~aa.e . : to he .. 
• ' . 
·\ ·. 
;.: bot.h internal and external in nature, thoug·r ... • only exter.:b1al 
r 
1' 

¡:lesions are seen. 
!¡ . ~ 
{:· Treatment for colurnnaris is usually two-fold; copper""SulfatJ 
X l. 
¡ . \~ 

·¡·.;Elushes for one to three successive days for treatment of .. the 
~ . . . 

. · . ~ , . 
\ E--~xte rnal stag~ and Terramycin fed in a medicated feed at t.he:·rate 
, . . ,. 

-~·~ ) · f 3 6 grams of TM-50 or TM-500 per 100 pound of fish ( 4 grams a.f 
.·. : l 

. ' ¡' 

t ·. 1~ure antibiotic per 100 pounds of fish) for seven t ·o tén 
,,.¡, .. 

·: Jconsecutive days for treatment internally. Sulfamerazine, 
.. }· : 

·:'·:··!aiJ t hough not legal for food fish -, can be used at 8' grams :per lOO .. . , ~ ) . 
-· ! ·l' . ' 

~ ·· .. '\,r~c11.m ds of fish. When ~at e r ·t e mpera·tures are high and ·fish are 

.. . J c:rowded, the d~sease will continue unde:r.-· s uch . conditions because 
(' ' 

- iH :lle treatment only controls the disea!:',-e and dbes not eliminate 

·· lthe pathogen. Piper et 
1
al. 

-· . ~ ~ ~ ~. . 
(1982) rec;.Qmmend tlle following: 

.,.11 · 

1
' (-;J . • r .. 

.. _;; ~~¡ .. , . ~ :, . 

.. ~ ~ . - .:· 1 .. -Diquat at 8.-4 to 16.8 : part per m-ilJ;ion (2-4 ppm active 
•l.·\ :, ·. .· 
:({'. ··'·, action) for one hau·r daily for t hree or f'CtUr days. 
- -~:. : , ·. ;·.·: · '· . 

·. ~ Y /:; . 2. -T:erramycin as a prolonged bath at 15 ppm active ingredient· 

. ~:; ~ · ;f j~ . ::.: - :: ( ¡¡ . St~: grams per 10 gal1ons, 4. ,25 gr.a.m;.s-. pev 10· cubic :feet per 
· ·!f ... ) . . áit';.l ' 
1:-~ '1., •. 2 J. \~ . · . · ) 

. J.'J i~· K : ... , ' r urs . 

·· '··;! ,::.:!. ~Co~er . sulfate at o. 5 ppm for pond L-reatments. 

: '·':;': 4. -Furanace. For trout and salmon as a bath at 1 ppm 

.. - J.L ~ -::_ : · . : ... 
1 ... ~, ... ·\",' . activa . . ingredient (0.--(l()-38 grams per gallon;· 0.0283 

l ¡ .. .. . 
. f \:;/_.-;'.:. per ten cubic feet) for an indefini te period. 

'{ ! . 
' 1,,' fi . ) ·.··' 
~ ·.tf·. ~;, .:.:.· x : : ~ 

1 :¡¡ · : ¡ . . 
... ~~ J ·.' .· ·,: • • 

) ~ / f ' 

( ~· .. . 
. , ~ .. .. 
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.,, 

5. -Potassium permanganate is the most effecti_ve for pond ., 

treatment for external colt.annaris infection in 
t.r 

warmwater fish at , the rate of 2 ppm ( 5. 4 pounds per ac-!:e-

foot) . If the color c hanges from pinlc ·to brown. iTJ., lc-!lfi ·th..u.l.i' 

12 hours i t may be necessary 'e o re pea t the treatnrerrt.:·. 

Bacterial Gill Disease 

Bacterial giJ.l disease i s most common in California and causes 

more losses than any other disease. Rainbow trout as well salman 
t 

. ...., can be infected (L~itritz and Lewis, 1980) . Mud and s j.J:t.; in 

~ - -water supplies, and dusty starter diets are important factors 
. ! 

that contribute to• out ! break of the disease. The bact.eria 

~ ;·. attaches to young channel catfish, largemouth bass, blUe'g~ll or 

...... :. ·'· 
1 (Piper et al. 1982) . 

-·· '· 
redear sunfish The bacter ium is an 

-., .. 
unidentified species related to Chondrococcus colurrm!Aris-·, which . 

. .. 
·-< .: flourishes in water ternperatures above 56°C and in crowded · 

.... ·,. · conditions. Etiology of the disease has not. been· preven· 
\ 1 • 

._;. ·' 

conclusively because induction of t:he d i sease wi ~ tb f ·le>d.bacter 

isolated from diseased fish has nat been consistently a . chl:eved ~ 

Other common soil and water bacteria , such Aeromonas §E.· also may 

cause bacterial gill disease . ~udden lack of appetit-e, 

orientation in rows against the water current, lethargy" and 

distribution of . indi viduals equidistant from ea eh other ar~e · 

typical. signs of f ,ish infected with bacterial gill dísease. In 

early stages the gills may be svtollen and clubbed with large 

amounts of mucus and . in later stages the gills may re destroyed 

:·- ~ ~' · 1
1

' (Piper et al . .. 1982). Microscopic examination of affe~~ed gilL 
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< ·, 
\ .-' 

~issue reveals long, thin bacteria arranged in patches over the 

epitheliurn. 
~ ; 

Bacterial gill disease is controlleJ by dipping or flushing 

with copper sulfate. Terramycin, 36 grams TM-50 or TM-500 per 

1.00 pounds of fish, · ·may be used. The most reliable and often 

used treatrnent for bacterial g ill di seas e are Roe cal, Hyamin 1.622 

(98.8% active), and Hyarnin 3500 (50% a c tive), although these 

treatrnents are not registered by the FDA (Piper et al. 1.982). 

Peduncle disease 

Peduncle disease, in fingerling 1:ainbow trout · and catchable 

size rainbow, can cause serious mor talities. Salman are also 

susceptible. The organism responsible for tpis disease is 

Cytophaga psychrophila and is found at temperaturas below 56°C 

- as well as at l1igher temperatures and does not require crowded 

conditions to affect fish. The bacteria is water borne and can 

be transmitted from carrier fish through the water supply. The 

tissue of the caudal fin and peduncle is affected causing much 

tissue destruction. Advanced stages result in complete loss of 

the caudal fin and the posterior end of the peduncle leaving ex-

posed muscle and bone ofi the vertebral column (Piper et al. 1.982) 

Combined treatment of copper sulfate and flushing with 

sulfamerazine (8 grams per 100 pounds of fish) or Terramycin (36 

) grams TM-50 or TM-500 per lOO pounds of fish) added to the diet 
J 

j_ 

) 

) 

J 

J 
) 

J 

.) 

.) 

will control the disease . Sometimes no treatment will avail 

(Leitritz 1980) . The best treatment for peduncle disease is the 

oral administrati~n of drugs with food. Sulfisoxazole 

(Gastrisin) and Sulfamethazine at 9 grams per lOO pounds of fish 
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per day, or Oxy-tetracycl•ine ('rerramyci n) a ·t 2. 5 grams per 1.00· 

pounds of fish per day s hould be give n fo r 10-14 days (Piper et 

al. 1982). 

Fin Ro·t 

Advanced cases of fin rot can r esemble ~edu10cle d.isea.se. 

Fin rot is caused by bac·teria, crowded condit ; ionf";~ . c r,~ cre:te 

ponds, or improper diets. In bact:erial c ases L·he. ·early s ·tages 

exhibit a white decolorat ion along t he outer edge of th~ !f ins . 

The tissues . inclu(4ing fin rays are destroyed. No spec.ific type ... 
of bacteria is r~cogniz ed as its cause. Signs ! may occur 

··' ' 
incidentally in th~ course of another bacterial disease, .subh · as 

furunculosis. In ~ypical fin rot , . .Eirr1s . f irs.t become opaque at 

··r. the margins and lesions · mov€.! progressively toward the hase • 
.. !.. 

: 

·· . .,. , .. 

\ ~ 

... ·~ . 

., .. ¡ . 

:,,¡i· 
. f. ·:.i: 
.:.¡ 
.,,,·· 

•• • ¡ 

Common bacteria such as jl.e romonc§ hydrophilc-! and Pseudomonas .?..11· 

often are found in lesions of a) fin rcrt~ Most species of 

salmonids are susceptible to th~& <tisease. 

The best treatments for fin J:ot infections· are a soluble form 

of Terramycin added to. water· o>t·· 10 to sn ¡;-:pm· for or¡e. bour. 'l'lte 

control· can also be · adüeved wit.h· lljlami~ · or Roccal at a 

concentration of · 1 to · 2 ppm fm:: · onn hmn: . A 1: 2 cw sol.u.tion of 

copper sulfate for a 1 -2 minute b.ath is, eff1'!ct:lve in treating fin 

rot . Avoiding 
overcrowc~ . ed · Citlnd.H .. +..ions ;and: providing 

nutritionally balanced diet will h~lp preuent fin rot. 

INTERNAL BACTERIAL DISEASE 

Furunculosis 

' 
Furunculosis disease is causad by Aeromot1a§. salmonicida· and· is 
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' lirnited to freshwater and anadromous fishes; it has caused severe 

rnortalities in hatchery and wild trout (Zeigler; Leitritz anf c 
J 

Lewis, 1980; Piper et al. 1982). Rainbow trout are resistant but 

can act as carriers of the disease and infect other fish. The 

disease is essentially a bacteria! 11 blood poisoning". The 

bact~ria may collect in clumps in the smaller bloc~ vessels, then 

rupture the blood vessels and invade the surrounding tissues. 

The disease progresses and the spots of bacteria! growth may 

fuse, destroying the tissue and enlarging into a definite swollen 

area; the gills may also show hemorrhaged areas. 
' . The kidney is 

usually badly diseased and rnay be converted to a semiliquid mass. 

In fingerlings frequently t.he .only evident signs are dark 

irregular areas on the sides between the dorsal and pectoral 

fins. 

Precautions and control of furunculosis in hatcheries would be 

facilitated by the development of me·thods that monitor the 

presence of h salmonicida befare the bacteria produces clinical 

signs of the disease (Ford 1992) . . sulfamerazine (10 grams per 

lOO pounds of fish per day) is a good treatment; however, due to 

sulfa-resistent bacteria! strains Terramycin is used (36 grams 

TM-50 or TM-500 per 10'0 pounds of fish per day for 10 days). 

B~cteria can be resistent to Terramycin also, so Furox 50 has 

been used successfully under experimental conditions. 

Ulcer disease 

Ulcer disease is caused by Hemophilus piscium (Piper et al. 

1982; . Zeigler Aquaculture; Leitritz and Lewis· 1980) and is 

characterized by ulders or seres on the surface of the fish. 
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' t .;• 
'1'h e se resemble furunculosi s but a r e essential ly different in that 

! • t ;he "sores" \>¡giri on the o utsid e. and work through the slcin, 
F 

':.- -Hhereas in f'Ürunculos.is .they d evelo p beneath the skin . as _ blood 
. ' . 

·_¡ f illed boils and may eventua lly br~..ah · o pc-.;,_ ext!E'::'.L'":nally_ if[-.-t;-..h~ ·fis::H .. · 
.. 

. : ·.:. : 1.:ives long enough. Posi ti ve dia gn'11si::.r '~' .IeqlUd.<:~s :. pr..ocerJures 

.,\} ·us'.lally available only in a well developed bac..te:L<JiologicüJl · 
-!j: , . }r· Iaboratory. 

. ·r· , . 
''¿.,. . _ ilUne r ica. 
' :i 

-!/-'' . :.~. ¡' l . 
:~- ~ Control is 

This disease has not been reported in Western ~orth 

¡ 

afforded by c hloramphenicol o r Terramycin irr the 
,' ;',f .· '· 

- _ .;~·l f.r:-.od at the rate of~ 2. 5 to 3. 5 grams pure antibiotic act.i.Yity per 
' l. · .t! ;t . 

. .', ·· 1 ~ ., .. ~ 

,-,.~ - - .t .DO pounds of fislt per day tmtil losses have dropped to an 
. '4:f.;·. ,.: 

; ; , ; ~ >'¡ ;;:Gc eptable level . ... , ·· ' . 
'j'!:;' t _, ·, 
' ,·f; :- . \ - ~ . 

. r '\'t. 
\ t~ · : .t· · .. 
.. '1 t ; ~ . 

t' 

· .~: > H ~ g-~Mouth Disease 
!*:,!i··, .. 1 

~- --:.1/{. _· · Red-mouth disease is caused by a ~pecific enteric bacteria 
... ; }~'~::··:: : .. 

~~~: ', t!l~ich has been isolated but not characi1erized . by generic. ····k -
~ .. :\!'/ - ' ar~ssification. 

\l 

: :~: ~ ~ ·:·_~·;. t ; rout · . Ú~fortunately 1 several .c•thr:!r b<:wte1:•ia ha ve be.en isolated 
·ti•J _,: '• 

:.;t .> E~ om rainbow trout ani:l other salmonrl.ds wh.ich produce siailar ot: 

· ~; ~ \ - · .- :; _o ~ erlapping signs (-Lei tri t z . and r.e.wis 199 ~ :)~ One of. -t:be·· most 

- ~ ·· )• - ~ ------ . -.r«!· .:·fJ:r_equently encountered org anisms is ~eromonas liquefaciens. 

t~;\_:~:# ~~n~ ~:~ ;bft red-moúth include lethax:gy 1 darknHss 1 reddened · skin 
: y ¡·,· · !~ '··.f. ·., . ~ ~ ~ ~ 

: ~7' ( ·-1· :¡ ::íti.njJ:Tt;-, ... 1 i,J-.emorrhages on the o' pi!: ~ 'l!'ci.llum . , . .bs·ttJnmus, gil1s, and 
.:\ • ~t, • '. 1 ~ . .... ,'/t .... 
1 ~ , i ·¡····. ; ., •, · . 
• • . • 1- 1 " · · ~·J¡ . . : (:".-

l rV:· .. : ~si:;crt:.~d mem)::>;r-anes as we11 a .. c:.. the base of tbe. fins. 

· - ' ~ ~~ .: / _,- ~ ; ~ ~~a1- ~ ly, irrflaJñihat.ioh and hemor..trllages are often seen in the 
~ - •'fl "' . 

. 1 }/ ~ ~=.; f ~·:?J . sterior intes·tine. 
. · .: ~ ~ .-:•¡ · \•, ' 

;Jr·:V:X:_bddy cav.ity ... arE;! .. often ·studded wi·th small herrorrhages. 
,, ~ J. !, 1 "' .. : • J 1 

. ~ ',t·: ~: :~· - ~ ' ' ;' 
.-.,.,. ~ .!) J : s · Jinns may not always be present and it may be necessary to )f. ¡''l ~ : , ·.- . _.''3 

1 · ' • ' 1 ~ ·( 1 '·-' H .~ q . ".¡\, 
}:J. :::t, . ... ' 1 . ·; 

.··. •,. ··•-.l /i.. 
· !~

1

- - :~ :t~W · V 

" ~ . ••!ll l •, 
. )/(~ ; ~ --- ~ :~ r, : • ·:·: 

- ) b ~) ·' J ~ · ··, ••• 

- ~ ·'4~ ( ~ -; : • •. : 
) .. 

It is also considered- r es·tri.cted to· rain.Dow 

The visce:r:al f<at. 1 liver, and lininq., of the 

'l'besa 
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' 
) 

examine the blood microscopically and carry out appropria·te 

laboratory procedures. 

Red-mouth disease is controlled by standard Terramycin feeding 

of 36 grams of TM-50 (or TM-500} per lOO pounds of fish daily for 

10 days. Sulfamerazine fed at 10 grams per 100 pounds of fish 

per day for 10 days has also been used with reasonable success . 

Fish Tuberculosis 

It is related to human tuberculosis bacterium (Leitnetz and Lewis 

1980; Piper e.t al. 1982}. In California the disease has been 

found in adult kind salman, silver salman and steelhead . The 

disease has · been minimized in hatcher ies by eliminating the 

practice of feeding with infected salman víscera and carcasses. 

There are no drugs presently known that can be used to treat this 

disease among salmonids. In infected fish the diseases resembles 

melany tuberculosis in humans. The lesions are caseous or 

purulent tubercles scattered among the kidney, liver, spleen, and 

digestiva tract. The bacteria in active cases may be found in 

virtually all tissues. The· significance of this disease among 

the anadromous salmonid fishery is unknown. 

Kidney Disease 

Kidney disease has not been a problem of significance in 

California (Leitritz and Lewis 1980) . Occasionally it is found 

amo_ng eastern brook trqut, and j uvenile sil ver and kind salman 

ha ve been found wi th the typica:i. signs. Kidney disease has 

caus~d serious losses amoung trout in the eastern U.S. and in 

juvenile salman reared in Pacific Northwest hatcheries. The 
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.=; ~¡-r:oss signs include popeye, skin hemo.r rhage s , hemorrhages at. the 
':( 

.";: · .. bases of the f i n s 1 a nd sorne times deep f_l c e rs which can be seen 
. ' . J 
?:.'- externally·and the abdo:men rnay be grea·tly swollen. Internally.- the 

;:·. 'l 
. ! ,1 , . lddney 1 liver and spleen ofte n exhibit "wbite boiJ....- like 11 · Jc-.siof'.S 

. ·f 
,, •, ,. t->írnilar to those seen in fish tuberc ulos is .. Th.e . j _: u1'~1i.on · to 

'· 
.. ·~, wild population could be frorn water supply or in 1:G!r di:lizr<!d E>.ggs ~ . 

,1~ " _.: • . . . 

. : t~:· . : 
; ~t . 

~~: ., 
·:;·. 
•1 .. : • .• ;_ 

· .: .. !·~ i- .f· ::· Control wi th sulfonarnides ( sulfameraz in e and · Sulfamethazine) at 
~ ; ·. ~~ ·! .. 

. ~ A~~::/ ~ppr oxirnately 10 9)arns per 100 pounds of f ish per da y per lfiJaay:a-

. "..jl ma.y reduce the losJ rate. 'l'his level is considered the1:-apeutic .: ::~ ( ., . - . ::: ~ :· ~- ' ~ . . . ~P~l and lf removed frorñ the diet: the loss w i 11 r ise again. When a~ 

•, 'o¡(•''t ,' 

--~.· -~:.~(~; ~)rophylactic level bt 2 grams per 1 00 pounds of f ish per da y is 
; .. ~b:, .. · ¡ . 

. , ... : , l.•, · .¡:, ..;¡ t. ll 
' ! _ ;.·:.<~~·- ~ :~ H con 1nua. y 1 

' ,:V'" ' · . . .. 
following the treatrnent, t.\ie lo!'"..ses are 

t . ~ ; :f.:1\ 1 . ." 

_ :; ;-.-~~i ~ !: -.:~- ~-~n irnized until liberation of the fish. 
· . . ~ ·· 1-' .'·\' 

Erythromycin at 4. 5 

.)) ~ -// . ~ ~~~ rns per 10~ pound of fish per day for thre a ~ weeks has been used 

-· v~1~(, . suecessfully . Terramycin at i ts standard d'i>se ( 3 6 grams TM- 50 

·,.:.' :h~: ~ or TM-5'00 per 'lOO pounds of fish) has also been u-sed. 
-~~·. - ~~ · ~J ~~~; ·.'. •' 'i . 

Under· 

.. ': '1-i::~ ~·~· } ~ . borat o ry conc:i'it·ions erythrornycin given orcüly at the· rate · of 

- ~~ ~ i; · :¡ :· ~ ', ~ 5 grams · per ·lOO pounds · of fish per day· r ·ol!: three w.eeks.. gav-e . 

. Jr:, ~ ~ · ~'t sontrol but was not comp letely effect.ive (Leitritz: ,and Lewis; 

~ - ~ '· ; 'f n•a' o)··· . ~ ~~ ~ ·t~ ¡ · :, · :-A: :;7 .... . ,; ~ 

'·l• . 1 ·' :) ·: ~. 

J - ;J''·/·;, : ~¡: ·· ·. 

" ) '• , .... 81': ' f' ·l¡;· ·. '') ol 
··o; .:. FM;{{ .:.· ¡~ ?(r 

. !•~ . " ;!(l ·" ·t • t 
} i'1 ~:~::··- ~ib ·' ~: &romonas Septicemia (MAS) 
·/J.: : ,,, .,., ~ 

· ~ l· '~ : t t t ·.:~~ í; . . 
lf:-,. ¡t\'. r ·4, ~· Moti,J.~ . Aeromonas Sep ; ti.-iÍ :&~ ernia is a disease of many fresh1ziater 
·-~ í~j~~:;,> ~< ;: ·. . ' . . . 
~ : (~ ~· ~ i. ~ . f shes caused by gram negat1ve motile bacteriuaftl be.longing ·t.o the 
~- ~; ( ;,~;: ~ ·~. t~ r:•·. · · 

~- . ·; fs: ~ , ~ . H· 't · .... 
Two species- frequentl.y ,.,Í,·'i! :q:.t;: 9'~nera Aerornonas· .. · and Pseudomonas. 

i. :· ~<)~; ! · li t·~ ~ 

<víf~X ~~~l ated in out. break a1;e 'fu. hydrophila and P!. Florescence.. A . 

. '·:;J: .. 1~}í.l.'.~:.¡: : ; . 
lt~ r.·,¡ j . • ' 

. \: ~ ~~ :;_:;;J!1·;¡t. 
.. ~ - [fr' .. ·: ·,. •"'· 

< t \( ~: : ·::: ~/: : 

J ; ~·~ : ." ·/ :"· :t 
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definitive diagnosis can be made only if the causative agent is 

isolated and identif ied. 'rhe most common signs of MAS are 
l.i. 

superficial circul!r or regular grayish red ulcerations, with 

inflammation and erosion in and around the mouth (in enteric red 

mouth disease) (Piper et al.1982). Fish rnay have abdomen filled 

with slightly opaque or bloody fluid (dropsy) or exophthalmia. 

Minnows may have furuncules like those in furunculosis, which may 

erupt to the surface. The kidney may be swollen and soft and ·the 

liver may become pale or greenish. Motile aeromonas septicemia 

occasionally takes an acute forro in warmwater fish and severe 

losses can occur even though fish show few, if any, clinical 

signs of the disease. Largemouth bass and c hannel caEflsh a ~e 
1 

susceptible particularly during spawning and during summer if 

stressed by handling, crowding or lmv' oxygen concentration. 

Aquarium fish can develqp the disease at a ny time of the year. 

The disease has been ' identified throughout . the world and 

apparently infec·ts any species of freshwater f ish . Broodfish can 

be injected with 25 milligrams active Terramycin per pound of 

body weight or fed medicated feed befare they are handled in the 

spring as a prophylactic measure. outbreaks of MAS in channel 

catfish and other warrnw~ter fish that will eat artificial food 

can · be treated by feeding 2.5-3.5 grams active Terrarnycin per 100 

pounds of fish daily for 7-10 days. outbreaks in salmonids have 

been treated ~uccessfully by Terramycin fed at 3.6 grams TM-50 

per 100 pounds of fish daily for 10 days . Sulfamerazine fed at 

10 grams per pound of fish per day for 10 days also has been used 

with reasonable success. A combination of sulfarnerazine and NF-

100 has been very effective in western USA. 
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' . 
·,; .:· : OTHER DISEASES 

... 
. . \, 

.. ·. 
,·_. ~dwardsiellosis (enteric sep~tcemia ) 

¡-:: ¡ . . 
;¡,·.: 
r ·'\' . . 

,' 1 ~~-

Edwardsiellosis is caused by Edwardsiella j ¿TL7r:luri and ifi. a' 
\ ' ' -· . 

- ~ ,·:f 
:_:y .. majar bacterial pathogen of channel catfisJ.l1 • ~.r nuJU.Qer o .F 

i nvestigators have recognized that vaccination p.bt'ü witll' a ~ l'\ath1 
:. ~ . .... 
: :· {~: .' 

i\) .· '.· .. t· ~. -or oral) enhances surviva l to a bad challenge of virulent 

::· Al',.:: bacteria when compared to n onvaccinated control (Lingenfe.l s e.r and . :r · . 
. ;(.~ . Blazer 1992) Th'e, bacteria enters t hroug h the olfactor.y sac 

.~ ··:;J{K ... de generates ··· ~he oifactory neuron (Morrison 1992.). 

and 

1·\. ·'· 
Buldwing and ....... 

•, i~ ·: ' ... 
':· : ~ ~f ; .. ·. Newta.n .( 1992) foun~ that Edwardsiella pass through the in:te·stinal 

;)f>:: .. mucosa and produc~ his·tologic lesions and necrosis. 
· .) ¡:.. . 
\'t•( .: . 
:~ r. / ·;_ .. :. 
r ~t ; •, ·;, . 
··lr .. · . . 

. ·.rf.·· ::. · :t-tycobacterium marinum 
~ ~}~ ? .) · :. > _: . ~ . 

found Mycobactericsis in hybrid striped , - ; ~:: ~; (P/ : .. Newton et· al. ( 1992) 

. : }¡;~ )! : bass in intensive· culture. 
f-1··::·' .. : ' 

The fish b.ad low growth, poor 
· ·s~ ... . . . 
~ ;¡ ),,~ / ;:::~::: ::::~:i:::, s~~:e:~c::::i:::~aks in the gill, enlarged 
· f!: ,r- \ ~ ~ ~ - t\ . . 

~ W >;,~ ¡· ~:: ~ asteurella pis cicida 
· . ~ ]~ :. , ~ . i ' :'- <::: . t 1' 
, .• ·1 •1' -;·, .... ·. P. 

-: ;. : ~ ~t ·~ _!~ (/. 1 ;: Haw.ke et al. {199 2 ) !c;letected ~ pisci.ci.da as causa.tive · a~t of 
,.:i ··;:::'r¡;•i . . 
:!~ ~ _)~ : ~·) d . is~ in population of.:' intensive cultu.t:ed hybrid st.riped; bass . 
. . ' "' ~~ . ~ . ,,.. . ;. : ., 

. =t,,. r·~~ -. ·.s,'.¡. . . • • 
.' :~i· ~ -~ - <( , u.:un- ~ . Ul.Sl.ana coastal water in December 19~0 and spring 1:99'1. 'They 
:\: · · :~· n · · · t.:,·,·t·· {~f ,.: . , . ~ . ~ ·, .. ~ , \ .. 
_ : ; ;· ~ ;;. ,A ~:·· ll'eport significant mortali ty at tt-10 c !C:mme:'.l:'cial brackish · water 

/..!. ~ ~·~,::···:'.: ;ffisherl,es "in cé!ges , . raceways and net p ~JJ s. .P...!. Rioo::icidA was 
~:· t; ~~ . ::.:- : <.-;;.~ . . .-' ·' . 
. ' · ~~ ~ ~ :_\ · : : . : ~ ens1t~v~ to Romet ( Sulfadimethoxine and Ormetoprim)- and 

<··f· :!'· ·Terramyc1n (oxytetracycline) when first isolated¡ however st:rains 
';~ ... ~/ . l· ~ • • : . 

~ ~~ ·· · ~ !· ' 
~ ¿~.,;:-- :(" : ;·':· 
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isolated subsequent to rnedicated feed treatment were resistant 

to both chemother apeutants. 

Botulisrn Syndrorne 

Walker and Ekland (1992), report loss of 240,000 o f rainbow 

trout (95 %) Oncorhynchus mykiss, occurring frorn late surnrner 

through the fall of 1986 at Riffle Fall Sta·t ·e Fish Hatchery 

Colorado. The signs were affected behavior in swirnmin~ due to 

descending paralysis from botulism toxins and viscuous feces due 

to toxin tha.t induced constipation. They affirm that botulism 

syndrorne can occur under the righ·t series of circurnstances 

including pond designs, f ish cul tu:r:e practices or prolonged 

1 . 
temperatura and overcrowded fish. 

' '· 
. ( ~ 

CONSIDERATIONS 

Before a.culturist treats a group of diseased fish, there 

~- · are several considerations the aquaculturist mus·t contemplate 

beforehand. 

Recoghition of disease , accurate diagnosis and selecting a 

chemical 

Culturing high densities of fish increases the chances of 

outbreaks of disease and parasites. Th e chances of successfully 

tr~ating fi~h is dependent upon the stage at which the problem 

is detected. If the first sign of a disease or parasite 

epizoótic is numerous dead animals 1 it is often too late to treat 

the remaining fish which are alive (Stickney 1979 ) . Chances of 
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s uccessfully treating diseased fish dras·tically increase as 

·t diseases are detected in t heir ear l y stages . 

•· . . There- are som~ - obvipu~ . behavioral c hanges as well as physical 

, _;_ c::hanges that indicate that. therl"i is a problern. Some _: be.,llavi.oral 

• • o 

.·.• 
~ ·t .. ' ~ 

:' •. 1: 
: •t . .. ·· 

changes which indica te a f istr may ~ - suli)f.~r:iT.g o f.rr.:JI\\ ,. a . . ' d]..:::.aafw, 

include cessation of feeding, abnormal distr lHu't_i n wl in a . ·tar.k, 

. :o;( . such as many fish swimming at the surface, flash.illg, ,or lethargy 
•• ¡• • 

. · ~ r . 
_·.-.<o· (PJ.per et al. 1983) • Phys.ical_ changes which occm: · ma:J~ .' bE:!' 
, :_ :' ~/' : 

> _. , · r~ hemorrhaging, eroding areas of the body or f ins, or discolonation 
; _: _w¡~---- ,. 
:·_;:{; (I1.per et ftl. 19~ _ 3) . It is important to stress that -t.he 

- ~ - . 
. · :¡f.c:ulturist must have:_ frequent visual contact w.ith the -=.\.nima.ll, so 

~· ,. ' · ~ ~ ; .. ~ ~~~ .· . ·· ~ -· ·- ' , 

,.· /- ~ ~ < t:.hat di seas e problems can be detected earJly . 
: t'd,~· . .; ., . .l•J ~ 

· :.-;·¡((,;('. · :Cf the fish farme1r can identify tha.-r-. t'here> .. · is a problertt· and -. ~ ~ ~ L.::~ ·~· .· 
~ ~ ~~ - ~~F~:,¡ tSr:m accurately diagnose th.e. dinea~;e, thc.-.. .n a) tu:~a · tmen · t ca111 .begin 

-- ·: .~ ~ hV :='- > ·: Í.s ¡ ht away. However, in ma ny cases the aquaculturist. can not 
. !,~·'j . 

..... !. :\~ }· :' . • 
. -.- ~ 11; : ¡ ,.- . d '1agnose diseases accurately and t .herefore hcts to submit samp.les 
' ·, ·~ (~ 1 i,. .. . 
·' : ~\ ¡ 1 \ : .- . 

~::; '· ' k ~ :' - _ t : '~ a diagnostician to ensure accua:-ate e.vaJ.uati.on of the problem • 
. . • ·'· . .. , '. w.:·_r.t is important to note that·: .if diagnosis is not accurate and 

.: ~ ; : 1J1 Y:-- : • ~ ~hotgun" t;:.. · ea - tm~nts are pé!~ormed, they usually are nat 

.. ~~, ~~ ,. ~fective and may actually d.<>• mmte haJrm than gocd' 
. ¡?! ~ fr~ J ~ · :;:·/t 

. l · ~~~¡:' '. ) : : once · an accurate diaqnosis or: thl['! diseas,'1: is obtained, the 

> } ~·l t~i: ~ · ~ · op~~ · ~hemical for treatment· needs to be sel.ected. If tire 
.. ~ ·t· ,. .. .. : 1( ' 1 ' 

't , r· · ~ ~· 1. N · ·1 fh 
·• ; : / Y t~ <.mitUJ:~ submits specime.ns í:otr dia(}n0$Lq, thern . usua.ll.y a. 
. ?J : :~-T: :r>. ~·- . . . . : ... ··' .• Í3 

.. ;· ¡~ ·:--.:· . trea~ . of the disease is of-te;,..Y.l 5\HJ~'t:!st:~. If the cult:m:-ist 
- 1~ · · l<''·'o·¡'( •f . ... ,. $~. - ~ ·~ :. ·. :;··,-:: . . .. ; ~ ... 
~ f! . ~

1

1¡ :.r.d:iagñOS,es the disease ,- a - mi\ñlbn.t." of bOJ:lks . are available on tbe 
. ¡:·;} ::¡,:: . -~ ; · ~ f 

.i -~ ' 8 : J: subject of treatment o .f fish d'iseases . ar tliey can consult an 
. , :;:, , H · ~ · .:, _: -.~: - o • • • 

·· ¡/ ; ~ . ,.1 ·-:.etXtensJ.Qn agent f _dr"a---:-recommem-ded treabnent. PJ.::esentl.y there are 
o f :- · .. <•.-.:t 
:~q ¡ ;':!i n~~ly five¡ registered drugs and seven low priority drugs froa 

• • .. \ J,& • • 

. - ;~~ ~ ·:¡·/::;::0:>: 
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wh.ich to choose. 

Is the treatment economically feasible? 

It is easy to see th.at diseases cause economic losses due to 

mortali ty 1 but diseases also cause los ses due to treatment 

expense , reduced growth rates during and after di sea se outbreaks 1 

and t h e postponement or loss of opportunity to sell the fish. 

Once the aquaculturist sees a problem, accurately diagnoses it 1 

and selects a treatment, he must assess the value of the diseased 

fish. If the value of the treatment expense is greater than that 

of the crop of fish 1 the fish farmer should not treat and sh6uld 

accept his l osses. Conversely, if the value of the treatment 

expense is minimal in comparison to the value of the crop of fish 

then a treatment is warranted . 

What are the chances that the treatment will be successful? 

As discuss ed previously, the earlier the detection of a disease 

or parasite proble~, the more 'likely of a successful treatment . 

Al so 1 if ·time allows, ; take a subsa:mple of the diseased fish. 

Initially1 treat this sample cf fish to determine the 

effectiveness of the drug befare exposing the whole crop to the 

the~apeutant (Stickney 1979). This could save the farmer time 

and money if the treatment is ineffective. 

: .... 

What application alternatives are available? 

) 
39 

) 



- . ! 
• 1• 

¡ ·-> 
; · ·.rhere are s everal different ways to treat using cliemicals. Dip .·: _:-: 
. , 1 •• 

O r=/·· t:.r.ea·tments consist ofl pla cing small numbers of fish in a stron<J 
o ~- · . . J . 

. ; ·•;, --sol ution '·of. a .. chemical fo r a . .sho.r.t perio d of time. 'l'his m.ethod · o ·¡, 

. ~-~~:_ · . 
;,_., ._:· o.f treatment ÍS s · ~m~l.¡hr.,t chmgerous beC'l.USe there is. oe"'lly a . ·small... 
J. ·~, - ~ 

. j · .. difference betweeri a ~~se :· wl;:l\"JJ.-¡r• :h;_, ef.'.f.!-1::Ct.i VE'-· anrJ•. a d . ~;e. .. which' 

() - ~\~ 

t j!· · ki.lls fish. 
() ,,>-';' .· 

In a bath tireatrnerrtll; 1:h'e i n :f: lo•,.ffi: n~ wat:.€n: . is turned . 

( . !{ .. '.; ctff and the correct amount o f chemical ür: adde':'t'! di.J:;'ectly to t:be 
: ·~- .!~ · "·> 
::h.' holding uni t. After a specifie~ time, t he inflowing water is 
, ,·,:~ ; ;: 

>·/·>, t :urned on and the treated water is f lushed out. In this.:method ···/ ... 
. ,.' '•!··''1 ·.; 

· :)(. ,.oxygen conc , entrat~~ns must by monitor ed because inflowing ;water 
. .. "'"'' ( ,,, 
< · /!~;~ : :i..s cut off. Also, for this type of treatrnent to h e eff'.acti ve the 

:. - .. ~{ - ::';; ...... . . 

. . :.G,:.::·._;::).rug must be uniforrnl ,'l distributed. J theoughout the ·tank. 
.. .. 

'"-4JI -~: 1: \ ( ¡' . ' . . • 

· ! ~ ; : ·! ~ ;; : ·· .. ·A ~f.i . ~tion of the~ bath t :cea·tm0.nt 1 the indefinite · bath, is 
'· '{". . 

·. ~ ·-.- · ~ ;-,{' ~ : g~:nerally used i 111 ponds. In: tiliB: ;m~.t':hod, c-. ·.low · concentration of 

·;_· J (t. ~ ;;· 1~r:! chemical is added to . t.be p ond c.nd is left to naturally 
, ' 1, ~ - ~ : . 

i •. ~ ' ; 11 

• - ::¡~¡ f. _.~ : ' : clíssipate. 
·... •:lJ. •:.¡: One di.s:advantage to this . . met hod . is that if the pond 

. )~, J~ ~ t·:f:; ~-· } . . 
'.:· , ;~{~~···. ·. ~a be treated is large t.hen. the an10unt of chemical · needed to 

·:·>'$n< .. tr.eat the-· pond woul.d be expensive. 

· · ::.;· í ~Y- ~: :;·A flush tre;d:ment consists of .. adding· a treatment sol.ution at . 
. ··.::~ ' 1'; •. , .. 

.. t ~ : ·~ .: ~; ~e uppe~~ end of a hOJ.d.ir:ú.r t:'anf( . ~ ~ c:md al·lowing the cbem..ical to · 
~¡¡ : 1 .• • . 

Ji'/ .:/ f~ustiltthn:-ough. This metlwd ha.'s · beE!U wid<ÜY'· used in the ,cultitre 

\ ) f\::~ : ~f ~pnids and is only '.applicab.le in raceways# tanJcs, or 
- ~ {{ : ·> ;· .. ( . . ;·: .. : . i~ 

- ~'\' ~ /{ . t:.~Ol~~"' .· .. )~· ·'/'.;... ,· ., -
. ( ~·~ ·, ht5 ~ : ~ - ~ - ~· ct ~ !~tairt &.iseas.es, sucfl.,as .s.ystsmic bacterial inf'ectiODs aTHI· 

·y ¡Í .. . ,' ~ L '• ~ ~ • . t' .'f• 

... ~ ! ~ l ~ ; t:~::n:~::=:::::::es::i::: ':re:::~t r:::r:nth:: 
· .-i f · ;! ! · :_:" abcomplished ~ ... two .. · ·~ vrays . : · .. · rnedi cate.d feed or inj ections . Far 

- .~: ~ ,:'~~:~~ ~kr tai~ · · di~eas.es ·, the medication must be .introduced · into the 

1 {~}:! .. 
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fishes st.,, m: .c:h. One way t o d o th i s ..i. s t o f e ed medicate d feed, 

4yhich can be commercially purchased. .. 
Anoth e r way to introduce 

medication to the stomach is to we i gh out t h e correct amount of 

drug, put it in a gelatin capsule a nd then insert the capsule 

into the fishes stomach with a balling gu n (Piper et al. 1983). 

For small numbers of fish which are very v aluable, such as 

broodstock, perhaps the best way to ·treat is by injection. 

Injections of medication can be inserted into the body cavity or 

directly into the muscle . Although injec tions work rapidly, a 

majar disadv~ntage of this method is the c hanc e of damaging 

internal organs. 

Are there complic~ting factors? 

Befare tDea~ing a body of water wi t h a chemical, the 

aquaculturist must consider how environmental factors such as 

temperatura, pH, turbidi~y, alkalinity and rain can -influence the 

effectiveness of a treatment . Also, the aquacul turist must 

consider what effects the treatment may have on phytoplarikton, 

zooplankton, and bacteria. There are three fishery chemicals 

which interact heavily with water quality variables: formalin, 

potassium permanganate, and copper sulfate. 

Formalin, which is registered by the FDA, is a chernical widely 

us~d for the control of·· fungi on · fish eggs and ex·ternal parasites·· .. ~ · 

(Boyd 1990). Water temperatura is known to have a effect on the 

toxicity of formalin on fish. As a general rule, for warrnwater 

fish at temperaturas above 70°F, formalin becomes very toxic, and 
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for c oldwater species, f ish become very sen si ti ve t. o fo:rmalin at 

temperatures above 50"F (Piper et: al. 1 9 83). So(; if is necessary 
;; 

.to t.reat wi th . formal in abo ve these temperaturas, i t \.Jau.ld be 

prudent to use low concentrations a.nd t·ILl retJeat thf; tre.a~rrt: Ofi" 

O successive days (Piper et al. 1983) . Al~ .n,. f . :EJ'!""wl<<~:lin is highl.j• 

O toxic to phytoplankton and extreme cautio1,1 i~ wa;rranted vJhen 
o 
o treating ponds with moderate to heavy phytoplankt.on bloow.s~ r:e-

a ~ond with a heavy bloom is treated, then a dieoff of al~ae will 

occur and a subsequen·t oxygen depl~:1tion will present a . new 

problem to ~he cu\turist. 

·' Potassium perman~anate and coppe:r: sulfa·te are not currerrt:.ly 

registered by the FDA¡ however, · discussion is wort11y be:cause ·very · 

little data is needed for approva l and these two chernicals are 

on the highest priority list. for registr<l.ti0'n (Stefan 19-92). 

Pot:assium permanganate has been used widely .in t:.h¿ past to treat 

external protozoa parasites; monogenetic trematodes : and external 

fungal and bacterial infections (Piper e~ al. 1983). It has been 

found that the Jcoxici ty of potassium p~rma.r.rganate (ta1!1104 ) is 

lessened in water with plankton bloonts (Boyd 1990). Thus, it is 

necessary to trea t ·.y¡ i tli' . enough .. .K11n0_. ·to. satis.f-y the KMnO_. demend 

of the water and t:o pr-ovide a residual amount which wil.l. be-toxic- · 

to dise~se organisms (Boyd 1990) . KHn04 gj_ve:s, the water a pink 

color and u pon breaking down the colo:c dloil1ge.s to brmm. (Boyd 

1990). It is recornmended t:hat if th<.::. color ch.ange takes . pl'ace-

bef-ore twel ve hours · after the""I<Mn04 har> l:.~n appiied ít will be 

necessary to repeat the treatment (Piper et al. ~983}. To 

resol.ve 'this · problem; . a . rnethod devised by lli-1yd ( 1990) is very' 

useful. Boyd suggested treating. wat:er sarnples of one 1iter with. 
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0,1,2,3,4,5,6,8, and 12 ppm of KMn~ . The lowest co ncentration 

which stil l has a pink color after fifteen minutes is determined 
L 

to be the KMn04 demand of ~he pond. Later , Tucker revealed that 

the resul·t of. tllis test multiplied by 2. 5 gave a re liable 

treatment rate for b'acterial diseases in fish (Boyd 19 9 0). 

Copper sulfate has been used in the past as an effective 

algicide. As mentioned with other compounds, the effectiveness 

of copper sulfate is dependeryt upon water quality variables. 'l'he 

most important factors regulating toxicity is the alkalinity and 

pH of the water. The toxicity of copper sulfate to fish 

decreases with increasing pH. Alsc, copper sulfate is more toxic 

in water of low alkalinity rather than water of high alkalinit~ 

(Boyd 1 990 ) . It should be noted that because of the high 

correlation between hardness and alkalini ty, sorne biologists ha v e 

mistakenly thought that ,the toxicit.y of copper sulfate interacted 

with hardness, not alkaiinity (Boyd 1990). The decomposition of 

· algae following the application of copper sulfate may cause 

oxygen depletions later, thus oxygen concentrations must be 

monitored after treatment. In addition, if heavy rains occur 

after a treatment, safe levels of treatment may become lethal 

because of a lowered total alkalinity (Boyd 1990) . 

CONCLUSION 

Due to the potential of pathogens to devastate fish 

popula·tions, there ' is a need for the aquaculturist to have · 

registere? therapeutants available. The limited number of 
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currently , approved therap'eutants is a resul t o E the 1enythy and 

costly NADA process which has deterred chemical manufacturers . 
··. 
•, ,, frorn pursuing spmnso:rsbip o f . > n e~l arümal drugs. Producers.- can ... 
'1 

:!, become a part of · .the solution to this prol:-2em by utili.zing ·tbe 

compassionate INAD policy. The data gl~ne~cé.Yted by producers 

encourages further research on drugs of hig-he·st: prioi'Cd."l'"}L:. This 

reduces the expense and arnount of t .ime required that sptlnz.ors 

must invest in registration ef fo:r:ts . The end result i::;._a. greater 

number of approved therapeutants available to the aqu:aculturists. 

1 •· 
í 
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Table 1 

Drug 

Oxytetrac¡cline · 
monoalky trimethyl 
ammonium (Terramycin by 
Pfizer, Inc.) . _ 

1 

1 

1 

Sulfadimetthoxine + 
ormetopnim (Rornet-30 by 

1 

Hoffman-La Roche, Inc.) 

Tricaine methanesulfonate 
{MS-222, Finque! by ARgent 
Chem.ical Labs) 

1 

- -
Therapeutic Drugs Approved for Use in Aquaculture of Food Fish 

- -- -- ·- - -- --- ---- 1 

Species 1 Indication Dosa2e ree:imen Lirrútations/Comments 

Pacific salman Mark skeletal tissue 250 mg/kg/day for 4 -Salman < 30 g 
days -In fedd as sale ration 

-7 day withdrawal time 
-Also hvdrochloride form 

Salmonids Control ulcer disease, 2.5 to 3.75 g/100 lb/day -In mixed ration 
furunculosis, bacteria! for 10 days -Water temperature not below 
hemorrhagic septicemia, and 48.2°F 
pseudomonas dtsease -21 day with drawal time 
(Hemophilus piscium, 
Aeromonas salmonicida, A. -
lique{aciens, Pseudomonas) 

Catfish --
Control bacteria! hemorrhagic 2.5 to 3.75 g/100 lb/day -In mixed ration 
septicerrúa and pseudomonas for 10 days -Water temperature not below 
disease (A. Iiquefaciens, 62° F 
Pseudomonas) -21 day withdrawal time --

Lobster Control gaffkerrúa 1 g/lb medicated feed 1 -In feed as sale ration 
(Aerococcus viridans) for 5 davs -30 day withdrawal time 

.Salmonids Control furunculosis 1 50 mg/ke/days for 5 -In. feea 
(Aeromonas salrnonicida) days -42 da~ withdrawal time 

Catfish Control enteric septicemia 50 mg/kg/days for 5 - , - In feed 1 
(Edwardsiella icmluri) davs · -3 dav withdrawal time 

1 
Fish (Iclauridae, Sedation/ anesthesia 15 to 330 mg/L (fish) -Powder is added to water 1 
Salmonidae, -Concentration depends upon desircd 

1 E~ocidae, Percidae) degree of anesthes1a, spec1es, size. 
water temperature and roftness, stage 

1 

of development; preliminary tests of 
solution should be made with a few 
flsh .... 
-21 day withdrawal time (fish); 

"\¡ .... , 

1 inboratory or hatchery use only in 
1 olher poikilothertns 
1 -Water temperature over 50° F 

Other aquatic 1:1000 to 1:20000 1 
~iJ()!h~f!llS 

(other poikilotherms) ! 
- - -~ 

-:------ -- -··· ·- - · 
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lf . ' 
Ü Formaiin (Paracide-F by · 
ft Argent Chemical Labs and..;. 

1

1. Formalin-F by Natcbez ! 

¡ Animal Supply) 

1 

'1 

11 

Salmonids, catfish, 
jatgepioutb bass, 
-Óluegill 

Control protozoa and 
monqgenetic trematodes 
(lcthyopthirius, Chilodonella, 
Costia, Scyphidia, episrylü, 
Trichoc#na s{>p. and 

· · · Cleido4iscus¡ Gyrodactylus 
Dactylogyrus spp.) 

Salmonid and esocid 
eggs 

Control fungii of tbe fawjly 
Saprolegniaceae 

Ta."lks and raceways 
Above 50° F: Uc to 170 
ul/L, up to 1hr. 
Below 50° F: Up to 250 
ul/L, up to 1 hr. 
Earthen ponds: 15 to 25 
ui/L indefinitely 

1000 to 2000 ul!L fo 15 
minutes 

........ -
" -:- ... ,. 

.,¡. 

-Aqueous solution is added to water~• 
-Drug must not be subjected to 
temperature below 40° F 
--Do not apply to ponds when water 
is warmer than 80° F, there is a 1 
heavy phytoplankton bloom, or ¡· 

dissolved oxygen is less than 5 mg!L 1 

-Ponds may be retreated in 5 to 10 !' 
days if needed 1 

-Do not treat ponds containiing 
striped bass 
-Drug should be applied to eg~ll in 
constat flow water supply of 
incubating facilities; treatmen¡ Iru!Y be 

1 11 1! 1 repeated as often as needed :e;> ¡:¡:event 
¡' . . funga] growth 

1 ¡ ¡ - .. 
1 Sulfame:azine (by American l R!l~11PC\ól, brook, i Contrq! furunculosis ¡ -10 g/1 00 lb/da y for up -In feed . . 

,: 

Cyanarrud Co.) t ll?.G bro~ trout j 1 ~0 14 days l --21 day wltthdrawal tu;¡¡; 
·• r •· -Not currently available ~~~=,.,., ! 

;\.nproval apJ;?¡i~s only ,to the sp~cific drug vThich i$ t~e subj eect of a new ?ni_mal dr~g ~ppli<;:a~ i on 

(RaDA); ac~1~e ingred1en~s from bth~r sauces (e.g~ 5ulk drug from a chemlcaL company or Sl~~lar 

d
compounds mq.de by 'óompapi8s other ~p.an those speccifieó i n·-~ne NADA} are not app:.:-2"feS ne\·l an1ma l s 
rugs. · 

Approval applies onl~ t~ use ot t~~ drug fcr the indicati~ns qnd manner specifiied ~n t~e label . 

LGKahn 12 - 4 -~ 1 

rev lgk~ó-l-92:aq~a 

- :«>- ~ 



Table 2: Low Regulatory Priority Aquaculture Orugs 

Carbon Dioxide 

Sodium Bicarbonate 

Acetic Acid 

Sodium Sulfite 

Sodium Chloride 

Calcium Chloride 

Providone Iodine 

Gas for anesthetic purpose in 
cold, cool , and warmwater fish. 

142 te 642 ppm dip for 5 minutes 
as a means of introducing carbon 
dioxide into the water to 
anesthetize fish. 

1,000 to 2,000 ppm dip for 1 to 
10 minutes as a parasiticide for 
fi:;;h . 

15% solution for 5 to 8 minutes 
on fish eggs to improve their 
hatchability. 

0.5% to 1% solution for an 
indefinite period as an 
osmoregulatory aid for the 
relief of stress and ~revention 
of shock in fish; 3% dip for 10 
to JO minutes as a parasiticide. 

Used to increase water hardness 
to 15 0 ppm calcium carbonate 
equivalents for an indefinite 
period as an osmoregulatory aid 
during the holding and 
transportation of fish. 

lOO ppm dip for 10 minutes as an 
egg surface disinfectant after 
water hardening. 

Adapt.ed from Beaulieu, 1992 ¡ Center for Veterinary Medicine, 
U.S. Food and Drug Admtnistration, 1992; Office of Surveillance 
and Compliance, Center for Veterinary Medicine, 1992; stefan, 
1992 . 
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T-:!ble 3: Physical and Cheinica·l · Character lstics Data· Requi.:r.ements 

.... 
r; 

' .'9 

Color 
Pbl)!>s ica l state 
Oc...~J: 

He-J:t-±ng· rp11ü1 b ( .rR) 
Boiling voint· (CR} 
Density, bu!JR de;Y.:,j._ty, or qq.ec i.fic mrav:i.ty 
Solubility 
Vapor: pressure 
Dissociation constantr 
Octanoljwater parti tiÍ.on coE..ff icümt (CR) 
PH (CR) 
Stability 
Oxidizing or reducing action (CR) 
Flammability (CR) 
Explodability (CR) 
Storage stability 
Viscos:4,ty (CR) 
Miscibi:~ity (CR) 
CorrosiGn characteristics 

· oielectric breakóbwn voltage (CR) . 
·'· 



Table 5: Environmental Fate Data Requirements 

D~~radation studies-la b 
•• 

Hydrolysis 
Photodegradation - in water, on soil, in air (CR) 

Metabolism studies-lab 

Aerobic soil (CR) 
Anaerobic soil (CR) 
Anaerobic aquatic 
Aerobic aquatic 

Mobility studies 

Leaching and adsorptionjdesorption 
Volatility - lab and field trials (CR) 

Dissipation studies-field 

Soil (CR} 
Aquatic (sediment) 
Forestry (CR) 
Combination and tank mixes {CR) 
Soil, long-term (CR) 

Accumulation studies 
1 

Rotational drops - confined and field (CR) 
Irrigated crops (CR) 
In fish 
In aqua'tic non-target organisms 

Conditionally required studies are noted with (CR) . 



'l';ible 6: Toxicology Dala Requirements 

,, 

• . _-: T:.. 

• ~ ~ .. 1 ' 

·r 
·. ~ .. 

. -~· . 
·: . . 

, . 
lf ~ ·. 

Acute te.sting 

Acut~ or~l boxicity 1 rat 
Acute· ds!:ma r to:x.ici ty 
Acute inhal'a-t·ion ·toxici ty •. rc.-:ii 
Pr:Lmary e : ~ e i:t 1:~ 1..t.at _; x.T~''';_J .- .t" t ibbj J:..-
Primary dermal ii-'t-.J b...-i::li<'m 
Dermal sensi tizatii•n 
Acute delayed neurut."Jxiéit:y 1 h er -n 

Subchronic testing 

90-day feeding studies 1 rodent and nonrc~ent . 
21-day dermal (CR) 
90-day derrnal (CR) 
9 0-day inhala·tion 1 rab. ( CR) 
9,0-daytneurotoxicity: 

~Hen {CR) 
·· Mammal ( C'f<)! 

Chronic testing 

Chronic.. ~ fe.eding, rod:..ént a.nd 
Oncog~~iciky study, . rat aad 
Teratogenicity, 2 species : 
Reproduction, . 2 - genera t ion ·· 

Mutagenicity ~esting 

Gene mutation 

nonL-odent 
mouse. · preferred· 

Structural chromosomal aberratio1r 
-Dther genotoxic effects (CR) 

Special ·tes.ting 

General meta.bolism 
_Derro.al pene:trat:ion (C11J 
Domeg;:.tic animal safe.ty ( C~) · 

reqp.ired studies are note.d \oJith (CR). 



) 

Table 7: Reentry Protection and Sp~a¡ Drift Data Requirements 

Reentry protection studies \; , 
Foliar dissipation (CR) 
Soil dissipation (CR) 
Derrnal exposure (CR) 
Inhalation exposure (CR) 

Spray drift studies 

Droplet size spectrurn (CR} 
Drift field evaluation (CR) 

Conditionally required studies are · noted with (CR}. 

Table 8: Wildlife and Aquatic Organisms Data Requirernents 

Avian and mamrnalian testing 

Avian oral LD50·-preferably mallard or bobwhite 
Avian dietary LC50-prefer-ably mallard and bobwhite 
Wild marnmal toxicity (CR) 
Avían reproduction-pr8ferably rnallard and bobwhite (CR} 
Simulated and actual field testing-marnmals and birds 
(CR) 

Aquatic organism testing 

' 
Freshwater fish LC~-preferably rainbow and bluegill 
Acute LC50 freshwater invertebrates-preferably Daphnia 
Acute LC~ estuarine and marine organisms (CR) 
Fish early life stage and aquatic invertebrate 
lifecycle (CR) 
Fish life cycle (CR) 
Aquatic organism accumulation (CR) 
Simulated or actual field testing-aquatic 
organisms (CR) 

Conditionally required studies are noted with (CR). 

LD~ means the lethal dose of the test article that produces 50% 
survival of the test animals. 

LC50 means the lethal concentra tion of the test article that 
produces 50% survival of the test s ni~als. 
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'l'able 9: · ~ Nontarget I nsect Data Re quireme nts 

Nontarget insect testing-po l llnators 

Ho ney bee acute contac t LOro (CR) 
· Hon~y bee-toxic ity o~ residues on fuliage (CR) · 
Honey bee subacute feed~ug s~ udy (C~) 

F ield testing for pollim'l. : tr: , T . tn~ ~ CR ) 

Nontarget insect ·te s ting-aquatic ir,l:;:;·.ects 

Acute toxicity to aquati c insects (CR~ · 

Aquatic insect life cycle study (CR) 
Simulated or actual field testing For a quatic 

insects (CR) 

' . 

Nontarget insect tes·t ing-preda tors a nd parasites (CR) 

Conditionally required studies are noted with (CR) • 
.¡ 
'1 · 

r .D50 means the lethcil dos e of the te s t article that ·produces. 50% 
·· · ~ .ill rvi val of the test animals. 
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Efficacy Data Requirements 

I n Vitro 

In Vivo 

·. demonstration of the effective concentration 
of · .. NAO · · ·to inhibí t or kill pathoqen, 
includ ing : 

-tirn~ r e l a~ i o nships 

- d0E~ relationships 

' ·demonErtration of th ~ effective concentra.tion 
(or,. effective .. do . ~ 3!) for control. of. tbe .. 

'pathogen i li l :aboaatory infected· fish, 
including: 

·~· time rel.atinnships · 
·-dose m.Jla·t i onships 

.:!.iit'&luction condi tions: der!1cin5traJte E!ff icacy of NAD in a.t:· 
least three üp i .zootdcs 
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