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ikc all living things, fish ii f othcl' ii lLliltlc

".!nc.arrypariisitcs.This is clltircly Li
O ;Iniinals
n;itiir;11
ocriirr .nc . Most pos !lit.tlc pul>lich .".Iltli
conce!n..>onlf p;n;lsltic wol11>s,
ol' hell!!illths, clul>
howevel;be tr;insmitteclto pcopl wh >ciit ii!fcctc f
bsh or hsh l>V-y>ro fIICIS.

ARY
At one tinle. tilt'.»1> lol'ltv
of nli>i'I
lie lisll-I> !Iilc
lllfectlons > 'c.'ll!'I'pl'nl!'cu'lfv
'
Ln .'Oastaflegion.i,
'ivhel0'.sea!l u!dpi'o ill 'I!i 'wc'.I' »lost likelv to be
C.'Onslllnc
d. Howe! el; co!II I!>inllg ill!pl'I!'venle!LLs
ill

tl"<inspc!l
tilt ion, te '.fuiologv>an foocf h'ill ll!lig noiv
; liow f'I'eshlish to i!e sfliy>pe ft h!'OI gfIOILL
I.hc ivoild.

commonlv known Lsroundworn!s, tape!voi IY!S,

Although thc overill risk of hiiman illfcction
remainsslight in dcvcloyad >u!it!ics like thc

flukes, and thorny-hc'idcd

yfnitccl States, increased cxyoloitlti n! of OI LI'Inc

Wolf fvvicfe,
over.>0specics of'p irasitiChciminthS
wornis-ai'e

kno!vn

Io

causellllnian iilfi'etio!is. Tile! al'c fOLii! lin ish 's,
crabs,crliyfishcs,sn;lils,;i»d bivalv S,SuCI>'as
.lan!s
'uld oystels, MoStOi theSCpa!aSItie' ir!f 'et!oils al c
rare and causeoi!iv slight to moclerat illness.Some
infcctio»sai'cinoie prevalei!t, however,an i mav
poseseriouspote»Lililhealth ha'la! lS.

resources,cliliiigcs in dict;Iry habits especially ihc
gl owingconsLIII!pllonof I"Iw fi.'ih dishcs like sushi
and sashin!i!, uld tlic tci>dcncyto rccluc ' cooking
timesivlicn pl cp iiiilg tish products, all in rcasc ollr
ch;In csof 1> oilliilg ii!ice teel with thc sc parasites.
i!l]etilei '!i!i, w!th Ihe c>cc!c!sc of I'c>i»inc>ll sc:nse nlcl

pr !p 'I p! 'I;Ill ion'i, II!ih cllshc'!i
Willc'c!l!LIIIL!c
to be I
s;ife;in l wholes»inc ompc>nciitof our dict.

INTRODUCTION
ish is corrertly rcgardcd a»;i hcalthv rompo-

W«. :an bccuine

nent of lhe dict; it is;in

tcr ot' in'trilie fish or» afoorl c<>ntiiliing;ui iiifcctivc
stage<>I'ttie parasite, Thc infc tive st;lgc is li»ually,
but iiot;ilw;iys, a larval stage.

x<.cll

nt soiirrc

<!f

pn>lcin and is low in satur;itcd fats, In adrlition,
most fish and seafood products arc safe to rat.
Just tts f.hereare risk» t<>c;itiiig raw or lindcrrookcd
meal., however, there arc risks as»ociatcd with cating

raw, undercooked, pi<.klcd, anrl lightly or r<>1<!smoked

fish <lish ».

.Or»pal'e to
I thc 1;irgc-»c;Ile;l»d
i»rfi»putabiepublic
health

h;Iz;Infs;Issoci;Ite I

bacteria,;md

with Iial.ur.il toxin»,

viru»es f'<>linrl ii! seaf' >ud,hulll'ili

infrrtion» h! p;<ra»iticw<>r
ms in edible fi»lies lie

romp;ir;itiv<.lyr;ire. Risksdo exist,however,uid the
ronslimcr»liuuld

be' aware of then!;»id

know how tu

cvah!c!t <'I hc I p o te'tl 1 tlII en11se lelc nc c».
Acceptance ol cert;iiii risks should bc vohmtary,;i» i»
Irue will> uther I'o<!ds.For exalnple, Ii!ost ron»ultlcrs
;ii.e aware that raw beet' steak tartare! may bc thc
vector for thc beef lapeworin or caiisc toxopl,islriosis,
ju»t a»they know that undei'cool ed pork may
tra»sn!it the pork fapewoi'm or causetrichinosis.
Wlieli

ru»sumcrs

choose tu e at linrool

scafoud.

Thc parasitic w<>rmswe will dc»<.rib«uscihc;i lu;itic
food chain t<>cr>mplctc their life y<.lcs.KIIch link <>I
this chitin is host to a rliffcrcnt stag<iuf llie p;lr;!site'»
life history.

LIFE

CYCLES

wh n wc consume

trcshwa-

!ver ! !»pc ie» uf' p;ii",i»iti<w<>r.ins;irek»uwn fo be
li",His»!it<edto hill!i ln»bv 'Hlu;illr' alii»1al»sii h 'ls
fishes, rabs, crllvfish<»,»n;Iils,;Ii!rf bivalves Sprent
l!!f> !; Williains aiid t<>ne»I!17 i!, I'li inu»t < ouiii!only
ob»ervcrl p;lr;i»itc» i» In;iii»e I'<>udfi»he».irc roundwor ni» all< d n<m;It<>dcs.Another r<>inn!<>n
p.ir;isite
of fi»hr », espc i;illy frc»hv",iter fish like trout aiid
anarlrornou» fish lik<»;11m<>n,;lretapeworm larv.ic..
Thorough < ookiriga»rl arlecfuatcf'recziiig of seafoods
al c good prevel!tive »!ca»incs, btlt.thc»c pl actices ale
iu>t alwayslullowed aild are diflicult to cliforce,
Further, ii! tei I upting thc par;lsitc's lite cycle is
difli<.ult, aild it inay not bc possible to iinprove
sai!itary coilditio»s in»<!me regions. Prevention at!d
cuiifi.ol of these parasitic diseasesarc probably best
accouiplislied by erhirating consuniers, heal It care
wurkcis, aiid those in seaf'<><>d
industries arid govern-

uiell t.Ilge'n<'ie»a»u! the' I lsksof catnig I llw iulcl

ed or

undercooked beef or poi'k, they accept thc risks.
Sin!ilal ly, there exist pussible hazards to cating raw
or uiidei rooked

i»fecterl

u»dci cuoked

s af'e>uds,

Iii this brief rcvicw, w< will rfi»russ how foorl habits

and geographic' lorati<>»m«k certain group~ of'
people morc su»ccptihlc t<>worln infections. Wc;il»o
dcsri ihe how improved method» of tiansportatiun,
and even political d<cisi<>n»,
h;lvc i»crea»erl thc
chancesof becoming infcctcd with cert;iin parasites.
Most importantly, wc will provide information on
how to pi'event infection.

OF AQUATIC

HELMINTHS

t is sul'prisingly rlifficult t<>define "para»it<"
precisely, In general, however,
parasitesan
1
urgaiiisins that live in, or on, other orgaiii»rus for
inuch ol their life cycle, dcrivii!g foorl from their

ln this puhli<ati<>n,w< have ilhistraterl th<. m,ljur

host

stage»;irc potcnti;illy dangeroii», the la<.tors;lff' . -ti»g
trlmsmi»sion, and waysin which ro»siiincrs ".iii;ivui<l
becoming infected. We have al»o pn>vided;i I;il>lc
organized by thc following taxonomic grolip»;
;cstodcs t ipcworms!, Trcmatorlcs flukes!, Ac;inthoccph'il'iti» thorny-hearlcrl worms!, and Xi<rn;I-

or 1!os<»!.

Th< hclininl hie p;11".i»ile»
we will be cuiisidcriiig h;ive
evolved very c<>niplir;ited;i»d f'.1» .iiiatii!glif'<:cycles.
W '.will giv . »perih<',though»irnplificd, cx.<»!pie»
thruughuiit the text. In gen ral, tlicii life: lii»luries
involv<;I «uiliinuli p;itlerii in wlii .h;ui;Hlu.itic
cmbry<uiic ur I;ir val »l;ige is fol lowe<ihv uiie ur liH>le
1 uvill »t;igesspent in i»te.r»i<!diat<>
hu»t».Fin;lllv, lie
;id»It »t;ige<>fthe p;ir;1»it<.i» f'<!»ii<1
iii tile definitive
h >st,which i» iisii;illv;1rlif1'<<rent
speciesfi u»i the'
ln t<'I i»ed!lite

hosts of thc intcrinc liate;!nd

arlult »tag<.suf';i

niitnbcr uf cuinin<>n1>ara»ites
in frc»hwat<!r;uid
m«rinc fi»hc», We have de» .riherl whi<.h life.-hi»t<>ry

tories roulidworins!.

'I'his table siimm'irizcs

inf'<>rtliitiuii on thc cpid 'miologv, dis "isc, fiagn<>»i»,
«nd trc'itmcnt

of' thc infection.

lio»t»,

Epi demiufo x! <!f Human

Helminthic

nfection »
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F A C T 0 R S AFFECTING

TRAN SM ISSI0N

number of very different factors affect the
transmission of parasites, I'hesc incliirle
human cating habits and behaviors, particiilarly
consumption of r;iw or "lightly cooked" seafood; thc
geographic distribution of host species;the possibility of incidental infecti»ii; and importation of

Eating Habits and Human Behavior
Social and behavioral patterns ofter>play a sig»iiicant
role in thc transniission of parasitic diseases.F'or
cxamplc, iii thc United States,Jewish wonieii oiice
had a higher rate of itifection of the broad fish
tapeworni, Diphyllobothritrruirtticm,I handid people

seafood from

from other cull.ures Desowitz 1981!. I'his was because

Uncooked

around

the world,

Fish Dishes

Exantples of' raw fish disiies known to transmit
pai'asitic lleliiliiltlls iiiclude the following:

housewivesunkiiowingly i»gested the infective stageof
thc tapeworni wliile sanipling the raw miiiced-fish in
preparation for gcfilte fish Fig. 1!.

~ Japaneseslishi may have raw seafood with
rir c md

scawc cd!

~ jiipancsc sashimi thinly slicecl raw fish!
~ j;ipancsc "salad" raw fish, fresh lettuce, and
soy sauce!

~ Ilaw iii in iromilomi chopped salmon,
bell peppers, and tomatoes!

~ 'I'niropoli Japaneseand I-lav aiian squid
or octopus dish!
~ Pah< fish head anil visceral organs ripened
in a close d coiitainer!

~ Dutch grec ii herring pi< klcd herring!
~ Scandinavian patjlax cold-smoked salmon!
~ 1.atin American

retiirhr

raw fish marinated

in litne juice!

~ Philippine brqfoorrlruncooked whole fish!
~ C:antoneseyue-shrtiirhltk sliced raw carp in soiip!
~ I'acific Island poissonrrtt fish fillets iiiarinated
in coconiit jtiice!.

Major hosts of the genus Dlphyllobothrlum, The
life cycle of the broad hsh tapeworm involves
fish-eadng mammals isuch as humans, dogs,
bears, or sea lions! as definltlve hosts, and
crustaceans and fishes as intermediate hosts.
Eggs are excreted by the mammal In its feces
and enter the water. An embryo hatches froin
the egg, develops Into a free-swimming ciliated
larva, and is consumed by a minute crustacean
celled a copepod. The Infected copepod is then
eaten by a fish, and the larval parasite develops
in the muscle or viscera of the fish. This is the
Infective stage to mammals.
When a suitable predatory fish consumes an
infected fish, it will become infected. If infected
fish are consumed by humans or other mammals, the larval parasite matures into an adult
tapeworm in the host's intestine. An adult broad
fish tapeworm may grow to 10 meters in length,
produce up to a million eggs a day, live 25
years, and reach infection intensities of 200
worms per person. A human with a mOderate
infection might experience nausea, vomiting,
weight loss, and a number of other symptoms

Adultsiri intestine.

see the table!,

Larvaedevelopin
smallcrustaceans
Larvaein tissues.

~

Eggspassoutwith
feces,develop,
release
free-swimming
larvae.

Larvae
develop
insmall
crustaceans,
possibly
to
infectious
stage.

Infectious
larvae
intissues
ol fish.

Mat!orhostsof Anisakissimplex.' These
roundworms, sometimes called "herring
worms" or "seat worms," are stomach parasites ot marine tnammals such ae dolphins and

sea lions.The intensityof Infectiontnaybe
enormous,and stomachlesionsf!liedwith
wormshavebeenreported.Onescientist
reportedmorethan 10,000 adultroundworms
in the stomachof the gray seal Brattey1989!,

Another exampleof how socialand cultural habits

Eggspassintotheseawater
withthemammal's

can contribute to the transmission of aquatic parasitic infections is the current trend of cating rav or

fecesand developintofirst- and second-stage

"lightlycooked"seafoods.
Thistrendhascreateda

emergefromthe egg to infectsmallcrusta-

larvae within the shell. Free-swimming larvae

notableincreasein the incidenceof a parasitic

ceans such as krill and certain amphipode or

diseaseknown as anisakiasis,which is caused by

Juvenilemyslde,whichthusserveas intermedi-

larval anisakid nematodes,

ate hosts. It the infected crustacean is eaten

sometimes called "her-

ringworms"or "sealworms"Fig.2!. In theUnited

by a suitablefish or squid,the larvaewiilmolt

States,I'or example,the nutnber of casesof
anisakiasissuspectedand confirmed! rosefrom 4

into a third etage, which ie the infective stage
to martne mammals and hutnane.

between 1951 and 1960 to 31 between 1981 and 1988

Whena predatoryheh consutnes
an Infected
fish or squid,the third-stagelarvaebecome

Fig. 3!. In tapan,where raw fishand squidare an

integralpartof thediet,thenumberol cases
exceeds
1,000 per year Oshima and Kliks 1986!.

established in that host. Serial infections that

The recentincrease
in reporterlr-ases
of anisakiasis
worldwide
tnaywel]reflectadvanr
esin diagnostic
technologyfor example,endr>scopy,
radiology,
and

is, infectionsthat occurwhenoneheheats
anotherand acquiresIts parasites!can lead to
highIntensitiesof infectionin olderor strictly
fleh~atlngfish.The life cycleis completed

immunology!,aswell asincreteedphysicianaware-

when these intermediate hosts ate consumed,

ness.Explosive
growthin marinemammalpopula-

andthe fourth-stagetnaturesinto an adultin

tionsin recentyearsmay alsohe a contributing
factor.Still another explanationfor the increasemay
be that we are now consumingmanydifferent kinds

the stomach of a marine mammal. Humans

of iishes than we did.

Sakanarl and McKerrow 1989.!

representa dead-endIn the life cycleof these
nematodeseee the table, andOehlma1987;

*Theclosely
related
nematode
Pseudoterranova
decipiens
I=Ascarfs
d., Porrocaecum
d., Terranoua
d., Phocanema
d.!
hasa similar
Necycle,
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In another case,a New York ;ity resident wlu> liad
eaten sashimi earlier in the day wasadmitted Io th<hospital with a preoperative diagnosis of appendici-

tis Wittrier ct al. 1989!,Duriiig surgery,it was
observed that the patient's appeiidix was»<>rmal,
but a 42-mm worm

ideritilied

as a larval

L'us ron~dides!migi ated out of his abdomen,
Note that all the above cases occurred

in the North-

east. It has been suggestedthat the high prevalence
of the nematode f'.ustrongI>hdes
in northeastern fishes
may accoi>nt for thcsc human infections

An uncommon example ot' llie link between human

behaviorand paiasiticinfection wasprovidedby thc
caseof a 17-year-oldmale wh<>wasstricken wilh
severeabdominal paiii Eberhard et al. 1989!.
During surgery, two red nematodes of the gent>»
LustrontrylidesFig. 4! werc removed from hi» body
cavity.The larvae of' this worm are found in frc»hand brackish-water f>»he»,and it was later di»<overed

that the patienl had;>historyof swallowingminnows
a»d other live bait while fishing.

Similarly,thrcc casesof peril.o»itisin Marylandwere
ti acedto thc peculiarhabilsof two tave<'npatro»s,
who gitlped live bait while drinking beer, and a
bored

f>shern>an who swallowed

live minnows.

Two

of these patients required immediate abdominal
sitrgery: a pair of worms wasrecovered from eacli.

Eberhard

ct al. 1989!, One study found Fus rongylides
in 48%
of minnows near Baltimore, Maryland.
A closely related speciesof roundworm, 1>ioo/ophy>n <
rennle,i» also known to infect humans; its life cycle i»
siinilar to that depicted in Figure 4, except that it»
dehnitive hosts are fish~ating mammals, siich;is
minks a»d raccoons. Male» may grow to 200-mm
long and t>mm wide 'ind females to 1000 mni by 12
inm. Egg»passout in the urine of the definitive

inainmalia»hostsa»d dcvclopinto infectiouslarvae
in the oligochaete worm and ency»tin fish, crii»tacea»s,or aniphibian hosts,When fourth-stage larvae
arc consumed by i mainmal, they migrate fr<>mthc
iiitestiiie t<>the kid»ey.
There havebeen three reported humaii casesof D.
rona& infections,

Thailand

two in Ihe United

lutierrcz,

States and <>ne in

ohen, and Machicao 1989!.

In each case,th» infections were subcutaneous.!
The large, red larva<.are easily detected in the flesh
of fishes, Infected fishes niay appear lumpy, have
Reshlesions resulting from migrating worms, <>r
have encystedlarv'ic in the body cavity fact<>rsthat.
can lessenthe aestheticvalue of the catch. :<n>li»g
thc fish, however,may prevent larvae from migrating
into the fillets Deardorff and Ovei'streel.1990!.

Major hosts of the genus EustrongyNdes.The
adult worm of the genus Eustrongygdes
infects the intestinal tract of shorebirds like

Eggs
ss out
h feces.

herons and mergansers. Eggs pass Into water
with the bird's feces, and first-stage larvae

developin the eggs.The eggsare eaten by
worms oligochaeteannelids! and continueto
developinsidethe oligochaete.For at least
one speciesof this parasite, EustrongyNdes
tubifex, Ashes are necessary intermediate

Adultsin stomach,
intestineesophagus.
1

hosts,and developmentcontinuesto the third
and fourth stage. Larvai worms may also

encystin reptilesand amphibians.Adult
worms mature and embed in the stomach,
p ln

intestine, and esophagus of Ash-eating
shorebirds, and have caused mass mortalities.

InfectedAsh,reptiles,or amphibiansmay also
pass the parasites to humans,
Infectious
larvaedeveop intissuesof fish.
Rc.'r'ent rases of liuinaii

inf'ecticin

iu Mexico

have

tcnclerscored thc nc«cl f'or c;uitic>ii wli«u otic species
c>f fish is suhstttutcci

I'cir aliother

i» t aw fisli dial>es, A

«as«c>f
gnathostornitcsis,
caus«el
hi tli« lari al stagecil'
th«spirurid ncm etc>cle'rucfhrrcforurc
.cPinig»ruurI'ig,
5!, wasreportecl whcii in;iriiialeci tilapi;c, a freshwater fish, wassuhstitiit«d f'or;t mcire exp«»sire t» cc'ine
fish normal !' used in r»riirIc».Alt hciugh iiuiriitatiiig
fish fill«ts in lemon juic e clianges their texture aucl

Majorhostsof Gnathostoma
spinigerum.The
third-stagelarvaeof this roundworm
can
causegnathostomiasis,or "creepingerup-

appearance,it haslittle affecton niatcyp.ir;isites.

tion," as well as various neurological disorders
in humans. Aduk worms, which range from 30

to 50 mm In length,are found embeddedin
the stomach of numerous domestic and wild
carnivores such as cats, tigers, and dogs.

dultsin stomach,

Eggspassout
withfeces,
develop,
reease
free-swimming
larvae,

Eggspass intothe water withfeces,andfirststage,free-swimming
larvaeare released,
Whenconsumedby minutecrustaceanscalled
copepods,the larva meltsand becomesa
second-stage
larva. If an infectedcopepodis
eaten by a suitablevertebrate,the infective
third-stagelarva develops.Acceptable
intermediate hosts include Ashes, atnphibians,

birds Includingducksand chickens!,and
reptiles.The life cycle is completedwhenthe
Infected intermediate host ls eaten by the wild
carnivore. In humans, the migrations of the
Larvae
developin
crustaceans
Icopepodsh

Infectious
larvae
developin tissues,

infective third-stage larvae can cause both
visceral and cutaneous larva mlgrans. In
addition to other tissue and organ damage,

the brain and eye can be affected.The larvae,
up to 10 mm In length,can livefor many
yearsin humans Harinasutaand Bunnag
1989!.
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I» des«loping .o»ntrics where kru»1;urfecesare
used to fertilize

freshwater

fishes 11!e»ot suf'ficientlv

fish f'Irrrrs»!d
salted, cooked,

where
dried,

s»I !ked, >rpickled, parasitic irrf«etio»s are com»10». I » »ra »land .'hi»a, f'or cxanrpl«, it is esri»Ir ted that there are 20 nrillio» people infected b>
tk!e kivei fluke Opisrlzorrlri!.!i!ze!Isis,
and there»!ay l>e
4..> I»illi !» cases i» Korea Bunnag;urd

I lai.i»asuta

1 lkS9;
seeFig. ti>!.'I'he prer rle»CCOf iirf' CtiO» i
Ho»g k !»g is estinratcd to bc 14%, arrd»ray i each
kf0%»1 I'ur"Il «I'el s B !grtsh 1»ld iLhcrlg l 990!,
Deli !itive hosts of O. si!rr'!Isis i»«iud« car»«Is, tiger' s,

c;Its, dogs;I»d !tkl 'I' 'a»I»e's,'»ld»11»ks'l111
so»1e
;ir'cas, I 00 jn !I l tie'sc «»1»l«ls arc rulc«lcd.
»I'Iv 'ds > I>e deli»il!v

H»1»a»s

II !sLs.

Fhrk s sirnik r t ! O.. i!zez is ar

O. f~'lr!zrzzs,O.

r>i a!!z!!i, 'In i rim/!i!i m vzzspsrzzrir>fi
lrr!rzzs.All diff r
Irom O.,si!ze!Isis
in th . spc ics of snail »s d as first
i»term diat« host. In Et rope, where O. fili!!r z si»
primarily a cat par«site;Ind r»ore prevalent than O.
sz!I >zsi5,scvcl",Il nlrlkror! hurarr cases aI c cstlm, tcd
to occur. Hosts of 0, Iriverzz'zzii»el l
domcsti
«nd
Ivik l carnivore».

Tkrailarrd

is estimated

to have 7

million human c,tscs,;In i some villages have a 90%
infection rate Bunnttg and Harir!asuta, 1989!. III
addition to humarrs, A. pselzdofelinezinfccts
s
Forth
z' nrerican cats and wild carnivores
Roberts

Sck!midt and

l985!.

Major hosts of Opisthorchis =Cionorchfs!
sinensis.This parasite is also called the
Chinese liver fluke. Adult worms reside in the
liver of definitive hosts such as humans and
release their eggs, via the bile ducts, into the
host's intestine. An adult worm can produce up
to 4,000 eggs per day Schmidt and Roberts
1985! and may live over 30 years Bunnag
and Harinasuta 1989!. Eggs passed out with
feces reach freshwater ponds, where they are

consumedby a suitableaquatic snail. After
several generations of asexual reproduction in
the snail, larvae are released Schmidt and
Roberts 1985!.
Upon contacting a fish, a iarva embeds itself
under the scales or in the tissue of the hsh
and encysts. An Infected fish may have up to
1,000 encysted larvae. When Infected fish are
consumed by a human or other appropriate
host, these larval flukes are released in the
small Intestine and migrate to the liver via the
bile ducts, where they develop into adult
worms. Although severe symptoms can result
from as few as 500 to 1,000 worms, as many
as 21,000 worms were seen in one Individual
at autopsy Noble et ai, 1989!. Note that
humans, cats, or other fish-eating mammals
are the definitive hosts of this parasite,
Humans do not contract the Infection from
their pets.

Adultsin hver,

Eggsreleasedwithfeces,
develop,eatenby snails.

rr.. ~
Infectiousarvae
developin tissues
of fish

Larvaereproduce
asexually
in snails;
snailsreleasefree-swimming
larvae,

Geographic Distribution of Hosts
Iii nature,par isitesare restrictedto certain
geographicareasby the availabilityof specific
iii ter mediat«aiid

Eggspass
oul with
op.
aten
mall
ceans.

defi ni tive hosts, Hence,

particularparasiticinfertionsoiily occurin
certain geographic locations. For example,
sea lions, which 'ire the def>nitivc hosts for

the bi'oad fish t'ipeworm D>P/ry//obot/irirr
rrr
/rariJiru>n,seeFig, 1!, inhabit areasalong thc
Pacilic

coast of Peru, 'but not th« '..ull

of

Mexico. The life cvcle of this parasite is therefore inaiiitained;iloiig

tlie coast of Per>t, not

P;ui;inia, This is the reason why Pcruvians
beconie inlectcd with the broad lish tape-

wol ill hilt.Pall'>l>lat>ians
do not, cvcii lioilgli
botli

e:ulture.s eal the same raw fish disli

De;irxlrirlT and Oversu eet 1990! .

Tourists and immigrants represent <>ncpot«iitial
vehicle for introrhiciiig;i parasite into .i ncw;irea,
but only if there are apprs>priatehosts, For exaiuple-,

tiouslarvae
deveop in small
crustaceans.
Infectious
larvaepresent,
pnmanlyin viscera

thc broad f>shtapeworm D. le>trim!
wasintroduce'rl
into thc United Statesby F,uropean immigraiits it>
thc middle of thc !9th e:e..»liiryDearclorlf;in<i
Ovcrstrcct 1990!. It bcc;imc establishe d bcc;«is«

proper conditionsand suitableintermcdiat«hosls
copcpodsand freshwaterfishes!and dchnitive
hosts bcars! existceiin thc lake regions <>fth«

lgajorhostsof Corynosoma
strumosum.
Adult
acanthocephalans
or "thorny-headedworms!

central

infect the Intestines of pinnlpeds, such as sea

United

States.

Th«pre sent-clayincideiic«ol' the broad lish tapeworm

in the United

b;is«d on indirect

St;it«s is uncertain.

cvideiice,

tli« :entcrs

However,
for Disease

:e>ntrol has rep<>rtcd'in upward trend Deardorfl
and Overstreet 1990!. Bi some N<>rth Auiericaii
lakes, ~0% to 70% s>fthe north«rn and wall-eyed

pike;ir«hosts of thc iiifecliv«stager>fIliis patasite
Bogitscll ililcl .heilg l 990!.
Tlie British Isles,Argentina, Australia, Vcnc7atcla,
and Tlie Federal Reptfblic of Vladagascaralso hav«

reportedcasesof tapev'orminfcctioii asa resultof
iinpoi tati<>nof parasitesby travclcrs von Bonsdorff'
a>idBylund l982!.
As we have s«en, rn;trine maminals are coninion

lions.Eggsare releasedwithfecesinto
seawater and eaten by minute crustaceans.
The infected crustacean may be eaten by a

pinniped; If so,the parasite developsInto an
adult, If the crustacean is consumed by a host
such as a fish, larvae will become established

in the fish, mostly in its Internal organs. Other
hosts include dogs, otters, and birds.
C. strumosum and Acanthocephaius rauschi

havebeenreportedfrom AlaskanEskimoswho
ate infected salmon. Larvae in fish are found

primarilyin the internalorgansratherthanthe
flesh and because few individualseat raw fish
viscera, the number of Infections is Iow

Schmidtand Roberts1985; Oeardorffand

hoststo parasiticwornis.If a parasiteis capablee>i
infecting a marinem;immal,it niay'ilso iiil'ect

Overstreet 1990!. Another example of thornyheaded worms infecting humans is 8oiboeoma

humans. Some marine mammal parasitesknow>!to
infect hiimans include th«genera Diphy//o/rothriurrr
Fig. 1!, Dif>/o/ronro/>or>as
see table!, and Ariisa/ris,a»

sp., a closelyrelatedspecies,whichcaused

well asthe speciesPseur/olrvrann>ro
deri/>i
ens Fig. '>!,
C;orynosrrrrrn,stru>rrnsu>rr,
3 rrrnt/roe@'r/err/res
rrru>r
hi, an I

animals found in American waters Deardorff

serious intestinal probhrmsin two Japanese

patients.Thiswormparasitizesaquatic
and Overstreet 1990!.

Bo//ro>or>ra
species Fig, 7! .
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Becauseflic lil'e cycle of these parasitesbegins and
eiids iri inaiiile lllaiiirrlals,it is logical that fishes
woiil '1Ii;ive'1gr'eater oppoi tiiili'tvof hecolniilg
irile<te l .»id possessit!creased ivor m btrrdens in
areas wher<- »!urine ni'i»i»rais

ire abundant. Surveys

corrducteclfor as aridoid rienratodesalong the
Atl;intic coast C:herrg197 i; Jacksor!et al. 1978!, thc
.'ulf of' M xi< o coast Vorr is arid Over street 1976;
De;rrd<!rff ari l Overstrcct 19HI !, the coastline of the
Pacifi Northwest Mvers 1979!, arid tile Vvatei'sllciil'
thc H.nv;iii;i» lslanrl» Deardorff'et «I. I9ft'!! confirmed

tliis;isa<!ciatioii,

Thc fishes of lire I '.S. Pacific

o ist il id a gre'itei pi evalclic<. perce»tage of
popiil;rtion infected! arid iiiterisit! iiuinber of'
p;ir;isites per infe ted host! of poterrti;illy irrf'e<'the
worn!s I.han did fishes fr<!r» flic otlier

areas, A»

Major hosts of the species Nanophyetus
salmlncola. This small fluke and its symbiotic
rickettsia, Neorickettsfae helminthoeca, are
the cause of "salmon poisoning"in dogs and
other canines. If untreated, the rickettsia not

the parasitealone!willkill up to 90% of
infected canines. In humans, this infection

probablydoesnot involvethe rickettsiaor
cause fatalities.
Eggs containing the flukes {which are, in turn,
Infected with the rickettsia! are released into
the water with feces of fish-eating birds and
mammals. Eggs develop and hatch, and the
free-swimming larvae penetrate a freshwater

r»ight I!e i'xpected,fish aloiig th< soutEi<aster'ncoast

snail,Jugapiiclfera,whosedistribution
limits

of the Uriitecl

the area of infection. in the northwestern
United States, seasonal prevalence of Infection

St;ites did not sir<!w lieavv !rife t ioirs

with marir1e mammal parasites.Howev<i',h !i i! th ..

prcv ilenceand intensityof i»fortiori ir!creasealong
the north<-.;istrrn coastline

of' thc Urrited

States aii

:a<!ada,where ther<.arc I;irge popiilati<»is of' hirrbor
;»id grav seals.
Preliminar! fiirdings of a surveyof Pacific hcrririg
:tr<p<'a
/ur lasi! froni the waters along thc Pacific
or thwest of the United
Prince

leased. This stage of the parasite can penetrate numerous species of fishes, notably
juvenile i.e., freshwater! saknonlds and the
Pacific salamander,

States showed that all of thc

her ri»g caught in Puget Sound, Washigton,;md
99% of' those from

in snails can reach 50% Eastburn, Frltsche,
and Terhune 1987!, After asexual reproduction
in the snail, free-swimming larvae are re-

'A'iliiam

Sound,

Alaska,

v ere irif'ected wirh juvenile anisakid nematodes
Adanrs et al, 1990!. The averageirumher of worm»
Eggspass
outwithfeces,
develop,reease

The parasitethen encysts in mosttissues,but
predominantlyin the fins,muscles,and
kidneysof the fish. Heavyinfectionscan be
fatal to youngfish,Salmonidsretaintheir
infectionsduringtheir oceanicphaseand are
infective upon returning to fresh water. If
canines eat infected fish, the symbiotic

rickettsiawillcause"salmonpoisoning."
Adult

k~ free-swimmmgflukes that are not infected

with the rickettsia

cause IINe disease in canines. Birds, raccoons, and spotted skunks serve as the main
natural definitive hosts Eastburn, Fritsche,
and Terhune 1987!.
In human Infections, the flukes cause irritation
of the mucosa of the intestine. In eastern
Siberia, 98% of humans may be infected. It is
believed that the onset of clinical symptoms of
infection requires at least 500 adult flukes.
The increase in reported cases of N.
salmincoia in the western coastai states of the
United States ls most likely the result of the

recentpopularityof consuming
incompletely
cooked or smoked salmonids, or fresh fish

eggs Deardorffand Overstreet1990!,

Larvaeburrowintotissuesanddevelopintoinfectious
stage

pcr fish was27 and 2 !, respectively.These results
correlate with the gcogr;iphic distribution, aswell .is
thc increase in population of' marine mammals
especially sca lions! in the Pacific Vorthwcst
McKerrow et a!. 1988!. ;orrespondingly,
approximately 90% of;ill U.S. casesof
humar anisakiasis have occurred along
the West C;oast, Alaska,;uid
Incidental

Hawaii.

Importation
Today, improved modes of transportation, advanced
technology, and refined methods of food handliiig
allow fresh fishes to bc shipped throughout thc
world. In 1987,for example, 65% of the seafood
consumed in thc United Staleswasimported from
141 countries. ;anada supplies approximately 20 Ic
of U.S. demand for seafood, I'.iiropc about 12%,and
Tli'illaild

infections

Occasionally parasitesinl'ect humans in rather
unusual ways.In one case Kikuchi et al. 1981!, a 40year-oldJapanesepatienf. complained of pharyngeal
pain, which began about 3 hours after hc had eaten
raw squid Ommastrghessolaniparifieus!. During
examination, a larval tapeworm Xg~belinia
surrnenicola! wasfound firmly anchored bv its tentacles to onc of his fonsils. This wasa highly unusual

8%.

Somescaf iodsimported i»t i thc Uiiifed States
harbor p;irasites that are infcc.linus to liunians. Foi'

example,scallopsmaybe infectedwith larvaeof tlie
gnath >st nneroundworm f,ehinoeephrilus
sinensia,aiid
live freshwater crabs with encysted larvae of the
Oriental luiig fluke PnraAronimusr rec<errnr ni
Deardorff and Overstreet 1990!, The bro;id hsh

inl'ectio» since the hooked tentacles of this parasite

tapeworm wasintrochiced into several ountries of
South Aincric;i 'it ring artificial stocking of fishes

are ii !t normally extruded in the larval st'ige.

into lakes Williams and Ballard 1982!.

There have also been reports if ".iseswhich resulted
from handling infected scaf iod. In one, involving
the fluke lVanoghyetns
salrninci>lr Fig. 8!, hiiman
transmission occurred during the handling of freshly
killed coho salmon Onoorhynohus
hisutch!. It is likely
that the patient ingested thc larval parasite when he
simultaneously cleaned fish aud smoked cigarettes
Harrell

and Deardorff

Adul parasit
mayenter
openskin
lesion.

1990!. The second incident

of contact transmission by a marine parasite involved
an adult worm Deardorff ct al. 1986! and represented the first known caseof an adult parasitic.
nematode entering the human body through an
open lesion. The worm, Philometrnsp. Fig. 9!,
invaded a puncture wound in a fisherman's hand
while he wasfilleting an infected fish Caranx
rnelampygns!
from Hawaii. This accidental infection
represents a previously unrecognized risk in handling uncooked infected fish,

Ilajor hosts of Phliometra sp. iNfuk worms of this nemato
are found in fish. The adult female parasites rehrase free-

swlmmlng,hrst~ge

larvae into the water through ulcers
ng larvaereleased
r infish'sskin;eaten
by crustaceans.

in the hsh's skin. in the case of the parasitic species

P. oncorhynchi,the female worms themselvesare releasecl
withthe host'seggsand burst,releasingtheir larvae Schmidt
and Roberts 1985!. The larvae are eaten by copepods and

developto infectivethird-stagelarvae.Whenthe copepods
are consumedby a suitablefish,the larvaemolt,matureinto
adults, and mate; the male dies and the female mtgrates to
the definNve site. Humans are accidentally Infected when the
adult worms move into an open wound.
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PREVENTION
Understanding the Degree of Risk
AdinilIedly, the risk of becoining infected with a
nu>rinc fish parasite is extremely low, a>idi»ost
parasitescauseonly slight to modcr;ite illness.
It is difficult to qt<antifpthe degree of risk, however,
primarily becausemost casesgo unreported. There
is no naI.ional

database for incidences

of illness

caused by fish parasites.Iii addition, few casesare
documented iii the literature or correctly diagnosed.

Iii one study of 92 casesof anisakiasisin Japan, for
example, over 60% were misdiagnosed preoperatively as appendicitis, acute abdomen, gastric rumor
or cancer, ileiIis, cholecysIitis, diverticulitis, tuberculous peritonitis, or cancer of the pancreas.For these
reasons,although approximately 50 casesof
a»isakiasiswere reported in the United States
bctwcc» 1958 aiid 1988 Sakaiiari aiid McKerrow

1989!, we believe this is only the tip of Ihe iceberg,
Fish speciesin>plicated include Pacific salnion,
rockfisli, herring, cod, halibut, mackerel, a<idsquid
Deardorff
1987! .

and Throin 1988; Hauck 1977, Oshima

Though the risk of becoming infected with hclminthic parasitesis low, it can be completely eliminated
by using commercially frozen or canned fish products or by cooking fish thoroughly.

Those wh<>ch<><>se
to accept the risks associ;itedwith
c<insumingraw fish sh<>uldat a miniinum ask
whether or not the product has been commercially
frozen and, perhaps,what kind of fish they arc
consuming.

Cooking
P irasitesdo not present a health concern when fish
is thoroughly cooked, Fish should be cooked so that
the inI<rnal teinperaturc of all parts of the meat is at
least f13 C 45>'F!

for at least 15>seconds. Nor»>al

cooking pi.oceduresge»erally exceed this temperature. If a fish thermometer

is»ot

available,

the fish

should be cooked until it losesits translucency and
flakes easily with a fork.

Additional precautions arc ncccssaryif fish is cooked
in the microwave because of the uneven distribution
of'heat. The U.S. Public Health Service recotnmends

that raw animal foods including fish! cooked in a
microwave

oven should

be:

~ rotated or stirred throughout or midway during
c<><>king
to conipensate for uneven distribution of
Eicat;
~ c<>vered to retain

surface

~ heated an additional

moisture;

14'C 5'F!

that is, ro 77 C

70'F!-for at least 15 secondsto compensate for
shorter cooking times; and
~ allowed

to stand covered

for 2 minutes

after

cooking to obtain tet»peratt>reequilibrium.
Freezing
Commercial freezing is also a good way to kill
parasitesin fish. Horne freezers vary in holding
temperature and may»ot achieve necessarytemperatures to kill parasites.!
Some coimtries have regulations related to commercial freezing of fish products. In the Netherlands, for
example, there are restrictions on the consumption
of raw herring, and fresh herring miist be frozen to a
temperature of at. least -20'C -4 F! for 24 hours.
The effectiveness

of the Netherlands'

" 'reen

Herring I.aws" is clear from Figure 10,which illustrates the niimber

of confirmed

cases of anisakiasis

in that country from 1955 to 1968.Note the trend
after 1967, the year in which legislation wasenacted.
The World Health Organization credits these laws
for the disappearanceof human anisakiasisfrom a
country that formerly had approximately 300 cases
per year World Health Organization 1988!. Thc
European Fconomic Community subsequently
followed the freezing regulations of the Netherlands
Eurofish Report 1987!.
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On the other hand, there are no regulatio»s regard-

Iri the United States, commercial freezing has beer>

ing freezingof fish productsin Japan,thoughit is
common practiceto usefrozen fish in Japanand

recommendedby the U.S. Food and Drug Adminis-

other countries where raw fish dishes are tradition'rl.

with primary respo»sibilityfor inspectingretail food

Japan'sNational Health Instituterecommends
freezingfish to -20 C: -O'F! for severalhourswhen
preparing rawfish, or avoidingfish that «rc susceptible to parasitesPrice and Tom 1990!. The enormousdiversityof fishesand invertebratesknown to
harbor potentiallyinf'ectiveparasitesdoesmake
control difficult, however Oshima 1972!.Japanese
chefs, familiar with the risks of parasitesin fish,
freeze Pacific salrnonids to kill potentially invasive
helminths before serving raw dishes Deardorff and
Overstreet 1990!. Prcparatir>nand consurnptio» of
raw fish dishes in thc home environment r»ost likely
account for the apprr>ximatcly 1,000episodesof
anisakiasisreported every year in Japa» Oshiina and

establishments.

Kliks 1986; Oshima 1987!.

tuna used for sashimi are worm-free

tration FDA! to state and kocalregulatory age»cies
The FDA rccomme»ds

that before

serviceor salein ready-to-eatform, raw,mari»ated,
or partiallycr>okedfish, other than molluscan
shellfish,shouldbe frozen throughoutto a temperature of:

~ -20'C -O'F! or below for 7 daysin a freezer; or
~ -35'C

-M 'F! or below For 15 hours in a blast

freezer.

The Hawaiian tuna industry has requested an
exemption I'c>ryellowfin tuna ahi! fronr pending
FDA regulations, The industry claims that f'reezing
will diminish the quality of' the product, a»d hence
depressthis market, It alsri claims that the sections of'
Kaneko 1990;

Deardorff, Fukurnura, and Kayes1991!.
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Thc second-stage
larvalanis-,<kid
worm is relea»cd
from its crustaceanhostduring digestionin thc
stomach of a salmon, pcnctr;itc» the salmon's gut
wall, and migrates to thc muscle. It is possible that
because the larval worms

cncoiinter

abdominal

muscle first, they cncapsiil;itc there in greater
numbers, Thus, salmon fillets likely have fewer

Removing Worms

Someporti<msof Ilie edible muscular.ure
of some

worms because most of the tissue in a fillet

fishes harbor

c<rmparison
of'salmonsteakswith strips filleus!

ass<>ciated
with the abd<>minalcavity,and thc conimcrci il filler.ing processgenerally ]eavesthc rib

dct<..nnined

bones and associated

m<>rc worins

than do others.

One

that steaks con<.;tined more of the

infectivestagelarvaeof'Anisakr'sxirnplox
Deardorff
and 'I'hrom 1988!. This is probably becausesalmon
steaksare cut from I.heregion <rf'the fish that

includesthe "belly-fl.ip,"Ihe ar'eaass<rciatcd
with the
abdominal <.avity Fig. 11!.

is not

tissues on the carcass <rf the

fish.

:<>nsumersshould be made aware that if they find a

p;irasitein a fishtheyshouldre»roveit, cxami»et.he
fish fbr others, and cook the fish thoroughly. They

may also wish t<rnotify the store where they bough<.
the fish so that rcr»;iining fish may be carefully
iri.spected.Some st<>res
may also aff<>wcorisuniers to
r<turn or exchange unused portions Price and Tom
1990! .

Interrupting the Parasite'sLife Cycle
Salmon aquaculture in Puget Sound, Washington,
provides an example of suppressinga parasite's life
cycle. One study found that salmon held in net-pens
and fed commercially prepared salmon diets had no
parasitesof public health importance Dcardorff
and kent 1989!. In contrast, over 90'fo <rf the native

salmon, which fcd on naturally availablc foods such
as herring, were infected with Diphyllobolhrr'rrm
sp.,
XanoPhyelr<s
snlmincola,and Anis<rkissimPlex.Thc
autlrors of the study concluded that these aqiiaculces offer an increased,

but not certain,

safetyfor those who prefer raw salmon

POLITICS

AND

he relationship bc ween thc get>wingpup«1;>tions uf marine mammals an<i hiiman p;ir;isitic
infc etio>>si» becoming morc apparc>>t.Since the
establishment

of the Marine

Mammal

Protection

Act

in 1<172,the n«mhers of'some m«rinc rn;im>n;ils h.>vc

I"Epidlyincreased worl<fwide.Marine In;<min;>1
pup«latiOnSalong the We»t ;oast of thc JI>itc<1
St«t<.s, for example, are reported to hc in<.rca»ing;>t
a rate of 18,000animals per year Save«r Sc;if<i<id
1987!

N<irwcgiai>huudcd ai>d harp seal s>.ucls havealso
increased b! al least 300,000,following a ban on
killing these ai>imals.lii order lu protect the Norwe-

giai>cud fishery SealBite 1987!,Nui'waynow
iria>>ag<'.»
thc in ir>i>cInan>in>>ls
«lung Its Sl><
il'Pl>>EP
as
i>does any <itlier res<rut'cc.
;anadian fishermen haveexpres»cdconcern uv<r
thc population explosion of harbor and gray seals
along thc northeastern coastline of North America
and the increased prevalence and intensity of thc
larval anisakid nen>atodePseurfoterrarrntia
deeipier>,I
commonly called lhe "cod worm"! in Atlantic cod
and in other commercially important fishes
:handra and Khan 1988!. Canadian researchers

rcport approximately two worms per kilo of <od.
The increase in parasife burden has cost Canada's
cod industry and consumers s«bsfantial sums of
money because<if thc costsassociatedwith removing worms from fillet by candlii>g and lost salesto
consumers!. Thc industry csti>nalesthat about $50
»>iffio>Eis spc>Eteach yc«I tu reduce the numbers of
cod worins in commercially iinpor tant f'ish fillets.

PARASITISM
Becausegray sealsserve asa definitive host for the
p'ir'>»iles,lishes in areasclosestto large populations
uf' thcsc II>aInn>alshave tl>e l>igl>est.
infcctl<E>Es.
Ful
cxainplc, Sable Island, Nuva Scotia, is thc breeding
area t'ur appruxiniatcly 70,000gray seals,A» expected, fishes offshore this island have higl> worn>
burdens. ;anadiaii lisl>em>ci>,the cast coast fi»l>ing
industry, and thc Royal :uinmissiuii on Sealing, all
f;ivor;> "cull" r >nduin killiiig! tu dccrca»c thc t<ital
pupulatiu>i uf sc Ils, thus reducing tl>c numbers <!f'
p;irasitc eggs released into the envirunnicnt.

It has been suggestedthat thc time has come to
manage certain marine mammal populations just as
we control severalother speciesof wildlife. This,
obviously, is not a popular platform. Scvcral groups
in Canada, for example, disagreed with thc prop<>scd
<.«11
program becausethey did not. believe that
killing gi'ay sealswould reduce the worm problem.
A si»glc infected seal, they noted, could spew
thuusaiids of fertilized nematode eggsinto the
inarinc eiivirunment daily. As a result, Canada
extended its ban ui> lhc killing of gray sealsoff its
eastern cuasl., a decision i>ut c>i>braced by .'a»adian

fishing fleets. There is a n>oraloriun>presently in
effect while i>cw ideas for. worn> rcducliun

arc

considered; these ii>elude dcwurinii>g or va<ci>iati>ig

grav !Icals.
:lcarly, the presenceor ahsenceof large marine
mammal population,s servesas a barometer hy which
to predict the presenceor ahsenceof someworms
that are of potential human health significance.

On flic utllc> h«i>cf, wuri>Efe>E>OVal
haS become an

i>npurtant SourCeOf e!E>pluymentin eastern
.'anada.! The cud worin also has been found in

other ground fish, such assole Family; Soleidae!,
haddock Itfelar>qparnrnus
ueglefi,rius!
. a>>dAmerican
plaice HiPPogloasoides
Plafes>oisces!,
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PUBLIC

EDUCATION

ducatingconsrrmers,
physicians,ancl,seafc>ud
industryand governmentpersonnelabout

thehazards
of aquaticparasites
appearsto be an
excellentsafeguardagainstinfections.Consumers

havetherightto knowboththebenefitsandthe
potentialrisksof handling and eatingscafoods.
But ccnrsurnerscannot assumetotal responsibility for
thc quality and safetyof scafuods, rror be aware of
c.h;mgesthat affect prucessing i» other countries.
Thc seafood industry, tou, must be aware of potential problems and empl<>yappropriate methods for
rem<>vingor killing parasites.In additic>n,we believe
that governmental regulator.y agenciessin>uld
it>form consumers of the risks, or discourage the
consumpti<>nof such raw dishes as sushi, sashimi,
cerrrzhe,
and lcrmilomi unless appropriate commercial
freezing techniques have been applied.
The medical community also needs to become more
aware of human infections by parasitesacquired
from improperly prepared seafood dishes. Fortunately, most parasitic infections are tre;rtable, The
table that follows lists drugs and appropriate regimens for the treatment

of various

lish-borne

infec-

In;rdcliti«», many speciesof' parasitesknown by

specialistst<>be porerrtialhealth risksare unkrrc>wrr
to the medical curnnruuity and public. Fur example,
the intestinal fluke Phag'crrlrrsp., widespread i»
freshwater

fishes it> rite suutheastern

L'nil.ed

States, is

a potential pathc>gcn,
though it.hasnut beenrepurted in hrrma»sto date.'I'his maybe the resultol'
the I;rck uf lrrrnafMe infectiorrs or rhe result of
m isdiagrr c>ses.

Parasitic infections can easily cvukc unwarranted
fears in consumers. When vivid pictures of herring
parasiteswere shown on :erma» TV, seafooclsales
there suffered

an immediate

70% d»cli»e

from

which they took months to rebound. In contrast.,a
sin>ilarprogram aired in France with no impact to
the seafood industry. The lack of consumer backlash
was attributed

to the fact that French

seafood

dealer.s

take the time to properly educate their customers.
The United

States arrd Canada have also s»err few

negative results following media reports un marine
f'ood-borne

infer tions.

Educational efforts must be m;rde on a continuing

basis.Constant reminders of put»»rial hazardsarc

tions. Not all diseases, however, are treatable with

necessary
tu reinforcepr«pcr seafoud-handling

antihelmintics, and not all antiparasitic drugs are

practices, »specially since consumersconrinue to be
introduced to new seafood prr>ducts.In acldition, as
we continue tu exploit the resources<>fthe marine
environment, ncw parasiteswill bc crrcourrterecl,
some of which may be capable of infecting humans.
Ke must keep pace with the changing types of foods

available.

we eat. and thc v;rriutrs cultural

and social h;>bits that

may play a role in thc transmissirm «f parasitic
infections.

The c:h;rllengeis t<>achieve the delicar.ebalance
between educating rhe public and creating unncc»ssary;rl;rrr». Becausethe newsmedia r»av choose tu
focus urr the sensational;rspectsuf' eating seal'ood,
knowledgeable pe«pl» in the seafooclindustrv, the
medical commrrnity,;urd regulatory agenciesshould
step fr>rwarclto explain the important points of the

epidemiologynf' helminthic inf'ectionsand preventative measures,while placing the risks of' infections

into perspective.Educationcle'rrlyrepresentsthe
E>cst
long-term s«luti<>nfor. Protectirrg the cc>nsunrer.
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1

or supplementalinfornr;rtionorr thesehelminthsand thc discascstheycause,Ilrc I'<>lkowirrg
prlhlrcrrtl !rls rrf ' r cc !rrlrrrelrle:

General publications
Hildcbrarrd et al. 199,'3;King arrd Pctcrs 1991; 1'rice

Nematodes

;roti lour

!slriru.r 1972. 1987; Smith anti Wootteo
ct al. 198'; Bier ct al. 1987; Halsteir>sson

lc!'!

DiPhyllobothriumspp, and tapeworm infections
Ward 1930; Bacr ct al. 1967; Sacr l 969; dc .arncri

ancl Vita 1973;Bylund 1976;yon Bonsdorf1'anti
l3ylund 1982;Ruttcnbcr ct al. 1984;Yamanect al.
Acantbocephalans
C'r>ly;«r 1!!Ii9; 8chmiclt 1!1!;

arrd Tcrhu»c

1987; Ebcrlrard ct al. 198r!; Sakarrar'i an VlcKerrow
1989; Wittrrcr
Overview

cl. al. 1989!;

of infections

1!eardorff and Overstrect 1990! .

Digeneans
Africa et al. 1936; ; hing 1961;Yokogawaarid
Yoshirnura 1967;Papcnra arrd Oycrstreet 1.!81;
Fritschc,

1978; Matsui
anti Rizvi

transmitted by aquatic animals
Williams and Jones 1976;Rohdc 1982;Sc;rvcr,trrrrg,
a»d Cupp 1984; Higashi 198'; Schantz 1989;

1!!8 !; Karno ct. Ill. 19/1!;

k:astburn,

Yokogaw«and Yoslrinrur r 1967; Ruitc»berg 1970;

1987!;
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