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PAKT I: INSTODUCTIOK.

In May, 1937, 1 was askxed Ly Dr. .. #. H. Necdiur,
of the Biologleal buzrd of Caneda 1f I would bLe wiliing
to co=-operate iu the study of the "Mzlpenue diseéase”
among oysters ia lrrince sdward Island. .fter rescelving
a geueral description of the deseuse, and in view of
tue fuct thut it seemed to be in epicenlc dlseuss, I
nsreea to nuke suclh Laberztory studles us my University
duties would permit.

It was then arrunsed thit rateriil shou.d bve
coliactad durinz the sumger molilhs when the dissuse is
=08t in evidence and forwarded to my laboratory.
Thirty-oix bo'tles containing «tout one lundred and
eistty dloe.sed cysters t_ken from varisus are4s and
jrasarved for histolorsicai study in formelip-z28tic-
slookel apa Bouln's fluid wers broueint te -uy laboratory
£l the opening of tle Tall Lerm. Ian uddlition, severul
lota of deud or dyling cysters wers broupht in without
preservation, for bactoriclosic:l and virus studles.

ke work naturally fell irtoc three d!.visions:

(1) buctericlogiecsl cultures.

{2) Inoculation experiments with buoteri. iscluted

from ciseuzed oysters and sSeite filtrates which might
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oontain wirus. The incoulation experiments were
carried on under the supervision of Dr. ». H. Leim at
the atlantic Biologlcal Station at 3t. andrews, New
Brunswiok.

(3) Histologlioal studies, chisefly by the paraffin

method and frozen sections.
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PART 1I: BaCTERIOLOGICAL 3TUDIES

Diseused oysters were brought from Frince Edward
Isleand to the laboratory at Jackvills us quickly as
possible. They were scrubbed cleun with a stiff hrush
to avold carrying contamlnation inslde wken opsning.
after opening, the area in which lesions occurred was
seured with a spatula to avold coufusing the normal
oxternal bacterlal floru with mioro-orgau.sms that
might te present within the lesions cor tissues.
3terility ocheck ocultures were nade from the seured
ereas us o further precaution, and all provec sterile.
The lesion was then opened and cultures were mude from
the contents, either with a sterile awub or with a
platirum loop.

For primary isolution, most of the cultures
were made on plsin agar, Loerfler!:= blood serum, -nd
fluln broth. Thereafter the usual routine methods
for identification were followed.

aAn adenuate series of cultures were made from
frest healthy oysters, using the same methoda and
areas a8 in the diseased oysters, to use as controls.

The results of the studies on both diseased and

healthy oysters are as follows:



Four lots of oysters, diseased and normal, were
exemined, and a total of 164 primary cultures ware mude,
half of esch lot being incubated at 15° to 18° C. and
the other half at 37* C. Very littls growtih was
obtained at 37° C.

First Lot, QOotober 20: 108 cultures made from diseased

and normal.

Diszessed: 21 cspeclies o bacteris were present.
Many thousands of colonies were exumined. all the
bacteria present wera apparently the usual flora of
sojl and sea water, but the author does not pretend to
know the bagterial flcra of sea wuter very thoroughly.
Only ona organism which we will o:11 "1B4" was &
repeccer, appearing in Bf of the cultures. It proved
to be of no pathogenic significance.

Kormal: 8 species of bucteris were prssent,
Yery few solonies, und they were probu.bly from the out-
sids, for four-fiftis of the pletes from inside normal
tissues were sterile or contuined only u colony or two
of «ir sarcinae. "184" wus not present.

3econd Lot Later: These were normal oysters. 16

plate cultures gave only a4 totul of 7 cclonles, re-
presenting 4 apecles, and showing nothing of interest.
{8 may sBafely siy that normml oysters from the beds
repressnted have very few beucteria present, - so much

80 that I feel thut 1 healthy oyster must posaess u
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atrong phagocytic or bacteriostatic power.

One of the most marked evidences gg.nnlgggue

digseage 13 the loss of that bacteriostatic power.

Third Lot: Hovember 16, from Lr. Leim.

Lead: 16 plate cultures were made, 12 rom dead
oysters and 4 from normals. "184" appeared In only
Ll out of the lb.

These oysters died quickly after inooculzxtion
with ome of the oultures I prepared, but ahowed no
evidence of Melpeque disease or of locallzed leslons
cf =any sort. They turned a durk esven grey in cclor.
apparently they died froz toxic drises of the mussive
inoculum or rromlozygan depleti.n ¢f Lle wuter.

Norruls: Nothing of interest, except that =ectlcus
gshowea o great [n rease in pLasrccytas, ~ut o normal

cistribution of tLhar,

Fourtia Lot, December 10, {ros Lr. Needler.

Jiseaged: 1hese wers halypeque oysters from
Rustico, snowing yellow-green hlotcl lesions, but no
yastileg of the sort ssen 1o sumner.
<4 plate cultures were made, using the lesiuna oly,
12 of the lesions were sterils.
The other twelva rave rither small prowth, 4 total of

15 spaclaes belng observed.

'L4" urpeared iz & (33 151) of the cultures,
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but it is apparently a oommon and widely distributed
saprophyte. I have not found it io pormal oysters, and
it seema to be present only where tissue degeneration ham
tuken place. I do not intend to spend any more time on
"184~.

I am not satisfied with my seotion studies of this
lot. They were frozeo sectione, and should have Teen
repeated in permanent preparations, but time did not

permit. Let it suffice to say that thev did not show

any evidenoce of bacterial or virus infection.

For oritioal study of the histoiogy of the
lesions, purticuluarly of phagocyle mobilizatlions, they
were not satlafactory.

Interpreting the foregoing results, wa rfind thut:

(L) Thera wus no bacterium consistently present In ths
lesicons or anywhere slse ~lthin the tissues.

(2) Thut whils there were "repeaters”™ in a certaln
percantage of the ocultures from diseased oysters, thare
was 8Lill po definite und ccherent evidence of any
specific baoteriisl (nfection. (This has been alsoc horne
out by saction studies and by the inooculation experiments)

(3) The baucterla found Within the tlasues ware not
obligiate parusitesa, nor could they be identifised us=s
pathogens at all.

(4) 4¢ feel thut from the nature und variety of the
organisms found ir. the leslions and elsewhere 1 tho tissuas,

that they were mserely gacondary livaderz which nud enteres
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dedbilitated tissue or In the wike of some degenerative

dipease,



-8 -
FART III: INOCULATION EXPERIMERT3

Bacteria

From the “"repeaters” in the cultures from diseusad
oysters, three were selected and masasive broth ocultures
of from 500 c.o. to 1,000 a.c. were made. In uddition to
these, s similar large broth culture wzs made by direct
inooculation with pustule fluld and pleces of dlseasad

tissue, thus giving ¢ mized culture of several species.

These cultures were fcrwarded to Dr. Leim at 5t.
andrewe where, under his superviaion, healthy oysters
ware placoed in troughs containing seu water and usin-
tauined under cptimum conditicna. The troughs were
divided Into inoeulation troughs and contral troughs.
(.t this stase of thie report, the reader is referred

to biblliography references 1 tc 4 Inclusive).

lnoculations varying frcm very heavy initial
incgculatlions to smaller inoculations regularly repeuted

were mude.

wfter one very hsavy inoculation, the water grew
turbid and desatha began to occur. Samples of these
oysters returnsd to my laboratory for examination did not

show any resembluance to Malpeque diseass elther i1 their
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general appearsnce, or in bscteriolcgioul studies made
on them. The deaths were appareantly due elther to the
toxio effect of suoch heavy lnoculation or to oxygen

depletion.

Virus.

Seitz filtrates were prepared from diseased oysters
as follows!

Entire oysters were run through = aterlile meat
grinder, and an equal volume of fresh sea wter was added
and the whole mixture was thoroughly etirred, pressed,
and stirred agaln. The romaining thick and somswhat
mucold iiquid was passed tbhrough Jewliz fllters cperuted
by « strongz electric alr pump. Filtration was very =low
and difficult, but & plentiful amounlt wes obtelinad in
several days of cousianul ,pgrutiovn. The flltrute w=a
tedted for bacteriul sterility end w~is then tranaferred
to urown zlass boltles, Bsalbd,aud snipped without delay

toy ur. Leim.

all oysters in the inoculation troughs rem:iined
perfectly nealthy, thers being not tha slighieast evidence
¢f dlseass resulting from usssive inoculation with the

filirata.
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FPART IV: HISTOLOGICAL STUDIES

Tc beglin with, 1t must be emphasized that our
knowledge of the histology of the oyster is very in-
ocmplete, and what we do have iy scattered throughout a
number of journals. I have tried to obtain literature
citutions from severul sources, but the only material of
uny {mmedlate value was Yonge's paper (vibllography
reference o) provided by Dr. Needler. It need hardly
be pointed out thut pathologiczl studles require a very
thorough knowledge of the normal bistology of the subjsct
tefore they can be of very much vulue, and I must make it
clear at the outsel that I consider the studles described
hereinafter as being budly handloapped by such lack of
knowledge.

I bave, however, made cuteful compariscns between
the diseased arsus und the correspanding ureas in
nealthy oysters, and an at leust abdble Lo zive some
descriptlon of the vulstandlng churacteriatics of the
diseuass.

Photomlorogruphs muce from typical diseased areus
were made by uyself and accompany this report.

Ir acddition t¢ the report, I shall be glad to lend
the coullection of seventy-seven permansnt preparatlons

totalling three hundred «nd 3evenitesn esctions to auyone
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wishing to use then in a further study of the disease.
it 13 quite possible that someone with « bhetter koowleige
of molluscar histology may be abtla to give 2 tetisr

interpretaticn.

lacanigue.

«ll material used in these studlies w=s fixed in
formalin-socetic-alcohol, The material in Bouin's fluild
mantlioned at the beglinning of the report wis not used
for pareffin sections, as wea fird consideratle shrinki-e
(S=e@ btiblioegruphy reference 5) when this fixatlive 1a
uaed on oysters. 42 ure not sutisfied with any {lxution
tried 3o far. (3e9e Part 5, No.d).

In order to minimize snrinkize, unilire oll wus
used for de-alcohollzation, rapliced by xvlal, and
followed by the usual inflltration aud imbeddinr-.
i‘oat of the poraffin sections were cut L ten microns,
but, sumwe were crut =t “lve micrecns for c.omparison, Ten
mlerons give the Lesi, renerul pletires. Loaruffia was
rave.ved by xys1lcl, followed by ¢klorofor::, followod Ly
Lin uad:1l descent throu+h Lhe alocolols.

v numher of “talns were used, namely: helde: -
bain' s lron-ulum hematoxylin, Jslafiell's hwmatoaylin,
darria' hematoxylin, Van 3Zleson's plero-Tachsin,
LoefTler's alkiline methvlens blue, JSoounasture's slaln
focr bactearia in tilssues, Chlorizel Slack &, uurantia

Orangs ¢, Blevrlicl adcerlet, duerlest ¥, aind s=verzl othters.
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It was found that Heidenhain's iron-alum hsmeatoxvlio
gave by far the best results on this muterial and that a
counterstain was hardly cecessary. Loeffler's alkaline
methylene blue was of about equal value and had the
additional value of being an excellent stain for demon-
stratlng bacteria in tissuea, for whioh latter purpose we
used it in addition to the speclal technique of Goodpasture
for that purpose. ¥e dild not find that Goodpusture's
method gzve us any more information than did Loefflart's
method. Losffler prepzruatlions tend Lo fude, hcwever.

The permanent slides are zbout evenly divided
between Feldenhain and Loefflsr staining, and alao some
Goodpastur=2 slides. Sections satained in hematoxylin
were mountad in areen aﬁpardl which intenaiflies detall
in hemutoxylin stuin, and eeotlons stained in lLoafliarvia

were mountad {in neutrul balsam.

Frozen Gections.

The great bulk of the ssotlons, amountina to ocon-
s3ideratly over seven Luncdred, werz out on a freezing
nlerotome operated bty sclldified carbom dloxide ("iry
ice"). The usual gum-und-syrup mixture was used. Mo=st
nt the frozen materidl kad been Tixed in formalin-
acetiz-alcohol, but some of 1t was fixed in 5% or 1(%
formalin either in water or physiologlicul suline or seua

waler.
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Large numbers of seotions were cut and graded up
to 704 alcobol and were stored at that strength until
their turn ocame for examination.

The bulk of our studies were made on these frozen
sections, as 1t would be utterly impossible for us to
have done a similar oumbsr by the paraffin method.
Moreover, there is a great advantage in frozen sectlions
for suoch pathological studies as it obviastes many chunges
and artefactas which muy oocur in the paraffin method.

For the general appearance of thes disesse, see Dr.
Reedler's summary report for 1937 (Blbliogruphy referance
7).

The miorossopic a ' pearance of the dlsease is quite
charsoteristio ip one respect, but much less definlte In
another Yespect. In eéxamining sectioms of "pustulas"
one is immedistely strucx by the preseuce of dense -roups
of mobile cells which huve collected ut one or more focil.
Usuunlly there is one larpge zroup but not infrequentl; we
r'icd o Lumbér of smuller <roups.

These moblle celles are Lhe phagooytes illustrated
“und dsecribed In pagea 315 - 317 of Yonga's monograph.
Trey conaiat, according to DeBruyne, of seven different
tLypes of blood cells but "it is doubtful how many of these
rcpresent differsnt stuges In the same type®. (Yonge)

Lesplte lonv snd careful study, we huve been unable

to contribute sny new interpretution of the diffsrent



types, nor 1s It ezsy to distinguish more than three
or four kinds of phagocytic cells 1a any of our rre-
purations.

It is obvicus however that there are different types
of phagocytes present in these pustular cell-clusters.

Thers ars also prasent ln these groups certuin

cells whioh do not sppear to be phagocyjtes nar oven

oyster cells at all. They may be ilgzae, dilatons, or

protozou. Ne ire unsbie i1t Lhis stuge ¢f the investi-

g=tlon tc identify thesc cells, or t7v<¢n to recognize

their genmerz=l clacsification. ke 4se fuite avarvre, uf

course, thut ai.tcas, zreen :lzue, =ad olbker pluanktsn

crganisme sre clways feund iz the oveuns of feeding .nd

dicestion, but we czp only accuunt for tha gressnce of
these orgunismsg nutcide of tle dissatlive Lruct by

the f20t thot the walls of the divert!ouls dessunerate
anpd rupture. In scms of our frozen se~ticas we obasrved
lirce numbers ¢of sreen or hrown renulea, both inside
Lle phamocytes and aulso lvins outside of the phagocytes.
Tl.epe ure probably the enterochloruphyll srunules
described by MecMunn. From the forescineg it will be
seen that we have {n the lesions a melurnge of cells,
granules, snd proLzhly degenerzte cells or ceijular
deiritus very difficult to scrt out, .nd thet #i13

raequlire prolonsed and intensive study 1 w8 are to
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interpret ,the puthology of tne "pustules" gorrectly.

dxperiments at the atluntlc Blological Station,

¥or whlch we provided buoterlal culturss and fl.lrutes

which might ccnlain a virus, Lave giveu nc evidence

whatever that this 18 5 communicuble disease of

bucterial or virus etizlogy. .ur ghisf interast now

lles in the possibility that scae of theses forelen

cells In the cell groups nay posaibly be preto-ou, zand

thet if the disesse is communlcivle It may huve =

Pruotosoai etlology which e bacterial i virus

giuperiments would nol Culunsifats =v ali. Thie points

to the need of airect ilnoculatic: expariments ty

injection wud by convact, prefercbiy uucer the alresdy

establisned councitions in tlhoe sel-up ot St. arGrews.

su~gestions for furller experimunts frollow i

y irt Na
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FaRT V: JUGHesTIONS FUR FURIHER STUDIES

(1) A3 tse communicabillity «¢f the disease hus arly
been sLudied from the bacterial wnd virus stanapoliuts,
the possibility of protozoaun iafection shnouid be vxvlored
exparimentully. Ae Luve found 1t very dif icult to aay
shet.er or not some of the cells present in the pustules
ure protozoa, &nd it woulad be shorter and surer to parterm
airect incculation experiments Yy ihe injection of pustular
Ligula hypederclcally or ctherw’ ss lnto the vody of dile  se-
Cres oydters. Uontruls shoula he nade, 07 course, by

i:jection with starlle payslcloglicil =aline.

(<) lurtier cortact experinments 1. trays alecll.r
LI those alrewty mece shcould be continusd and sxtanded,

Gt I wgulld gt ocfest Lhatl thay ba Lranviesy

o
D

¢ entirely

nuheadge 38 Frirce Lewape Tsl.ovd waters.

(5) I wornld raccmuend vt Lotk Jor Jlrsot inveu=
Latlen Jgid contach exjerimenty Lhe b The adl=u: and
swuervision st oulnt sndrews yould Ga very d2sirulls, hut

that I8 =« matbier for tha ofticaers of the Boa>d Lo

declice or.

v.ssibility sheula :130 Le corsldered tlb.t
vystera (n Lte dlsevsed areus ure ingestine sogo toxic

auiaticiiees, oarsanic ¢or inergenlic. Jliile tle leaieon:

b
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ol this disease cxist in several different parts of the
body, we tnink it significant thut they grewtly predominuate
in the =o-culled "liver" region, prcperly called tle
dizestive diverticula, Many of our secticns huve shown
abucrrualiy large mobillzaticn of phuzocytes boraerineg

thke lumen. Inr water tucteriology we «re teginrning to

find thut certain species cf Trichcuonas und .naubuena
ure” toxic te hister unimels, if not in their n&turdlqbr--
dition et leagst when qecouposed thua liher-tine toxic
whftances, Tulg is orly 4 suggesction 4nd I go act xnow

vether 1t is worth anythins or nct.

(51 I% mi-ht be vuluuble to use uadiment frc+ beds
In dlisased aress a8 an ifnovculur. In the 5t. qulrews

Lrouxia,

(b6 rresh (dving uvysters, lote ¢isecsed snd normn:l,
sLhuuic be studled bty dark-field mevaodes in tie divertlcul.
roglon, Lo determine (u) the wetivity o the rha-ocytes

247 () the poezible pregence 36 pretasoa In B lssious.

[7) “ther mollusua I the “iscassed aress stoula te
¢xuadlned rfor the presence ol anything compucable to
Valia ua disease ! oysters, or even Lol bLoepr Cizhit
L JFLur an orsSanisy tsn-pathoagulc 1v ther but rossoil-

v -Lhogaenic Lo vysters,
th) I ;.-nrt 3t Gld satialfien with the fixuite,, - @&

I would Trasoorr49id:;
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(a) small blocke ipstead of whoie oyatera, and
very gently hundling to avold Lraumstic injury

and rupture of the diverticula.

(b) New fixutives, trying (1) Carnoy's =ucetlc
alcoobol, with or without ohloroform and subli-

-mate (2) Gllscn's mixture plus ilodine and

(3) Senker's fluld.

(¢c) Getting intoc paraffin as soon as possible.
(2) Frozsn sections from fresh un’ixed oysters,

te -2vold cheuwical fixut!sn slto-sether.
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CART VI: SUGGWGERY

While ivhese stuuoies have not demonstrated any delinite
eticloricul uzent, we feei, however, tlul substuatlial pro-
rregs has beeu ruae ane that a great deal nf spade work
hig Leen aone towurd limiting the ileld of posaillllities,
Ae Loy Sutmarize our Tirdligs up to tle present «s follows:

{Ll) mateusive cultural svudiss vozether with intensiva
miceroscopic.) exaerlnuvions of the lesichs do nuvt revea. any
bacteriuz tc Le the cuuse of the dlcoc9aue,. The "repecters”
cbserved in culture 1=r’us were gvindeinuly gucoludry invaders:
cr ordin ry sapropnirtes, und were of nc etlolczical =sisnif-
lLe=inee ,

(2) It ~as remarkuebie Loth in the cultu-il studles
Ju!o i Whe seotions Lhat bacterii were ralulively sc.rce,
mary of the culture:s oreviaz gterlle .ad zuny of the
sectiors sLowlone fea Or ul SucClisrpls, evas shen stainedq
Yy specid rethouns o dgemonstrotine Laeteri.. In viasuee,

(3] b evidescs 2f a2 virds wae Jound, .nd we have
teen unable to fiza 4 gingle lustaace af taciusicen ocodien
foooany of too a-teriil exuuninad.

{4) Tle exjerimenls .t the stl=ntic Biolosical
stullon were puinstukinel: set up ind auparvised, =nd
7islced no eviaence whatever of hucter! .l or virus conm-

uslazbility.
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(5) after examining many hundreds of sections, both
temporary and permanent, we have a fairly clear picture
of the pathologlsal processes involved, tut us yet wa
are unable to reach a asatlafuctory interpretaticn of
the picture. The "pustules" are savidently composed of
great pumbers of mobile phagoeytic oslls together witk
dezenerative tissue in varying stagea of disintegration
and colliquative necrosis. There «re also present in
the pustules und in the diverticula sesveral types of
cells whioh we are unable to identil'y with any certainty.
Same of them might prove to be prctouzca or other
organlsms of posalble pathogenic power. The most

difficult part of the whole research hus been the vttempt

to determins the nature of the cells present not only

in the pustules but in other parts of tha tiasuss us

weli. fe may or may hot be able to determine their

n.ture by furtrer study.

(o) 3ugzgestions for further axperiments as to

cosumunicablllity have been made.

(7) a colleetion of seventy-seven perumanant slides
accompanies this report und are at Dr. Neadler's service.
It is raquested that ths slides be raturned to the

dazairtment of Blology and Baoteriolozy, Mount allison
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University, 3ackville, N. B., when they huve served thelr

purpose.
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PART VIII: MISCELLANXOU3 NOTES

No studies were made of nerve atructures.
Seoctions were treated with dinitroscresorcinual
to sse If iron had anything to do witﬂ the
disease, but the results cf the seyeral tests
were nepative,

about 15 slides were mude of bits cf dlseused
tissue crushed betwee slides ("crusth smears”)
and 3tained in a2 varlety of ways, but very fow
bucterii1 were rioted :nd oracticully no inrformation
was geined therely.

After comuunicakllity is settled, Lhe caucze,
inception, and prorress of the degenerat!.n cof
tlasues should be the first stuéy. I am sonewbat
inelinad to think that that process ccmes firet

in the putholosical crder.
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PART VII: PHOTOMICROGr.FHS
AlD
PEOTCNICKOGEAFHIC TECENISU &

Cemera: u Beck ccular camera, coupled with &

Spericer mleroprojector, "bellows™

iength, 15 inches: L. ¥., L. ¥., anad

. I. ov ectives with 10x ocular.

Ray Filter: Hone

Flates: 3% x 4§ Eastmun Frocess

Tupey: Velox No.4 Contrast, slossy.

LXpCesures: Iwc to six seconds.
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