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. . §TBDIES9§ 3:’ ~ S’&MGMCIM*

f  fEist0rica1 Suu&y of Fnrunculos;s. R

ﬁAs'early as 1894 ﬁmme.:th“ny: f1be1 in Germa&?:

.;lmanieida, the

‘fcertaln rl‘ers tw

morthlty was outstan&ing,\aoth‘ln lntensity




;  %nd-in leﬁgth-, éhe~gra?1ing; peal,’and bream:wereraffeeted-asif
H;«;vell as the salman ané the trout. “hese appeared to have died ;’
ﬁf,from scme speciflc cause Wﬁlcn Br. ﬁr&ﬁright reported as- a ‘

o éfurnnculﬂsis epldenic, a dlsease, the progreas of %hlch, when

i

i ﬂat its beight was Very rapld The mortailty was ‘80 rapid that§ 

. n;many cases no signs of tne dlsease were obser?aale on the :
f  jeXterior of the fish; From the dead flsh Arkwright isolated anéf
x;ﬁcrganxsm uhich he stateé to be,probably 1dentieal With the o

  1@ ;fsalmonlclda of Emmerich and Welbel, gnﬂ the B. truttae of

;  jmarsh., Following tais epx&emic Arkwrig ht made an eyhaustive
”~‘}3tudyqu he bacterlnm, . | -

}: ‘!‘   : Mettam, in 1014, reﬁorted on an Outireak of furun-
'gcu1031s in the Rlver Liffey in Ireland. He sﬁatad tuaﬁ the
 5‘Efisn dead from the dlsease Ushow numaers of wall devel@ped
'“"‘gb0113 ﬁeneath ‘the skln and in the ‘subcutaneous and,muscular

‘ §tissue3ﬂ but that tnese symytams may be absent in ather fish
  §&111@& by the séﬁé organism, . : '

ﬂCare and Diseases of Tromtﬂ th@ wnrk,of Ea;S.

ngavis ia 1928, glves us a &escrlptlon of fnruneulcsis and des~A

1  §cribes it as occurrlng “ln epldemic form OnlJ amon@ trout and

;'¥salmonﬂ thougn.lt m&y'also afzect a large nnmber of fresh

"rfwuter and narine fish. Davis also remarks on the development

_éof boils, and on the partlcularly heavy toll among the ycung

"=§trout. e

Horne, in angust, 1928, reported on the importance

‘ ‘}0£ carrlers in the spread 0f the digesse. He found these to be




III;

‘5jf3the‘maln resevoir of in;ectlan, for the orgaﬁism could be isol~

“f?iated fram uhem vhen no furnnclms were prasent, sevent3—seven :

5v;¢days after the 1n01dence ef the disease, Plean, in her WO?K:

'7ﬁhad already remarked tnat tne bacillus is met Wlth ﬂialrly ;re~‘,
éuentlyfin»the vat of out:ardlj healthv flSh in lﬂfeCﬁed waters“

 [_7Two years later Isobel WLlliamson made further

;“f;fép6%%s 6nffuran031031s of the 8a1monldae saowzng ‘that the

'q ;;ep1dem1c hau 1ncreased both in rlver xish and in traut farms

"5fdur1ng 1998,, In 1950 she advocatad the disin;eﬁﬁion of the

‘* fffish ova in tae farms, stating that they are 2 passiole vaﬁmcle

”o? infecticn %ithlaleaanr ﬁndersan in the same year she found

g .,salmonlcida te be a‘hemogeneeus Species anﬁ atated that it

;*eould be idenﬁlfled cy the comylement~fixatian feactian wnlch,

~:in this case, requlres a ratner difficult teehnlque described

‘7§by these worﬁers in HThe Identificatlon of B. salmaﬁi i&a by

| }ftne Comglement~?ﬁ

xation 1esﬁ pis Q.Further Gantrlnutian to the

T
\

"°ff8hudy Qf Furuncu1051s of ﬁh@ Salmonldaeﬁ




STUDIES ON B. SALMONICIDA.

% ‘§Introduction." i | i
én investlgatlon of the epldemic reported for the‘

hlrd year amang tne gama Iisn of the Elk River near Fernie,”

lzth, 1951.‘ The area af water covered was of ‘about forty

”7“iQmiles, extending frem oelaw Elko»to almosﬁ fifteen mlles &

w,;above Fernle.‘ The deadfisn, all grajling, were recovered '

‘;a'haemorrhaglc, almast aircular area between the pe1v1c fins,

'aifahich often extended to the fin bases. Some specimens were

JVT;gfound to be marked in ‘a 31milar manner on the ventral surface.i

The peritaneum and the omentum were heavily"infiltrated with

,blood and in two of the fish the posterior ‘half of the

1icases the kidne Qﬁas a flnid mass.
‘;at Fernie 1mmediate1y after thelr reccvery frsm the stream.

“fthe B. salmonlcida of Emmerich and Weibel and the B. truttae

‘i,,gof Marsh were obtained from %he kldney, the dOfﬁal b1°°d
'“Hr;vessel and the inside pelvic sore. The cultures obtaxned by

~ijr. Duf? were grown on nutrient agar and kept for ‘further

vﬁ/jexamlnatlon.~

,Brltish Columbia, mas begun oy Dr. D. C-‘B. Dufl on Angust i

‘from tne rlver. All bore certain cnaracteristlc marks, nameiy§

‘ftfjlntestine was swollen and haemorrhagin. In the magorityycf fQj

Tne dlseased flSh which Were obtained were. examinedf‘

 ;Pure cultures of a brcwn pigmentlng organlsm closely resembling'




:Examination of égztares, <J. E;ff
'&edia, o T ”

'Eﬁtrient Aaar ~~Bacto ﬁgar 1. 5pspﬁ. 7. 0.;

.Blaod éﬁar’ Bacto ﬁ@ar 1. Qé with 5 t@ 10 &rops freshly drawn ;;'
. ‘ heart blcad ?rom rabbit per plate. o |
'Nutrient Brath - Bacto Erath = pH. 8,8’

:Carbohydrate Brgth$ o Stsrlle nutrient brath to which 1% of

"%wse& Sﬁgar, and brmm thymol blue, aﬁ

",the litre, as Lndicator, ars added 1n an asegtic
- .,fmanner‘ pﬁ. 7.0 S

}: ;Ge1at1n~~ Bacto ﬂuﬁrient Gelatihd ’;* ’7 e

ifitmns mllk - Fresh separated milk to which azc~liﬁmin.is
R @ ad&ed as inﬁiaatara:;7

g t‘aue‘Broth - Eﬂtrlent broth to. Which 0. 1% of pot&ssium

nltrate is aédeﬁ'  lkmf?i

)

; fPetato wrFresh “]w patat0~30&keé 24 hﬁurs in runnimg water.

7 fTry§tophane Broth - lﬁ solutian Gf Eactc Tryptaphaaa Braﬁh., .
 'f§Serums';L@eff1er*a Bload Serum. pﬁ. ke 4~7 B. :

? _iSt rchEMed~n - {a} Eﬁtrhent nreth.t0~ngch 0.2% salnble
s | ; star&h.ls addeﬁ pH,~6 8.
(b} ﬂutrment agar t@ whlch @fﬁﬁ saluble

e e starch is. ad&ad, pﬁ. 6.8. ’
"57&11 media were 3t&rillsed for 29 mimutes witn 15 poands .
‘ff];pressure, with the emcepticn of mll&5 which was steamed for-

' :7}u0 glnuteswon threefsuccesaive~days@f,’,

ﬁ7:;the rate of lcc, of a,l 6m alcoholic solution to “‘f~¥”




"g@rishtrs Stain.

Btaining Hethods.

Eith a Simple Aniline Dye.

Flooded with stain for one minute, washed, blotted, and
-examined.

5Gram Stain°

FPloodsd with w:ﬁili?:z pantlaﬁ v1olet icr one half ainute.
i%ashed in &ater,' |

’~Flooded,with Gramﬁs ieodine solution for one and one half
:minutés.

j?&3‘@53&9& in water,

.Dacolorize& vlth 95% a100h01 unﬁil uo more Glﬁu colour came
ZCHﬁ.
Washed in water.

?Conn erstained with acqueous fuch%in one h&lf‘m&nute. . ' f{

{W&shed,in Watar, Dloﬁted dry , eyamlned : R o

gﬁloodeé cmmpletely with hrightﬁs staln, ieft tnree minutes,
:then ad&ed an equal volume of water, drop by drop. Blotted

dry, and ex&nlm@d,




'_;Hetnads and Testa Used.

Stack culturcs of all crganisms ware sown on nut-

‘”ffrient aga; slants.. gﬁ. .@w; |
e Culﬁures were ‘examined’ d&lly: and any caaages

corded.

Theﬁ?rgyafabian of ﬁutrlenb ﬁgar QL a aigh ﬁlkalxne oH.
L It was feund that on sterlllsahlaa af nutrient agar

*"~7}of & hign alkallne yﬁ~: Wh@ﬂ the pH. was raised from B, 7. AN

i?lftg a PH» abave 8.&, due ﬁa some chemical,actian, p@rqaﬁﬁ

jjt;h;drolfsiay th@ medlum acquir&d dm?h brgﬁa calmrutiao,' This .

”;was not suitable for tha ayaminati@a af the plgment producing

;&bilities of tha orgaulam so the f@ll&ﬁl&“ mathod ﬁas useﬁ.

* _‘The agar and the alkali were starllised S@@u?&ﬁ@ly’ tnsamlxed

 f fin an aseptlc manner after ﬁaﬁllﬂ? sliwhtly F¢nallw this waa_

““,fvation of the organism.‘; 

'“f¥ftubed aluo dn an asept;c m&nner, ﬁiaﬂubd aa& useé for~cu1ti~‘

o ‘/‘;

-":E‘iz-gi{;r,a‘taa. e f*

Tested for redﬁﬁtlﬂn of nlhrates ta nitrites msing

kfthf"fdrops Trommwdarf1a re%gent (1&& ce. bailzng 30% zinc

   ;Chl0Pld8 selut&on to é grams of stareh »ﬁf@er dissalving

3“5111‘1‘3 with ‘»‘f”*ter, 2dd g grams zinc iodide. Dilute tol
liter and filter}, then 1 arop d:.lute Sulpﬂmric acid (diluted =

blue aalaur iﬂﬁlCthS che @resemee of nltrlcss“'




Trygtapnane hrath,,l.‘ *esteﬁ crude Lﬂitﬁf&& usino o ,t 
icaulon ‘of tﬂﬁ Earlich test, wita the fallaﬁing

e (a) Paraﬁlme*hyzamlnabenzalde yde‘
(b) Hydrnchl@rlc aﬁiﬁ‘dllﬁteﬁ,kygﬁ‘

(G) CthI’ Qlﬂm Q - g 3 P,

To 5 ce. c?uae cul ﬁre aﬁdﬁd Q. 5 cﬁ«;rﬁagﬁnt (a} LT

TV, and. l cc. reaﬂent (b} ; ?laﬁed 1n bblliﬂ w@ter for
“  ‘2@ secanés, shakxaﬁ v1yarausl 5 ylaceﬁ in 1ce/water  f
;' :%vmiﬁuta. Mxtracted with 1 ec‘ reagent {c} | &Qm»
A‘aareé %iﬁﬁﬁst&nﬁards made xﬁ ﬁha same. way. ‘A¢§ihk‘
  :fcm1our indlcated pasltive reaction. |
1,2‘ Tested the dmalgzed ﬁmitﬁre uginv Qlaushis ,
For dialysis zollaweé the

f;_‘me qoﬁ describedfin‘ﬂbetecticn of 1adsl in Bacterial Gulturesﬁ

‘ffﬁDuff,}using c“vr@ph&ﬂa as the dialeinﬁ membrane. e L : ’ " : i

Testeﬁ for: 1nﬂa? aftor T ﬁays, 1ﬁ days and gl days.

‘~fj_yarolysis of atareh.

(a) Hs ng agar plns !«gw saluble starch Streakad

" ﬁP1a es and lncubate@ Floode& tne surface of hc rlatn thh
a sauurated salutlon of 1odine in 5@% alcohml.‘*;he~claar zone

foutside the area of ﬂranuh indica ed the extent of the starch

.destruction.f~




e :

.

: (a) Uslng brcta plus 0.8% soluble 5»arch. Falloﬁed§ 
af;sckforafs metﬁo Ezaminad on the 2nd, 4th, 7th, and 10th

f _gdavs¢! Wested ?ar aczﬁ prc&uction,us~nr bram Thymol blme as j'

‘Vnﬂicatar,‘ IeSbﬁﬁ Por hjﬁfﬂlfols c? Su&fﬂh by a&ding‘ane drap :

dilute lcdlne ﬂolntlon tc ons arop. caiuure an,*?e SDOb plate. } 

.8 blue ccﬁaur 1ndAcaLes no. h“ alrsis,»%vre&ﬁisa brown‘cﬁlaar
j rﬁi§1  f‘fﬂljsis wibh ﬁhe ??@uthiOﬂ\Of ﬁryuhradextrla, ‘
clearness 1ndlcates camalate hydralysis with Lae grodmctian af"
"7f?dextrin ar perhays blhcege._ e

TGSuEd fnr tﬁe red uetian.of sogar with Feallnb!s

“;scluticn by bcillnv 1 cc, Feh&iaw*s s&lutmanqana 1 ce. SGIutian.
‘i2 togeu ner fa¢ Fiva mlmmtes?‘ Then a&de& - ge. of the culture |
 1iltraLe drop by drep. R J@liaw to araage precipitatb indig~

ates tne prasence af suvar.

 fE£Far1ana Lu?bidltj Standarda.

ﬁsed;onlg standards humaer'l, E, mﬂ& 4., Ehesa"wgre"

The turbmazties were made

”  +by3a§;1ﬁg‘bar um cnlarld@ in a 1% suiyhu?ie acid selution

‘{fformlng different concentra ﬁi&nﬁw@f ha$ium sulphate. For

,‘l ce. of barium chloride salutioa‘was added to 99 cc.
 ﬂ of water; Far nnmbev ?, 2 cc. of bariun chloride so1ut tion were

7f*addbdgt0 28 cc. Qf wate”*~aﬁdﬁiarfnnmbe; 4, 4 cc. of barium

”'chhlorlde selutlan were added to 96 cec. cf aa&er.' These were

ffj‘made up in tubes, sealeu,and laballed,,




',;ﬂarghologf of’tne bacberlum.k 

gar3*u1tures small Gram nevatlve caceoid forus, 1ncllning to

Tﬁe average dlwm»ter oz taesea,bnm,;_as 1and t@ ne 0 5
1crons to 1 micron. En alder cultures, esgeclally 1n hrath

-Eﬁolatin ana serum, anﬁﬂlah the crganism was later‘snwn, rods

‘*or uacillarf Iorms w*th raunﬁeé emﬁ“ wﬁrﬁ.anservaaw ‘“ﬁese

-‘gvere oz an average lﬁﬂ th a; 8\?3 mlcronﬁ ﬁo microvs with
lxa widur of 0.5 mlcrams ta Q,B mlarans*~ g1erinal rorms were
occasionally noticﬂd am@ng these. ‘mo~ﬁp@ye§~@r ga@ﬁnles

o wer& observed and no *fue‘matilﬂty;,:‘

f,§ta1n“a qnalluies. b

v

The org&nia& stains aasiiy with t~e Drn*nary

2

The

 1an1line dyes.

Gram stain iq medative an& is aftan

t‘:iaint. ek

The Qrfanism was found to be pleomorpﬂie. In ycungg i

vm7 1n same caees, Were discovered botn singiy Hﬁ& iﬁmmassesé‘




Culfural Cnar ctéfisﬁics;;ff’5

For ordlnﬁﬂf ﬁaintenance of g ewth nﬁ%%ien%:agar
:th“* pﬁ,~0f 7. Q was us@¢. :av emamlnat on cf the eﬂitural

"bharact~rist1cs ‘the or g”ﬁlﬁaa useﬁ, e those is gla ted from

Ehﬂ,orxsxi s*ﬁeﬁ@as@wn Gnegeiatiﬁﬁ

Vﬁ,fﬁﬁizﬁext ﬁihi ﬁ Lriea£~aga ' ckzor&ls broth,

rate broth, ﬁw,ﬁuﬁﬁhuﬁ@ uf@tﬂ; znd LaeTfl@r’s ulqu@‘,

E

”;ffnmtzlenﬁ,ag“r and %ﬁ niant,agarwgins,egg%uﬁtgféﬁ

ie culta o5 were & mmiﬁea éail -~ for emy chenges in

 ;appmarﬁnc@ and'all results recor &@

‘”féfar Slaﬂtﬁ~, Wk

,fIn 2 day”~;~ %aite,‘ d at ﬁffuse, gliut@winv canvax grewﬁh
' waich was t aualue&mt &Q@ siimy. & ur@vai»h.pigaf

ment \J.i‘i ik e mediam,-v ; ‘

- anlaﬁundaai, effude growth 7;% 1 %ES, ﬂr&fisa in

caleur~ ﬂil& ;ae med ium w&s brown: tnraug%au

;anig &Mya »»the medmwm v&s dar% byarﬁ umreughauﬁ

UGelatin stab.

| '{inQELiéysx M‘flli orz grow th 1¢@uexaeuion,ah the top in the
s form of s Mmall sac,- Infsome cases afsaq like
Tiéquafled‘portlanfagpeareﬂﬁﬁt the bottom of the -

‘] jEnﬁ5“days; - abundant growth with saccate liguefaction.




9'7?

‘ ‘}Iﬁ 7;a#?$:‘4finfﬁndibﬁ}iformvliQQEEactiaﬁ.‘ Sediment clings to g

thefSidés‘of‘the‘tﬁbés.

ifIn 8 dayS ;ﬁ complete llﬁuefactlon.

~ the ;:ae@m; )

oeffler's mloa@ serum | ; ,
yf;fIn l d&y ’~ 2 msderate, yellowisn, smoeth, ziliform, bllstening
| : growth. b '
‘ ;In é - 5 days ~ the ﬁro%th became effusa, the medium had a
- B brounish tinwe, gas bnhmles were netxceﬁ.in the
e :d‘;>;3 cultnres‘r - ,
’ }In 6 &ay5 — the sernm was partlally dlgested and brown in
i colour, Later this ‘became a mahogang brown in

calour aﬁd all diﬁested
e 4¢ -

 ]}Wutrient broth‘ g;n\

ys - an abundant groath wlth floccul&s in the tube and

\:sediment olinalng to the sides of the tube. 'in 

_ some cases 1arge films of‘groﬁth were,abservad in oo

" the centre of the tube.

::?In 7ida§$;a_the grewth bebame more abundant and viseid on

; agltation, A Sligﬂt rlnw of growth was notlced at

the top;ﬁfrthe'ealturg‘

n 29 days - a brown ring abeut cne caat*meter in helaht at the ‘f

- top of the medlamgggThlsylater ex£en&ed tnroughontt“




~gfIn 7 - 20 days - a brcwn rinx aa&ﬁared at the top of the tube
‘ k ‘which spread vra&ually tarcughaut bhe meﬁlum

,,vuntil the whole be&ame a dark brown 1nA0010ur*

 75§5ﬁ;fa7f; | . |
:;{fiﬁ~2f&éys;%athhefgrow£h éaSyve?y~seant'or absent.

"iJIn 5 dafs;k% a’séant;'creamy raised filiferm ~rawth.’ 7
E',i;’»f,;’;liu 7 d ysifchtﬁe,vrewta remained amcuﬁ tme same, later becam-i
. “fin a dirty g;aylsﬂ celonr, , | |
A | Harsh lav1s anﬁ ﬁettam all falled t@ abtain w1sib1e
‘3 7growth an,patatc, but when smears were ma&e by ﬁettam after one

 month the organism was feund on the slide.‘

7?@ 1€‘:s'ﬁi1k,

f; In 2 days -~fnp changes.

3“ fIn 7 daJS' ~*‘the milk was ﬁOﬁgUl&bed aut not aci&.

:f?Inflﬁ;ﬁaYS'f“ftnexmilk was csagulate@ and ne@usnized' :

1

L  fIn 2GAday$,#"the mxlk became a dlrt, yellou colour.

Eckferds 5 Broth.
’  | Origlnal yﬁ. of proth 8.9 - 7 0
‘“;In 2 days pB, 7as 6.0. |
iIn 3 days pH. was 5.8.
;ffIn 5 &ays pr»was‘B‘B.'
1; In 8 days pﬁ; was 5. 4. _
: When iedine was added to the cultures after two days

;; ,the solutlon became clear shmm:ga complete threljsis of starch.

Is



t%fWhen testeﬂ Wibtheﬁllng*s salutlen for sugar reductlan no

7[;reductian of 4*huat sunar coul” be observeﬁ even aftar nine days.Af_

”fﬁﬂitraﬁe broth.

fiaserved Wltﬂlﬂ 5 to 7 &ays*~

”":;In ‘? d ys 3- teste—d crﬁde culmre :tov 11'1@01 Ra'in&él i
 'fIn 14 days - no 1ndol in crude culture. S =

. ~In 21 days - no indol in crﬂde calture. }, | ; :
¢  S ?&en tested b/ thc &i&lfﬁia menhed as descrlaed by
‘ﬁD* C. B ’Duff 1n hls work an ﬁﬁetecﬁxmﬁ oi In&ol in Bactsrial
iﬁ4ﬁCulturesﬂ neﬁative results were abtaime& after 7, 14 and 21

‘ In Ql aays yi&ment was Preﬁuesu in tryyta"n&ne

ffabruth -a ring*é*?z cenhimet ers in lght at the top Of each

© ey
e

| fculture.=

 3[3§&? plates,

The cclanies were verv gmall, circular, and finely

f :granu1ar w1th entlre edges. Tﬁsj became sllvhtlyfcnnvem and

n‘;translucent. As tney became clder tgeg coulé be split and

‘ *§pushed over th@ surface of ‘the plate. Aftex»ﬁ,to,u days'the'

~j medium became a dark rown in colcur.~

Vhen tested wzth xrommsaorf’s reagent nitrites were!



 een streaked Clear halaes a@peare& areund the streaks

_a le on taese piates,

'Blood a?ar nlates. | i
o n“z dars -~ areas OL growth ayneared ﬁlth clear, translacent

‘ , ,arnas arsund them.

ﬂjlnfs:days ;'the cclonies were rcund, smeaoh, raised, eutife‘; ;n.'

and zlnely vrannlay, Clear areas araund al*
: | ':coloules‘ f‘ ’ o |
:f ¥i#}5;days » the plat s became a darﬁ brcwn, the grﬂwth a
=  “dirty, grejisn,cﬁlnurb

']QfIn 7 days - theﬁgrowﬁhabecam&_g:eenighg,

370dour.fw Bl
i €

ﬁo eﬂour w&s notlceable on anf of t iese culturesr

‘fﬁfCarbohvdrate reacti&nsa"

The orvanxsms WGFB sown on. txe fcllowin0 carba~

* ? hydrates and the changes recorded as below'

, gluccse (deytrose} v*:inﬂg days. :
Jactese. =in B - 3 days..
saccharose (sucrase) = in 1 = 2 days.
laevulose S -+ in 8 days.
‘mannite ¢+ in 82 -3 days.
salicin 5 4 in 2 - B days.
galactose = . -4 in g days.

“,raffﬁaose = . in 8 ~ & day s.

After 7 days iodlne was goured aver the plates which

nowingAthe organism &@ utillzedstarch moéerately., A slower  §f

rowth tﬁdn t&at cbserved en‘mﬂtri&nt agar ylates aas aotice- é;
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ionlin ~ in 8 - 3 days
maltose + in 2 - & days.
arabinose + in 1 dey.
xylose + in 3 days.

Gas was produced in glucose and mannite tubes, but

.Was,ofien very slight.

‘Pigment Selubility.
The pigment produced by the organism was found to
‘be soluble in waber, and when ethyl alcohol was added to an

‘agar slope the pigment diffused out into the sleohol.
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'7 fE:feco sf ﬁﬁ‘ oa tg& f?eﬁ* and the ?iament Prsductiea‘

Culturea af n« S«lﬁbﬁiﬁl&m were so*n,en natrient

fifﬁaaar s“ants af var ing'pﬁ bﬁ test ?Br tﬁe runve of grewth and P
:3 10P pioment ﬁrb&ﬂc-&g aﬁility'ai the organism.

:;7~ Alhaiine ﬁs&1a0~*'

‘ Agar of pH.. U,G~~}moderate wrcvthrwizh plg ment preduction : 

"?chonflmﬁﬁ malnly to the growth ares.

B lemeﬁt was predueeu after seven,&ays.

  fi~f%gar>bf~§ﬁ;~ﬁ5%3 ;scant growt h with no pigmenu nreductxon,f,

~L

Aiar of pﬂ. 9 é tyno gro&th.r
Aeld Esdﬁa- s  ‘ﬁ{‘5‘ L i ,
‘Aoar Gf pH. 4 ‘maderate ,gawm with moderate pfi?mant

f“"”l

A | k; praducticn 1n zlve dajs.f‘f'
Agar'OL pﬂgia;2 J

&‘cant grawth %ith no pigment ar@ductian{

Agar G; pE;Jﬁ;é7 fveﬁy scanﬁ growth with no~§zgmen£,,

/ predaetian‘

Agar af 9ﬁ;34 8:« ne. growth. _ | »
: ,iiﬁ Tbere apyear&@ t@ ae & wreater amaunt of glgment
f;produced in a shorper time an a ' slig Btlf alkaline medium
byéhhan an a Sll htly &Cld medinm,a The eptlmmm pﬁ‘ far pivmant

T' fpr0duction was betweem 7 4 and 7.8




e 1;_; of B. saLmonieida‘,”

(a) sttilleﬁ water‘

¢n»élstilled water tﬂﬁ eraanlsm was not afc&n

: ebovﬂrea after 247uﬂﬂ?3, but in same cases could be recovered {‘

:4r*5 dajsv : . , : ‘ o
The methad useﬂ @as the;?allaﬁing.w 25& cc.;sterlle :;

} 13,111@& Wﬁu@? aere placed in a flask ana ino*nlated with.l ca‘

'  §0£ a nnmbﬂr one. icFarland susnension az the arganism. Before
;platinw each flask wa& th erougﬂlg shakan», ?1ates @Bre made
  f£every t&antyufaur ha@ra, and in dualicate in all cases., Lk S

”V[;Resnlus were recarded ﬁﬁ below.

‘**;~ nﬁné vecovereé Slfllfﬂi? '

4 w]¢Sam@l§ P
- Sample 1
Sample I
;Saunle )y

Ejfi,g yix}'}fit

‘#ﬁﬁﬁ%@ﬁ%ﬁ

mmasmadad

t_g&*s_im

Sl ~ﬂ8terile tap @ater cﬁlﬁﬂrgs&%are,ma@e in the same
| manner, and tested daily fﬁr'ﬁheaégﬁﬁarﬁﬁceunf growth on

nntricnﬁ azar plates, ~ G | -
“V]*Sample 4w m '

" Berple B —

none recovered 5/18/3L.
V‘ ?TwSamg1e ik 1

1 ?,31,i‘ilfl‘r

sndnaddnna

¥

P RO

B

aaaa@%#%a@ga

TR



'f*ﬁﬁﬂ tue'?iﬁbilAtr of tké~ar¢aaism w&s «ﬁ“tbd on

;ag wa@er plas var g' ounts Gi scﬁium na;aride,- Eacn fl&sk
‘ontained,299~gc,_5u9r1¢9 tap ﬁatar,ylna-;»cprtain percenuage
;fSﬁﬁiimJCﬁlﬂride; &ﬁfi& %ﬁﬁ~&bﬁve:casesgéﬂs cubic cenui-

étQ“ of A number cne &ﬂF&Tlaﬂd su¢ﬁen¢ian;was inOtulatea inta

»Cﬁ ”lﬁsg;» Cﬁﬁa?ﬁls ow sbefl;e tap w&tar‘@ar@ ma&e au the

'*'ame tzme, and in ﬁu@ same mﬁmaer¢ ;ﬁlﬁﬁkﬁ“ﬁ@@a-Freﬁaﬁgd;in»'

' ffdu?L1cate in all‘e@aes,,

. Number o o

pone fec&w&red 8/&2/51«:
" T 9/18/31.
nm ea/lefal,c
LA uflmfﬁlg

8}5/32.
'16/3f32,
‘2w%@%

:80 .

Bdaa o
sada @

0
0 . sa/o/Be
.0 s9/tg/se
85 29/8/72
5 .~ gujgiag
0 - pafe/Ee

B8 aHE
b~ B S B+ I~ §




'i?,

L Bffact of ivmd@*ﬁ@%?* on 3. “.;oﬁéuiuzs

“Q?QC “800 1ﬂ°G {ﬂpﬁ?azzmqba1V, ;ﬁa agfraom @Empayatare.,,

J_O

 sLeﬁ ﬁally bm sub caﬁtures uﬁ,mutrient braun;

»-5?GC,*~na'grawth ou ssbeulbures of 1€

. 289C - growbth on subeultures of 37
149C ~ growbh on subcultures of uﬁf&/“%1

" room - growbh on subcultures of 5.]@/&8»

|

b

;gumzlggﬁ

‘ngfaewod 6/1/52 37°C - no growth on subeultures of R6/5/52.

't

B79C - growth on . subcultures of 5@/8/82.
28°C ~ growth on subecultures of i
149¢ %ﬂﬁf@@ib on subcultures of 3@/3/5%.

S@Wﬂd f@aL ﬂuaﬁi ab bro th caﬁuu?aa w1uh ana’ lsogfhi;‘

,of tae mxgaazs@ fv@m 5 quirxﬁnt 53 slanﬁ an kcpuvs@mplas atf “

fﬁaoﬁ;»-grawthzan subeultures of 50/5/88.
?4OC‘~ growth on ‘su%au}bnfeq of - B3a/5/82.,



18.

Ho wcrkvwas‘done in regard to the growth of the
,érganiﬁm snaerobically. It was observe& that when cultures
',were sealed with paraffin immediately after~inceﬁla£ianv
;gréwth Was.moderatevbut,na pigment was produced‘even after
fourteen days. When the paraffin was removed or when a
sub;culfure was sown on fresh nutrient agar plgment was

‘produced In two déys‘
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“;gsalfaﬁ&ewﬁm.r

adthy living ‘trout d-d nﬂ* survive under labores

s o resulk of ﬁﬂls the following ewgarmmeats

sing goldfish as the host. The goldfish numb- |

ewe&VZ uﬁ %1 incxasive.

ﬁeﬁhﬂds used in,Pathageniei exgggiménis,

“maculaulan @f p:;,sh.,

oy Cnlt re& on agar obt&ine& xrom ot her fish, turee t@g
 ;$§,f ys old, %ere @asne& of with star*le, aermal s&linﬁ, 
SOlﬂbiQﬂ and paéle&.‘ Thave\ﬁera~ﬁh@n,adgusted,xwiﬁh £hs use
of saline selubians, Go. the da"rea of ﬁﬁfb*ﬁi*’ requir@d
accakdinﬁ to *he Ec;arland standards. The fish~we£e hel& in
the palm of the hana durln§ 1noculauiaﬂ, and 8 sierile syringe
~was\used‘g Vargimg quantiuies of ﬁh@ SHbPﬁU&iOH were used, and-

the zish‘were inncu¢ateﬁ intramusculmrlJ anﬁ 1ntramaritaneally"

ﬂutcmav of the fish.

o For ‘the autopsg the 1nstruments were. sterilised by
boiling.' ﬁ sm&ll wooden board was hashed thorouﬁhlv with 95%
alcohol br*@aﬁﬁ phennl, and the specimen to be. examined rinsed
cfz witn tap %ater, then wiped with absorbent cotton soaked in
EwSﬁ pnencl. The scales were removed with sterile forceps in

order to examlne the axterior of ﬁhe ;1sh for Lha ur&sence of

V‘fhaemorrhavlc areas, The fish was then placed abdomen up, on

the bcarﬁ, fastened 1n gosLtion by means of pins placed in the




bt

s i . I A :, J;":’ i B L N L o <Y i i T ey ™
nead and the tail, ond the abdominal wal

- cuts begioning at the

-

to the board and the .

&

o e Sl
anal end. Toe skin was removed, pinne

-

- 2 a3 c 8y 42 sy He T T g s g R N & FBen"E ey he T RIS AW Ut L.,
Cwisceral contents were ¢xamined. Culitures wers taken Irom the.

<
k3

gans with o sterile loop, sown on nutrient agal, and incub-
' ated. 4After two Yo taree days plabtes were streaked from these

cultures aad incubated. Colonies resfembling those of B.

‘solmonicida were plcked, sown on nutrient sgar snd exazined
for pigment productiocn. These were then ezamined further for
_carbohydrate action and their growth on gelatin, and on litmus

Cmilk.

T
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vBe+ailed desarlnbian af 1 f’g,.ViQeﬁiQEﬁﬁs;ﬁ

/Gcldfisq nnmwer 1.

' g~‘ % Lezt at room teupera bure.
‘51?10{31 ~ fish rumaineﬁ euzet xn watar, wnite at alte of
S iaoculution, svellinr balow inoe ulation:si%e.

be70w inaculatimn site was larger.

et

: ﬁ?Qiswel%*:f
Bl = fish found dead at 9 A. M. Found at bottom of
'Vw'sawl,'erect ﬁlth~y&i&ftquchinglthe;bo%ﬁam;

fszterior examinatiaﬁ‘

. Tne 1noculation site was eovereﬁ mith a soft,
~limyé easilf remcvsd mms . TUnder low power this appeared to
'e‘dead tis&ue. Tlﬂh apneared blaated anu yulpy aronnd the
 ;;ﬁ!mear' ha inncﬁlatian slteﬁ e

ln?erior sxamlnation.,

‘ ’ | Cut a scuarc opeming arounﬁ ths 1n@eu1?tion Site.‘
éFeuna mrﬂur ge absces illcd vith white pnrulent tt@r. The
 §qche°5}anich @ar Fouf milllmetrﬁn ésey at.ﬁh@ ﬁ?ﬁﬁ est point
jind nne centimetwefﬁn CLame*er, W&Q :urvﬁuna@d~my a‘1&rge,
1%§éémn?fha;ié  of l% cen%imetwes *n‘c1bmetef. ?he muscles
_f%rcund[thxs “rca appear red cong ested he 1ewer moru“onxax the;f‘
1~fffi Pa unﬁ l“Obee gill"%?pe@?eﬁ pormat. '
. f Cuu]?aasmau-oQ fisn;, Ths 5a¢1\bl&déei agyfery :

'flargé;*and pin point blmﬁk dots covered the caeca and the

‘Q’:Ofg»;~ 1vocu1ated 1ntramuscalarly vit%~2/1@ e %ie*centi~£ £;k

 ‘fmeters nnmber 1 de?afland suspensxan ef B. salmqg1—f-*~ 




dntestine. The intestine 4id not sppear abnormslly congested.

 The 1liv er was soit, pulpy, and slmost celouriess,; wiile the

‘waa-ccveréd with white spots. The swim bladder appeared

. Bliced fish transversely. f‘ound a distinect red sgm;'

the abscess, on the dcrﬁ%l,ﬁﬁgiﬂﬁmg chasacnai'rea spbtsv‘
"ewe obsmfveé Mn ““e ﬁﬂs@;ﬁjﬁfgaxvf

ﬁewea cul turos from the liver, thcltiﬁme:f,- the. guts,

;,he aépﬁh.g? tna 8b$€68b anG 1r0m the O&tﬁi&e of the ahsaeuhkv
. EXamined sliden taken Lrom th@ wﬁite, pnlpy mass auts%de the
ore, tae szer, nﬁ the ﬁey%h of the. uLscess,, Stalned tnese

U.W1+Q methylgne blue, Grﬁm stain, and. ergnu's Stain,

i Hesul, micvoscoaie exani naticn_aﬁ slides.

'{l. 0uﬁ51de scr@, - )

(a) EethV1ane blue - the sliéﬂ conbaineé in thﬁ majomity

‘° sma11 reds with rounded eﬁds, sinale and 1in @aars, 0 5 to 0 7

’f m1crons 1n lengfh\and Q 3 micrcns ln width Same.oi tmeﬁe

‘were alm&st coceus like in shape.

,  * The rods appeared Lﬁiﬂtlf Gram negative~

;féds._ Tae slldes alsa cantained tissue cells.
Liver. | |

(a) ieth;lene b; 7 bhe smear connained a very few short

‘;  rods of from 0. 5 ta l micron 1n 1enoth 'y'ngxe 0.5 microns

ln wiath.f

3
o
|
o
G
y
i
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(b) Gram stain ~ the rods appearea to be Gram negatlve.vn

(c) Erlgh*?s stain -~ no B?&ng 1n tve agpearance of the

i‘ Depth of abscess.

k,a) Eethvlene blue - an*éimast'pure»Smear‘o?'Shbrt~roa3p0ff;

"“?L15 _-1 mlcrens by 2 - 0.5 microna in length-

(b) Gram stain - the rods appeared Gram negative.

(c) wri {tfs,stain ~ no cgange in the appearance of the ro@s.

“7,j ith ﬁrightis stain in all cases clumps of cell appeared to be

“ fpresent which were thought ‘to be due o “the degeneration of

' £Ecel1u1ar elements. There were few p@Lidct cells. Some cell

 ﬁ j1ike bodies were. also falﬂtlj vmsisle in the methylene blue

?{ “Smearg., These appeared egg lihe in shape with a dark blue

f‘7fstained nuelensq

S ene TPaed that the rods ‘inside the body of the fish

:f‘;were larver than thosa fram the outside aeems to indicate that
‘fothe ab5cess daid nct open ta the autside. ’ |

- - pure cultures of the organism were isolated from the

g:: gb$¢eSs5 the liveryand the guts.

[Goldfish number 2.

7 3;30/10/51 = inoculated 1ntramuscularly with 2/10 ce. number one

McFarlan& suspen51on of B. salmonicida, Left at

room temperature.

*f‘;31/10/51 - white material\covered inoculation site.

 xL2/ll/8l - s&elllng at 1nocu1at10n site, white material around -

gill opening.



‘£ %5111/5i§;a;°ish.remalned inactlve ‘near- the- bottsm of the bowl.

s ,; _ The inoculation s&te was awcllen and éiscolored.

51 - fish bad difficulty in retaining balance. ;

;'wtgé swelling at inoculatlon site larger, discoloration l t
a darker»red~ The wound -was covered With a White |

\‘ngﬂgus like ?rawth*  The~flsh had difficulty im

’73 ,retainins its calance and tne exterio? was completely _; 

| ?:_%covered with Whitiah materlal.»

'£ "*~4»bhe fish was more actlve, the sweillns less red and m L‘ > 
lass white material eoveréd tn@ fish. The white g .
f}mauerial on,micrascoyic Ex“”*aatian,appeared to be
, ,01umps of cell and tiss&e, With‘few perfect cells
»l present..‘ | |

' ?f\f at times the fisn aypeared almost aead

j»{;:;59/11/31 ~ the Wound a§§eared langer and darker unﬁerneath._
. r»{ﬁqA.dark sp&t appeared oa.the side. eppas;te the Wonnd
|  the fisb.aggeared Ialrly active. , 2
 },:i0{ii/51—ra darker red llne appeareﬁ around the woun& less
: | "‘ white aypeared an.the aaund. . ‘
:  fi2[i1!3lr the. sore ‘was open, all white matter had dlsappeared 3
   '; ‘;:"except,around~tﬁe edges of the sore, black\matter‘
‘;fcoverEd'the~sbre; <Black spo£s éppeared on the‘fins,
© the tafl, the gill, and on the sides. -
’;‘; 13{;1251— the open sore was one centlmeter in diameter with
|  ““v ﬁ 7yfblack around tae edaes, arcund the gill SliuS, and

;‘~ﬁ'on;the sides.\»«




25‘ : ’
”ffjwe the sore was 1arger¢ E“e ?iSQ nad perigdg of
; extreme activity' then lﬁ&ﬂtiVltv.,

"ff@ fish appeared move active,

'ﬁi{1x5%~a11 blaék marks na.iglgappeared»,

*ﬁ“fff}f'kiilgdﬁLAs;,after,zsfdays.’ PerfOrmed auteysy,f

therior exggination.f

- Fish apneared active, all black spats had disap~

“f?j’The sore was beginainﬁ t@ close

Interior examlnatian.

Cut a square openin* areund the innculation site.
 Fcun_‘a»shal1ow, soft*wound cgntainlng reddish matﬁer. The

*Qfgflesh around the wound appaarea firm and white.\,mhefgills
y,{,’;“;;appeaﬁred normsl. |

Cut &ﬁdoﬁﬁﬂ; Tne Lnterior 0rgaas‘appeareé normal

rjfﬂwith the exceptlan of tae liver which was scfﬁ amﬁ puiyy.v

e Sowed cultures from ‘the open. wnund, the liver,'
"73{the‘heart, the kidney, the gall Jladder and tha dorsal blood

fij;vessel.,k

* ;;the 5 leen, inside tne wound, uhe heart, an& tbﬁ gall bladder.
’1 8tained with methylene blue and examinai.

:1f;Resnlts of micraseog@c examinatlen of slides,‘

a2 ;l‘ Outside wound i anly one—or ta@ cocaus like orwanlsms and

;Qione or two very small rods thh rounded enda of .45 - .65

';;Qmicrons DY -85 - G 3 mlcrons.

ﬁade smears froa the outer surface, the epen,wound,~‘
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:‘;2;_szer - a/?erj feh shaft rads Wlth ‘rounded ends; ‘all about

if;;the same size, of 0‘7 mierﬁns by O« 2 micrmns. Scme;aellular>

*ﬁsubsﬁances were alsa present.
;Eﬁea3t4+ Smallsréésvw}ta~raunded ends:cizagﬁ ~-1 mierons by

'0.% microns. ~Also some cocci in messes and some cellu-

i ‘ar:materlal. B

: j:4; Insmde Waund - a EQV'smali roﬁs of 0.5 - 1 microns by .85 -~

”ﬂ;fg 5 mlerﬂns. -Also obﬂerve& t%e ﬁresencs of some callal&r
kématerial. S b : | :

 ¢§ 0‘ Sgleen u'alvery ;ewfsmail.équ,af'ﬁ.5~~‘0‘a mierons by

’;;QG 2~ 0.3 mierons,~ '“ | o | ; |

*5f:6¢,8a11 blaﬁ[er;— contained small reds of 9 5 -1 ﬁicrons by

,g é0 8 - 6 X< micraﬂa.

Isolated pure ﬁnltu?es of Ba_ salmanicida from the

*ff;inside of the sore, the livery ub@ ‘hearky and tnﬁ Xidney.

‘ ﬁ@?&f@ﬂﬁlj the fish had been able ‘to resist the
‘Q§ fdi§ease; \If:smahtwérefthe case~then,a{fish»whmﬁhgnad bagn; ;

?jfSéarifiea,wculdaprgbabiy.nat suffer auy i1l effects.

J"t§§01d¢isn aumber 3.

'§ ;30/10/31 - scarliied xish anﬁ rubaad culture of arganism

o , : lﬂtG 30?@.

'*i‘,31/1@/31 ~»observed a small, whiﬁe spot on the soreg’fﬁb bther

: v chgnwes were oFgervea.’ Tne TLShAPEmalnéd in appar»'
ent guod acaltn.' |

 $2/12[31 7~ gnoculated ziSh 1ntramuscalarl§ wi*h d/lO ce.



number 1 Ecﬁarlahdaansg%asian;afgﬁ;asalmaniﬁigg.

“c"; ;f fed fish gmth susgen31an ol or gaﬁwsL mixed with
'”;1 ;figL,ngﬁW': The Paec@s was-lenﬂ and 4n a thin
‘< ,gﬁ?a1ght iina*ﬂfﬁhc inaeulatzon site was cavereﬁ
7 with white materl Lo |

k””}b~;ﬂﬂba€TVEd & dark red area around the inaﬁulatian:
- site, and a -nemwsa f‘ﬁ@i’&&hiﬁwof the dorsal Tin.
~#2;£i5h f0uﬁﬂ;éﬁﬁﬁ»&tug.As,@@ff?effg?mﬁd autcgﬁym;’

kﬁxxgmiar~cxaminaﬁian.,

g ?6 white maﬁﬁer on tﬁe outsxye of sare fut~a‘@arkf“
" ﬁ‘line waa observc& belaa 1t.

Iﬂt&?i@?‘exaﬁigatlﬁug‘i

Tne 1&31&@ of the sore ﬁaﬁﬁdaxk red and #illé&‘ﬁith;;‘

77~gather parts az th@,boﬂ; wa# iirm and "hita, Eouﬁﬁ 8 large '

”f }blﬂoc cict anaerneath the abse@ssea Syot, The internal organs

?thcfrish aﬁpearsd mcxmal.k
_ "f f Sowed'culnures on mnuriant agar from. tne outside of“
'Vitha &bscess, t&e inszde of tae abscess, the 1iver, the splesn,
g f;£he kidney, thm dorsal blooa vessel and tne aearta

k | Eade smﬁars fram the deyth af Lhe abscessg tﬁe -

| {}liver, and the syleenp | &1nea wita Gram snaln and examined ¢

'73 [Re3u1fs of‘micrascopic examlnatlan of slxﬁes.

1) The dentn of the anacess - tne sli&e contalned very small

Gram negatlve rods of Q 45 - O 8 microns in length and

Vruicﬁt matter,' The muscle»arga ar@un@ tns sore sePt, but 40
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-6,2 - 0. 3 wlcfons ip fiath, ‘alsc Gram ﬁ%?mﬁ&“e cocc*

of apﬁroxinateiy G & microns in diameter.

;Thé’wiwﬁrgﬂ *hn silide ﬂevzaineé ﬁeme large Gram yﬁsitlve

}fflength.ana @ 2 = 0.3 microns in widﬁh,

2  The 3}3; fee

.45 - 0.9 ﬂiﬁ?&ﬁ% in emwtﬁ and 0.2 = Q,S mlg rons-in

S m ﬂ&&ﬁ?ﬁ'ﬁ“l‘, ': o

; Tao&ated pure cu%turas ef B. salmonie;da from the

néart, th@ spluen, and ﬁu@/l‘?@?m,;f

:Galdfism numhar &. ; ,

'Q/lalsl - scarlfiéd fisn anﬁ rubbeﬁ cﬁlture of the organism

, 1nta tne sore. ‘

;il/lﬁ/&l - saft Wﬁlte Iungus like materlal was observed on the
(- scarizied spot. , , |

o e | ﬂe ether changes wer@ observed in the fish,’ The
_  f;f1sh remained in ﬂeod nealth and acﬁed in a normal manner.

 f fg/12[51~ -jinoculated 2/1@ cc, number~1 ﬁcFarland SQSpension

"  9f B. 3alm0niclda 1ntramuscularly.

V L¥$fig?glf‘;“Whlte iungus llke mater;al was abﬂervad at th@

Praty ot ~}1ncculati0ﬂ ﬁlte§ Aﬁded,a brgth-culture.oz the
5y : ‘;Orwanlsm t& the fish ?00&‘i ' c ,
;; §4/12/ %'”he 1noculaﬁien site was dark red.

‘7ff5/12f%1 4fThe 1noculaticn ﬂiﬁe was swallen and discolored

7;wrnasfa@dVﬂamefGra¢<n9'fﬁlv& w0d3~nffﬁwb»~«lg¢ieransﬁm&:J
, - th -.ﬁﬁdﬁ<ear;alnsﬁ Gram nﬂwative voik of i

x; wiLtnvwa&%awmumepabswﬁramg&egaxivauﬁgcc&;@f»Qaﬁ\mier@ns 5

i




£§. 
!;of;the ngﬂ" w@@izﬁj&h@‘fiﬁh'iaﬁﬁ.

. end 8iscoloured. The Taeces was two and one half.

Dgy Was tﬁln ﬁﬁd whit

”T?g{%g@uuarvaa a large ved haemarr% gic ares around the
sore. The fASﬂ rnzazaed near the u@p of - the bawl;
ohads capv3151ve movsments wit lutew_yanlads of

iﬂn&stivity*

‘Lha red. araa sﬁrrnunuiny tne smre was lar*er. The

”ﬂ;”igh‘*eﬂaiaeu near the surface of the bowl.

‘*,ﬁ}astlge, PSRN P ,
1 - at © 4. M. found the rien floating on its side in

t%e bawlq~ e*zarma& auum@sy.

‘~Eyte ar examin stlon. .

»A la??é holes 1 cantimeier in §1are+er and 4 B

fmilllmetren in deplhy was observed at tﬁe site of inocul&tion"

7ans oore was surrounded by white; dscolo*lsmd scalesa The
";‘?tlssue in “t;ie hole was harﬁ, bhe scales scft and easily
;kkésfre-mgved R

Int@rior exaalnation.

Cub abdomen of flsh, remgvud skin. Connected with
»ftwe open wound was a larve ﬂbscessed area of l eentlmﬁter in

RVy]diameter,, ”hls was filled w1tn whlte purulent matter, and

“Vbnﬁf%hf isa remsined acbiveﬁ uiXEﬁ brc‘u cul*ure‘;

*?QJ9{@he[ﬁighxrsﬁaiﬁeéxactivekhﬁtfﬁhegwbnad;wasu§ﬁclien .

g@baervau~a_largegagan.sage.MHThe isb remained less




5Q.

: tﬂe/areu sﬁﬂ“ounéznﬂ the abscess was soft. égaeéshaémazrﬁagie{
1*  area ?as 10ﬂ£& an, the muscle hﬂlct*uhe sors. . The liver aud th

*t and nulp ; and shitish in »ﬁlﬁnr. The swim

‘<tne ouuslde, tne liguid in thﬁ agscaﬁs, t fepth of the

&ue :;31’@&.{’5 from the @mtmd{a el the sore and tha

*dentﬁﬂér t&e absaeskn bﬁaine% wit PR stain &nﬁ azawined

‘f'?Fesults of microscopic examinstion of slides.

1) Duzsaﬁe of gﬁ_ sa?ev~ observed numerous small Gram

nﬁyaﬁive rods wi bh rounﬁeé ends sad length of .4r s'k

“HﬂtgfmiéTﬁﬁﬁﬂwﬁ@h a ffdth»ﬁf ﬁﬁ@ahvﬂxﬁfnicraﬁsa‘

Graﬁfnémutive raﬂs of- ﬁ 5 mlerons 1n lenyth and a.z -

0.3 microns in Wméth.

'zsalateﬁ~pure'¢ml ures of B.yﬁ&lﬁ@ﬁl&lﬁa from une

ey hearu, the spleen, the liver, iﬂe &orsal blood vess&l, the

s

~?Wepvﬂ of the absc:esaj and the clot nndev tﬁe ab%cess."

These cultures did not yraduce plb ent on agar

*ﬁn%i,\sﬁbcul tared eur timas, with a p@fioi of one heek

'~between eacb two subcultures.

e Goldf;sh number 5 and numb@? B

‘,SQ/lG/ ,; added 15 cc.~three day old brath calture of

Sowed culizres froﬁ the ncytb\af the sare, the 50r9§ .

ﬁ} B@@bh'@f tﬁe 2B50e58 ~ &0 mlm0$* pure smear of small

et By




5‘3“

. salmonieida to the waber.

' Ho apparent effects were observed. The fish

VL-rimoculated 2/10 ce. number 1<jn %rland~3ﬁ3§ensiaﬁ
'*+raﬁﬁ&cﬁlavl*@‘gl~
_;gbserved waite.matter ound tne 1nmculaﬁian\site.

"Tne faeges was lemv ftﬂin &a& calourless,~i

B da:k_faé dlgcwlcratman.was notxeaasle areuné the
kineculazi@mx&ihew»

~ the tissue was swollen avound the sore but the fish

-vreﬂa,nﬁﬁ aﬁtlve,\

'h»-ﬁxv@&rha@maﬁyﬂgﬂiararéa-wasHsbsﬁr?eﬁ>aroﬂnﬂ~%@e;

. sore, white m&t*mﬁ was | iv&ﬁ;aff,

8L - the flsh rﬁmglned near the suﬁPac° of the water. "§ 
| o
|

"1$~~tae ”igh ?YGW‘mﬂfﬁ actlve untii

: 7%&»%\:hcn ¢+ was nlacﬁa ingﬁhevin ter at 28°9C.

fsyinoculazed agaln wiﬁh 5/1G Pcﬂ,numher.l MeFarland

‘susyensiﬁﬁ.affba.salmanlc da.

71 Q§187lf52§Aéanstiéeé»a;sligh‘fswellinv arsund ﬁfe lnaculauion
e ‘: %; ' 7site/;~;ﬁof0$h§ra acﬁs we“@ @bse“vedawz
: 2/ 2/53 o= death of ?O’f éf{fs}a “‘%’9.' & due to f;,ac:gident@ ‘ﬁo

cul%ures werp obtaia R B 3 PR

‘ff,;9f2253  fn,Bemo?sd valdfish ﬁs, B to rooe t@mperature“

: 7}&§1&f§5b}n&mber~?‘/

- i3/1m/EL - inmmaecedfin;;ra(musculariy with 2/10 ce. number 1

ﬁcFarland suspe ;éq;éfjﬁ-salmaniciﬁa.




- red haem&rrhggic»area,surrngnée&?the;iagealatiom‘
- site. ‘

.~ the tissue araumd the inacul&tlon site was swollen

and reds Thﬁ fisﬂ rpmalne&,agﬁ¢ve.~‘
91 fh@ﬁfiﬁh“wﬁﬂ\ﬁp?“‘&ntll recovevzﬁg'fram its vreviaus
‘V'inoculatiani Beinoculated in ramusenlarly‘vith 3/10

"‘ﬁc. nusber 1 ﬁcﬁarTQnd susyensiaﬁ of B. 5&1@Qn&31d3"2fﬂQ*

'»_;Placed in incubator at :e'?;i»’;‘?‘%:)._{i ST N  §i‘f”;
: j/'?‘@'cnr:x:asi fish ﬁead at & Ps H. Performed autopsy. k r&3> é
“;j,fish nnmber ?, | ’  _ | 3; |

Eyteriar azamiggtlaa.‘ . :l’“‘ o . | e 3{5?

(&.} le:t side - The pectoral fin wes turned

?anoerlorally., Aﬁ tha ha&e af the nectsrai fin was a haemorr-

:area of 2 by 4 milllmetres. Aﬁ‘sne»gasegoi bhe opudal

St =

?fin was‘a haemorrhaglc ares 2 mm. a@uave,‘ The anus appeared

*,_ (U) riqat Bl@e. o Th@ nectoral.~in was normal.

The site of lngecilan WES nou haewarrhagic but tmere was a

i ;

m&r?eé haemarrhagicvaﬁea abeve the caudal fin. On the anter~

7113 was a aufzused area of l,cma by z.mm betweea the

pectoral finsv'

Interlsr e amlnatlon,

Wnere were numerous aark spots of" % millimeter in

aneter oa the walls of the intestine and the perltoneum.~ o . ;f

i
\‘ 5 “lﬁ bladder was 1nbact, tbe livey soft, and the‘npper

intestine fill@d wit gas,’ The deep muscle layers conbained




B33,

‘no haemorrhegic aress but when the sc3133 were scraped off

 maﬂy smal1 naemorrhegic areas ware ohserved all slong the
Bowed cultures on nuirisnt agar from the liver, the

‘body cavity, and the heart. Incubated ab 5 28°C.

Isala éygure cultures of 3. salmonicids from all

‘of these.

Goldfish Ho. B.

iﬁflﬁ/ﬁl - inoculated inﬁfamﬁgcﬁlarly with 2/10 ec. number 1

HeFariand sugpanaign of r&@;monicida.' ' ', g

[

ﬁram 5/12/3% , -
9/13/51,~ the symptoms were the same as those obaerveﬁ in

e

goldfish number 5.

- 18/1/32 - inoculated intremusculerly with 3710 cc. number 1 it

HMeFarlond suspension of B. salmonieida.

= Incubated at 2690, | i
17/1/32 -~ fish found desd at 3 P. M. Autopsy perforned,
501

L«h

-Autbtopsy of £

'Ex*erinr‘éraminatiﬁnﬁ

) risht side - apneaved nornal.

B

b} left side - The pectoral was turned anterior-
ally and had & haemprrhagic area at the base. Found a haemor-

'”hagic area at the baSG of the operculum. Removed scales.

- There was no 131ble haemerrnavic area with the exception of

one sofg sgot on.the undev side just below the dorsal fin.

TLe ccntents of the body cavity were soft and contained much




Bd.

U,Ilal. f' he svlm nTaader was 1nbacg, the lﬁﬁRSulﬂm cmns iGuEd

°Ain sp0us, aa& full Qf g8y ,iﬁe;live@,wgs;@lmgst f?
7 }f;deeg mu€e7e was. aemaﬁrnaﬁie*iﬁ~spats*‘

ched cultures on nnﬁrlﬁn agar from the peritonesl.

 ﬁIff1uiﬁ, the hmart5 and the kidney. Incubated at 26°9C.

Iselate& pu?Q cwltnves of BQ 531%onieida ?“on all

'OiftEQSQw

r 1 MeFarland augyﬁpaiam :

of Ba salmm iicids b i xnﬁ;aperiuoﬂﬁalﬁv and’iﬁtrae 

muacularl“« ‘ncubatcd at g@ﬁa

?ers pme@ autopsy.

" ,AUtO§SY o:,fis&;]

’,,,~~

l ”.’1’1&

(=g
i
(<3
I
s
o]
&
}\

"’Eaésrjtha yeﬁtpﬁal_finsswereudeeggurﬁi, soft areas.

’?The Whﬁle»afjeach,fiSh;was‘covareﬁ wiﬁh'asftﬂ'white7méﬁt@r,

_Ameuu'%[iﬁeh fﬁom'tne ‘tail tuere was a,agrs, raa,,m]avdy area
L rnlcu did mot zo to any. depths

'mL&riaz; x;uinabionﬁl;

;ﬂll_ﬁhe,drgans/eflthe fish appesred normal.

8ovﬂ&;cultureﬁ o£ GQl fisu nuaber 9 from the heaft,

"j’tne Adi@ﬁt~ﬂ&~ contents, Ll & pectoral Tin base, and the ha@mGP"i

nage mp““ bnc a~l

”f;'tne dorsal bioo& vessel, une :ed in the muscle area, the liver,w‘

‘~?571f5@~,~ found both fish floating on sids in bowl at 9 A

SD‘CQ cu«ture of (oldfish nunber 13 from the blood,

¢

o

i

]

i

d

11

i

i
3
It

I




&k,

v;¢gﬁ§hg'iagi@ebgflg@eﬂggrg~r:éw?fﬁhe»§ ctorsl Tz 33 §?& the vunt,‘;g

Izolated pure cultures mi‘ﬁw~3%;maniﬁi@&.ifsmsaxl

‘“c“nese cul“u esv“

EGalﬁfl h ﬂew 11*

L 1uecnlated with 2/1@ ca,'numbe; i wcFa*lanﬁ.suspens»f

o 1on of B. salmoniclﬁa ‘both intraﬁerltomcally and

intramusaularly

SR 3w obgerved. reaqisﬁ wﬁ@n at the inﬁculati@n gite.
1Ljff7/1/a2- = found«flah;Llaating on side ai 9 A e

Perxoﬂmed autoﬁsg.

o %éﬂéﬁﬁé‘?@‘f’ of fish.

,Ex@avidf'ﬁxaminaﬁimn4

G ‘ ,fﬁbserved & large dark ?atéh‘ﬁnﬁax~the‘ﬁcazengith
U ;éﬁ~abé¢e§s ialther aown opposite ﬁﬁs pelvie fln, about 1
' écenuimecre from~the’iﬂﬁ@ﬁl&txan‘31aaa‘ This was saft, dark,

,;rea and. f£illed with soft, red maﬁtar. The fish itself was
k }very~sazt,,tha;skmn»EYOKE.&&amly,yand tﬁe iﬁ£eriarf&@pegxed
7i£to be in a sof't aecaved state. e -

{ Lnterior exarination.

3,*“&@ 1nueatiue appcarea s;xchtly aongestea, the
7spleen was very sof% and fell to pieces easxl : ”he oody was

x' naemarrhapic 411 threngh the muscle area, even on the side

f 'foppos1te the ineculatlon\site. -

Saweé eultures on- nuﬁrlent agar fram toe abscess

‘ngTbefOre sedring, tne searea anscess, th@ intestinal contents,




B8,

ngcs%tn ﬁ io ﬁacﬁﬁ“ iiﬂn‘éiﬁaﬁ’*“efvpl ﬁq‘the‘

flﬁiﬁﬁﬁe&y agevbﬂcmx« 3

'e&SJLWLau @u”e cuitures of B,‘sgimmai é& rom a1l -

iﬂoculaﬁeé with 5}1‘ ec,"nnmber 3 @ﬁsa?land sus-
pensiun of B. salmonic1da, Left at 2@“0 |

foﬁ'w a sxﬁll ﬁ&ﬁ 3p0u at tﬁw 1noeu1atzan Sibea’
- mund dead at 9150 A. H. arect in bottom of jar, 3

Pﬁrformed auta@gvt,.‘;f,:,

""Ec"@efiniﬁé abéc%%a al iﬂ@ﬁﬂlwhlﬁn point on the

stoulder but. Lnﬁ flesh was saft and haeaeirkagic. Several

iolack aress on ba%h Qidas,, The b&ﬂ&g of . the pectorals appeawed

i;haemorrhagia.-

Inﬁerinr Qxamin&tisn.

”he gall ula&der was almast as larﬁa as the 1iver,

tne hin& $u+ ccnées%ed and ﬁmmllen.f Small uaemorrhagic aregas

%ere goserved abgun the anusa;\

Sowed cultures on nutrlcnb agar f{rom the muscle,

tﬁe inoculation site, the peritoneal fluid, *ne mid guty the

1ivey5 Eﬂe b;ie from the gall bladder, the kianey3 the dorsal

bloed vessel, tne soft mﬁﬁCl@ patc“, and xrnm a dorsal deey

'ﬁmuscieﬁblﬁdk;‘ Incusated:au 26°Cy




g Pia“noﬁqga@ain,Qﬁlﬁuﬁ&&lgfvﬁe,salgﬁni;iia,fram the

kianeja tﬁe aorsdl uloca -vessel, and tho darsal decp muscle

saspensicn ox B saimﬁniylda 1Lt:amusmularl;¢ Left

at.EGQC

ed the fish in.any wEY . Eeinoculated intraperltaa~'
e eally with.%/lﬂ‘cct number 1 harariand susyensian of
B 3&1m0nicida. Lﬁlt at 2608

17/ ff.:az» Fish mum a_ea& g,%: 5150 P . Performed autopsy.

&utowsv~ y £ fiﬁh.

Ex%erlﬁr eﬁam ﬁation.

(a ﬁlﬂh+ siée - bh@ Qecfcral xkn)was tutned out
>

and haﬁ & amall naeﬂarrnaglc area at theAbase, A a&emorrhagic
area cn tﬂe peuuncle 3howeé tLPGUWL the scal@s aE d*d & con-

gestion ab the incculatian.slte* ?bea,the sa&las wera removed
; 5many;mL§Ht8SkhaﬁmOFﬁﬁamlﬁ'Eﬁﬁwp‘ééfﬂ;ﬁbS€$V6@ over the entire

g

f‘(a} Teft s de - The left pectoral [in was normal.

Wﬁen tne seales were removea mary mlnui@ - hmemorrhagic spots

eve abserved &ver th e.enti?e~ﬁmde@;

vllnberlar e&a&inatm&a.-

T’e:ba&y gall&[werevaoft and rotten. Thare was

2 V”’2~ the iﬁﬂﬂﬂlatl@ﬂ of 9;1{52 &iﬂ nmt seem te have affecta’




helew the skin. These

~

R & de L5 s ~ .
-6 pin point of pus in the

gl 828 G’G 5

on nutrient agar.  Incubsted

Ovtazined a purs culiure of B. salmonicids from the

 peritoneum. SR

Goldfish pumber 14.
9/1/22 - incculated intramuseularly with 8/10 cc. number 1

F3

¥eFarland suspension of B. saluonieids.

18/1/32 - the inoculstlon of 2/1/22 4id not seem to have

affected the fish in any way. Relnoculated intra- B

peritoneally with 3/10 co. number 1 HceFarlsnd

‘suspénsion of B. szlwonieida. Left at 26°C., Found

Goldiish number 15.

9/1/32 - inoculated fish with 2/10 cc. number 1 HeFarland

suspension of B. salmonicida. Incubated at 25°C.

1

16/1/82 - reinoculated with 3/i0 cc. number 1 HcFarland

suspension of B. salmonicida intraperitoneally.

Incubated at 28°Cc. | S




i:{\é17/1/524’*5f0uﬁd dead at 3:30 P. M. Performed autopsy.
i ‘ , :éz‘g.u*t;c@sz. .

E terlar examlnation.

(a) Left side - pectoral fin turned out hlta,haemcr~
| 5gic area of 5 mm. by 5 mm. at tha base. Haemorrhagic spot :
;3 :gatinoeu1at1on site. | o

:‘l | (b} Right alde - pectoﬁal fin.tu?neé out %ith
'féhaeaerrhagic area of 5 mm, hy 2.5 mm. at the base. "‘

i | - After removgl of scales, both sides showed ‘small
; 3haemerrhag1c spots. ‘

lgterior examination.;

g e e ”he flesa.%as too sof't to Gaserve. The swim
'ff“~jbladde; ﬁas intact. v :
k Soned one cultnre only, an& tnis from the peritan—

éeum. Incuoated at 2898. Finally 1301ated akpnre,cultnre of

;B.~salmonic1da from tais.

‘,,’~seoldfish Zumber 16. |
"’~j16/1/32 - Inooulated intraperitoneally with 3/10 cc. number

: l»ﬁe?arland susyens;on,of;ﬁ, sg;monic1da. Incuoated
Cha a0 e LR
{1?/1{32 - fish found dead at B: 50 P. M. Performed autopsy.
- ﬁﬁqtogég;~ | |

Exterior examination.,

(a) Riaht 31de - the pectoral fin was turned down-

3  }wéfd’;and had a slight haemorrhagic area at base. Removed




-~43f'

“*scales, zound only ane or tv& haemarrhabic s;cts on the belly.z

(p) Lelﬁ side —-ﬁbsarved a naemarrhabic area

he dorsal\side GL tne aperﬁulum, therwise‘the,left side
gpéared;noxmal;:;Bemnvgﬁ:seales;anc haéé6rnhagiGJé§é£s §efe
i?éf%éé;uf ; ” SRS

Intarior examinatlon.: o

Tnere %ere ﬁﬂ v1sib1e B?Gﬁs Or haemorrhages ln the

‘.muéﬁlé,, The vmscéral orvans app&ar&é intact. The belly w%as

punctured at the slte 0 1nocu1atiana

thained inJ one pure cultﬂre of B._salmonicida.

 his was from the kidney.~;u.~‘

V@oldfish number z. :
’ffégléf;ZESL;~finoculated ?1sh 1ntramer1tonsally Tlth &flO cc.‘

nﬁmher 1 ﬁcFarland suspensian of Ba_ salmonicida.
Pfjjla/;fsé'fa fx$h fpuﬁﬁ deadygt 8 A. M. Performed autopsy-

Exterior exaﬂination‘

_ (a) Blght siée - The pectoral fin was turned
;anteriorally.: The Whole bodg of the flsh was. dark, the anus
yff]éreddish, and the left fin turned ont* & large haemorrhagic
| farea of 2 = & mm. in diameter was oaserved just below the
{;7 Epectoral ?in,. Below tnis was a larae dark area almost % inch
  f f1n diameter.‘ Purulent.matte:‘was;exuding~from tae,haemorrhagid

i

'”177area.,;7’




(b} Left siée -rsaffuseé haemerrﬂagic areas were

Iﬁﬁerlgr examinatigg

B&rk spots were zounﬁ an the intestlnal w&ll and

ongested ”hﬂ‘lﬁaer half of thelfzsﬁ contained no naemcr—

hagesy

- ‘seaﬁed abscess, the dcrsal slmma vessel,Lan& the periconeal

f}_u;}_a

1solated pure. cultureﬂ of B ‘,ksa%maniwiﬁa-frum'all

!°¢£of these cnltures-

Qéggﬁol_fish nambev 18.

~iij€21/1[§2 - 1nocﬁlate@ iish 1ntrapar1toneallv‘Wxth43/19 ceu-

number 1 ﬁc?&rland suspensian fram cultures from

- the kldney*and tnefparitoneal fluid of Tish Ho. 8.

e 'lncubated at 26%C.
5fij22/l[32 ' faund fish floating in Water at 9‘&. M.,

"fPerformeu an_au%cpsy“

 Autopsy of fish. |

Exterior‘examination‘

U‘kThe fish apge&rud normal.

,Interlor eﬁamlnztlon.‘

["‘The liver avpeared verj SOLt and covered with small’ '

,-»‘7dark Spots., OtherW1se tﬁe organs appeared in.a normal condi—
~ ftian. : :

n“the'pe?itoneum* Tﬁe ‘swim blaader was intact, the lntestine 3y‘“

cowed enltares from ‘the. Iiver, tne—haemnrraage, theg_gf o




: ég%‘ ‘

?thefliver, tne heart the spleeﬁ, an& tne perltaneal fiuid.
}Incubated at EGQG

ismlate&.gure culture of b‘ Salmanlcida from the

earﬁ, tne 1iver, the 1iver SpDuS-&nﬁ the neriteneal fluid,,

:fGoldflsh number 19.

7”~;21/1}52 = inaculated the fish,intraperitsnaally with 3[10 cc.‘ﬁ‘

o monici&a isolatﬁﬂ fram fish.number 8. Left at 26%.

i“ﬂf§22/ ,52'- founé lgating at % A. ﬁ. Performed autopsy- .

‘-kExterlor examinatlaa.;

‘~Tnere was no eyterlor eviﬁense of tha @13&&5@.

“Interlor eyamination.

_ ,‘The liver was very soft aqé flﬁid “and covered with
‘ f ?sm31i spots.‘ All‘otherlcrgans apﬁeared to be-iﬂ»a'ﬁO?mal
ﬁV,iconéition, | R ph SRR |

Sowed cul%nres on nutrient agar';rom Lhe livar, the

'Q»Ijbile, the aeart, the periteneal fluld, ‘the spats on the 11ver.:,

- Incubated at 26%. |
e - Isolated pure cultnres of B. 3almonicidw from the
;;heart, t‘”xe liver, the oﬁ_le, tﬂe ;geri’wneal rluid, and the
“  €;spot on the liver. |

 , Goldfish mumber 20.

 {§21/1/52 = inoeulsted the 1ish iniraperitonaglly with. 3/10

cc.~number l/Mefarlanﬁ suspension of culture of

Bcweu cultures cnunntrient avar *rom the liver sgota

 “’ number 1 EcFarlan& sasgensmon.ox eultura of B sal..q,“




- B. salmonicida isolated from fish number 8. Left

‘at room temnerauuf&.

autﬂpswt~gi"

 Exterior examlnatlan.
area was presenu at the incculatian siteﬁf ”his ﬂaﬁ olcody

7 ffThe mnscle area surreunding tae anus, and that under the

   §pectora1 fing Were all h@%&or”hagico; &»193i0n hid crmed

fffgunéer the czuéai in, and ﬁhe muscla between the pelvmc fins
'7)ﬁfvas also haemmrrhawie., ' SUmRE | |

Intericr ezﬂgimation.

P The intestine ﬁ&s ve yrﬁaembrrhagi¢ all.thg~%ay
i¥ ﬂfL?om ﬁhe anua tc th@ stomacn. Tha cvarxes mere large, A1l
' §organs wers haemorrnaglc in ?atcﬁesb The swim %1aduer was
:fgnnaxfected., | |  ‘ | i |

= \   - , On.cross sectioning a linn *pvhaemarrbaﬁevwas
?g3:~ound wfwch extended all &lanw the back of tne fish. Small
’:V?haemorrha gie 3pots were oascrved ﬁeep in the muqele mnd
57713urroundinf t»e bach banen Theﬁeﬁexiﬁtedueven in:tﬁﬁ~haﬁ¢

ﬁ’szarea.%;

'515fthe poaterior intestinal contents, the ‘bile, and the kidney.

' «1301ated pure cultures o; B Salmonicida from: a11 tnese organs,

'ﬁvgé'lounﬁ,f aatlng at t@g of powl. 8t 12 4. M. Performed

‘i; ﬁ_1arge opem sore~3urreﬁﬁdeé b} a large h&emafrhaglﬁf

~;§matter exuding from it 10r ane hau% b@fore &eatq of the flsh. o

‘”ﬂgweﬁ”énlturéS“on nutrient agar ?rom‘the~peritonem@§'




Gold¢1sh.nam9er 21,

1f1/1/52 - ingculated zlsh intraﬁervusneall with 3/16 ce.

arnumber l.ﬁcrarlaﬁ¢ suapenSion.g. salmaniclda

A~J‘thalned frem GQlﬁflSh number 8, Laft gt rasm :

'tempuratuvei

; i fs¥ff0und floatlng at qu ef boﬁl at 1 P, M, ‘Eeffaﬁméd: 

 aLuap$y.

Eytarlor ezaminatlon.

— The flsh was very bioated in apwearance w&tg a
haemnrrhage of 9 5 e, in width fram Lhe site Qf xnaculation
up the siée fcr 5 cm,f ”he aect@ral Lins aﬁd the anua were

hﬁlﬁo;h*>morr agi’ and a small naemorrhaglc 8spot was lound

dixec ly acrass fram tne site oﬁ iﬂﬁCUlabiﬁﬁt

' erier examiﬁam;on,

ETe 2 e int&SniBa7 @rgans w&r@ aaeserrhagiE anﬁ the
pcste"icr end of tﬁe inteatlne vas'awallea i a distance of
2 cm. -ram ﬁne anu Bloaﬁ clots Wﬁre numerous in the
amevcum.‘ e ey
, | ,Oﬁﬁcrass $eetiQﬁigg,$mé114haegggxﬁggic‘sgqtﬁ were
Fféﬁﬁéfﬁrcuﬁﬁ5ﬁhe‘baak bnne,Aél1 aicng‘theflaﬁeral lins’and
throughout mll &hﬁ muscle arcaf | : | |

: Cultures were acwn @n nutrient ééar from the
peritaneum, taa hbart,' the ki@ney, bhe iatestiﬁal contents,

and ;ram one af the ﬁl@od clets. ‘




?are caltures of B. salgenicidafﬁere»%sclﬂteﬁ from @
Lae aea“t, bhe peflraﬁeum, tae kidney, the intestinal conﬁents.
oth Goldfis%‘number 20 and Gcl“”lsh‘nmmber 21 remained veay

fear the ‘surface. of t“e wauev before de&th.

cﬁdflsa nnmaer 22. o

‘5/;/92, - inoculatea 113ﬁ Lntrageritaneally With aflﬁ ce. Qf ;T
e ~a 12100,000 éllution of a,number 4 McFarland sus- f

pansion of l;anicida.‘ Left at 26 s°c.

;fﬁ/&?ﬁf[a«nm visible cnanves‘were Qbser«eﬁ. On this date

fisn died as the result ai B0 acciueni,‘ ¥o

“f,cuibures we”e cbﬁainedﬁ

ﬁsoiifss iﬁbbﬁiate& ?iSb'iﬁt?ﬁ?eriﬁmﬁﬁally«With afla ce. of |
1?1@9,@6@ dlluti@1 of a,nnmmer 4 ﬁeﬁafiaﬂ& sus-

 pension of B. s»»lﬁx@mﬁiﬁa. I.eff at 269C,

"fQ/EfEE. ~«nn Chﬁﬁg&ﬁ were vlalble go removed . to room
ﬁemperature.‘

"~ﬂj20/3/ﬁg - ?ign was agﬁ;ve, and unafiected b; the inaculatian,

* ”fijGo1df1sh'nnmber'Eg.

fﬂwfdﬁ/lfag o inaculat@d fish intrapeflﬁﬂﬂeally with dfl@ ce. of

| a 1*190 dilutian of & nnmbef 4 ¥eFarland suspensiaa,f

: af B s&lmenicida. Left at zﬁﬁcf

‘  §79f2f$2”i;- no cgunges had been abserved so removed to room

1t3m§aravurai




46.

. and on the tail..,

‘[ﬂ ~ the qfi Lad E-i tendency uO lase i ts balanc@. ‘The

1vic “in@ aﬁﬂ vill ogenﬂnwk‘ The Tish remaine&
7, ‘7met1onless near the top of the water . |
'*7; * the fisa,wamaina& mn!phe,same~lnag@ive state.

' §111“& at 12 £1 E, ?erformeﬁ_aﬂtqyayf0f £i$h.

ay of ?is%.‘
'Exteriar examlnaﬁion.,

,Small hnemcvrmaﬁic sp@ts were abserve@ near the,

 f:fpe1vic fins anﬁ alonv the nusele area after the remaval af the

'*;;scales,, "

Z&b&fi@f examinatlnn,

411 the ergans &p?e red ngrmal. The intestine was

°fffhaemuyihavic near the anos.

 5dOT5v1fblGOd vassel, the kidnay the llv@r, tﬁekanteziar/ 

:f[.nort on gf ﬁﬂs 1ntest1ne, the pasterzar yartlan af the

;“1 ;1nte tine, and the spleen.

if ;p0sthrior parﬁign of uhe lntastinV;anlg

:*&,Geldfvsh riamber 25

‘;Eallfig -iﬁocu1ﬁtcé LlSﬁ lntraperitone4lly with- 2/10 ce. of &

‘ 1@3 dilutlan of & nnmber 4 HeFariand sasp&nsion

.~ black spots were abs&rv ad on the gides of the fish

spots were becemlnn 1arver} and etiste@ around the |

Samed culﬁnres onvnutr&emt aga”'fram the aeart, the

Isalatsd a pure culture of B, S&;ﬁﬁﬂiﬁlﬂ from the




a7.

of B. sglmanmlda.? :@réft \ﬂti‘;‘?ﬁﬁﬁr:l‘

1/a/s2 - the rish remamne& aetive. & haemorrhage a@PEﬁfed
T ar tae pectaral fin @n.t%c right side.'

“afgfﬁﬁf - death due to aecnaent. Fo cultures ab&ained.

 1dfish numbar 26.

3@{;{%2'~a-ingcu1ated fish intraberltaneal ly with Efla cC. nf
| :a,lwleﬂféiimtiﬁﬁ 013 n&mner & Lﬂpafianm su&penaxon.w

of B‘ qalmanicida, &eft 2t room temperafure,

?%iféﬂ}{%,ag;axt@rngiicﬁ&ngaarwere~vis1b¢ﬁ but the Tish was

Wﬁiﬁetivgféﬁﬁﬂm&m&ﬁﬂeﬁunear the surface of the

: ‘~§a*er..“ ‘ ’ :
’53/2f¢2 - fish found d@aﬁ at 1VP; I,  Performed autopsy..

;Antcpsv of Qiahgr

Extefiar svmatams;i~

“,,gTbﬁ cﬁly~viﬁibEﬁ»sigﬂ ﬁa$,aFémgii hnlefat.bhe«site‘

’*ﬁhe'énu%VWas raﬁ:a% ﬁhevmp@ﬁiﬁg;'the>iﬁtesﬁine‘

agic, anﬁ small Jaemayrﬂages wprn observed in the

 &¥€?3@ " Otherwise tme organs &ppear@d unaffected
Soweé cultm?es on nutrient agar from the heart,

BSuiﬁ&l QOﬁt@Hu&, the bile, the fluid at back and

lsolatad §ure caltu”es of 5,~sa¢mon1c1ﬁ“ from thﬁ

v'bhe in estinﬁl contents, the Qlla, Lhe ﬁlaiﬁ at the




{babk5732d~the»?éritanealpflui&*"

H'“;nnmberQZ?.4

iaaculated fish intraperltaneall with 2/10 ce. of

‘ a 1'190 dilUﬁlﬂE cf numoer é cfarlamd susyension
"_cf B‘ salmonlcida% Left at TOOom. &emﬁﬂratwre ~'
‘U_wrthe f s.?emaineﬁ i&&ctive.

=~ the fish re&aiaed aegr tae uf ace of the water.

’~,°§guﬁ¢gs?-a£ffﬁgg.

tefiarjezamlnatlaﬁ,,

ﬁ* the 1aﬂ_uﬂ “cn sﬁte wae 2 large hole with a

’~?aaff“area~@mv sﬂnﬂ ng ?t» T&@?e«were red he Lforrﬁagiﬁ sgcts

under thB scales neﬁr tae tail, tae b 3@ ef the &Hal flﬁ was

“nhaemorrhaﬁlc, nd on . pvdsﬁ ﬂa ?ed>matt@r &tnde& 1rﬂm the anal

openm;g, A largu aark g&tch wEs abgerved on the side cypoaite

the inaculaﬁimn site‘

"Interior‘examinati&n.

e ine xnteatiae was caﬁgeatcd anﬁ h&emcrrﬁ*gic to ane
ei"nth 01 an.xncn froa uhe anal apening.‘ ng,gﬁgse the
visceral mrgaas appea¢ﬁd narmal¢,-mhe‘muscla area was haemor-
rha?ﬁc throuwhoat, . |

Saweﬁ cul*uras Qn nntri&nt agar ; ilants‘frcm the
p@ﬁltonehm ani tuP heart : |
it Usea fésh f@r sectionin | Hacmza raglc arcas were

Lcuna fram tﬁﬁ ﬁail bﬁ *de head.ané surroamdiﬂv the backbane.

= t@éifiﬂﬁ Pauad doad ab g B M. Perfo &‘autbgsy. ke




49“0

Goldfish number £3.

 86/1?527 ~ inoeculated fish intraperitoneally with 8/10 cc.
; number 4 HeParland suspensian~af culture of B. sal-
e monicida. Incubated ab 28°C. |
‘;28f1/52sm* the fish was floatinz at 9 &, ¥. Performed

£

autopSsy .

- sutopsy of figh,

Bxterior examination.

The anusg was dark red and surrounded by a haemor- o
- rhagic ares, small red spots appeared sround the mouth, and
dark patches were visible through the skin.

Interior exsminatlon.

'Th@vhaemo?rhage at the énns~was‘exuding &a ciari;T
%ed'liquid; & haemorrhage w&s_observed on.thﬁ right side near
_thé’pectoralVfinﬁ Tbisfgas of a diazmeber ¢f~0.5 centimetres.
The i@terigr;of the fish was inflated and eongeSteﬁ, hlood
clots wére‘fcnn@uin the peritomeum. On slicing haemorrhages
were found throughout the muﬁcleAlayefayvand down the lateral
line. |

Sowed cultures on nutrient agsr from the intestinal

contents, the back fluid, haemorrhage sleng the lateral line,
the bille from the gall bladder, the anus, the heemorrhage at
the tail, the haemorrhage on the right side, the peritoneal |

fiuid, clot in the peritoneum, and the heart.

Obtained cultures of B. salmoniclds from all of

these cultures.




Goldfish number 28.

26/1/38 - inoculated fish intreperitoneslly with 8/10 ce.

mumber 4 MeFarland suspension of culture of B. sal-

monicida. Incubaked at 26°C.
- B8/1/32 -~ the Tish was found dead st the botlom of the bowl

p its side at 9 A. M. Performed autopsy.

 ﬁut0asv of fish.

Exterior exasmination.
Eﬁuthe}inocmlaﬁion.sitc 5 a2 hole with & swmall
‘hasmorrhage, 4 cm. in diameter. Red m tuer exuded from the

anug ¢

Interior exsmination.
The intestine was haemorrhagic and distended.
Clots were found in the peritoneum. The other organs appeared

normal.

Sowed cultures on nutrient ﬁvar from the intestinalv

~c0atents, clo% in the peritﬁnﬁmj, the peritoneal fluld, the

heart, the anus and the ﬁaemor?aa e at tue inoculatlion site.
7 3

ltures of Ed,saluanlcﬁda were not obtalned from

the clot in the peritoneum or {rom the anue.

 €01&”18£ nunber 80.,

”aallng - mLYﬁd 10 ¢ca- of a number é~ﬁcfafiﬁﬁdvsuspensian of

B._ selmonicida with the fish food. Left at room

tenperatures

1/9/38 - inoculated the fish intraperitonsally with 2/10 cc.




5l.-

number 4 HeFarland suspension of B. salmonicida

5;2/2/&2 - Pound Tish floating at § A. #. Performed autopsy.

,'»11121:0{)5" of £igh.

sxterio or. examinstion.

There wore no exterior symptoms, with the exception

of = small hole under the scales at the lmoculation site. This
' was surrounded with soft tissue.

Interior examinstion.

The iﬁt@stiae“was»haemcfrhagic. Obherwise the -
orzans eppeared normal. A blood clot was observed in the

peritoneum.

| - Sowed cultures on nutrient agar from the neart,
‘the peritonsal fluid, the fluid at the back, the clot, the
1iver, the bils ffﬁm'hhe zall bladdeB§ and the intestinal’
contents. |

Cultures of B. salmonicidas were ilsolated from

all these cultures.

26/1/52 ~ mixed 10 cc. of a number 4 McFarland suspension

of B. silmonicida with the fish food. Leflt at
room temperaiure.
i/2/38 -~ inoculated the i h intraperitoneally with 2/10 cc.

numher 4 MeFarland suspension of B. sgimonicida.

Left at room temperature.




o
&9
»

2/e/32 - found fish floating &t 1 P, ¥. Performed sultopsy.
;. Py

The Tish was very hlosited in appesrance. A smell

Interior exaninstion.

~ The iﬁteétiue~%as slizhtly haemorrhagic at the anal.
jend. Otherwise the organs appeared to be in a normal conditiem
‘Black spots were found on the liver, and a blood clot on the
iperitansum;
| Bowed cultures on nutrient ggey from the black
~spots, the Iiguié at the back, the clot in the peritoneum, the
heart, the veritonesl fluid, the intestinsl contents, and the

bile from the gall bladder.

Cultures of Be sggmcniéida“wer@ isolated from all

rut the hile.



.

Py - '_\_‘ ~ = P s “
Other orgenisss isslaoted Prom goldfish..

In nearly every csse an organiss similar

g zyoun referred to by Arxwrl

4G

L8]

.

& -

L was

found in,thu sulzures isolated from the $ish. ¢ organisms
~were Gram negative, rod shaged organisms, often coccold in
;scrm, which ligquifled gela ii rapldly, fermented dexirose,

- saccharose,

‘and inulin. Galactose and lsevylose were

{?M

Hilk was digested and o

ten becane golourless.

multose, and mannlta@ but not raffinose, lacltose,

also ferzented.

>

The organism

‘was also motile, @md grew well abt room temperature, 28%C. and



p.)
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p <%

Pure oultares

roms

abs

cess, kidney, guts..

inside of pelvic sore,
liver, heart; Aidney.~f
heari, spleeu,.liver,,ﬂ

Taﬁl;.liﬁystzz:inz Ooldfish experiments.
7ish  Dose euper—~ Date of Date of
Ro. ature Inocula~ Death
, tiom K

1. 2/10 cc Room 3®ﬁ1af51'5/11/31;

‘ #1 HcF. '

2  2/10 cc Roon 30/10{51 Killed -

© o #1 HeP. _?%jll/al
3 2/10 cc Room £/12/31 5/12/31

BE¢

‘2/10 ce

1 MeF.
u/l(} BC

L ST S o
#£1 HcF.

3/10 cc
#1 HeF.

. Room

O
25 C.

Room

gﬁgg,

»¢ Roon

25 °c.

Roonm

. Eégc,

Eoom

2¢° C.

B
o
o

- 2/12/51

i6/1/38
reinoculated

2/12/51

16/1/22  2/2/82
reinoceculated

o/i8/5L -

16/1/32  17/1/88
reinpenlated

2/12/51

16/1/32
- polnoculsted

4/1/32

19/1/88

5/1/52

a/1/se  5/1732

11/12/3%

weart, spleen, liver,
dorsal blood vesgel,
depth of zbscess, clot.
under the abscess.

not affected by the
OTERNLBR .

death due bto accident
noycu?*ureﬁ obbgined.

Tiver, body cavity,
neart.
peritoneal lluid,

neart 5 kidney .

heart, inuesainal
contenis, haemorrhage
near tall, pectoral
fin base..

ngide sore, blood,
dorsal blood vessel,
red in muscle ares;,

liver, vent.



"Fish

iy o

Yy

a2

13

Dose

3/10 cc
23 MeF.

‘5/16 ce

7_’_3— 75’»&4

2/10-cc.

. #1 MeF.

15

16

20

”/lﬁ oo

# ﬁCEa
*0/10 ce

#1 &GF

'6/10

#1 W

'Efiﬁgce
#1 Hef.
3/10 ec

Bfl@ oo

ﬁlgﬁcF@

‘3/¢G ce

#1AﬁCF

a/lO a8

, ¥1 HeF.

‘Ejlﬁ oo

#1 MeF.

3/10 ce

Temper- Date of

phura

=
Dk s

Le Date of
“Inpeule=- Death
ticn

Pure cultures from:

25%%,

257%.

- 4f1/32

7/1/38

7/1/52

large asbscess, muscle

A

VPEQSJ. <

@ incculstiocn

site, intestinal con~

.5‘:—:..~S§

gvievnﬁ flei
seared

9/1/52

- 8/1/3®2

15/1/5%

17/1/52

16/1/38

reinoculated

o/1/32

16/1/3%

16/1/%2

18/1/52

21/1/%8

21/1/52

17/1/382
17/1/38

18/1/32

2a/1/52
g2/1/88

gz/Ll/z2

“Jivery

musele incculation
point, mid gut, peri-
toneal fluid, kidney,
iver, bile, soft
muscle pateh.
peritoneun.

due te injury vo swim
b?ad&er~~ no cultures
obtainsed.

peritoneum.

Kidney.

liver, seared abscess,.
haemerrhage, periton~ -
eal fluid, dorsal
blood vessel.

piack spots on liver,
i..‘ 3?;}.; LQ’l"‘um o

ﬁeart,
heart, livery bile,

..,E.
itoneum, black
8 on 1liver.

’:YJ 6]
(o]
;‘i’

kl&ul’fﬁff & VI"J'}.I} w’ bl—l
peritonsum, intes tinal
aOhufntS.




=
wr

o

23

24

8y

28

3/10 cc

#1 HeP.

/WO—c”f,g6 C.

1:100,000 dil'n

1354 Hel.
0/16 co ﬁ@“ca

1:100,000 dil'n

#4, HcF.
3f10 e 0606 

. 1*1“ 4iiin

74 ¥eF. Room

3/10 co 2889C.

1:100 6iltn
H#4. HeF.

8/10 cc BRoom

13100 dilip

#4 HeF.

then

3/10 cc Hoom
#4 HoF.

_Room
1:100 dilfn
then

B3/10 cc Hoom
#4 HcF.
/10 cc  26°C.

#4. HcF.

26/1/88

afofEe

i/8/32
ge/1/3e
aa/1/e2
28/1/32
26/1/32

1/8/52

5/2/%2

o/3/58

8/2/32

Fish Dose Temper- Pate of Daite of Pure cultures Izom:
Ho. ature jLnocula- Death

- ' Lion

21 3/10 cc Boom a1f1/58 32/1/3~ heart, periioneum,

Llﬁﬂej’ intestinal
ccnzf,,;%s.

d@aﬁb
no cnltures ohtained.

posterior intestiomal
confents.

desth due to accident-- .
no cultures obtained.

intestinal contents,
heart, bluid in back,
peritaneum, bile.

heart, periteneunm.

- fluwid in backy; haemor-

rhage in laterel line,

peritonsum, blood clot, .

haemorrhzge on right
shovlder, haemorrhage
on tail, intestinal
contents, anues, heart,
bile.

lue to accldent-~




- Fish
o IIG’.

- E9

- 31

Dose

/10 cc
??4 HelF.,

Sculture

fed
then
3/10 cc

T
el Mo,

culture

Ted

then

/10 ce
#& HeF.

57.

Tenper— Dabe of  Dabe of Pure cultures irom:
ature ~ Ianocula- Death
3 R n
5 ) F o fren ol frray oy g B Ty eyl v v
h’:’ C. 36/.1./943 &%8/1/3.}:5 hoeay Uiy DETLUOIISUN ,
, intestinal centents,
haenorrhage.,
RBoom  28/1/32
Roem ”1/2/”& ‘8/8/82 heart, peritoneun,
blood clot, liver,
bile, intestinal con-
tents, bhaeck fluid.
Room 86/1/58
Roon 1/efse 2/8/32 peritonsum, tlack

spots on 11ver integ-
tinal COﬂtuﬂua, heart, .
L«cg(/.m flu.i.u. u




f‘ g;!Exgerimenta1 Igﬂcul&ticn of Rabblts Wluh B.,salmonicida.5 

W  since the eraanxsm,haa remained viable in autrient
”;breth at 5?‘& mor a periad of flfty~fi?e-davs an: attempt was
4 ' “ff"*nfectien in~rabblhs. Sue cul“ures ware San

; rom tne first brcth cultures,'agaln on,nutrlent broth, and

1““»‘fincubated at 57‘b gfter twa days sub cultures were sown from |

V“‘fthese on to nnurienﬁ broth.n Tnese were also 1ncubated at 57‘6.

- fThls procedure Was continueﬁ nntll five suceesslve sub cultures

’“;had been.made and xncubated at’ that temperature.‘ Fram the

‘7ff"inal sub cultures, cultures were sown on nutrient brath cony; f,,'

 jta1ning a physiolodleal saliue soluticn. Tmese were incubated

~;at 87“@., and the same precedure fbllowed untll five succes—
fsive snh cultures nad been,made. §utrient avar slants were -

‘isown from the flnal tubes ana incubated at 3700 ﬂfter tﬁree'k

',days pigment was produced.; & number 4 McFarland suspension

”'fjof the pooled oultures waS’made in a sterile physiological

gsaline solutien.

o The following amounts were 1n3ected intravenously

" g;into rabbits.~ In;ections mere made in the ear with a sterile‘

\syringe. : N;f,~%ﬁ o --7: SR T e
Rabbit 1 A - 0.5 ce.
Rabbit 1 B - 0.5 ¢cec.
Rabbit 2 & = 0.5 cc.
Rabbit 5 B - 1.0 cc.

| | After ome day Rabbit 2 A was found dead and an
:~_autopsy performed., ”he musbleralong the pOsterior surface' ~f'

5>01 the bellj was greenish in colour Wnile the perlcardial




- 58.

71 fluid Was bloody., Tﬂe lungs appeared haemorrhagic, and the

ylocd vesaels of tne anterior portion of the 1ntestine ﬁere
’ngorved, The liver was a dark purple colour. All other
:rgans appeared to be in a normal condition.
| Cultures %ere sown on nutrlent agar from the peri—
 ardia1 fluid, ‘the 1ung, the spleen, the 1iver,ana the heart.
nheae mere ootained in - the f0110ﬁ1n? manner._ The organ was
 seared, then cut with a sterile knife. A sterile Pasteur
'fpipette was forced into the cut, the fiulé draWn into the
 ‘;pipette, and sown on thﬁ avar slants. At tne~same time sméars
‘jOn examlnation taese were found to contain tissue cells only.
- The cultures were 1ncubated at 379C. 211 proved to be.ster;le -
fmibh the;exceptlon,oa that from the pericardial fluid. The
'Eonly org Mnism i§o1ate&'from'it"was a Grgm.ne#aﬁive bacillus
’;VﬂlCh apmeare& to ?orm spores, and whlch showed a white

’%wrlnﬁled grcwta on nutrlent agar. Its action on earbohydrates~

f;was nct at all similar to~tnat eva,,salmgglcida.

dextrose <+ in 1 day.

maltose 4+ in 1 day.

sucrose + in 1 day. :
saliecin % with pellicle formation in 2 days,
xylose slight acidity with pellicle
, , : formation in 2 days.

mannite + with pelllcle formatlon in

‘ e : 2 days.

raffinose + wilith pellicle formation in

: - 2 deys. ,

The other rabbits were not affectad in any way by

the lntravenous 1noculatian with B. salmoniclda. As Rabbit




| _ 60.
2 A had previously been in i1l health death st this time was

‘probably the result of shock.
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. Influence of the orzanic content of water on the organism,

'reparation of water of var&inﬂ organic conﬁent.

| : Qn 9/2/32 obtained samyles GL sewaﬂe from the City
"eézers Department.' Until used thls was kept in ecrked flasks
in the 1ce box. After 12 houvs stanéinﬂ the effluent was.
‘ecanted off and the solid material dispcsed Of. Thrae,BOG cc{
aﬁples of effluent were kepﬁ fcr chemical analfsis and eight~%"

een 1,000 cc. flasks were nrepared in~the Iollowinw manner.

Sets,,numbers 1 and 5 T e Set nnmber 2

73j FlaSk C - 5!! ce. sterile tap ;Flaslyﬂ - 500 ce. sterile tap
i S 'water,‘w: ' - water.

;maszj -~ 500 ce. mzﬁiluted ,ma,sk»n, - 500 cc. _undilu-téed;f »
e s »effluent. ' T

Flask 1 - 500 cc. 1:10 mlmmn Flask 1 - 500 cc. 13100 dilu-
- . effluent in’ sterile et - tiom gffluent dn
tap water. . e <~,sterlle tap water.

 Flask 2 - 500 ce. 1:100 dilu- Flask 2 - 500 cc, 1:100 dilu- |
el oo o tion effluént in T tion effinent in =~ |
‘sterile tap water. =~ ste?ile tap water.

Flask 3 - 500 cc. 1:1000 :iilu-? Flask 5 — 500 cc. 1:1000 dilu- |
oot tion effluent in - Sl - tion effluent in
sterlle tap water, - sterile tap water.

Flask 4 - 500 cc. 1:10,000 .  Flask.4 — 500 cc. 1:10,000
oo ditution eleuent in",:-‘, o dilution effluent in
‘sterile tap %aﬁer; L 7 ;sterile tap water.

. Flask 5 - 500 cc. 1:100,000  Flask 5 - 500 cc. 1:100,000
o - .. dilutiom effluant o dilution effluent in
In sterlle tap watern/ : Asterile tap water.

' Flask 6 - 500 cc. 1:1,000,000 Flesk 6 - 500 cc. 111,000,000
. gilution effluent in ~  dilution effluent in
S Sﬁerile~tape$aﬁer}‘;. - .sterile tap waler.




6.

Sets} nﬂmaer i and 5 were bh@ﬂ sterllised Whilef

et number 2 femained ngnrsterllc.

Ghemica;ﬁanaiysis.‘f,‘;1~

 f;_Piaced3 ;éfﬁbree 5§§;é§@‘sew&ge e££lueﬁtnsam§1es -
,iérgﬁ‘beakers'and:ev&y&r&ﬁeé,oyer-a;ﬁater bath,;ﬁashihg
c¢a4311 &é@bsits‘usiﬁg”tap-ﬁaéer!énﬁva rubbértgaﬁicemﬁﬁ,
'ntll all had beccme a thlcﬁy By¥rupy mass‘v Poaféd-thege»

8 ampies into carefullj wel hed and drled/crucibles, put on

7"bath ‘and evaporated until almost dry _Then dried in

“«?an ovnn{at 10500. for half an h@ur, weighing and repeating

funtil a;constant weight had been reached, Finally heated

:’icrncibles slowly at flfﬁu over a clay trlangle winn a bunser

“ 5burner, raising th@ temperature graaualLv unuil a red heau.
’~;had been reached | &egu at this temperature for 5@ minates,
"‘ ;000183 and ﬁ&lghEd  Repeated the procednre, until a constant |

. fweight‘was reached. . The samples.were_keytvin a desiecator,

«'jwhea not in use.

”v?Sammle A |
~;Constant weight of emptj cruzzble.,.,.,..-..sl 1320 gnams¢
'f@elght of crucible * selléﬁ.ﬁiy‘,..‘.,...y‘.ﬁl/?872 grams.‘
jaalght OF SOLLES i aswssusssusnsvesnnsansonss <6558 gANS.
;Ccnstant weight of crucible«+ ash‘......,...51 3555 grams.
f%eight of ash,,.......k.........‘...,*...... - 428385 gramsir
gﬁelght of solids - weight of ash..‘....‘..,." +AB17 grams.



.@__Izif_-g_.& | ; |
'1$f? C0nsuanﬁ'weifnt of emptj cwuci&le,......,.1131‘8426 ﬁrams.

J;eiwhﬁ of cruclble + sollds..,......,‘.‘i...SE 495  grams.

’irej-ght Of 3@3‘1&33. >p’yf~n’ ‘f': tw’7-n';:'&*Ai: PG - E R e I B A SR o ;i;;g - . o .653& N gms»
onstaﬁ‘tvfeiﬁht Of crucible & 2 ash,n o “..“52.{3570 Brans.

eight Of ﬁ,&hn i%ﬂll'—‘-ﬂ«-l‘l/‘t.hl»’&%ﬁin*‘llt@li ,Blﬁggfﬁmﬁ.

ieight of 3011@3 = weigat of. ash_.iﬁi,,iﬁ‘,t .4380 grams.

73 3£$ 1e c
;:fCenstant weiyht ef crucibla......a...e....a;&ﬁsﬁeéé'gtahs{:
jMWeight of crucible + selida.¢;.‘*..~‘*.,¢...53 6571 grams.
”. f weight of salldﬂa..,...&..,,;...¢.'«..,....w 6537 grams;
’w:Constany'weight of crucicle~+ ash....*.....‘55~2450 grams.
| :Weight of aah.............,..*.*,*,..‘.,‘.‘y Aeélé_gramS,

";Weight of salids‘~~weight af ash....,...*,,. iéliﬁ-gﬁams;

"}Eesults 0f ana1 sis.

” 138 weight of arganic solids in 500 cey. uadilutea
jefflnent was .481? grams or 451 7 MgH.. Which wauld ,
he B8683.4 mgn. p&r liure.

;. The wemvhi of nrvanic salids in- 5@!~cc, nndiluted

~eleueat WES - «4389 grams or 876 mgm. per 11tre¢

e

‘QSam 1e C‘~‘The weight of organic solids~in 500 ce. un&iluted
‘ | effluent was 4113 grams or 828 mgm, per 1itre‘
S :  The average weight of org&nic solids in 1 1itre
:: iund11uted effiuent was then>834 G mgm.
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Then in & 1:10 dilution of effivent there would
e 85.4 mgm. organic solids per litre of saiutian.

In & 1:100 dilution of effluent there would be
8.54 mgm. organic snlius per litre of solution. |
i In & 1:1,000 dilution of effluent there would be
' ?.854 mg . organic gollds per 11tve of solution.
In a 110,000 dilutian-@f*efflnent-tnere‘would'be
f.OBSd mgm, organic sallds per litre of solution. ,
In a 1:100,000 dilutlon of effluent there would be
 .00834 mgm. organlc solids p&r 11tre of solution*
B In a 1:1,000,000 dilution of effluent there would

’be 090854 M . organlc soli&s per lltre of solution.



 fi§Le5tin¢ tne Inhlultlve ActL@nAQf'@f”amic‘wﬁterial Upan the |

"'ﬁuzowbn of B.~3alm3nlcldwo‘f N

"V;gﬁeﬁﬁéa;u 

| To eaca of the 18 lit”e flasks ~eré éﬁded O:Ercc.f

§of a*ﬂumber 1 tharland snbyension of pooleu tbree day old

A';pigmentlny cultureﬁ‘of u1 salmonicmda‘lsolated from,voldfish;
' f”h13 amounb had prevmously Lsan Pound uO be the amaunt whlcn

‘»;houla Torm from 506 to 400 cnlonies on. ﬁutrient agar plates

‘f;fafter one day %hen sown inbﬁﬁﬁ CCs. Bt@?&le “tap water. ,ﬁil

,ﬁflasks wera left &t roon teap@ratnre.:«?lates were sown.
'saailf from eacn flask using 2 l cc, sample; after first
7,Zthoroughly snakiag emCB~Il&Sk.x
 }3¢,'1@3.,‘~ -
‘ (&) Set aumber 2.r

’ | This %orh may be inacauraﬁe because of the &ifil*
 ou1ties exyerlenced in ascertaininﬁ wﬁich vere tne typical

 8. salmonicida eolonies‘ ﬁany small, circular, translucent

:fcolonies were cuservea whiich were not of thab,type. o
. The pl&tes @ere made dally far tmirtf~five davs,
"[ana each day were crowded with growth. T%e ﬁrawth of the )

[B salmonicida colonies seemed.ta incre&se daily ané far

';exeeeded the eriminal limit of BOO. to 400 eelonies.} After

}fifteen days the numbers cf B_ salmsnicida colonies snewed

,;a;declinc on all plates, and cantznaed tc deciine dailg.

fIt appeﬁreé as i wuﬂe grewth af B. s&lmoniclda mas mere




 ;nfb1i?ie-aﬁ$tbea%i gher dilutions,. %hiﬁe mere. growth Qf the
;semare organisms. ppezreé on the lawgr ailu*ucns.
| ‘ Gwowtﬁ on. tqe ﬂﬁﬂtrol.plates was absent after

 ?eleven days.

  f3%(bj)8ets ngmbeés 3 anﬁ 3. A,;'  ’ | |
& } ,  The appearanca and exte&t of tne growth on the
iff} ;plates ma&e frem these sets of ”1&5&3 can be exnlaiﬂeavnnst
:‘jfreadily DJ th& table end tm& vraph on the followinﬁ pages.
s " Grewﬁh on the plates sovn £rom tﬂe control flasks

’;iof aterlle waber was absent &fter nleven days, ai*er snawxng'
\h;a gradual dscline. i . S

| L Gn the pianes sown from the fiask QP un@ilu bed
‘ﬁ,}effluent gr0$tn was @rolixie from th 1 first day until the

"‘iend 01 thirty*fzve ﬁavs.‘ &,dailv increase was noted in tha

4"fgrowth from tnesa fiasks.'
| |  ‘  In eaﬂh of tne dzlute& salutions of efxiﬁent the f g~,i ﬁ

‘ ?number QL nolanies gra&uallf inereaaeé sudae;ly re&ching &8 .
;hlﬂh uncountaﬂle 1imit. This 1imiﬁ Was raacneﬁ in ten.davs

1n the 1 10, the 1:100, and the 1,1,1390 LLlutionS, while 1t

"f7mas na vnuil after sevﬂnue@nAda§s that taia ymaﬁ was “eﬁaned

:‘in the case of the 110,000, the 3.*109,%9, and the 1t 1,@00,000‘"

ﬁfd11 ”.,ns;' After thirty-one days the numamr of -colonies on

é;all*plaues w5111 ramained uncouatabl@, tﬁmu@h : ”T&@ﬁal‘

éfdecr ase in the number of caioﬂies %as“noted on platas

:rom &ilutions Az lﬁ;@&ﬁ, iz 1&9,9@0, and 11, 930,000

@igrtefitwenqyuthree;days, 4 decrease in the number of colonies




Sy
observed after twenty-nine days.

Unfortunately because of time shortage thils

.was not completed.

work
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'Carboavdraue raaﬁu;

Gﬁ.glbeSQ tﬁe ﬁ- trﬁttae cf' aﬁsh pro@ﬂeeﬁ gas

:ithout sugar fe”menbanzon.\ Rr‘gr; ht, wer iu” on B. sﬁxmcn~‘é L
,da, fauna oatn acmﬁ and aas pfsﬁa001@n 1ﬁ Lha*‘sugar,&7

‘ther Ple&g nﬁr Eavis adsgrlbed Lna caroa%;ﬂrate reaetlons

'P B. salmoniciéa.‘ Williamsan P&ye?t&d tﬂt prcauction G? aciﬁ

wit h.pas in.same instances, in wlnamse ana.aannmtei She also
tated tnat saccharcae and 1a&tosa were n@ﬁ fefmanted bnt '

?tha ’tﬁe medium aacame al 311ne,

Tne st%aias Lsalaﬁe& ?rem tqe Elk ?1ver fish and

n praaucea acia, with 0&C§5i@ﬁa11j & bi*ﬂht

;amount of gas prgdnctlsn, in - both maﬁniﬁa aad glucose tabes.‘ . e

L ;In saccharose, laﬁtose, rafflnese and: 1nulin the mealum

u;became'vlkallﬁe anu the gfawth @as abﬁmianz. In lacxulosa,

ﬁarsh reyerte& bnat the aigmeat ef nls 5. truﬁt&e

| ;ivfas s:;luble in alcshol, wh:.le grmrignt found tfzat ﬁif“ |

:absc"ufe alcohol were ysured on to a mnlgt pigmanted agzr

7c&lture the waﬁery solut¢on.af Lhe ?l at di fusea cuc into
‘f}thb a cohal, anﬁ tna% tae §1gm6ﬁ$ remaine $Oiut10ﬂ in
':f}une impure alconﬁl w | ” | |

The stra_ns af Q, saimonieida,used 1n nassa experi~:

f;ments prouuced a piﬁment wbica.éiffuse& fram tae Jedium inta Ll



‘ : 7.
‘"‘iylthe alcohol, and remalned in solutlon ;n,the alcehol‘

 f~fu. Reaction.of medinm - its effect on: the growth and plvment

‘éproductlon of B. salmonlclda.,

Egrsh's B. trﬁttae was very sensitlve wlth.regar&

!ta the reactlon of the medium an Which it was cultivated
”'“7“Ewhlle ?illiamson fonnd tbe eptimum'pﬁ. for pigment productivn
“'f‘jtc be pﬁ. 7800 | |

Fooled strains Gf ‘B, salmonicida grew ‘on agar

;  %251an£s at room.temperacure within a pﬂ. range of 5. 0 to 9. 2 in~
| clusive. Pigment vas produced within a pi. rense of 5.2 to
1 ;9,2 iﬁclusi?e;; ﬁfter;é§v¢n5days'grbwth,ﬁithﬂufdﬁigméﬂt
} ;Pfédﬁcti6ﬁ“nn~én'agar'slant:of»pﬁ. ﬁfﬂfwhen’éaﬁ cﬁlﬁnres were

'.'v;sgwﬁ -on -agar with a pH.. of 7.0 pigment was again yroauced

“in three ar four days.~ .

| 34. Viability of the organism.

, ; Workers seem to agree that clear water is deleter~
"1*;ious to the éevelopment and vrawth of the furuncu1031s

'iorﬁanlsm,, Plehn fcund that pure water was disadvantaﬁeeus

‘j;ta the bacterium, tgat ln it,n. salmomicié& was dead. after
three days; W%lle Arkwright found~it«alive, thouan_inralminr
| 'filshed nnmbers, after five days in gterile watar.; Df ,ﬁrk~'
?wrlwat alsc observed that sea water was injurious to the
‘~’;ar0wth of theforganism,‘th&t the;organ;smyaannat:be,recov~
| ;ered after nineteen hours. | ' | |

Qur. stralns of B. salmonﬁc*ﬂn did.not live long ‘

‘}inisterile distilled water. In sub cultures on nutrient agar



“Qmiplates, in -some instances no 5rewth ﬁas reparted after one day;~

"i‘fIn ather cases the organism remained allve for three aavs,
'T{%*fana in one . Lnstance for ;oar days.

In sterlle tag water the arganism survived far a ’ff

31onger perlod Even~uft®r'eleven and,twelvauéay&~ealonies‘

e :nnmbers. In,ather flasks aontainlnc tbe -same amount of -
’i,;sterile tap water the orwanlsm ca&;d not be ?%CQVEfed &fter
1"’§]ftwo ot three ‘days.

Ark&right founé tnat in éistllled Water confaining

i‘”~f$‘ saaium chlaride B.. sa130n1c1da.soan died ;leng the-stxains
% of B.. salmaniciﬁ isalaued from goldfish the argan;sm ‘was:
;é;recovered in small numbers after eight days in 3% salt water“;
SFQfﬁc rowth was reported on the n;nth daj., In l% salt water
\];the orbanlsm remained aliv@ fcr nlne\and eleven days, while
~1in ‘SSN salt maﬁer ﬁhe averave time reyorted was ten days.
2 'P It would seem then, that neither clear water nor
f{water containlng sodxum chlorlde are Qartlcularlv favourable

_salma'fcida. The shafﬁ time Lhat it can

 F0r the gra&th of B.
;remain alive ln sueh water however maj be,time enougﬁ for the»:

;organium to be carrled LO many Iqsn, tnns causing infectlon.

‘j5; lempera ure.

S Arkwrlght reported tnat tae orﬁanism scon died
‘*hen ihéubated ut3369CfZ Eavisvsecured~uimilar results,
‘}stating that the orﬁanlsm cannot live long at 379C. |

f%llliamson found no grew»h ao~57°C.

were ;eund on nutrieﬂt agar plates.‘ These were in very small .



73,
Poole& stralns of B. salmoniclda 1solateé from

,goldfish could surv1ve over a gerio; of frcm sixteen to
%eighty davs at 5700. %nen sub cultures ware made from these,
‘7“irapld growta taok place at tne same ﬁemperature. ?1gment was ”

';also produced by tﬂese cultures &t 57°C

”he organism rema1nea viable at 28°¢. ana at 14%.

 ror at least ‘three months, Piﬂment prodﬂction alsa took

“?;ylace aﬁ taese temperatures.\
 " | LIt ma; be that the orwanlsm,ln its yassage taraugh;;
;the more resistant gol&fish, and its 1ncunation at 26°¢C.

T ;had become foruified to a greater extenu agalnsu eh,nges |

Cine uemperatuie.

1;6 Relatlon to. czzge |
L  The organlsm, accordlng tc %illiamsen, is an
;aeroberand a facultative anaercbe. Eo ccnclusians can be

erawn from onr wcrk.

,57 Eathozenicltv Exneriments mn Fisg.
| " From the inoculﬁtion experimants it mum appear

‘;that B. salmonic1da when,imgected inﬁraperltoneally or

| ~“;intramuscularly 1nto goldzish is abla to produce septicaemia

:,and death xn some cases wita the presence of local abscesses'

;and haemorrhages, in others Wlth no. sach szmptoms..



Feedin5 anﬁ scurifylng exyeriments éla not seem to

”'°ff{afiect gcldziah in 8ﬁj way; per haps Lec&use of the hardy

'?;nature of the fish¢ CertainAaf the LlSh were able 0 recoverr*

'ifé fter what appeared to be a typical attack of furnaulabis-m f*!

\.;;take for exam@le gnldfish.namber 2»wnicn alter twant —*"ive,‘f}"1

A,?days snowéd)signs of recovery, while yeldfish nﬁmberq 5 and 8 :

: of two inocuﬁatzvns hit& tﬂe o gaﬁlsm, mnd 8 change

' ?£?¢%f,, 1 temperature to 269C., -were both able to resist the
‘“ w;Qai3éése§;xﬁoidflshfnumber'o ap?eared active,anﬁ 1n.gco& healthg‘
'T‘j§;tﬂfonghouﬁ the year.‘f  . ; | |
,' 6a3pensiens cf tae nrwaﬂisms 1n very high dilutiuns 
fﬁdld not seem to affect the fish w1%ness VOlﬁLlBﬂ nuinber 28
(ifwhicn remalned actlve desyzte its lnacnlatlan with a
‘;;;1*160 000 dllution of a numaer 4 EcFarlaad saspenslnn mf the
ﬁarvanlsm. S | G E
i In the cases of aoldflsh numbers 7 and 8 vhich i
'f were resistant to a flrst inoculaticn and 1ncubation at room 4f
’;~temperatume, reinoculatlon and 1ncubatian at 2600. SEQAEd
. éjto ‘decrease this power of res*stance., Galdfish numbers 15 ,
_ and 15 were unaffected by a *Pn,rst inoculation with incubation 3
‘:f/at 2600.\but qumckl; succnmbed after a second dose.
- Inbculation with 1ncuaati0n at 26°C. seems. to }
f.canse more repid death wl*h exterior symwtoms of the disease
Cat the same time, while at room ‘temperature death was often ,:‘

? cause& just as rapldly but without the appearance of these
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je?tefnal simns‘ As an ayceﬁtxan to che rule, hcﬁever,7we
‘fhava “QlaiiSﬂ‘HuKuE? 20 and 21 at room b mperatﬁre, éﬁﬁ
V'fnunbars 18 and 19 at 8600.4‘ R
| Labormtor; experlmenus Show; taen, tha | %é‘pigmentg

~fform1ng bacﬁerlum b. salmonicida is able to ﬁrauacakmnay af

. *tae most Cﬁdf&ﬁu@?iﬁ i@ featn£es-of ;urannulmsisMas1de$er¢bedi;
 @3 Mattam3(Arkwright‘ahﬁ;?lehhﬁuaggely,absaasgés? ha%marrhagicz
“;éreas‘in ﬁhe muéeles, amngesﬁicn Gf the»inteéﬁinegtparticue= f
‘  1ar1y the lower, ana a dlseharge of a purulcmu 1iqui& from
 ithe anﬂs‘ ‘1hare are casgs When aome or all tAESG svmptams
' were no* QDoLPVQd uuﬁ wnwﬁe denth oceurred &n? tne~1naecte@
 organism was ?eacvered fram Lne fish. - o

78 Patﬂgvenlcity ExperlmeaLs on ﬁabb?&g,

”houwh B salmonlciﬁa had been grovm -on banh

:nutrlent croth nuﬁrient avar'and cn.nucriﬁnﬁ Lrath cantalnlng]

& physiUIOﬂi al sa sTution for - some bime ab o?OC whenﬂ"

*:?insee»eé intu the’marglﬂalyear Jeln,of faabits it ha& o
-apparent effect on: the Pabbltﬁ durinv £:1 period of ﬁb@ﬁbY*tWO
]aaj§§’ : '

| o The na%itat cf tae organism, then, 3eemed bo b@
:restrlcﬁeu to the cold olooded anlmals whepe it 1s an

':actlve parQSLte czrculatlnf?w1t tne bload anu att&cklng the

,&tissues of Lbe nObL. Even here its achbivily is restrlcted

glor, accoruinv ta most ﬁarkers, B Saimcﬂicida is nn '

'p 1ogsnic to irogs.‘ Eo work was dﬁue on 4mphibi&ns in

,conneetlon w1tn hls reSearch.
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‘T‘ Effect cr orwaﬂlc materlal on the vrowtﬁ of the organism.

iea in clear Water w1tain one to three days B, ‘salmonicida

oul& srow in the presence of a great deal of contamiﬂatien

nf?neiwater‘ Furunculosxs as it occurs in seﬁaﬂe polluted'
v;aters and in~water contalnlng disposals frem brewerles' :
"\;énd dlstilleries is commonly more in?ections and more dié~,
‘  {;vusting ‘than that found in clear water; according to Plehn.
” %”he results ai her work show that the numbers of B. salmon- |

{ic & increased by millions in water rich in organic matﬁer,‘

Plehn said trat thou&ﬂ ﬁne furunculosms nacterlum_ fc

;in tae same time required for it to dle out 1n.the same anountg 

}of olear water.

Willlamson, in 1928, found no arowth\of B salmon~ ;

1;icida in sewage alter orty~ei ht hours, but that warm

?weather anﬂ 10% water favour the development of B. salmonicida,;
| Horne zound no growth of the organism in sewaoe

ﬁ;after’zorty~eiﬂht hours, while Davis remarked that the

;f rﬂanlsm “may live for weeks in water containlng an apprec—
Jggiahle amount of organlc matter®. |

7 | From our eyperimEﬂts it Would appear that, when
“gzsown in non sterlle sewage polluted water,, he organism

:ffirst showed & rapld 1ncrease in nnmbers, but that after‘

3f_ften days there was a gradual decrease in the numbers of

; 5. salmonlclda. On the other hand in sterile sewage
j,polluted water there was Llrst a decline in the numbers of

'? the organlsm present tnen Ln ten days there was a rapid




7.
~and unaccountable increase in numbers in the lower dilutions.
+In the undiluted effluent there was no lag phase but the

numbers increased daily. In the higher dilutions the increase

in numbers did not take place until the sixteenth or the
,;séventeenth day in the bBO0 cc. 3&&@1@3, The numbers of the
organisms still remained at sn uncountable height even after
,thirty days,~but after twenty-one days a slight decrease in
the numbérs was noticed, and the growth of the~0rgén15ms
Ebecame slower.
Unfortunately there was not time enough left to
‘carry these experiments further, though many new and inter-

.esting problems presented themselves for future study.
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,i isu z oz the chara*terzstzcs of the Elk 81vax straln

: lmﬂniniﬁa i& path@gmnic fﬁ; gwliflgh,_greﬁmcing

"sianﬁ‘anu deatﬂ in ﬂast easeg, Lau ﬁoﬁ 70& raab¢t$.\

ul ani *&% growﬁ at&adanuiy in ﬂewaﬂe pallun@d wa ter

“"7fVand rema¢n3 via bl@ ¢er at 1@&3 *hirt Qﬁw &ayat‘f




9.

‘Bibliography.

- Arkwright, J. A.,
- Repeﬁ‘ to the ?card of A@rlculu e and Flsherles, Journal
of H[piene, 12, lglb, 591

‘Blahe, Isobel and Anderson. Lleanar Je M

' fﬁ‘;ge;Identlchaﬁion‘o* ﬂacmllus salmonicida by the Com-
pléméntégixatiovaest - gyFurtmer»Qantrlhutlan to the
StﬁdﬂyofyfﬁrunculosiS»of the Salmonidae. |
Wisneries, Scotland, Salmon FisL, 1930 Ho. I{

;Blake. isobel

o Tne Eyternal BlSlnfectlon of Flsh Ova - With Beference
‘ca,uhe ?ropaylaxis of Purunculosis.
Fisheries, Scotland, Salmon Fish, 1930, Fo. II.

,DaVlS. ﬂ. 8.

' Cdf@ and Disedses of Trout.
U,,8,~Department of‘Commerce - Bureau of Fisheries -
Document No. 1061.

Duff, D. C. B.

Debectlon of Indol in Uacterlal Caltures.
Amerlcan Jourqal of Publlc Realth - Vol. XX, Ho. 9
‘September, 1980.

THorne, J. H.

FurunQHIOSLs in Trout anﬁ the Importance of Carriers
in the Spr ead of the Disease.

Jouvnal of Hygliene, 28, No. 1, August, 1928.



50.

Harsh, H. C.

4 Hore Complete Description of Bacterium Truttae.
Bulletin, U. §. Fish Commission, Vol. XXII, 1908

(1204) pp. 411 - 415.

gﬁgatermanw A. T.

: '~Repart\by~ﬁ; T, Hasterman, D.8c., upon the Epideﬁic
Amongst Salmonidaemin{the>5ummer of 1911.
Bdafd of Azriculsure and Fisheries.

Bettam, A. E.

Report on the Outbreak of Furuncalasis”in the River
Liffey in 1913. |
'FishEﬁigsg Ireland, Scientific Investigations, 1914,
1. (1915).

Plehn, H.
Prakitum der Fischkrankhelten 179 pp. ZXL., 19824.

E. Schweizerbart?sche Verlagsbuchhandlung, Stuttgart.

Williamson, Isobel I. F.
Furunculosis of thevﬁalmanidae l988.
Fisherles, Scotland, Salmon Fish, 1828, No. V.
 Purther Observations on Furunculosis of the SBalmonidae
18e8.
#isheries, Scotland, Salmon Fish 1929, No. I.



