
Pliv-siolotry, and Serologry of a Pastettreila

Species. Pathogenciic for White Perch
(Roccits amnericwnits)

V.A. JANSSEN -%m M. J. SL'RGA[.IA

IIiti'lonucgi V~cincets Lahogrator v. Ign eri ckr . Fmrat'r A. Mtarvla,, 21 7,1

1 P P 231a il



J., t, %t .it Him fi rtott.,o. Nov. 196S, p. 16036- 16101 Vol. 96, No. 5
( i'r rit 196S~ *smr,rin Sciety Air %ficrobilov Printed It" US, A

Pliyso, og, and Serology of a Pasteitrella
Species Pathogenic for White Perch

(lR'ccns amzerican 119)

%W. A. JANSSEN &%1 M. J1. SURGALLA
iti h",'Ic ul Sciececs Labmoratory', Fort Dttick, Fredleric(, .1 art-11w.1 21 7e1

Receised for publication -29 August 19M8

1 he l'io~tetr1 'Ia species implicated as the etiologic agent of a massive white perch
miortality in the Chesapeake Bay and first descrited by S. F. Snieszko et at. ha,; been
chitracterizecd further in our laboratory. The general miorphology and physiology of
this organhsmi is -.inil:,r to that of the pasteurellae and several known fish patho-
"CINs There are enoughl dissimilarities. however. to rule out its identification with
aiil5 e'tai bished species. The organism is obligately halophilic and grows in a temper-
ature range between 17 and 31 C on ordinary media containing I j,; NaCI. It has a rel-
ati'.ei% narro%' rang~e of pH, temperature, and salinity tolerance, and a very short
stir% iva1 iie In spent media or brackish water, in contvast to PavtettreIla pestis and P.

p.~~u~nibircI~ sis.Serological tests also indicate that this organism is distinct from
other species ss hich it resembles. On the basis of classic morphological and physiolog.
ical criteria, this organism tits best in the genus Paisieurelka; the species name
pi~wieid L. noun piscis. a fish; L v.L-adj. stu'i 1x-cihias. to kill. M.L. noun pisvivida.
tish kil~er, iN proposed.

D~uring the suninier of 1463. an epizootic oc- \IArI RIAL% AND MIiODS

,mrre2d amiong sshitc perch (RotciI ,ainericanus) in rs%enI3-sesen of S. F. Snieszko's original isolates
the uppekr Chesapeaike Ba% and its tributaries of the Pasteurella sp. (white perch) from white perch
%00ii dcsti o~ed approximately 50', of the and striped Lass %vere' studied. Thuse isolates were
p~opulation !st A 1'asi',,rehla species tdesignated grosn oin flifco Heart Infusion Broth (HIB) aid BBlL
Pas.iurtclla Np mite perchn. which appeared to Blood Agar Base 1iA1). Purple Broth (Dico) was
lie the Ctiolog4c JLWent. %%.I- isolated from the used as the baf-al medium in all sugar fermentation
bilood anti orL'anN. of moributnd.white perch and tests, Sodiuini chloride was added to all media to
diseased Ntriped biass Roc'cio.s ,w.M hsivSnieszko achicse a final concentration of Vl'. except when salt
31nd his co %%orkers 4,.lTe niorpholorg% and tolerance of the organism-. was under study; in this

phisioog ofhisor~pnsni is %ellastherapdN case. Nutrient [troth 113ifcoi without added NaCI
fah'a iologmi ~ hia ractrii. aswla the adl toas usedi as the bia-al medium. Cultures were incti-

fata seticI~iC haactr o th disase le to bated statically at 23 C for 48 hir before use.
the tiuIpicten that the organislin might be closel Cultures of P. pcsisi~virulent Alexander strain)

iaed to Pa.swurlhi pes.. and, therefore, and P'. psetiutb'rculi i type I strain C-7 )from the
potentialk dangerousN to man, Ithis stispit'iof waS ':olection at Fort Detrick were employed where indi-
rcinf'OrLed %%hen at lrelininfai% %erological test. ed, The- cultures of 1ifa.'nopliduas pisciw and
ice ~ied ,that rabhbit antipilagcue 'ertinl reacted Iertripia %idnitini-itht. as well as the isolates of
%% tl the organisia ito formi -1%1 precipitin bainds. PaittordIla -;p. (%%hite perchi, were supplied by S. F.

lBecawse of the t1tosslc ha/ards insoled. *he Sniesiko. The J'ihtrito p~arsaoina'mlIii'ui culture Was
wor1k begun t1% snies/ko eLt al 9 w%:s continued obtined fromn L.. J1. Herr%. and all other cultures used

in or Z1 Vor l~tric itorke to in the serological studies were from the collection of'
in o lairaorY t trt ~etick t' rde to R. R. Btrubaker. All cultures of organisms. other than

v ontirmnd i10\tefld the identiticatio n of the lAvit'urt-I1a sp-. imhite perch) were incub-ated at
l'iswurl Wit r. %-hite pe-_rchi. ii determine its C oi i t reciplrocating shaker for 48 hr before use.
s irtentev and paitho,-vticit% in white pierch. and All iests, techniqutes, and mnedia uised were as recoin-
ill, esaflitw its potenltal1 danger to l'tthtic health. iuaendt-d tin the llaiowal o'I 11icrvli.higi A.-,'Iao
ri niorrpholog. lh.tlt . and N-erology of the 1W In addition, vsC also used the flil1lowing tcst%!

011!.111nlil 11 Me te Nl ttit this papecr: it sttud% iliriostaM 1 12') Nvasi,1% a~i'.s descrikld 11% Slewan
tl !is iruletxc \iathog2entli tN ' iind epi/ootioloe' u atl ;,tail ad is it% wstil ralibit btl1.51111 as
%%Ilt lie i poited in at "i'tre toiniuinication described I,-% iLleetle ,if. ;2; liesticin production

tfj(1
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and sensitivity as described by Brubaker et al. (3); Wells were 6 mm in diameter and 9 mm apart (center
and csiqxhrome oxidase as described by Ewing and to center). The plates were incubated at 23 C and were
Johnson 4,~. exam,.ned after 6, 12, and 24 hrt. Bacterial cultures

l'liage sensitivity of Pav,i''U sp. (white perchi employed as antigens in the serological tests were
%%a- tested b% placing drops of' phage culture-s on agar grow n in appropriate media for 48 hr at 26 C. exposed
plates lii Irn ivible. confluient, surface gro.wth of the to sonic vibrations for 10 min with a Ra~theon sonic
bacteria. The phage%. v~hich l)se P. pestis but rnot P. oscillator,~ and sterilized by filtration; then 0. 1 mg of
f'%tcurihcrctd)lA.4 "ere identified in our laboratory as Merthiol:,te per mil was added to the filtrate, which
111L' 1l12, 11113. 11115, 11117. 111-18 and C-16. was stored at 5 C until used. Antisera w,:re produced

ruhe temperature range in .%hich growthl of organ- with New Zealand ulhite rabbits by daily intravenous
hIslI tXs4curied oni the suirfacc of' BAB in lietri dishe% injection 'over a 2-%,.tck pc~riodi of u'idiluit:i 48-hr
Wasv ticic.ririned 'uith the miethod doescribcd k% Land- HIll cultures of Piuri~r'h %p. fwhite perch). The

riaie-tl5initial ia j ection uas 0.2 nil icontaining 2 X 10, organ-
Salinit, and lypI tlcrancc range% vere deiermnined isms- then each dose %%as increased bk 0.1 nil uintil a

I'% prepat n ulink I~ cate: Sets II Cuitt1ires in l)n-I dose oft' I ml fcontaining 10, organisms, was reached
I Ii leiinite.%cr tlasks. ech containinig -14) nil of mediumi and held constant. Twso weeks after the fi'ial doic. the
:adjusti d to I criain 141 or concvntratio1 of *NaCI. rabbits suere bled, and 0.1 of Nferthiotate p),r nil was
I or the %allnit% tq-st the miedim tied was NUitrient added to the serum bezfore storage at 5 C.
Brothli Dpo ,In tile first pair of flasks, no NnCI %.a% rhe inimuntologucal similarit) bztween: Pasvc,,relgtt

ideL:n iei seccond ;,.tir of flask-., 0 51, NaUI was sp. iwhite perchi. P. pestiv and P.p.uim 'raos
akded: and~ in thie renmaining si.ries of flasks. incrcas- %%it% studied b% ac!.vel or passi~el% immunizing
ing conceairatitons of' NaiCl. by 0.5' V"increnlei.1% guirmea pig% and mice against Pavetir.-fll sp. (white
l'ro,.iei ai winitiml of 9'. - '%er added. The saime petchiI and testing hr imnltit) against lethail infec-

rrYkCedn~rV %',;I tolloiscd in the pH test, except that tion wit'i P. p.svk. The aninils wvere injected imr-
fill; ,*niaianiny 11 . NaCl I tis ue andi the pHi %,as nuiscular1% with Ql-ml doses containing 5 X 107
adIkI'sLIN, IN's .i'p, of'riatte addition of 0. 1 % HCI or aiwg'inisms E-r.ch of 30 H:inle% strain gaineci 1) 11;
NA()l 1. it, -1 5 in 0wo !irst pair of flzvks. to 5.0 in the m.-rage weigiit. 591) g was ijected oic, weekly for
,.:%iond pl';L of tlasks. and ito pH sansthrough pH 2 moaiths. Two wveeks after the final ialjectioa. all of
I In in 1, mik-rcmniit, in the% remaining, flasks. After thie vspcerumental animials and 10 niniiizJcon-

.tiitoeLi~j%117! 1the Inedia, the 141 in one set of flasks %a-. trol anim.'s were each injected intralvcritone 0l% with
nalcisueld am; it %%as assumed that the pt-I was identical 235 siruilent P. p..%fiv cells;. Finch of 6:) Detrick mice
In the iftialicate Net. Al! flask, usere Inoculated %% ith 0.1 m~erage scight. 20 g, was i,.ijcted tw~ice wcekls, for I
aa i- of 241 hr 11111 culture of'the indicaiteif organism nionth; I weevk after the fital immunizing (Le, thle
dalutedt~ I : 10,41w) i th ste.rile [lilt jutm before inoculaI- animials wecre sqparated into si\ C-1u-13 gro-ips and \Werk'
tion A. seiics o*control flask% %%ere .:in-' -1,ed immedi- inticulatel] with graded dose, of viruleit P. p.Avis o *k
atcls% after iioulationi. andi all tif the test flasks %%ere intraperitonecal injection. Also iinjeted with graded
s-iiiplcslaftc 4S hir of'inti~btion at 26 C. The nuiiber do-.es- of virulent P. p.ovis %,..:re 61) nonimmnuni/ed
IIft,01Cll 0I-2!anismsl inl each sampjle was determined b\ control mice and 60 mice passivel immunize.] b%
thc staiidard pour-plate ineihod ss ith BAB. intraiperitoneal injection of 0.5 ml of rabbit antisera

SurLi~al tit' thie %;trious% Thiveu rvli species in aga~nst Pusire'Ila sli. white perchi i~imdiatel%
bratkish s'aiter %kas dvittnitnd F%~ inoculating cultures. before challenge. The six challenge doies ranged front
of a qefrcs%:ntalise strain into ssater fromi the Chesa- 8 to 559 organisms it, three-fold stepwise iacreatses.
pea~ik lia\ . at Sol.1nions. M4.1 . u hich contained 1.7' 1 In another passise protectioil test. mice in groups of'
\ A(LI I lit organisms \%ere gro~sn in .10 nil of Hilt: 10 %%ere cich injected intraperitoieaflI %itl).5til of
t~aei the' \acr.'r .%ashed free from niedium bv centrifti- ph~siological satline, normal rabbit serum, rabbit anti-
p:itofl and a~cic NwLiended in filter-sterilized brackish serum against Pustiviort-1l sp. I %%hite pe-rch!, or rabbit

%i~atcr ts': ace etre finall% being dispersed in 2,11) nil of' antiseruni against P. p.'sii's lmmediatte3 after these
fi~ivu sterila,'d l'rackish \%ater. Thlese suspiensions suere injectioas, each ni0Lse ssas challenged intraperitonle-
dIspeLnsedt a% Il ild pioions into sterile -crew%-cap all% %-ith 180Y~) virulent P. p.'sVti.v cells. All of the
tet tuhl'e and %serc Incubated at 23 C. TubieN contain- actin.a imilitini/ed aninials haid detecable gel lire-
Ill-, Miiiolulaied sterile hrackish %%atcr ser%%cd as aI cipmtin,. against Pavwelki spl. i while perch I. thle rabbit
0,artioI An identcal *c-st series sua-. also prepaired atiisrUini tised blr passise Imimuization had a gol
Iatil t ie itcihd hrackish ksater. InlimediatclS after precipitin titer of 1:8.
thec test s, " teiN %%ere preparctd. aI single itube fromt -ach
set Cs tit Inioculated u.ater and uininicukated controls R1 SU.L i,
V'as stililtks aid discardled. this pro~cedure %%;I% re- I he 27 isolates of Paste,,r'Ill sp. (white pzrch)
t'eated after 1. 2- 3. 4. 5. i4. 21- 2s. 42. aund 70 di\ s Itt prosed to be identical in every respe.ct. When
n1bi'm it'n I hev numlber of ovrganisms stair% i% ing after observed in prepatrationls or loni or organs,

thec %a 'tis timec itntersals %%it determined b% tlie stained with Geinisat's blood stain, from mari-
standa~lrd pou)tr plate inethtxf %s ith BARl. bn.eprmnal netdwiep- FgScriiloineal situdies iiiolked the use of thle gel bn.epri ntlynfcdwheprh(Fg
dthision aniahmsi etil oft ()uchterlons 6f. Gel I . the bacilli had thle typical bipolar safety-pin
phi.tes conltainedt P', liinagar #*2 tOxoidi in fill\% appearance characteristic of P. p.xis. The
iological saline pIlus I1 nig o'. Mherthiolate per ml. organisml grew rnodratel% well in ordinary bate-
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ttlIcrate i, MC(I; %tiiIL 0tMI)Jiiil 1 ls %P t -18
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shapel uAilh ititlitded Cnd%. graiil ilegatke. el Cilo' i tile titlitmiti ;it 72 1,'~ -ta~il a:U/,a I, atgtI

cap~uitet. ntilage~itd.aild totitaii 0.5 b\ grew ill an iiiitial r-ange Ilioiii rol IS 2 It, \%t.~itl

('tiv ics elopled 'A 1111111 2t hriln agar Ilei AllgallIiut' %i'aP iti lliilill%iii l 11l ll0Initial I
anti were tiitirlillItii t d, I it' 2 11111 ill dhimter,. ilt I 0 5.
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lirt hr811 and minri ied Itvti 28 andl 40I slavs precipitate banlds%%hen reacted withl I',iseurllgg
tindeor Iltse conditions; 1'.i.A:l'riI x sp, I%%hite per-ch), tI't these hliits were not identi-
died agt an ocin Atiower rawe, with soilic organlisils. Cal to those formied with 11. eh-st.x and I'. Ipsemili'
still % iat'Ie after 70) tda\ s heii the espiiiient 1i,,l'tsix: fuirthernuore. tile sernt forid lire.

ta tlilitated . 31r1 imi.1 oft these Spiecies ilill U.ciplitate'. with most o le worgantismis listed ablove.
'.terili/ed bracki'.'i % ate appevared ti Ile siilar Serutim from 1111% niav iioiiniiiied rabbits oser b
ito their mu~ir~kal inl sterile brackish water, al months or age ailo I'orilled plreciplitate bands with
Ilitit 101 11 \%;s i IIIi o."sile ItI lua lt ita I c tIe Iltitlier most of' tile organlisms listed, including Pa,~sir.'ll.,
ill spe.lit' \ mtable organi:lils accuiratel'. tieiitise of Spl. (Mhite lierch). Scrolop.icait testsI. ,icuruIletI bi
thle large1VI itiber of indigenlous baicteria inl the J. C'urrie at thle W~alter Reed Atiml% Insfitute (if
\' ater. Resea rch rukld ouit tile possibillitA, that Pavit urcdla

Serutim (Iou rAbb ' iPiiuiild ~ti'st, wreI sli. twhite per-ch was. a1 I. p~.s Plgl'.TcUIisois
sp b %Iite pIXch0 reacted ewilusivei, o ~ib this or tliei, andjt tests b\ K. I leddlesowi at tile National

gam.Ilst ca agiar M.l douible dilh'isiti tests. hiwo Animal D isease I alioratil, primed that it isias
kdi'tiict Ilecillitate hianids \ mee formled. ti'le srilnot V' mllho(c 41 JA or P. l, it 11, 'l1tica tI e.
dlid nt rat As ,'.ib % wil thle followig organismis: A*ctis e or passive itilitili/ati ol o;f mice and

14 Tt 111 It 'r 0 , 0 :(I . .11,11lu I nux /vdr.phi/ia. guinlea pigs aga inst l'.sxwwe1-/ %llp. (whilte pierch)
1 ... 'ncda . shht.'ll 'idcx. 1-*wh.richill vo/i It. had no prIotectike 0'ect against lethal infrectionl

I /4147??i /iu I'i.umPI K'h-b/si('l/d lonwlfle ~~.. I'. with 1'.1 i. inl cont rast to iimunitat ion pro -
pt~.s 1'.1 u. 'inhsdercuhi. sis. I'ro tclls moergalm, cedures ith 11, poestis it r . ;Ii~'ecd sjia
P I-11i,s1l1%t. /'so'.11 'iti fa ,ruiI .a %',/o nt-/la antigensi.
p.:,',vjshi 1. NSzi,:g./lt Ikv'neri. I 'i/rit. IPsira/Io. l- thle majjor differences Iletmeeli I'asteurel/a sp.
fiivt and I cr~ini1 eterowc. liic. Rabbit antiscra k~while pierch alld thle organlisms1 Which it mo1st

aganstI'.p.'' 'x o /' inin/uiuieridtxi. brned resbes ar Stiit 1.ari/ed ill F'able

P .1s t il 1'a.' fo~g,'ila.i'rmedl 'p y.' prile'I .I c~~l~U',r.Pl~l

1011441 lw ire' ~ . oi, jorit and mmetta
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DISCUSSiON mortality occurred in the Chesapeake Bay area in

This study confirms and extends the observa- 1963.
tions of Snieszko et al. (11); it also supports their
conclusion that the organism which they iso- ,We thank S. F. Snieszko and G. L. Bullock of the
lated from moribund white perch and diseased Eastern Fish Disease Laboratoty, Kearneysville, W.
striped bass should be placed in the genus Va., and L. E. Cronin and C. D. Meyers of the

Pasteurella, on the basis of criteria outlined in Chesapeake Biological Laboratory, Saiomons, Md.,
for their generous cooperation. We also thank E. A.

Bergey's Miahual. When the organism was com- Ambush. J. Holland. and E. D. Beesley fior excellent
pared with the established species which it technical assistance.
resembles most closely, there were enough dif-
ferences in every instance (Table 1) to rule out its LITURATUR- Cl111)

identification with any of these species. In addi- I. Allen. N. and M. J. Pelczar. 1967. Bacteriological
tion, no serological evidence that this organism studies on th,: white perch. Ro cui. am.'ricamu.
was identical to any of these species was detected. Chesapeake Sci. 8:135 154.
Allen and Pelczar (I) used numerical taxonomy 2. Beesley. E. D.. R. R. Brubaker. W. A. Jansen,
to Lompic the organism with a large variety of and M. J. Surgalla. 1967. Pesticins. Ill. lExpre-

bacteria isolated from the internal organs of sion or coaulase and mechanism of fibrino-
whiterch. island croclud tha intwsanotrsiolysis. J. Ba.teriol. 94:19 26.
white perch, and concluded that it was not sig- I Brubaker. R. R.. and M. J. Surgalla. 1962. lcsti-
nificantly similar to any of the organisms tested. cins. II. Production of pesticins I and II. J.

It is our conclusion that the Pasteurella-like llactcriol. 84:539 545.
organism from white perch is not identical to 4. Ewing, W. H . and J. G. Johnson. 1960. The
any formally established species. Thus, we suggest dilrerentiat:n of Aeromomns and C27 cultures
that it be identified as Pasteurella piscivida (L. fhorn Entererobacteriaceae. Intern. Bull. lblc-

noun piscis. a fish; L.v.L. adj. sullix-cids, to kill; teriol. Nomen. Taxon. 10:223,230.
M.L. noun pisiicida. fish killer), since it is the only 5. Landman. N. E., H. T. Iausum, and T. S, Matne).
Pa.veella species which h sis been isolated o 1962. Temperature-gradient plates for growth

of microorganisms. J. Bacteriol. 83:463 469.
lish and shown (un/ndi ddikiutas) to cause lethal 6. Ouchtcrlony, 0. 1962. Dilrusion in gel mztliods
infection of fish. for immunological anatbsis II. Progr. Allerg).

The Past'urella species from white perch 6:30 154.
resembles marine bacteria in its absolute require- 7. Shewan. J. M.. W. Hodgkiss. and J. Liston. 1954.
ment for NaCI and in its growth temperature A method for the rapid differentiation of'certain
range of 17 to 31 C; yet its range of tolerance to nonpathogenic, asporogenou% hcilli. Nature
NaCI and hydrogen ion concentration is sur- 1.1:208 -209.

prisingly narrow, and its survival time in brackish 8. Sindermann. C. J. 1966. I)isemsc% of marine fishes.
Advan. Marine Biol. 4:1 89.
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