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Lhe Pustenrella species implicated as the etiologic agent of a mxssive white perch
mortality in the Chesapeake Bay and first descrited by S. F. Snieszko et al. has been
churacterized further in our laboratory. The general morphology and physiology of
this organism is similar to that of the pasteurellac and several known fish patho-
vens There are enough dissimilarities. however, to rule out its identification with
any estabdished species. The organism is obligately halophilic and grows in a temper-
ature range between 17 and 31 C on ordinary media containing 17, NaCl. It has a rel-
atively narrow range of pH, temperature, and salinity tolerance, and a very short
surviva! iime in spent media or brackish water, in cont:ast to Pasteurella pestis and P.
psewdotberculosis. Serological tests also indicate that this organism is distinct from
other species which it resembles. On the basis of ¢lassic morphological and physiolog.
wal criteria, this organism fits best in the genus Pasteurellu; the species name
piscicida (L. noun piseis, a fish; L v.Ladj. sulfix-cidus, to kill; M.L. noun piscicidu.

tish killer: is proposed.

During the summer of 1963, an epizootic oc-
curred among white perch « Roccus americanus) in
the upper Chesapenhe Bay and its tnibutaries
which desttosed  approxinmutely 507 of the
pepulation -8t A Pasienrella species (designated

Wostearella sp - white perchi. which appeared to
he the ctiologic agent. was bolated from the
blood ana erzans of moribund white perch and
Jiseased striped bass « Roccns savatiist by Snieszko
and his ¢co workers Y. The morphology and
rhasiology of this orgenism, as well as the rapidly
fatal septivemic character of the disease. led to
the suspicien that the organism might be closely
1elated w0 Pusrcurelia pestis and.  therefore,
potentially dangerous to man. Fhis suspicion was
vetnforced when o preliminaey serological  test
revealed that rabbit antiplague serum reacted
with the organism 1o form gei precipitin bands.

Because of the possilile hazirds imvolved, $he
work begun by Snieszho ot al 91 was continued
m our laboritory at Fort Detrick i order to

1vocontirm andg estend  the identfication  of
Pastcurella s v-hite perchy, i determine its
virglence amd pathogenicity in white perch. and

e exanune its potentil danger to pubhic health.
e morphology | phesiologs . and serology of the
organisim e the subjeets of this paper: i study
ol tts virulence pathogeniaty, and eprzootioloe
will be reported in o future communication

MATERIALS AND METHODS

Tweaty-seven of S. F. Snieszko's original isolates
of the Pastenrella sp. {white perch) from white perch
and striped bass were studied. These isolates were
grown on Difco Heart Infusion Broth (HIB) aad BBL
Blood Agar Base ‘BAB). Purple Broth (Ditto) was
used as the basal medium in all sugar fermentation
tests. Sodium chloride was added to all media to
achieve a final concentration of 17, except when salt
tolerance of the organisms was under study; in this
ciase, Nutrient Broth «Difcor without added NaCl
was used as the basal medium. Cultures were incu-
tuted statically at 23 C for 48 hr before use,

Cultures of P. pesris (virulent Alexander strain)
and P. pseudotuhercudosis (type 1strain C-7) from the
collection at Fort Detrick were employed where indi-
cated. Thee cultures of  Haemophilus  piscinm  and
Aeromonas safmonicida, as well as the isolates of
Pasturella sp. {white perchy, were supplied by S, F,
Snweszko. The Fibrio parahaemolyvticus culture was
obtained from .. 1. Berry, and all other cultures used
m the serological studies were from the collection of
R. R. Brubaker. All cultures of organisms other than
the Pasteurclla sp. iwhite perchy were incubated at
20 C on a reciprocating shiaker for 48 hr before use.

Al tests, techmgues, and media used were as recom-
mended o the Manaal ot Microbiological M.othods
10 In additton, we also used the following tests:
viboiontit 9129 seasitivty . as deseribad by Shewan
ot al 7 coagulase activity wath rablat plasma, as
duseribad by Beestes et all 25 pesticin production
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and sensitivity as described by Brubaker et al. (3j;
and ovtochrome oxidase as described by Ewing and
Johnson .4y,

Phage sensitivity of Pastenrella sp. (white perchy
was tested by placing drops of phage cultures on agar
plates baving visible, contluent, surface growth of the
hacteria. The phages, which Iyse P. pesns but not P
mewdoihereniosis, were identitied in our laboratory as
PP PP2, PP PPS, PPT, PPR, and C-16.

Fhe wemperature range in which growth of organ-
s occuried on the suriace of BAB in petri dishes
was detennined with the method deseribed by Land-
man vk 3

Sabianty and pH slerance ranges were determined
M prepanng duplicate sets of coftures in 100
I irleameser asks, each containing S0 mil of medium
adjusted to a ecrtain pH oor concentration of NaCl
For the salimty test the medium wsed was Nutrient
Broth Dhifco . In the first pair of thisks. no NaCl was
added . o the sevond pair of flasks, 05, NaCl was
added: and i the remaining series of flasks, increas-
g concetrabons of NaCl by 0.8, incremwents
through 1 mavuum of 9°, . were added. The same
procedure was followed in the pH test, except that
HIR contummg 1, NaCl was ased and the pH was
adisted. by aepsopriate additton of 0.1 8~ HCL or
SaOL 1o 3 30 the tiest pair of flasks, to 5.00n the
woond oo of tasks, ind v pH valucs through pH
Hoan o3 apcremients i the renunning tlasks, After
autockaivmz the medis, the pH m one ser of flasks wais
meastrad and was assumed that the ped was identicat
i the dupheate set. Al ishs were moculated with 0.5
ml of a 24 hr HIB culture of the indicated organism
difuted 1210000 with stzrile HIB just before inocula-
ton A senies of control Hasks were san vied immedr
atehy atter moculation. and all of the test flasks were
sampled atter 48 hr of incubauon at 26 C. The number
of viable organisms in cach sample was determined by
the standard pour-plate method with BAB.

Sunvonal of the aartous  Pastearelle species i
brach sy water was determined W inoculating cultures
of o representative strnn nto water from the Chesa-
peahe Bayv, at Solomons, Md . which contained 1.7°,
NaCl The organisms were grown in 30 mi of HIB;
then they were washed free from medium by centnifu-
wation and were suspended in tilter-stenilized brackhish

water twice betore finally boemng dispersed in 200 mi of

fitter sterthized brackinh water. These suspensions were
dispensed as 10ml portions mto sterile screw-cap
test tubes and were meubated at 22 C. Tubes contain-
e umnoculated sterile brachish water served as
conttrol A wdentical test seres was abso prepared
with umstenibzad brachish water. Immediately  after
the toest sastemis were prepared. i single tube from <ach
seties of mocukated water and vminoculated controls
wis sammpled and discardaed: this procedure was re-
paeated after 1020340 504, 21028 42, and 70 days ot
mcubuition  Fhe number of organsms sunviving after
the vanows tone mtervals was deternuned by the
standand pour plate method with BAB.

Scrologcal studies mvohwed the use of the pel
ditfuston anaboesy methad of Quehterlony 1600 Gel
phlites comtiined 1, lomagr « 2 (Oxoid) in phys
wlomcal saline plus 01 mg of Merthiolate per mi.
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Wells were 6 mm in diameter and 9 mm apart (center
to center). The plates were incubated at 23 C and were
exanmvined after 6, 12, and 24 hr. Bacterial cultures
employed as antigens in the serological tests were
grown in appropriate media for 48 hr at 26 C, exposed
to sonic vibratioas for 10 min with a Raytheon sonic
oscillator. and sterilized by filtration; then 0.1 mg of
Merthiolate per ml was added to the filtrate, which
was stored at 5 C until used. Antisera were produced
with New Zealand white rabbits by daily intravenous
injection iover a 2-week periody of undiluted 48-hr
HIB cultures of Pusteurclla sp. iwhite perchi, The
initial injection was 0.2 ml (containing 2 X 10° organ-
wmse: then cach dose was increased by 0.1 ml until a
dose of 1 mi feontaming 10® organismis: was reached
and held constant. Two weeks alter the tinal dose, the
rabbits were bled. and 0.1 of Merthiolate per ml was
added to the serum before storage at 5 C.

The immunological similarity batween Pustenrotia
sp. «white perchi. P. pestis and P. psend nuborculosis
win studied by actively or passively  immunizing
guinei pigs and mice against  Pasteurclle sp.  (white
perchy and testing Jor immunity against lethal infec-
tion with P. postis. The animals were injected iatra-
runcularly with (LE-ml doses coatainiag § X 107
arganisms  Exnch of 30 Hartles strain gainea pags
aneraze weigiit, 590 g5 was injected owee weekly for
2 moaths. Two weeks after the final injection. all of
the evperimental animals and 10 adammumized con-
trol ammais were each injected intraperitona lly with
233 virulent P. posiis cells. Each of 6) Deatrick mice
average weight, 20 g was injected twice weekly for 1
month: 1 week after the fiaal immunizing dose, the
animals were separated into six egual groaps and wene
inoculated with graded doses of viruleat P. postis oy
mtraperitoneal injection. Ao iajected with graded
doses of virulent P, postis were 69 nonimmunized
control mice and 60 mice passively immunized by
intraperitoneal injection of 0.5 ml of rabbit antisera
agunst  Pasienrella sp. iwhite perchy  immaediately
before challenge. The siv chillenge doses ranged from
R to 558 organisms an threefold stepwise increases.,
In another passive protection test. mice in groups of
10 were cach ingected intraperitoacally with0.5mlof
physiological saline, normal rabbit serum. rabbit anti-
serum against Pasteurclla sp. twhite parcehs, or rabbit
antiserum against 2. postis. lmmediately alter these
injections. each mouse was challenged intraperitoae-
ally with 18000 virulent P. postis cells. All of the
activesy mmunized animals had deteciable gel pre--
cipitins against Pastenrella sp. iwhite perchi; the rabbit
antiserum used for passive immunization had a gel
precipitin titer of 1:8,

ResuLrs
The 27 wsolutes of Pastenrella sp. (white pareh)

-proved to be identical in every respact. When

observed in preparations of blood or organs,
stained with Geimsa's blood stain, from mori-
bund, experimentally infected white perch (Fig.
I, the bacilli had the typical bipolar safety-pin
appearance  characteristic of P, postis. The
organism grew moderately well in ordinary bue-
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Vs, L Pastearella sp. owhite perclo i tiee blosd of
a winte perelt moriband from cxperanentad plectnt

Glionsa stainr, X 1200,

teriological media with NaCladded. T was rod
shaped with rounded ends, gram negative. en
capsulated, nonflagellated, and usually 05 1w
1.5 g inosize.

Colonies developed within 72 he on e media
and were uniformiy round, | to 2 mm in duuneter,
ghistening, grevish vellow, entire, comvey, opague,
and viscid. Growth on agar slants was moderatels
abundant, filitorm,  glistening,  grevishe sellow,
translucent, and viscid, In Nutrient Broth, the
orgamism produced moderate, uniforme turbidity
without forming a pelliclke and was nonmotile
Colonies on MacConhes's Agir & 2 (Dilcod were
uniformly round, 1 to 2 mmoan duameter, entire,
opague. comven, viscid, and sellow with o red
center No growth was obsenned on Dilvo S S on
Brilhant Green Agar. Stab or skt cultures e
maned yable for ondy about 2 weeks when stored
At S CoCultires suspended in 60, ghveerol ples
200 phasiological sabioe and stored it 20 C
sunvived for approsinitels 3 months

Giluvose, fructose, nultose, nmunnose, galactose.
mehbiose, and sucrose were fermented  aniiero
pemically by the organism, whereas Lictine,
thommose,  salicinn, sorbitol, sslose, ghoerol
manpitol, arabmese, gakactose, dulcitol, deston,
eseuhin, weositol, melesitose, sdonitol, trehalose,
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malin, cellobiose, and  ratlinose were nt e
mented. Tests tor arcase, gelatinase, 11N, indole,
acety Limethvl cabinol, and miteate redoction were
neiative. The methyd ced, ovtochromie osidise,
and catilise tests were positive. The ongamism
did pot hemoh ze rabbit bload, o Ivse bovine
fibrin, o coagufate cabbit plasma 10 did not
produce pesticin, nor was it sensitive o thas
bacteriocin produaced Dy 220 pesaes. Phages which
hae PP opesn had ne oetfect on this baaillos
Unlike P pestis and P pyendotuberculosin, o was
seisttive o the vibrtostat O 12 A tvpical stun
o Pastenrella sp. owhite perchy grew i tempera
ture sange of 17 o 3L Cowhereas P pesay and
P paendotulercidosis stens were able to prow
e range between S and 00 ACleast 0 5+ Na(Cl
i medur was required Tor growth of Poaenrdia
sp owhite perchy, whercas 2 pests and P
pyendoubercadosis did not requare the addition o
NaCl Opumal growth of Pusicierclla sp owiate
perchy occurred in 13 NaCLowath o ol
prowmth tolevance between 2.5 and 3000 ' pevin
prew best with 0.3 NaCan the mediam, and
tolerated 43, for growth P paewdotabercudon
piew best i the medium wathout NaCloand
tolerated 87, NaCl some organissis sunvined -8
he of incubation at 23 C o medivm contamng
N8 NaCL Pastenrella ~p owhite perche giew
e medi having an il pH canee between 6 3
and 7.0, with optimld growth at pH 60X 1" e
grewe nanoamtial range between S8 and N o
with the optumunm at 7.2 2 pncrdoniber culon
grew i an imtial range from pil 8 2 109 3 with
an indistinct optimum between 38 and X 9 sone
organiss survived i medison wath o imtial g+
of 10§,

As indicated i big 2, Paviewr il spoonhate
perchy died ot o loganthome sate waithm 3 dass
when suspended i stenle brachish water (1 7

NaCh  In contrast, 2 pesis grew daemg the
1w
mﬂ-. @ P psudatebiero tos
14 EUAN
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fivst A8 hr o survived Detween 28 and 40 davs
under  these conditions; P pscudosubereulosis
dicd at an even slower rate, with some organisms
stll viable after 70 davs when the experiment
wis termnted. Survival of these species in un.
stertlized brackinh witer appeared to be similar
to thewr survival in sterile brackish water, al
though it was impossible to guantitinte the number
ol speatic viable organiaims accuratels becise off
the Large number of mdigenous bacterin in the
watter. .

Serum from rabbits insmuanized with Pastearella
spoewhite perchy peacted exclusively with this or
wansm o agae gel double ditfusion tests. Fwo
distinet precipitate inds were formed. Phe serum
did not react visibly with the following orpanisms:

lerobacter aerogenes,  Aeromonas  hydrophilia,
1. sulmonicida, 1. shigelloides, Exelerichia coli B,
Hacemophilus piscium, Klebsiolla ppeumoniae, P
pesits, P psendotubercudosis, Proteus morganii,
P ovidearis, Psew:mmonas acruginosa, Salmonella
paratvphis 1, Shicelhe flexneri, Vibeio paraleooly-
ticws, and Y ersinia enterocoditica. Rabbit antisera
aganst ' pesrs o P psendotberendosis formed

Tanir L Ditterences berween Pastenrella sp. cehite pereliy and some similar organisms
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precipitate bands when reacted with Pasteurclia
spr. owhite perch), but these bands were not identi-
cal to those formed with 2. pestis and 2. psewdo-
tubercnlosis; Turthermore, the sera formed pre
ciprtates with most of the organisms listed above,
Serum from many nonimmaunized cabbits over 6
months of age also formed precipitate bands with
most of the organisms listed, including Pastenrella
sp. (white perch), Serodogical tests performied y
L. Curnie at the Walter Reed Army Institute of
Research ruled out the possibility that Pastcurella
sp. owhite perehy was a2 psendotuberculosis
tvpe, anad tests by K Heddleston at the National
Animial Discase Laboratorsy proved that it was
not I mdiocida o P, hacoolvtica (ype,

Active or passive imnumization of mice and
guinei pigs against Pastenrella sp. iwhite perch)
had no protective effect against lethal infection
with P, pestis, i contiist o ammunization pro-
cadures with 22 pestis or P pscudotbercudosis s
antigens,

Phe major ditferences between Pastenrella sp.
iwhite perch and the organismis which it most
resembles are sunmiarized in Table 1,

Pasieinelian .
bt ISTRRRYY (TT 7O L PRV Peendo
ety Jtaber nloes
Motifus }
Raodent virolenee i ¢
Gl didfusion test” }
Growth at 37 ¢ . .
MVaibraostar 0 129
seiis ity s .
Specal medue
Obheate halophile '
Sofuble prgment
NO . raduction . '
H S production t t
Urcase ;
Lindole
Fermentation of
Arabimose
b sculm . '
Destrmn , '
Moanmito! : !
Rhanmose .
Sahiem ' .
Sew bytol
Pechalone '
N lose . .

Acvotdimpe to Borgev s Yamal, Tth od
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e b i N o ) ar.
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DiscussioN

This study confirms and extends the observa-
tions of Snieszko et al. (11); it also supports their
conclusion that the organism which they iso-
lated from moribund white perch and discased
striped bass should be placed in the genus
Pasteuretla, on the basis of criteria outlined in
Bergey's Manual. When the organism was com-
pared with the established species which it
resembles most closely, there were enough dif-
ferences in every instance (Table 1) to rule out its
identification with any of these species. In addi-
tion, no serological evidence that this organism
was identical to any of these species was detected.
Allen and Pelezar (1) used numerical taxonomy
to compare the organism with a large variety of
bacteria isolated from the internal organs of
white perch, and concluded that it was not sig-
nificantly similar to any of the orgunisms tested.

It is our conclusion that the Pasteurellu-like
organism from white perch is not identical to
any formally established species. Thus, we suggest
- that it be identified as Puasteurclla piscicida (L.
noun piscis, a fish; Lv.L. adj. suflix-cidus, to kill;
M.L. noun piscicida, tish killer), since it is the only
Pastcurellu species which has been isolated from
fish and shown (unpublishied duta) to cause fethal
infection of fish,

The  Pasteurella  species from  white perch
resembles marine bacteria in its absolute require-
ment for NaCl and in its growth temperature
range of 17 to 31 C; yet its range of tolerance to
NaCl and hydrogen ion concentration is sur-
prisingly narrow, and its survival time in brackish
water or laboratory media is very short, especially
when compared to P. pestis and P. psendotubercu-
Josis. For these reasons, we suspect that this fish
pathogen is poorly adapted for survival outside of
its host, and we suggest that this may be a major
reason why it was not detected before and has
not been detected since tie massive white perch

JANSSEN AND SURGALLA
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mortality occurred in the Chesapeake Bay area in

1963.
ACKNOWLEDGMENTS

“We thank S. F. Snieszko and G. L. Bullock of the
Eastern Fish Discase Laboratory, Kearneysville, W.
VYa., and L. E. Cronin and C. D. Meyers of the
Chesapeake Biological Laboratory, Solomons, Md.,
for their generous cooperation. We also thank E. A,
Ambush, J. Holland, and E. D. Beesley for excellent
technical assistance.

Literature Cited

. Allen. N, and M. J. Pelczar. 1967. Bacteriological
studies on the white perch, Roccus am ricanns.
Chesapeake Sci. 8:135 154

Beesley, E. D.. R. R. Brubuker. W. A, Janssen,
and M., J. Surgalla. 1967, Pesticins, 1L Expres-
sion of coaliase and mechanism of fibrino-
lysis. J. Bacteriol, 94:19 26.

3. Brubaker, R, R, and M. J. Surgalla. 1962, Pesti-
cins. 1. Production of pesticins 1 and 11. J.
Bacteriol. 84:519 548,

4. Ewing, W, H . and J. G. Johnson. 1960, The
differeatiation of Aeromonas and C27 cultures
fiom Entererobacteriaceae. Intern. Bull, Bac-
teriol. Nomen. Taxon. 10:223-230,

S. Landman, N.E., H. T. Bausum, and T. S. Matncey.
1962. Temperature-gradient plates for growth
of microorganisms. J. Bacteriol. 83:463 469,

6. Ouchterlony, Q. 1962, DilTusion in gel maethods
for immunological analysis 11, Progr. Allergy.
6:30 154,

7. Shewan, J. M., W. Hodgkiss. and J. Liston. 1954,
A method for the rapid ditferentiation of certain
nonpathogenic, asporogenous bacilli.  Nature
173:208 -209.,

8. Sindermann, C. J. 1966, Diseases of marine fishes,
Advan, Marinc Biol. 4:1 89,

9. Sniceszko, S. F., G. L. Bullock. E. Hollis, and ).
G. Boone. 1964, Pasieurelhe sp. from an
epizootic of white perch (Rocceus  americanuy)
in Chesapeake Bay tidewater areas. J. Bacteriol,
88:1814 1815,

10. Society of American Bacteriologists. 1957, Manual

of Microbiological Methods. McGraw-Hill

Book Co., Inc., New York.

!\l



