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STUDY OF THE TULAREMIA PATHOOEN=-SIMILAR V. NOVICIDA LARSON LT Al
MIGRO ORGANISM

[ Following is the translation of an article by N. G.
Olsuf'yev, Os S. Yemel'yanova, lI. 8. lleshchexryakova,
and I+ V. Rodionova, published in the Russian=-language
periodical Zhurnal iMikrobiologli, Lpldemiologii i
Inmuroblologil (Journal of Miocrobiology, Lpidemiology,
and Inmunobiology) No 8, 1968, pages 92-98. It was
submitted on 29 Deoc 1967._/

Gamaleya Institute of Epidemiology &nd Mioroblology, Academy of
Sciences, USSR.

In 1955 Larson and assocliates in the USA described & now micro=
organism « Pasteurella novicida « which is very similar with the
causative agent of tularemia. A unique stralin of this miorobe was
isolated during passaging of a sample of water through the organism
of suinoa pigs and wihite mice. The water was obtained from the
Ogdsn Bay Bird Reservation on the Great Salt Lake in the state of
Utah. This strain differed from the tularemia causative agent malnly
by tho absence of oross serological reactions, the abllity to ferment
saccharose, and & somewhat lesaer pathogenicity for white mice and
gulnea pigs. Olsul'yev and assocliates 1969), and then Owen and
assoclates (1964), rolated tiais miocrobe to the gonus Francisella,.
Numerous attempts to detect F. navioida &t the site of the initial
isolation and in other placea in the USA turned ocut to be unsuccesaful.

Thanks to the kindness of Dooctor K. Owsn {Rocky iountain Labor=
atory, Hamilton, USA) and Pprofessor lollare (Pasteur Institute,
Paris, France), to whom we express our thanks, we obtalined an orige
inal strain of F. novicida and studied it. Below we present the
results of the investigation of the culture obtained from Dootor
Owen. Woe propose that knowledge of these investigations will be
useful for Soviet miocrobiologists, since it ls not excluded that
this microorganism may be detected in the USSR

Based on morphology cells of F. novicida are simllar to the
tularemia causative agent, in partisular in a culture on coagulated
vitelline modium; on blood agar with cystine and glucose they are
somewhat largere. ¥. noviclde, Just as the tularemﬁa microbe, gives
off macus. The considerable similarity, revealed during an electron-
microscopic investigation of them, with the tularemle robe 1is
relative mainly to the structure of the cell wall, which has a amooth=-
scontour outer membrane, and also the scapacity for division by means
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of budding (I. B. Pavliova ard I. S. Meshoheryakova, personal cous
munication).

On coagulated yolk medium and blood agar the atudied atrain
grew somewhat more flourishilng, foimin; lapger colonies tnan the
tularemlia cuusative agent. lollowing mass seeding in meatv-peptone
broth growth was exoceptionally wealk ?100-200 million based on the
turbidity standard of the Tarasevich Institute), on meat=peptone
agar individual fine colonles grow, and following reseeding growth
ceased. \hen I, novicids was secded on Down's medium with glycerin
& clear yellowing of the medium wes noted (glycerin Jeo On Down's
medium with saccharose fermentation was absent (for a oontrol we
ugsed the Nearotic tularemia strains 38 and 0-284, whioh also did
not ferment sacocharose). We determined the oxidation capaoclty for
saccharose more accurately by the direct manometrlc method of
Warburge It was established that the activity of respiration in
F. novicida due to this ocarbohydrate oomprised 100,73 mioroliteras
per 1 gram of nitrogen in the suspension of live cells during one
hour of inocubation. This testified to the moderate assimilation
of the glven substrate. In a control investipgation of two Palae=
arcotio tularemia strains @ and 503 no activity was revealed relative
to saocharose; an attempt at induction of the corresponding enzymuatiec
systems with the subsequent reseeding of these stralns on a medium
which contalned saccharose as the source of carbon did not produte
an effeot even after 50 generationa. Ve Ald not oonduct an inves=
tigation of Nearctic strains in such a manner.

The activity of citrullinureidase Iln acetone=treated cellsa
of F. novicida comprised 10.6 mioromoles of oruithine per 20 mg
of preparation for % houra of incubation, whioch corresponded to the
lovel of activity of Nearctic races of tularemia miorobes.

Pathogenicity for laboratory animals was determined on white
mice (weight £2-25 g), guinea pigs (welght 200~250 g), and domestle
rabbits (weight 2600-3000 g) by the subcutansous administration of
a 2=day culture from coagulated yolk medium (Table 1).

White mice disd in 8«9 days, gulnea pigs in 10-13 days, and a
rabbit died in 3 days.

Autopsy revealed a number of pathologlioal anatomical ohanges
in the animals.

In mice the vessels of the subcutanecus cellular tissue were
hyperemic and at the site of infection an infiltrute was ususlly
abaent. Thse spleen was enlarged and slightly oonsolidated. Tne
liver was enlarged, not consolidated, a in a number of c&sos ¢one
tained neorotic sectors. Visible changes wers not detected in the
lungs &and intestines,
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Table 1 -

Virulence of I', novieida for laboratory animels (following sube
ocutaneous administration)
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Legond: numerator = number of animals whioh died; denominator =
nunbor of animals in test.

Key: (a) Dose (in miorcbial cella); (b) Result; (o) White mice;
{@) Guinea pigs; (e) Domostis rabbits; (f) milllon; (g) billion.

In guinea pigs the vessels of the subcutaneous cellular tissue
were hyperemic and at sitea of infection in som. oases thers waa
an insignifieant infilvrate. Inguinal lymph nodes were enjarged
and hyperemic. The spleen was enlarged and contained necrotlo
nodules. The liver was enlarged and contained necrotlc foci. 1In
the lungs there were sectors of hyperemia and in certain ocuses =
necrotlic nodes.

In the rabbit the vessels of the subsutaneous cellular tissue
wero sharply hyperemic and there was & very significant infiltrate
at the aite of infeotion. The apleen was slightly enlarged, had
& cherry color, but was not consolidated. The liver was enlarged
sharply, had a light cherry color, and was donse. The lungs had
seators ol hyperemia, There was hemorrhagic oxudate in the chest
and the abdominal cavity.

In smear imprints from the spleen and blood of dead white mice
F. novicida either ware not deteoted or individual groups of bac=
teria were noted in the aploen, but not in the blood. Vhen frage
menta ol spleen were seeded on nutrlent medium the growth of the
causative agent was always obasorved. In guinea plzs miocrobes were
revealsd only in seedings on coagulated yolk medium or blood agar
(in some oases with the addition of penicillin). Results of baoc-
terioscopy of smear imprints from the organa of the dead rabbit
were alaoc negative; a culturs was obtained by asedding & fraguent
of lunga on blood agar.
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For {he purpeoss of deteramining driminological bonds witn tho
tuluronda nisrobe the surviving animals weore infected under tho skin
with virulend strains of the tulsrenis mlerobe., VWhite nice and
cuinea pins were infected with 100 Lolm (100 miorobial colls) of
strain 503 of the Palaearotic race, and the rubblts « wilii 10 mioroe
bial cclls of tile Nearsctis Schu strain. Vithout exception all the
aninals died from tilaremic in porlods which were somowhat oxtondod
in comparison with tle periodas of death of control animaluoe Consoe
Quently orosa immunity was not detected,

Soroloclsal propertins of . noviclda were studled in tho roac=
tiona of apglutination, passive homagglutlnation, and antibody nou-
tralizations For the agglutination reaction we used a formaline
killed culture of the teat strain, for the passive hemaggclutination
resaction = the thermoextract from bactexria as the sensitizing ajont
for adsorption on erythrocytes, and for the neutralization reaction
= a formal in~inaotivated oulture of the teat strain, correaponding
antiserun, and erythrocytes which are sensitized by one or the other
antigen. Agglutination and hemagglutination titers of sera were
determined based on the laat dilution in which & oleaxr reaction was
obaerved (no less than4 ¢4)e

In 5'rabbits, which had endursd infection by s novicida, on the
15th day after subocutaneous infeotion with doses of 10 million =
1 billion misrobial cells the agglutination titer of aerum with
homologous strain was equal to 13160-=11640 and hemagglutination
= 1:2560~~1:40960; with the heterologous strain of tularemla microbe
the agglutination titer comprised correspondingly 1:40--1:1520, &nd
hemagglutination = 1:80=-=13:1280s The higher the infectlon dose the
higher the level of titers reached, and in all cases the reastion
with homologous strain waa higher than with heterologous. In guinea
pigs which had endured infection by ¥F. noviclda the titera with
homologous antigen equaled 1180=~11160, but not one of these sera
r;a;t:g)with the tularemia csusative agent (in & minimum dilution
[+ H .

In two rabbits which had endured infection following the aub-
cutanecus administration of 100 million microblal cells, after a
month & check was made of allergic reactivity to the intracutanecus

administration of antigens from homologous end hoterologous strains.

Antigen from the test atrain was prepared by the method used for

.the preparation of tularin; initial concentration of bacteria com-

prised 1 billion microbial cells in 1 ml (according to the standard
of the Tarasevich lInstitute). We also used fraotional doses of
antigen, for which the initial concentration of bacteria was diluted
by 10, 100, and 1000 times. The suspension was introducsed in a
volume of O.1 ml, i.e., the doses introduced comprised 100 million,
10 million, 1 million, and 100,000 microbial colls. In rabbits
which had endured F. novicida infection thy allergic reactivity of
the skin to homologous and heterologous antigens turned out to be
more or leas similarly moderately expressed (Table ‘2)e In a control
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healthy rabbit antigen of the test atrain or tularin was administored
in a dosa of 100 million miorvbial colls and after 24 hours only &
weaX hyporemia of the alkin without an infiltrate was noted. It
disapreared in 48 houra.

Tuble 8
Reaults of testing the allergic roactiviity of F. novicida
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Key: (a) intigen; (b) Dose; (¢) Reaotion; (d) in 24 hours; (e) in
48 hours; (f) on subsequent days; (g) Tularin; (h) 100 millionj
(1) 20 miilion; {J) Leas; (k) Hyporemia and infiltrate up to 1 om;
£13 Same; {m) Absent; (ns Hyperemlia and infiltrate up to 1.b om;

o) Samo; (p) Absent; (q) Analogous; (r) Absent.

In 4 rabbits which had had tularemia after the intravenoua
adninistration of 1000 microbial cells of the virulent Palaearctioc
strain 503, in 1l0-15 days after infection the blood serum contalned
agglutlinating titers of 1:460==1:2560 to the lnherent atrain and
hemagplutinating = 1:20480=--1:81920, while to the test strain the
titers comprlsed correspondingly 1l:lO=«1:80 and 1:320-=112580, 1.0,
turned out to be many times lowor than homologous. The nature of
agglutination with both cultures was similar.

Cross cutanecus allerpio reactlions were also studied in raidics
whioch were hyporimmunized ageinst tularemia {vaccination and subse=
quent infection with the Schu strain). In 2¢ haurs the rabbits
roscted with the development of an intense cutaneous reaction in
the form of hyperemia and an infiltrete (up to l=2 om in diameter)
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to the adminiastratlion of tularin in doses of 10 ard )L million
microbial colls and somewhat more woaldy (diametor ol soctor O.b=1 om)
= to tho adainlstration of 100,000 mioroblel eellsi in 43 houra

tho lntensity of the rcoaotion was not produced, but on subsuquont

days tae ronction fudeds Tho rabblts reacted to the adminlstration
ol' antigon from Iy noviocdda aluoat with the same Intongity = in 24
houra afier wdministration of doses of 10 und 1 million nlcroblal
¢olls ayperomia and an infiltrate up to l.o om in diawmetos wero lormed,
and wish wosed of 100,000 microblal colls = up to L em in disetor,
After 48 lLours the reaction prosodrved almost the same intensity and
faded in subsequent days, It is necessary to note that hyperemia of
the skin was somewhat more cloarer for the tularemia antigen than

for the antigen from F, novieids,

The presult of the roaction of antibody neutralization with the
test strain and the standurd horse antltularemla serum, the hemupg=
glutination titer of whioch equaled 1:160,000, was negative. In the
teating of foralinized suspensions of i« novicida the noutraiiza=-
tion of antibodies was not revealed even at a consentration egqual
to 1 biilion miercbial cells in I »ml of suspenaion, whilses a homolw
ogous tularemia culture caused the noutralization of antibodlies in
a oonocentration equal to 2 million miorobial celila. Vhen the reace
tion was sot up with tularemia microbes and serum agalnat F. novieidas,
the hemagglutination titer of which equaled 1:5120 with homologous
antigen, neutralization was avsent, HFormalinized cella of F. novicida
inhibited the reaction of passive hemagglutinution at & minimum cone-
centration of 500,000 miecrobiul cells, wnile tularemia cuusative
agents did not ilnhlbit the re.ction even in a consentration equal to
1 billion miorobial cella., These datu testiflied to the diverse
nature of speclea specific antigens of F, tularonsis «nd F. novioida.

A comparative study of the antigenio structure of thess miorohbes
by the method of preolpitation in gel (Ochterlony method) using the
dry acetone powders of both straina in dosos or 25 mg per 1 ml end
standard horse antitularemia serum showed that these microorganisms
had at least two common antigenic components contalined in the asomatle
portion of the antigen complex. The preasence of species specific
Vi=antigen of e tularensis in cells of F. noviclda was not
Tevealed (see drawing).

It is inown that the tularemia microbe, in contrast to many
other specisa of microbes, is lyzed in a twine solution (D. I. Brike
man, personal comaunication). Was used this test in the study of
F, novicida while using 6 tularemla stralns for a control: one
strain of the Nearotic ruce = Schu, one = Central Asian 117, and
4 Palaearstic strains 800, 21/400, Tun Lyao, and Koshoe. The Palas-
arotic strains diffored in the degree of virulence. 1ln addition to
this an investigation was made of one strain of 8. typhimarium and
one of L, moncoytogenes., Initial density of the suspension was
around l.5-=3 billion in 1 ml. Determination of turbidity was
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sasrlod oup by the phnotometric mothod and expressed in billlons of
o6ells by awans of a ocomparison witn a calibrution curves For
sungtruction ol the curve we dotormined in a suspension of struin
O3 tho luwmbor o:i mlcrobial eells in 1 mdl based on the standard of
1o Stuto vontrol ingtitute and tooi a photometrie reading of Laom
at 640 nm oon & Ful{=88. Ve lnvestliguted the suspenslons Jnecwdlitely
arlter pruparation und &also in 4 and 84 hours.
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Reaction of precipitation in agar by the Ochterleony method.

1l =« antigen of I's novicida; 2 = antizen of 7. tularenais; 3 - standard
horse antitularemia serwm; thin lines = precipitation of somatie
antizen complex, wide lines = precipltation of Vieantigen complex

of tularemia miocrobe, ahsent in I, novicida,

All the tuwlaremla strains were lyzed in 4 hours and turbldlity was
reduced li=-=8% times in comparison with & control suspension in a
physiologlcal solution. 1n contrast to this, & suspension of

s novisida in a twine solution after ¢ houra of exposure diff'ered
very little in turbidity from & suspenaion in paysiologleal solutlon.
Analogous prosults were obtained with suspensions of Salmonella and
Listeria. In 24 hours tho suspension of the test strain was lyzed
in a twine solution approximately up t~ the lavel of tularemia
strains, while Salmonella and Listeria, after 24 hours, remalned
the same in twine solution as in physiological selution. 1n the
investigation of Gram=-stained smears from these cultures after 24
hours in twine it was not possible to reveal any morphologleal
differonces in them in comparison with cultures in physiologlcal
solutiones #after 24 hours in twine oella of the test atraln and

of tularemis causative agents were stalned weakly and had vague
contours, wiaile in physiological solution they stalned brightly
and preseryved sharp contours.

The results of our investigations oconfirm the findings of
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Larson and assocdates and Owen und assocluten ¢oncerning the high
degroo of similuprlity in the morphologlsal, tinstorianl, oultural,
and, In particular, pathogenlc propertles of ife no' leldn ung
tuluronais. 1n agreonont with the Ulndlngs ol thoso awnaoes wo
also detectod in i'e novieclda tihw oupuciby to rermunt LLco.aauh,
whiehh 1s not 4 ohmractoriutic of tanv tularemia o usatlve .. ionile

Howaver, in I'e novieida and tulurensis wo eantablicin.. u judtlul
autligonle communlty by meana ol uding antiseru {rom rabbiits in the
agglutinatlion reuction, which the lavestigators meontioned could not
demonstrata, Thay observed partial orosa reactions only in tosts
of compleoment fixation.

Oncoe more wo eatablishod the antipgenio neurness of both microe
organiams in the allerpy reaction on rabbita, deotected the enzyme
eitrullinurvidase in . novioclda, and demonstrated the weuker
lyzabillity of this mliorooxganisi by twine.

Under practical conditions for the dlapgnostles of Is novisida,
‘apart from establishing thoe olose slmlilarity of maln propertleus of
the isolated culture with the tularemls cuusative agent, it ls
néoesaary to pay special attention to the wouk agplutinability of
the oulture by standard agglutinating antituluremia serum (no more
than up o 1/30 the titey of the latter) and to the fermentation of
glycerin on Down's madiume The last oriterion ocan serve for dif=
ferentiution only with tulapremla ocultures ol the Palasaretic race,

but not of the Centrul aAslen, NWearstic, or Japanese varlants of the '

Palasarotic race whlch ferment glycerin.

Vihen cultures which are suspected of belng F. novicida are
isolated from water or othor objects thoy should bs sont for conw
firmation to tae Gamaleya Institute of ipidemiology and wloroblol=
ogy, AN USSR (uWossow, Ulitse Galaleys 2).

Concluslions

l. AFranoisella noviocida, which was described by Larson and
assoclutes, based on its morghological, tinctorial, cultural, and,
in particular, pathogzenic properitles for laboratery animals turned
out to be similar %o the causative agent of tularomla, which 1s the
basis for combining both microorganisms in one genus.

2. F. novicida docomposed glycerin and contained the enzyme
citrullinureidase, which connocted this specles with the Nearctic
and Central asian variants of the tularemia microbe.

3. F. novicida fermnented saccharose and was lyzed relatively

slowly in a twine solution, by walch it differed from the causative
agent of tularemia. S
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4.\‘Iq%§ gqiicidn we doteotad & sommunity of ‘the somutic anti= -
gonie compl i the corpresponding complex of the tulurenmia

miecroboy whloh in tosts on rabbite conditioned the partial croal

roactions of agglutination and wllor(ye

8. 'On loboratory aninala a live sulturo of F. novicida did
not psaarantuo proiecstion ajuingt rugouted intection witi lethul
Gosow ol o vaiuleud tuluruu;u cultuarue

Sa Ol-the - tery e USSR it is necessary to organize
searehes-Lfor . novi rily in reservoirs = in placea of
nass congre sation of bir 8, and alse on the birds themselves and
rodonss liv ng with themes
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