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"B, SUMMARY OF PROGRESS | |
'Studiee on the'heﬁelyeins of Listeria mdnocxtegenee have shown these to h
i be- protein in nature with the relative electrophoretic mobility of gamma type
Co ~ globulins, and are entigenic in the rabbit.
The amount of hemolyein produced was dependent on the strain, the time
" and temperature of incubatipn, and the state of the medium (broth or,eolid).

. Common hydrocolloids -added to the broth medium inereased‘the titer'bf the hemoe

LAY

< : lysins produced and prevented their early deterioration. The nemolysins are

PR -

- oxygen sensitive and heat labile.

e

While inducing no detectable toxicity in the intact mice or skin necrosis

in tne rabbit, the hemolysins appear to exert cytolytic effect on isolated

" mouse peritoneel exudete celie

TR ) K RO

An investigation into the nature of avirulence, indicate the probable

role of cytotoxic factor/e, produced during 3rowth in the host, on the

oM 1AL A L

establishment of infection and the production qf_overt disease.

A highly toxic polysaccharide has been igolated from eome strains of

Listeris monecxtogenee and is presently under study.
B C. STATEMENT OF PROGRESS -
1. Publicacions -
| The following articlee have either been published, are in press or under

preparation:
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"11: N;eku-Obi. &, N,, and‘E. Jenkins: Quantitative Aépéete)end Nature
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.;mh,m_m;.”;“____ﬁ;Lﬂ.;m,n,:;ofVSoluble,Hemalysinsjaf‘L;gtefia mogoéoféﬁéhgg;qghct‘“rioc;’gfg62;i_“ Lo

-2, Osebold, .J. W.; and A. N. Njoku-Obif Reeietanée-Mechaniene in Liste= - f

riosis. 2nd International Symposium on Lieteriosie, Montane, .. ' i o
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‘August 49 - 31, 1962.
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3. Njoku-Obi A, N, Serologicel Aepecte of’ Listerioeis, "The Ancigen-
Fixation Teet. énd InLernetiOnal Symposium on Liaceriosia,
Moﬁtana, August 29--3), 1962, ) _

4, ’Njoku-Obi Ao N, and E. Jenkins: Studies on the Soluble ﬁemolyains
of Lilsg;_g,mgnocxtoggngs. Submit:ed for publication--J. Bacteriol.

5. Njoku=Obi, A. N., Adams, E. W.; and K. M. Das: The Nature of Aviru-
lence in Listeria monoc!togeneg. I. Behavior of Virulent end Aviruye

r-lent,etrains in mice. In preperation. )

6. Njoku-Obi,-A. N., and—ﬁ. Robinsoe: The Narure of Avirulence in

- Listeris monocxtogenee. II Iaolation of a toxic polysaccheride.,
" In preparation ‘

2. Hemolxsins of Listeria gonocxcggenee.

Although it has been known for a long time thet g;g_g;ig ggngczgogeneg—

'brodueee beta=lysis on blood agat plates and -that this hemolyein is soluble and

filterable, no information is available on its distribution, nature and role in

lieteriosia.

,: In our search for toxins of this organism we turned attention to obtain

" some information on the hemolysine. One hundred and fifty-seven etreine were_ .

studied. These strains were obtaihed from all ever the.globe'includiﬁgtgepgn,

Eastern Europe Western Europe, Australia and South America. |
The soluble hemolysins ‘were obtained from either Brain Heart‘Infusion

Broth culture supernates or eeline extracts of Brain Heart Infusion Agar jr"

cuicures.d The amount of hemolvsin-produced—v ried becween stiaine E:om 0 to

1{&096 H. U., and wichin some etraine from one run~to anether. Ten per cent of

) the strains produced no deteecable hemolysine and’ ebout 6% praduced very high

titered hemolysins in the renge of 1 1024 to l 4096

It was found thet the strains produced higher titered hemolyeins on agar

cultures than in broth., The addition of some common hydrocolloids--furcelleren,
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celluloee gum and sodium alginate at concentratione of 0. 1 to 0.3% to the _
broth cultures prevented the eerly deLerioretion of the hemolysine and induced
the yield of highet titers. The tiime and tempereture of inoubation affected
the amount of hemol&ein produced, Thua oxygen was also £ound to inactivate
. the hemolyeine although not to the axtent that has been reported for strepto-
 lysin ng, " Naz820, did reectivate such inaetiveted hemolyeine sometimes to
their original-titera. Becauee of this and also because hydrocolloids were

: . ‘ found to prevent deterioration and potantiate the titere of the hemolyeino. it

P

was thought that incubation under coz might be benefieial; The result of such
experimante was contrary to expectation eince many strains failed to produce

"any under 5% COz incubation and hemolyeine produced by the few vere of vety

i B AR R A

low titete as compared to inCubetion in air. The mode of action of the hydro-

colloide therefore is epeeulative. ‘They may act to bind some toxio-medium,».

ingrediente thus ellowingamore hemolyaine.to be'produced‘orfto loosely ebeorb

the hemolysine thereby protecting them from the deteriorating influence of

oxygen or other oxidizing eubetancee. Their role in increasing the viscosity
of the medium and thus ninizing 0, content can't be over looked.

Riltration of the hemolyeine'thtough 8eitz, selee and Sintered elase
filters inectivated them, Thie hae'oniy been orevented by filtration tnrough :

millipore under positive preaeute.. The titers of the hemolyeine were elee .
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decreaeed by atorage and completely eliminated by heating at 60 degrees Centi-

grade for 1530 minutee
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_ ) o _ (1) within 30 minutes at 20-25° Centigrade
g i : - ~ (2) after 2 hours at 37° Centigrade and -
o ) : (3) after 2 hours at 37° Centigrade followed

" by over night incubation at 10° Centigrede. Approximately 6% of the strains

= " produced hgmoly.tna } that showed patte pattern (1) hemolyeie' 64% showed pattern

’|.
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(2) and 30% pattern (3). In view of recent reports of .production of

B O ) ez Y




w4 R LRl T

e ST I TSN

EESTRIER T Re: B SEAVES Sy BIIESK TGRS PHRTHARE YD 12 ESIDU PRI, SR AR

eafi R Et

[ LN

1 |,,,

g T

' hemolygins with phagocytic cells from the mouse.

Vpopuiatién was drastically reduced to IS-ZO%_of the original in 2 hours tt 379

Vuthat the qmite extensive lysis of normal sheep peritoneal exudate cells by

" the hemolystas...Ta.thet- experiment«~immuna>cells in-immine §era were rcsiatamtﬂiwﬁw—f_'

beta-conditioning factora by some stralns of L;staria gonocztggenas, pattcrn 3
‘might be analogus to the so called hot-cold ly.ino of the ﬁ;gghxlgggggng._ It
bas not yet been determined whqthot these patterns of hemolysis indicate

fundamental differences or not.

No'definitd correlation tould be madc with virulence. Some avirulent

, ettaint produced rather high titered h.molyains.

Washed red blood cells of the aheep, ~cow, horse guinea pig and human ﬂ

were equally acted upon, rhc use of anti-hamolysinvtittation for serological

" diagnosis seems to be clecuded by the fact that the normal sera of the species

mentioned above were anti-hemolytic in very high dilutions.

In patbogenesia, the role of the hemolysine is not defined. No toxicity

b s

could be demonstrated whon mice wbre injected i,v, or i,p, with them, Further

b4

no skin necrosis could be elicited in the rabbit. Neverthelass, it is quite

'probable that'thé hemolysins do pity a part in the imttacallular events followi

st petsia il d

1ing §hagccytoéis. Indirect evidence has been obteined by incubating purified

With weshed normal cells, the

Centigrade. Cells obtained from mice ptotiously iumunized with subelethal

doses of virulent Eiate;;g;trganibms, show a much grester resistance to this

tytolytic.éffétt. Ninety-two per ctmt of the originhl_cell population remained

and were viable after two hours, under identical conditions.

It is apecmlated

Listeria monogxgggeneg in tissue culture might perhape'be due to the action of

Aium,t.;;t_.@ e

i

to thie eytolylic action.

v i «.-azinlhll...u‘ e el

Tha ‘hemolysins are de!initaly proteins. Thny"are eaaily’precipitated

out of. solution with Ammonium sulfate. non-dialyzable,rgnd bchaved electro=

al

phoreticaily with the telative mobility of gamma type globulin. They are highly

antigenic in the rabbit.
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Part of this study was presented at the Annual Meeting of the American
Society tor-Mic:bbiology at Kaﬁéea Clty,_Mo.; 1962,
A'aitailedrmanuscripé has baen submitfed for publicgtién.
3. ghg Factors Involved in ggggl!ncés
| In an-earlier study in lhpep, lt wag-found ;hatrinjeétion of large doiéi
: oflllvc‘§virulent'§iater;g orsanlams;'in an'attempt at immunization, not only "
falled c§ conferrany pro:ectlon but also lnduced no apprcciaﬁla rise in inéi-
body . titer. Contrary to the abbve, sub-lethal doses of virulentllive organisml.
aimilarly 1noculated did significantly protect against 1ntraearotid challenge
and induced specific antibody ptoduc:ion. ' o
In view of those findings, it was thought neceasary to determine 1£
poolible, the nature of avirulence in Eisceria mogocxtogenes. i1t is well 7
accepccd ‘that avirulence may reflect relativa 1nebility of the organiam to )
cauae a distinct clinical diseaoe in a given host and that this might be maqi- .
fésted'by either a relative inability to 1e§:abliéh anrinfection; ;o-accumulate7
in the tissues and/or to elaborate ldbstanc§§ 1njuflous to the host.; The:_

studies coﬁducted with mice, aimed to determine'which'of these factors or

cambinations theraof operated in lisceriosle.-

Graded doses of avirulent strain $#7648 and virulent #4- 52 were injected

" 8. €., 1, p. and 1, v, 1n-m1ce. At various intervals two mice-in each group

wera killed and baccerial counts made of the following. liver. spleen, lymph

nodoa, lungs. peritoneal washing (where appliceble) hearc blood, heart end

-Ihe .ollowing results Wpré
obtained:

1. Persistence ln tigsues:
'A.' AVIRULENT oncmym |

w1th small doaeu of the avirulent atrain (103 105), the bacteria

_were rapidly cleared out of the system. By the second day leas'than

’Hllhlavi!,i. Satine s :‘n;l
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10 organiome were found in ~any tissue counted. -

When the dose was large (2°X 109), e different picture was -observed. Ae
was expected the number of organieme/orgen eteadily decreased. We, however, did,

not expect thec ‘the organisms pereieted in the -tissues up to the ninth day on

the evetage‘q: approximately 1_03 organieme/orgen. This perhaps might ;ndicete‘

the slowing of the eaeteriecidel mechanieme by the lerge number of organisms
1njected. |

Hietologically. no cellular damege was observed with the smallet doses of
103 and 10° organisms. Even wieh the heavy_inoculum of 2 X 109, only elighp

reactions of the liver cells, few foci of mononuciear infiltration and peri-

On the 5th day & slight necrosis of the

~ hepatic cord cells were seen, : -

" None of the mice injected with 2 x 109 of the avirulent orgeniema died

i after fcur weeks,

nf' VIRULENT ORGANISMS:

The virulent organism had an LDgq of 10° cells for mice. The sizes of

_ inocula employed were 102, 104, 107 cells,

The smallest inoculum was quickly removed from the tissues. The median

deee. did show pereietence up to the 4th day. Thefe wae however,fno evidence

of multiplication and none of the mice died afte: S'weeka. At that dosage

level evidences of'cieeee eellddeeeruction'were noted, The lymph nodes

(inguinae), liver and spleen were the organs most affecced when the injection

was via the s.'c;_route. Thn:e“gg;e marked deple tion of germinal Aan:exe 3 and

e edema “in both the lymph nodee and spleen at 24 houre, followed on ebout the

5th day with _hyperplasis of R. E. celle in those otgene. This probably

1ndiceted entibody production. In the liver, the eequence of eventi was neutro-

_philic egcumulegigg; and edema, maannuclear infiltration and elight pxreeeatrel T

. necroeie.
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The highest inoculum of 107 cclls presented a different picture. The

number of organiams/organ increased logarithmically until all the mice died

3 to 7 days later.

Hiutopathologically, at 24 hours after inoculation greyish whitc necrotic

spots, 1-2 mm in diameter, appcarcd ovgr the surface of the liver, These in- A

crcaaoﬂ_in‘ncmber with time and b& thc 5th day the whole liver was—covctec_by
them., Gross lesions on the spleen were evident at the 72nd hour.. These also
increased in number with time but ocrc not as oumcrocc co'on tﬁe liver. No
gross lesions wcre seen on othcr organs. N |
Microscopicclly. thc livet was the most vulnerable organ. Collular nccroaia

was evident ct the 24th hour and progrcaccd with time. The nectoail was of the

- caseous type with a thick rim of lcucocytic accumulation' it appeared to start )

around the branchee of the portal vein and bile ducts in the portal areas. By

" the 4th day, it has gpread exteneively Bo that each lobule had one or more foci

of necrosis. VAt the 6th day-approximately 75% of the liver was dead. - Bacteria

~ were numerous in the necrotic areas.

Next in o:dcf'of involvement was .the spleen. Ac-Za hours, the sinusoids

: wcfereogorged cnd neutrophiles ﬁcre abundant in the red pulp. " At 48 hours,

_increased cellular debris was observed in the spleenic corpuscles. Macrophages

‘began to replace neutrophiles. Definite necrosis became cvidcot—on the third

day: ‘The necrcsie was of the caseation type. with an outer 2zone of diointegrated

hcutrophilea. This was first noticed in thc rcd pulp below the copsule and from

- there, necrccic 3rcdually extendcd into the dipth oﬁ«the organ ~The- rcticulum e

of the red pulp, the oinuaoidc and the lplccnic corpuaclee were involvod in

necrosis, in that dcsccnding -order,

Thc above deccribed phcco of the study was shown that to eotablilh an

infoction largc numbers of Listeria monocztogene (virulent) was needed and

"pointed to the possible role of some ''cytotoxic factor' elaborated by this
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~ the presence_of 8 very small number of virulent bgctefiae cells in the large e

orghnism which induced bothjcellular'reﬁétion,and cell daatht

In tﬁe.eecond éhaie of the study; the,reiul:sﬂébtained seem to support
‘the“roag of this postulated cytotoxic factor, When allowed to éccumnlacorin |
'tho éi;suen‘by the administration of‘perdniaolonc,(ZSVmgs per mouse) twentye
four hgurs'before inoculation of,bactgria and 48 houra_&fcar. the avitulgnt '
'brganiimd‘mqlttplted.aﬁd‘killed the test animala.vithiulsrdaya. Similar results
wqré obtained when stress was induced by fasting. ‘

The pathéiogy was Very simtia; to"that,cauéed by the virulent organisms.

It was - however lenirbdth in severity and intensity. When compstred with the

avirulent strain alone, the lesions produced by the avirulent strain plus

corciaone'wul more severe and extensive. These reactions would 1ndtcate either

éopulacion of avirulent chteriﬁ injected (2 X 1@9),'which in a host under A
stress, wicﬂ supptéased clearance and other defenqive mechaninmb; were able to
establish and multiply extéheively in the'excelient nﬁ:ticive infernel meliew

of the host; or that like the virulent strain, the a§irdlents aé also produce

the postulated “eytotoxic factor' to a very ﬁuch less extent, which could o
accumulate 88 the éy;rulentl established and multipliéa extensively nggi;g B
under the influence 65 cortisone, Also.bo:h may_épqrhte at the same time.

The first hypotheses seems to be supported by the foliawing results
tabulatéd below. - | | | |

v 0 b
'




The Effcct of Cortisone on Gradod dosea of Avirulen: and Virulent

Lieteria monocxtogene .

No. organism : Avlrulent ' Avirulént' Virulent Virulent

Jnjected Alone +cortisone _ Alone dcortisone
PR 2%10° o/ . 33 33 - 33
R 2x108 o3 3/3 s 3
é .  ax? SND 2323
2y 10 N, - on V'S -V )
" 2% 10° Np. 0/3 - 0/3 3/3
' 2 x 104 - -N.D. 0/3 0/3 2/3

2% 103 SR -n.n.' oo 03 Y

*= No. of mice ‘dead/No. challenged

i AR Ly e

1 = 2,5 mg. prednisolone/mouse 26 hours before and 48 hours afcer challenge.

It would appear that the avirulent population contained less than 2000
organisms capable of establishing infaction and kill the mice, The potentistion

of thé virulence of the 'virulent" strain by cortisone is very remsrkable.

% Two maip areas of study ere at the prasent §eing'pursued. One of.theae} é
§ ;r 7 ia_chcreffgct of'iﬁmuniiatioﬁ on the pefeilteﬁcé and iﬁféctlQicy; and the other -g
% 1s the nature of this cytotoxic factor. _ .éi
% ' Preliminary experiments to explore the first of the problems have been é%
% very encouraging. Thus, mice immunized with virulent organisms and challanged ‘éé
later yith 2 X 1°,,,9,%59%395,9?59949@91»3@.,9- ¢. and {, t. P.s cleaved the organs is
§-——M“""*“"‘—’"Iﬁ;’ﬁ"ﬁu—éﬁ;{{ 24 hours with counts of less than 10 organiem/tiuueo It is 54

gy

to pe.ggcqllccted_;hac £n normal mice._cheae organinma persisted in some cases
c up to 9 days with sbout 100 to 1000 organisms/tissus,

u - .- s TR
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With the virulent organiame. the clearanca mechanisms was alao 3tcat1y
//

activated, Wherean in the normal mice, these organisme multiplied logazith- .

o A mically and killed all the mice in about 5 days, they were effectivoly elimi~

‘ “ na;gd from the immune mice in 48 houra_with no significant pathology.ﬁaﬂifootcd.

~ Purthermore, whereas in the norﬁal miée,.wifh boch virulent and'avirul;nt organ~ '
. SR _ isms,"bacéeria-were cultur;d £roﬁrtherb:dinjag"early ae &4 hours after inpculécion.
: | - no sgch bactéria_cogld Sé isolated from"the brain of any of the'iﬁmuqe mice.'

" From the. pattern ;leeaioné,dcséribéd'earlier'1n the normel mice, thé sprcad!
-ofiorganiqms apb@afadrco be hamaﬁog@nous. Through.this route the braig could

have receivéa some’ahdwtring. That no organiams could be found in the {mmunized

i - mice, challengad with ei:her virulent or avirulenc organiems, would 1nd1cate
% agtivagiqn_of humoral and cellular defense mechanisms and could explain the
% . prgveﬁcion.of enceﬁhalitis 1n,sheep 1mmunized with vi:ulén: organisms.

% ) " o Re the "dytoébxic factor", attempts to’ééﬁoﬁégraceﬂthis with culture

% -{ é;lterates of Virulen;_organisms have ptovea_aborcive. It was pdssiblé hows
2 §§§E; to isolaté : a'high;y toxic factor from L;stérga monocytozenes. This
2. factor was obtained by phenol extraction aftef the method of Westphal. The
% phenol insoiuble Eraccidn, which was Biure; negative and Moliséh positive,

§ ; , killed mice with 10-15 minutes aftér,i. v.,iujebtion of about 6.01 zg.

% | Btudies are in progressrto determine relative distribution of thieiagent in
% B §1fulent and avirulent orghﬁisms,-its chemiéaltcoméo;iiion and pharmaéo-

dsmamic action,

nnnunicy 1n liateriosia seema to dnpend not. only on qﬂ_ﬁgymhgx_gz_axggn.
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isms present “in the host but most importantly on the production of certuin

o 5

essential antigens incide the host.

T

The gvirulent organisms were found to

poreiit in'the micerup to 9 days when aboutrz x 109 celll were inoculnced. )

. This would have normally given adequate- oppot:unizy—for the immune mechanisms T

to be activated, but yec the animglg behaved ¢8 normal

. non-innmnized~anima10.
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. On the other hend, 1 x 108

virulent organisma did not pcraiat as long in the

mice bUt fram clearance studiee ag well as challenge. the behavior of the

”mice appeared to be very much altered. On this, the ptoposed studies of the

-antigens of virulent and avirulent organisms and the. in vivo cultivation of

7 listerial organisme for i{mmunipation migh: ‘shed some further light. o

The results. obtained in these studies are being readied for publication.
A /sae '
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