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Euticing opportuniiies are available
wr presens-diy investiginzors Tor the use
af issue cells grown in vicro in studies of
various phases of host cell-bacterial re-
fationships, For osuch studies the ime-
portance of o suitalie  cell-hacrerial
SyvElaI 1% paranounl; Lhe
systems described o the lieroure may
be applicable for one tvpe of study bt
unsuitable {or anorther. For example, in
certain studies o high level of naoural

sone ol

phagocyvric capacisv in the tesc cell
would be o requirement. For the study
of  Wyeobacterinnt  dinborosdos’s  Suter
(1852, 1953 found & monocyvie cell
line suited for the uplake and the in-
multiplication of tubercle
bacilli, Shepard  (1938:, 1953 used
Hella, maonkey Lidnev, and  homan
amiien cefls for comparing the growth
and muloiplication of selected seraims of

tracellular

Mycobacterivm, Holland and  Pickert
(193687 {ound 1hat smooth {orms of
Bracefle  aborivs  multiplied  preferen-

[;:luj.' witling chick embryve colls, Furness

feceived Tor publication day 21, 19466

The walusble advice and criticisms of Dirs
Pl [ Merchant, Francis E. Pavne, Richard
I Porter, and Warren 0. Fweland ol the Uni-
versity af Al wehigzn are gratefully acknowledped.

The senior anthor 1= speciad v dnglebied Tar The
fiineial s maral support provided L the Pan
Americen Sanitary Burean, Regional Ofice of the
World Mealth Organizacion, and to the Lalora-
e Xacional de Salod Poblicn, Mepublic of
E'1'|II-LII1:|.. Jpr e aof their Bciltoes doring pert of
this s1nelw,

oA alwidgement of a dissertation submiceed
By the senior author in piertinl Tulhllerent af the
erpirements tor the degree of Doctor of Philos-
phy, Haorace M. Baelham Schoal of Gradoate
Htu‘:ﬁf‘:h. The Umiversive of Alichigan.

f Present addeess: Cermos Memorial Lalora-
I":'rft'. "ana g, B |:p|,|i i of Paamist.

Lo infect
rat, mouse, and guines pig macrophages
with Salfmoredia and then to stady their
capacity 1o kill virulent and aviralent
straing of these bacreria, Crawford and
Fizchel (19539% inlected Hela and mon-
keyv kidnewv cells wich Bordetella pertus-
sivand  observed intracellular muli-
plication ol che oreanizms. Stinebring
and Kessel {1959} used rat and zuinea
pig mononuclear phagoovees will Bey-
cefla edoriny in their attempt to ebtain
continuons growth of the organisme by
pertodic serial transfer in tissue cell cul-
tures. Smadel (1963) studied the course
of infection of mouse fibrablazis wich
Selmonelia tvphosa. Bacterial infoction
ol tigzue colls in culture, therelore, seems
to offer the investigator a logical ap-
proach Lo the investigation of the pacho-
genesis of hacterial diseases of man,

[n the present study the J-111 line of
monocyiic cells was mnfected with 5,
fyphosa. These cellz can be maintained
in continuous culture and are infected
with ease; maore than 509 of them con-
tain incracellular bacteria within the
hirst 3 hours of incubation, Moreover,
the J-111 line is of human origin and is
derived feoms lemphoid tissue which is
the type of ussue involved in human
tvphoid disease. The aim hos been ta
study the uptake of 8 feplosa by these
monocytic cells, to characterize cyvto-
pathie effects, and to decermine the ul-
timnate Late of phagocytized arganisms

andl Ferreiri (1939 were able

both tn the presence and in the absence
of immune serum. These processes are
considered to he tmportane aspects of
the pathogenesis of 5. fvphosa infection
al man.
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J-E1 hee ol cells was sequired Trom D
Drsnaled [0 Merelon, .
Machigan, This line was started by (s
_|_-_r,-{1{| il
of w patient with scute leulemic maon

University of
Brooke (1933) from the [lood

acyie leukemia, The cells were grown
e Fogle basal medicm (EEM) pre.
paired b dissolving U oml cach of aming
acied, wvitannn, and glutinnine concen-
Prates ! ."'-|'it'5'l:)|]i0]i]j§‘ir:1| Assncintes,
Woashingron, 10 COin 100 ml of ks
habanced salr solution (B55) Basal ne-
chivme plus 1077 T serum (EBA-H)
was psed for wrowth and maintenanee
of the tissue coll cultures, BSS was em-
ploved as diluent in e preparation of
all media and solutions and Tor washing
cell cultures. For the actial experiments
EBM-[Y was cploved, e, basal ne-
i plus 100, dog serum. This eerum
was found to enhance phagorviosis, in
line with the experience of Shepard
{19580, Bedore use, each lot of human
and of dog serunm was tested with J-111
cells for taxicity, and nontosie lors were
stored at =20 O unedl meeded. Before
freciomy, dog sermm was further tegied
for the presence of S fvplose H and )
antibodies b the 1esr tube method with
formalinized broth cultures and heat-
killed bacrerial suspensions. Onlv sera
in whiclh these antibodies were not de-
tected were used. Thus, the possibilite
that the phivgoey losis-promoting Taetor
of dog serum was anti-somatic antibod:
wis believed to be ruled out. As in
Shepard’s procedure the serum wis not
reliminary
tests with inactivared and noninacti-

mactivated b hearing.
vated zera had shown oo measurable
difference in resolis,

Far enumerinion cells ol J-111 mono-
lover stock cultures were susEened
b trentment with 2570 sodution ol
trvpsin (Difeo 12300 for 2 minutes

at o roonr temperature,  sedimented

Poreie sy anre Deoawrn L.

sk

DO rpan For 5 miinunes,
I s
ke oo |lI'EII(ZII.':'.'l.'::'l'l':l.'|l.'|'.. g iJl.'_:-jl-rH],;_.d
inc Mereling ol (19647,

lFor the propagation of J-111

avd hep P

suspended Conmns

A cells
dhifution bettles C200-ml capacivg, earch
[HA-IT, W
seeced with Umillion cells per hotile and

contitining 10 ml oaf

mcntsied a 37 O The cullures were
fed on the 3ed and 51h das s by replacing
5 omboof the psed medivm with fresh
FERAIT, aned 1l cells were harvested
o the Teh day,

For cultures 1o be used in g Partic-
elor experiment approxinueiels 100,000
cells i 1l of EBM-H were placed in
each Leigheon rube on div zero and
ineubated ac 37 C. On the 2nd day of
growth the medivm was replaced by
fresh EBM-HL O the 3red dan pror 1o
infection, the waed medinm was replaced
with EBAE-D.

Fhe bacteviod colivre—S1rain no, 63 of
S drphesz, containing Vi oantigen, was
aceuired from the Michigan Depart-
ment of Healthe Drowas wmiaintained on
Bicto hearr inlusion azar (Difco Lab-
oritories, Dereoit, Michigan), Prior to
its use N an experiment a enliure was
tested for the presence of Vi antigen by
the apglutinacian method,

The Bacterial EI]R|'§-¢1J:—:1'(}H uzed tooan-
oeulate the tissue cells was prepared in
0857 sochivmn chloride from 18 1o 20
hiours growth on agar and standardized
againgt o l0-opacity-units glass stan-
dard (National Instiiotes of  Health,
Bethescda, dMarvlind] with g [ ec-Sum-
merson colorimerter witl o green dlier.
This suspension was alwins prepared
oo the duv ool use. As estimared by
neradic: colony counie on agor o SUs
pensint of this turbadicd contained ap-
provimately 1.7 % 100 viable grganisms
pec il Fachotobe inoan experiment wis
mecubited  wich  G.l-ml volume, 1.8
1.7 2109 organisms.

Procedure for {afection ol host cellso
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The J-111 celis were tafected by welding
g fwfelas Lo Folv-old  monolaver
coverslip cultgres i B0 n Leigh-
ot tubes in the dose descrihed alueee.
Alrer 2ar 3 hours al incubation ar 37 O
iz antibiole-free systen the me-
divin containing  extracellular baclli
was removed, and the eell monolayers
were washed twice with BES containing
gtrepiomyein (30 pe per ml) and pen-
cillin (40 upite per ml). Alter the last
wash ERBAM-TD containing 40 units af
penicillin and 40 g of slrepromyein
per mil was added 1o each tuhe, and all
cultures were incubaced Turther. At ap-
propriate intervals after the addition ol
antibiotics  coverslips  were removed,
washed 1355, fxed and stained
with Rlav-Gruenwald-Giemsa stain b
the method deseribed by Merchant et al
{1964), and examined as deseriled be-
low. Before the coverslip preparations
were removed the tubes were placed an
the microscope stage in an inverted
position and abserved by 1003 or A
magnification for cyvropathology al the
infected cells or for any other morpha-
|D!,_1_i|_':1| clhanges,

with

Criteria for  fufection.—In stained
preparations a cell was considered 1n-
feeted 3 the hacteria were intracellular,
Lewithin its cyioplasm. Bacteria were
regarded to be intracellular when they
(17 within vacuoles, (2 more
fainnt v srained than bacillion the surtace
ol cells or on the coverslips, and (3]
arranged ronghly paraliel to each other.
All 3 eriteria had to be fulflled to indi-
cate ionLracellulor Jocation.

Seheme for the guentifatioe exfression
of mirecetintar organisms. — Lo express
1he results of experiments quantitatively
as 1 Lasis lor comparison and interpreta-
tions he method of IKendrick et al
(1937) for opsonocylophagic tosts in
studies of pertussis was used, By ex-
perience a method of scaniing was
seleeter which would sample the entire

W

Flowas Crie Lisg qu7
preparition. Four different lengths of
the coverslip preparation were scanned
svstematically: all of 200 intact cells
were counted and hsted inogroops ae-
cording to the range of numbers ol intra-
coellular organisms per cell, Le., 0, 1-5,
G20, 21=40, and 41-60 {or more). In the
develapment of themethod the unitrange
was M0, thus 120 was considered as 1,
21 Lo dlas 2, 41 Lo 60 (or more) as 3. Be-
eanse a Aner division seemed indicated,
the range 1-20 was divided into 1-5 and
G20, 1.e., 174 and 374 of the unit 20L
Thus, by reducing 0, 1,/4, 3/4, 2 and 3 to
o commoen denominator the numbers of
weighting factors became 0, 1, 3, 8 and
17, By adding the products obtained by
multiplying the aumber of cells in the
various groups by their respective lac-
tors indices were  derived re-
flecred the relative numbers of intra-
cellular bacteria,

which

RESULTS
Characterisiics of the Infection in
JoHIE Ceils swich 5. vyphosa

Observacions of the oyvtepathic effece
(CPE)} of 5. typhosa on J-111 cells were
made in stained coverslip preparations
from 10 experiments, The cellular altera-
tions included tetraction and vacuola-
tion of evtoplasm, cytoplasmic and
nuclear  dissolution,  inereased  baso-
philia, pvknosis of the nuclens, and
rounding of cells or their derachmaent
lrom the glass, The effects at varving
periods of infection ave illustrated in
Brure 1A to F. At 30 minutes the cells
looked nermal. Witk time CIPE an-
creased antil at 30 to 74 hours destruc-
tion of the monolayer culture was com-
plete. During the early stages of infec-
tion the evloplasm of the infected cell
appeared granular and contained small
vacuoles few Lo many bacteria
within them {figure 1B} At times a cell
wis observed o contain long Olamen-
rous bacilli wrapped around the nuclews,

will






antl thes stained darker o the regudir
bacillary forms (eure LET I vhe ader
qraeem of infectian these filaments were
abserved in associalion with spherical
faries stained like tephoid Lnecallin Al
ol the cells stll were attached 1o the
glass anid were completely flled with
hactleria (feure 100 The ey toplisn of
the infected cells was lightly and un-
evenly stained, while the nucleus was
dark, wrinkled, and displaced toward the
margin af the cell. In the final stages o
infection bacteria were contained wirhin
huge vacueles which gocupied most ol
the eytoplasm {(figure 1D and Fi Al
this time cells varied markedly in s
and shape, nuclear [ragments and cell
debris were seen Hoating in the mediun,
amd more than 809 of the oiginal celis
of the monolaver had Jeft the glass.

It was surprising to note that a num-
ber ol cells undergoing mitosis contained
actively  multiplying  typhaoid bacill.
Cells in all stages of division contained
hacteria after 12 hours incubation. A
cell in metaphase and containing e
teria is shown in figure 1F,

Development af Spheroplasts in

[mtracelinior 5. 1yphosa
In the attempt io study the fate of 5,
typipsa following phagoeytosis intra-
cellular spherical hodies were abseerved
in 5. typhosa-infected cells early i the
the experimental work, This was inter-
preted as o hosl response 1a {he intra-

cellularly multiplying Lacteria.
To elucidate their nature lurther a
study was made of these spherical farms

in 23 dilferent experiments, Stained
vovership  preparations of  tvphoidan-
freeted J-U11 culiures wers conmined lor
U presence or absence of mnraceliular
spherical bodies at different periods of
inferiion. Al least 40 covverslip prepurs-
tlons were examined i caclh experiment,
el spherical forms were found in 15 of
the 25 experiments.

The photomicrographs in hgure 2
illstrare ohservations made during the
course ol infection. Spherical  bodies
were never seen before the 6Lh hour ol
incubation but [eeguently were present
after 17 hours. Photomicrographs 224
and B illustrate the inerease in numbers
ol spherical ferms as well as bacillary
forms doring the period from 12 o 24
hours; they illustrate also the location of
spherical forms within vacuoles. Fila-
mentous lorms, seen in 2B, gsually were
detecled earlier than spherical bodies,

Besides filaments, other pHeo-
morphic forms not shown in the photo-
graphs were sometimes observed to be
assncinted with the spherical forms. Late
o infection, after 48 w 72 hours, a cell
wight be completely lled with spherical
bodics contained within o few large
vacuoles (20 and ) or even within 1
very large vacuole (2E). Also, the vacu-
oles impinped against the cell nucleus,
distorting and displucing 1t Uccasion-
ally, cells containing vacuoles filled with
rounded forms were observed to have
burst, and spherical hodies were heing
exrruded into the extracellular fluids, as
shawn i 2F.

The possibilicy that these sphero-

the

Vrpoee 1—Cviopathic elfects of intracellelar Salmenella tvphose in ]-111 cells at various Goes

alter contct berwesn e L
lur A wehich 15 3500 A—AL 30 muisates

bawilli are within vacuches, C-—Filame:

wd pelie, Mav-Gruenwsld-Glems stain Magnifieation s 87550 excepl
viopathic eifecrs were observed, B.—At 2 haurs a few
e gre assorieted with Tacillary Torms at 23 hours. 1—at

13

43 hgurs the figure shaws bacteria-hlled vacusle and displaced nuelel, B—Ar 72 hours there are
huge vacucles flled with Lactecia. ¥o—Cell iz metaprhase contains many hactlli {at 1 Tigirs .
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plasts were due solely 1o the wction of
pencithn was consicdered, Ta rule this
ant the following rests were done. Sus-
persions of S, fvphose were added 10
sigane culture amediom [ D BN S I N 5]
ERM- 12 containinge penicillin and strep-
tomyein, and 1o EBM-D containing the
antilnolics plus stcrase and RIAENEEE
ons, respectivelv. The SLERENEIONE Were
incubated at 37 0 and ar subseouent
intervals (0.5, 1, 2, 4,6, 12and 24 hours)
mivroscopic  observations ol - Gram-
stained smears of each of the suspensions,
prepared as deseribed by Amano et al
(19361, did not reveal the prescace of
spheroplists. [ ancifier groug al rests
suspensions of 5. vl previously
teeated with penicillin and strepromyrin
[for 6 heurs were added o monolayer
voverslip culiores af J-111 cells in Leigh-
tan rubes as previously described. Ac
appropriate intecvals after the addition
of Bacteria coverslips were removed and
stained as already described. At no time
were spheroplasts nbeerved in the J-111
cells or in the extracellular Huid, Ooly o
very {ew inteacellular bacilli were seen,

A

Frsves 2—Spherical bodies b J-101 cells alter
Maw-Chrne el Glems saing nusgemiheniion 875 except for I
sphoriea] Enrms within wceles after 12 hours, He-
s forms alter 24 hours, O Numierol:

with bagillary sl

S0t

rearrl b sphierieal bl fe Jo 117 cadtores e nbateed with Swfaanedle vjphode

erll2 enmaingmey the inelicibc ]l nonnieer o
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I stained preparations of monolaver
cultires of  monoevies infected  with
pntreated  bacilli serving  as controls
certain indivadual J-111 cells were com-
pletely Glled with spheroplasts, whercas
adjarent cells contained e
though they were Glled with bacilli.
the spheraplists had been formed exira-
cellularly, induced possibly by penicilling
and  subsequently phagocstized, one
would expect 1o find intracellular spher-
aplasts distributed among the ciells with
s unlermity,

Oueaniitalive estimate of the spherical
Sinee it appeared  that  the
intracellubar formation al the spherical
bodies could be interpreted as a cell re-
sponse o bacterial infection of the
monocytes, slained preparalions wers
examined for evidence that the spherical

THanG,

[orms increazed in numbers as infection
progressec. A quantilative estimate al
the inerease in mumbers af the inera-
cellular spherical forms was made as de-
coribed in Wedhads, The treatment and
Labulation of the dota in table 1 allos-
trate the procedure uwsed in this and

inenbation of cells with Selwoselfa Lyl
1730%, S—A few
Largee sumher of spherical bisdies i sssoeiation
s spdwerical Bodies within cells aller

which is

43 hers (urvow nelicates g voe nole completely flled with these spsher ieal formel, [ Several Gilled

vartnles after 72 hewirs, 2.

With splerival Cormes s bl

Frons ,']I'l.'{1.ll'l.l11-.3l|'. It Tt with high.;-f !-_-.,|!;||i|'i|":a[i.|‘:-l'|. 17— wacuole fillied
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SPHEROPLASTS
2
T

ENTIBOT S
| AaneD

! ce A ot | I I
T 36 a8 7]

HOURS AFTER BACTERIL WERE
AOOED TO J-18 CELLS

INDIEES OF INTRACELLULAR
2

nuntbers o sphero.

{rpkosa-inlectod

Frevue 3 Jnereise o
Plagt-like farms in Solaeaette
1-101 el enltures,

subsequent experiments. Fach recorded
count s an average of 2, apd the 2
differed by only a few spherical [orms,
In figure 3 the relative numbers of i rs-
cellufar spherical forms, exprossed as
“indices ol incracelluiar spherical
bodies," were plotred against hours of
meubation, A gplierical  Torms
appeared in some cells 7 hours alter
therr inaculation with 5. fvihesa. The
curve indicates an appreciable increase
i onumbers of the spherical forms ag 17
hours, after which the sumber re i ned
unchanged. [n ihe interpretation of the
curve it is pointed out that by 24 hours
many of the cells Glled with spherical
bodies had degenerated and therefore
would not be counted, This explaing the
leveling off of the curve after 74 hours,
Since the results in this CXPETIMCIL Werg
based on stained preparations, further
tests were needed 1o determine the
viability of the spherical bodies.

Tests for winbility af e Smtracellnlar
sphierical forms. —Sinee 11 now gecmed
possible that the spherical bodies ob-
served i the S syphosa-infected cells
were viable spheroplasis, o special me-
dium was emploved for the purpose of
maintaining their maorphelogical integ-
rity. The suerose and magnesium Teite

=

T

Mg Koveasy o P | [rsnrnck

supplemen ted n:!_-:.lium used wag g o i
feation of ane urilized Fise Weihyl EIQSS}
and Lederberg and Si. Clair (1953)

Tweo diferent media WETT fged fur
{'.|||1:-[.'|:'::'f|l|-.'u_vn.]n|]'.' counts of [lis‘mi}fﬂd
A bvphes-infected  cells COntaingg
spherica] forms: unsuppleniented heary
infusion (e f..ﬂf}urat-::.rieﬁ,
Detrait, Michigan) and the SUNE M.
divm supplemented with 17 £ 0 sucroe.
per 100 ml of agar and 10 m] of 4 pre.
viously autoclaved 2097 solution  uf
magnesiom sulfage (M50 THA) per
liter. The agar was poured into Petri
plates and stored ar 4 o ¢ until
e e

Before plating the suspensions of dis-
rupted <111 celiz anto unsupplemented
iwnd supplemented media for Compara-
tive colony counts a known SUEPENSsion
of the regular bacillary form of
f¥phose was plated on each medium.
Alter 24 hours incubation at 37 C o
difference was noted in the numbers of
colonies on the 2 media, nor was there
any observed difference in morphelogy
of the colonies or of the stained individ-
val bacilli, 1t would follevar, therclore,
that, if a defined inoculum of disrupted
cells containing both regular bacilli and
spheroplast-like forms resulted in a
larger number of colonies on he sphero-
plast medium than on unsupplemented
agir, a part of the colonies probably
were derived Trom spheraplasts. Accord-
ingly, the following SXPeriment  was
done,

nfected cultures of [-111 celis were
divided into 2 groups, A and B, depend-
g on the plan for subsequent treat-
went. Alter incubution at 37 C for 2
hours all tubes were taken out of the
incubator, the cells were washed to re-
meove residual bacteria, and the Quid
was rephiced with fresh tissue culture
medivn, In arder to prevent mauloplicas
tion of residual extracellular bacilli, as
freviously explained, the fresh medium

agar
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saded 1o each celdl culrere contained 40
alis ol penicillin and 40 ge of streplo-
i per ml. Al culeures were

peel o the incubator and afrer 6, 26
duplicate

Te-
{LEF
gud 43 honrs, respectively,
prhes Lroan each group were removed
andt the medinn fremm each tube was dis-
pariized. The inflected cultures were then
abjertvd to the following procedure;
sfter washing twice with BSS 0.6 ml al a
g5, rvpsin solulion were added o
each 1ube, snd the tubes were ineubated
ot roam temperature (23 to 307 for 5
ainutes. Alier 1.4
EBAM withoul serum or antibiotics were
Jddedl 1o cell suspension A to bring the
inal volome to 2 ml Cell suspension I3
was likewise diluted to 2 ml with the
ame medium supplemented with sucrose
and magnesiem ions, Fach diluted sus-
pension wias then transferred toa Telion
Porter-Elvehjem tissue gainder, and the
cells were disrupted by homogenizing at
1500 rpm in a variable speed stirrer.
Cell-butcterial  suspension A ris-
moved, diluted by 10-fold nerements
with EBA without serum or antiliotics
and 1.1 ml of each dilution plated out in
duplicate on heart infusion agar. ell-
bacierinl suspension B underwent the
ST Lrepnmenl excepl that the l."]ilLIL"ll'lg
fiudd was supplemented with sucrose.
Fach dilution was plated out in dupli-
Care O F‘-FI|]EFU]J|LBF‘-I medium,

LTy st s tion il

WAE

The colonies appearing after 24 hours
neubetion of the agar plates were
counted, and the total nuwmbers of bhaes
teris in the eriginal infected cell culture
were caleulated. The data are ghown
gaphically in figure 4 Maore bacterisl
colenies grew on the spheroplast medium
lerrve B than on the vnsupplemented
agar feurve A). Furthermore, at 8, 28
and 30 hours, respectively, there were
dpprosimately 3,03 and 1.3 {mnes ws
Many colonies on the first mediun as on
the second, Curve O, the difference in
the numbers of colonies on the 2 media,

Flosgamn Cren L 03

[ COLONIES 08 &

SURFLEMENTED
cw | MED LM 4
e - COLGNILS SN
eI o LHIURFLEMENTELD
5y MET Lo
=0 =
é = l:l.: o-'—'_'_._'_._'_.x a
r T
D4 F DFFERCNGE BETWEEN
o2 MMEERS OF COLONIES
-_-d;.;_-; S THE TW0 MEDILN
E Tt
EE T
S 7
e ANTIRIGTICS
EDED
- L 1 E 1 L] i
E) 14 T A 5
HOURS AFTER BRLCTERIA WERL
GODED TC J-W1 CELLS

Feoure 4o—mNumbers of bacterial colenies an
supplemented and unsepplemented media oo
Jated with Salmanelo typlasg-infected J-101 cells
disrupted at varions times. The infected cells
contained spheroplast-like Torms.

indicates
numbers

shows a placean which o
marked changes in the of
spherical forms. This is consistent wich
the curve in figere 3, which shows a
leveling off in the increase of intracellu-
lar spherical bodies after 16 hours,

The colenies growing on the 2 kinds of
media were indistinguishable from each
other grossly, They were white, smooth,
crenlar colonies with even edges and
measured 0.5 to 1.5 mm in diameter, On
the other hand, microscopic ebserva-
tions of Gram-stained smears prepared
as described by Amano et &f (1958) re-
wealed differences as illusirated in photo
micrographs A to D in figure 5. In 5A
the arganisms {rom colonies growing on
the unsupplemented medium  were
Gram-negative bacilll of relatively uni-
form size and shape and predominantly
homogeneous, | conlrast, organisms
from colonies growing on the supple-
mented medium (3B, Cand I} appeared
pleomorphic, with many fila-
and ¢lub-shaped {orms. In
photomicrographs are many
spherical bodies of different sizes, re-
sembling spheroplasts. All organisms
ohserved were Gram-negative,

It was pointed out thac the number of

marked]y
Nentous
the same
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Frouvee S—0accascopie characleristics of Selmarells f
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Bowreria froan colany

o unsupplemented mediom, Bo—lacteria Trom colony on supplemented medinn; pleomaorphisi
tlustrated by filamestous and sphervieal forms C—Spherical Torms predominaie (@ preparition (e
celony on supplertented medicm, D—Tleemarphic fommes incleding spherical Dodies,

colonies on the supplemented mediom
wig considerably greater than on un-
supplemented. Also, many of the colonies
o the supplemented  medium were
shown v stained preparations to con-
tain Large numbers of pleomorphic or-
minisme, whereas this was nal teue Tor
colanies on the same medicm that were

derived [rom  regular cultures of 8
Ly pliaose,

The results with these experimentdl
cultures supported the indications of
the stined coverslip preparalions and,
ropether, these findings were avcepted as
ewidence that the spheneal b ies wers
splicroplasts,
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Fiffeet of Spectfic nfisera on
Iniracedlsilar fnfveiion
LVLri-

ineraeellular mfection

ably led to changes in the host cell, the

S

(eSO UTOose W hether the effcels of the
harteria on the cell culture could be
modified by use of specific antiserun. To
answer this question, 1ests were carried
out with o Viawtiserun, an O antiserum,
and combined Vi and O antisera. The O
antiserum  was prepared  against 5.
pufrfiosa strain no. 63 from the Michigan
Department of Health and the Vi EHIAE
soritm against S, dalfersp (now classified
in the Bethesda- Ballerup group) by the
pracedures deseribed by Edwards Al
Ewing (1953}, The effect of an anti-
seruit was judged by itg influznee on 1)
upinke of bacteria, (2} intracellular
musltiplication, and {3) eyvtopathology of
host cells, Bacteria within cells
during the hest 30 annutes of infection
were interpreted as evidence of ingestion
or phagorviosis, while those observed

Sl

subsequently were considered multipli-
cation. The quantitative estimate ol
intracellular hacreria in the J-111 celis
under test was based on examination of
siained coverslip preparations, as de-
seribed previously, For measuring the
cviopathic effect (CPE) n variously
treated cell cullures 40 Lo 50 helds of
each stained coverslip preparation were
examined under 100 and M mak-
nification, and an estnmatye was nicde o
the 1olal cell poptlation exhibiting de-
generation by noting the degree of CPE
in camparison with the control in each
particular experiment. The estimates on
2 preparations were averaged to the
and cthe relation hetween
tes) and contral cells was expressed as a
Fitio, [0 each experiment, al=o, tubes of

Bewrest 507,

cells containing no antiseruin or bacteri
were included asan additional control of
the normal behavior of cells alone.
Gewergl experimental procedire,—To
lest Lhe offect of an antiserum on the

ol
=
T

progress of infection of [-111 cells 1
contact with 5 fvphosa the following
procedure was used. Leichton tubes
containing 3-dav-old cultures of J-111
cells were arranged in 4 groups of 1)
tnhes each, All cultures were kept ar 37
C except during manipulation proce-
dures. To each tuhe 0.1 mil of antiserum
eiluted 1:10 was added 1o groups [, []
and 111, respectivelv, at & hours belore,
at the =ame time az, and 3 hours after
addition of the infecting dose of 5.
fyphose, Preimmumzation serum was
added 1o control group IV at & hours
prior {0 infection. Beiore the cell cul-
tures  were  inoculated  with bacteria
ERM-H was replaced by EBM-D alter
cellz had been washed wich B55. Serum
lost during  the washing
(groups 1 and [V} was not replaced at
this time. All cell cultures were Inocu-
lated with o standardized dose of 5
tvphosa at approximately the same time,
Twe hours later the extracellular Auids
were wirthdrawn, the culiures washed
twice, and fresh EBM-D contaimng
40 units of penicillin and 40 pg of
strepromyein per ml was added. Serum
wis now replaced in tubes 1o which st
had been lost during the process of wash-
ing (groups [, [T and IV} All cultures
were returned to the incubater and at
different times thereafter duplicate tubes
were removed and the coverslips hxed,
stained, and studied. The numbers were
determined  microscopically, as  de
seribed under Mefhods.

Results with Vi aniizerim —The lack
of a measurable effect of Vi antisecwm on
intracellular multiplication is shown by
the summarized results expressed graph-
ically in figure 6. Comparison of the
curves shows that doring the brst 6
hours the numbers of intracellular
hacilli increased at a similar race i 3 of
the 4 groups (curves [1 [H and 1V),
while in the other {curve ) intracellubar
bacterial multipheation appeared to be

process  of
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slightly suppressed.  Following  their
imicial increase the nwmber of baciili in
all 4 groups varied slightly for the re-
mainder of the experiment due to flling
of the cells with bacteria and cansequent
detachment lrom the glass.

The infuence of Vi antiserum on 1he
cviopathic effect ol S iyphosa is indicated
by the resules in table 2. Daring the first
G to 14 hours incubation there was evi-
dence of delav of cell degeneration in the
group of cells in which Vi antiserum had
been added belore the typhoid bacilli
and also in the group in which anzi-
serum and bacilli had been added zt the
same time. Thus the evtopathogenic
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Fravel To—Eilect an intracellular growih of
Salwesella Lyphose when O antiserum is added g
T-111 cells before, at the same 1ime as, and afeer
the addition of the bacteria: and e g -
ticm fonntrl ) seroin & hanrs before,

clfect penerally was very mild in the
teat cultures by the first 6 houres, indi-
cated Dy the bold face ratios which
point out where the greatest difference
recurred between control and tese cells,
CPE increased slightly by 14 hours and
rapidly therealtee, as shown by the
correlation between  decreasing  ratios
and mereasing time intervals, The proup
atb cells which received Vi antiserum &

TapLe 2.—The effect of specific antizerum on the evispathologic effcct
of Safmpnelly Dvphose i J-011 cell=
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|ours after addition of bacteria showed
fetle delay of eell degeneration, and
CPE generally was intense by 14 hours
acubation, e, no difference between
control and test cells.

Resnlis aith O antiseriem.- The re-
sules expressed graphically in figure 7
show the estimaled numhbers of otra-
cellzlar hacteriz in J-111 cells in groups
1,1 and 111, respectively, which received
0 anciserum hefore, at the same L
o5, and after addition of 5. fyphosa, i
.0 control group 1\ which recesved pre-
mmunization serum 8 hours belore the
pacterin were added. All groups of -
fected cell cultures contained relatively
the same numbers of intracellular
hacilli at 30 minutes, indicating that the
pptake of typheid bacilli was not pre-
vented in any of the 4 groups. There-
after, the numbers of intracellular
bacilli increased rapidly in the cells of
control group 1V and of groups [ and
1. but intracellular bacteria were less
aumerons in celle of group 1. At 20
hours the number of bacteria in group
[ was still low compared with the num-
bers in the other 3 groups, When the ex-
periment ended a1 30 hours, there was a
marked difference in the number of
intracellular bacillt in group 11 in com-
parison with the number in any of the
other groups.

The data summarized in table 2 indi-
cate that O antiserum was less cffective
in preventing cyvtopathology in the in-
fecied eells than was Vi antiserum, In
this set of experiments degeneralive
thinges did not appear in any of the test
or control groups of cells until alter 6
hours of incubation. By 14 hours de-
generative changes had appeared all
groups of infected cells. However, there
was a slight difference between contral
and 1est cells in the group which received
0 antiserum before addition of typhoid
bavilli. There was ne difference between
coniral and test cells in the groups in

Hewax CrErL g S0
which antiserum was added {ogether
with and alter bacteria, On the other
hand, at 26 kours incubution an appar-
ent protective elffec of the OF antiserum
was neted in the group of cells in which
() antiserunm was added belore bacteria
and also i the group in which antiserum
and bacleria were added at the same
time; that is, the greatest difference be-
rween control and test cells appeared at
16 hours. Subsceguentiv CI'E became in-
tense for both groups as evidenced by the
abrupt lowering in the ratios. When
antizernum was added to cells after the
addition of the tvphoid bacilli, no dif-
[erence in O PE between control and test
cells was noted a1 14 hours. But by 26
heurs and at 50 hours when the exper-
ment ended, although the test group of
cells showed an increase in the number
of degenerating cells, the ratios suggest
some protective effect of () antiserum.
Summarizing, specific O antiserum
added to J-111 cells at the time of in.
aculation with 5. ivphose suppressed
considerably the intracellolar multipli-
cation of hacteria but, en the other hand,
pave equivocul resulis regarding delay
or prevention of cvtopathic changes b
the infected cells.

Rerults with combined Vi and O anti-
sera—To test the combined effect of Vi
and O antisera cultures of J-111 cells
were arranged in the vsual 4 groups of
10 tubes each. The test dose of 0.1 mli
comhbined antisera contained 0.053 ml
each ol Vi and O antisera diluted 1:10.

As shown in fAgure ¥, uptake of
tephoid erganisms wis nol prevented in
any of the 4 groups, as judged by the
aumbers of intracetlular bacili at 30
minutes. At later times the number of
intracellular bacteria in group [T which
recetved the combined antisera at the
same time the organisms were added
was much smaller than in the other 3
UrOLps.

The observations recorded in table 2
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Salmzeellin fvpbara when combaned % mud O
antisera were added o J-111 cells before, at che
same time as, and adter addition of bacteriag and
proled prebmntenaten (condral ] erume § lotirs
belare.

mdwcate the relative degrees ol cvio-
pacthology of 5. fvphosa-infected cells m
the presence of the combined Vi and O
antisera added ac different thmes. Mor-
phologic chinges were ned ubserved n
anv eroup uniil aler 14 hours of ineu-
batwesn, At that tine o evtopat hology
wits ohserved in the cells which had re-
cetved the antisera at the same Limg as
the bacterin. Also, there was oniy o nnld
evtomithogenic eflfece in the celis which
TEI;_'(_“'Q".":{! LI'IE_' :*::|[i:;xtr;1 E_'IE_'I-‘I_I-FI_': |_|'Il.". I:lii.l."||:=!|'i':'!
were added,  soseestng a0 protective
effect. However, the cells which had re-
celved the antisera after addition of the
bacteria showed marked CPE and there-
fore wave little evidence ol provectwon.
Tl {!KJ'IL'F.:IHQ"T.‘I_ demons=traied that com-
baned Vioand O antisera added (o J-111
cells ar the same e as 5. fyphosa
marlkedly  suppressed  nvracellular
multipiicacon of bacillt and dor o least
i4 hours prevented cviopathic chinges
e the infected cells. In ancther separate
experiment the resnlis were conbrmed
a5 to relative numbers of intracelular
bacteria lollowing maocolation of J-111
l-"l."'” |.-:'||||_|.Ii'{!::'. L‘!.h_'ll'l;_:i' ".".'i[;l_ l;_'(]l?lllil]l:_“{,l, lIl|.-|
and O anbisera in comparison with Vi
angd O andisera used separately,
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Bacters dnfection ol ssue cellg i
1'1|IlL|1'e:' mi:n'ul'.-'i.-s. Ingestion of living hap.
teria, The end resule is “]*ff*-'rmilmd by
the character ol interaction betweey cells
amd bacteria, This interaction May re.
sult moalteration cither of the Parasite,
ehe host cell, or both; the culcome gp.
pends on muluple factors, We Fecognize
for eximple, that a eritical condition far
nutintenance of the bacterial parasite
within the host celi is the presence of 4
suitable nutritienal envirenment, By
for the most pact, as pointed out by
Dubos m 1954, we sull must admit ':h:LI-I'

wenoranice of the Lctors within host cells
which muay, en the one hand, bring
about rapd denth ol certain microor.
ganisms and, on the other, allow them 1o
survive and profiferate,

The interactions beiween host cells
and bactenal parasites may be expressed
g eumber of wavs, At times, the host
cells rapudly kill the bacteria which they
engull, as happens with blood leuko-
cvies and £ plococciis rennioniae [ SOmes
tintes the parasite is able to survive but
not wmuitply, as o with  Wyvcebaciersem
swpegmadiy; at stll other emes, the hac-
Lot survives and multiplies within
e cell, as with Bruceffa abortus, 5.
fypphosa, and others,

In the present study Lvphoid organ-
i=in= not only mulvplied readily within
the [-1171 cells, bt they were cjmnged
b cell passape. The most FjT.riI{Ili]E
change was the development ot 5;‘.&1:}1’1?-.11]
forms avvepred as spheroplasts within
infected cells, usually observed after 0
to & hours incubation and [:-ff*-'iﬂd":d bry
the appeace of long, slender, fila-
mentous [orms. The bases for accept
tance of the spherical lorms as sphero-
plasts were considered under Results al
laok nte consideration the g.g:nefﬂ][}'
;i.u_'l:n:|_‘mtf_'qi delonmwon of E|:-hﬁ1"§3']-"]ﬂst3 4
expressed, for example, by Lamannd
and Mullete {1965), The resistance ©
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shese forms Lo the grinding treatment
gsed i the ceperimental procedure sug-
gests less fragility than is usually attrib-
ated 1o protoplasts. Perhaps an ex-
j,»]:m:niun can be found in the amount of
el wall remaining on the spheroplasts,
The discussion by MeQuillen {1960) 1%
elevitnt.

Te explain the origin of the sphero-
plases and the pleamerphic lorms which
precedled them there are 2 possibilities:
they miay have been produced outside
the cell and subseguently ingested, o
thev may have developed as o result of
mracellular events, The formarcion of
spheroplasts extracellulachy or in cell
iree (nedia has heen deseribed by sev-
eral wuthors. Michael and Braun (1959)
reported  the  conversion of Shigetfa
dysenieriae nlo spheroplasts. Showacre
et al (1961, Hopps et al (19613, and
Smadel {19630 observed the [ormation
ol 5. tvphosa spheroplasts from extri
cellular bacteria bue not from bacteria
inside healthy Ussue cells, When ty-
phoid-infected mouse fibrohlasts were
treated with penicillin, spheroplast For-
mation of bacilii was induced only in
extracellulae bacitli or in dead or dying
tells containing organisms. Landman et
al {1058) described methods involving
defined media for the conversion by
penicillin of Proteis mivabilis and Jos-
derichin coli Lo the spheroplast form
and thenee ta the L form, Lederberg and
- St Clair (1938) and others showed that
penicillin-inhibited growth of Frofews
vitlgirris el Fscherichin colf led to proto-
Mast focmation of these DrEanisns 1
vitra, Lyvsis of these osmotically iragile
spheres cauld be Forestalled by growing
thens in o protective by pertonic medinm
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Containing sicrose and magnesiun 103715
[ s been sugoested thit penicillin
Canses nhibition of svnthesis of cell wall
Material (Park and Strominger, 19571,
l{jﬂﬂin;._- Lo eventuel Tveis of the bacte-
Bam yoless Jorestalled Ly incubating
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the pemeillin-treated culture in a pro-
tective hvpertonic medivm, During the
present  siudy  attempts 1o produce
spheroplasts extracellularly in the J-111
cell-bacterial - svstem LSO CEss-
[ul.

A possible explanation of intracellular
farmation of spheroplasts is that condi-
tions in the infected cell interfere with
normal svnthesis of bacterial cell wall
conslitnents and proliferation then leads
ra spheroplast production. Or, perhaps,
enzvmatic degradation of a part or all aof
the haecrerial cell wall resules in conver-
sion of ingested bacteria into sphere-
plasts or proteplasts. On the other hand,
the possibility of  penicillin-induced
spheroplasts inside cells cannot be ex-
cluded, especially in the light of reports
that some antibiotics can enter tissue
cells in vicre. Eagle (1954) reported that
penicillin penetrates tissue cells in vitro,
Showacre ol al (1961) demonstirated by
phase microscopy that several antibiot-
including penicilling, penetrated
mammalian tigsue cells rapidly and re-
tajned their biologic propertics inside
the cells, Richardson and Hoelt (19621)
found that streptomycin acted syner-
gistically with penicillin to inhibig the
crowth of Brecelln aborfus within bovine
cells cultured in vitro, thus demenstrat-
ing that these antibictics entered the
sszue cells in sullicient concentration 1o
affect intracellular bacterial growth. In
the present study intracellular multiph-
cation of typhoid hacilli was not in-
Wibited when penicillin and  strepro-
mycin were added to the extracellular
Auid of the host-cell hacterial system. 1t
might be argued that a concentration of
tlese antibiotics could be attained in a
semipermeable cell such that, although
inadequate for bacterividal action, 1l
waould be sufficient 10 induce spheroplast
farmation. The observation by Richard-
con and [olt (19621 on the building up
of a concentrition of peoicillin e the

WET

s

Ay




T
—

P a

[_:ll._l;_"'!-il::l'l-!'l" (:l[ ﬁtTL‘l'IJ.'I'III!}'[_"iII rl'lil_:-\.' |:IL! rl;_‘ll;'“-
wvantl, [he possbabiny of =ach a siluation
m wlneh the increased concentration of
pentcilitn might  anduce  mcncellular
spheroplasts needs to be Kept in ming.
More refined experiments need 1o be de-
:aij_:m'd ter obram delmitive inlormation
on s poen . [ Taevor ol their incracelhe-
L fermation i the fact chat sphero-
lasts were never observed belore &
E'Ilf':l'llr‘.‘-i ':':II- iI'II'_'III}ii.‘!E'!_:III ;sz l'l'l.;‘:‘l 1:|l§_'-. T
searce Then; only after longer perods
were lnrger num bers observed.

Based on the experimental resulis and
an e discussion aboae 0s EI,:;_{_E_}'C!:’I’_{"I'.[
that i these expeniments the typhod
organisim went through a senes of steps
moiks spheroplast,
namely, from bacillus (o Glamemious or

I'_'II:IZI'I.'I:_"l'HiIIII'I o &

other pleomorphic form, and then to
spheroplast, This series of events is most
T"I,:i'lﬂ.l;l:‘.' l:,"."’-:]-l-lr'l'i'lll;'llj 1 li'l(_"' I'_Ili_l,Sj.E U{ iIEI"I'i]Ji-
tioat of ccll wall svoihesis, Thos the hiest
evidence of inhibition would be a falure
of vross wall svnthesis, resulting in fGla-
menl formationn. Then continued mer-
lerence would result in produciion ol
E}'&-]'lq_:ﬂ_‘.-|,‘:—|.‘1:~'|:.¢:. This r-;;;a::;-;_nlhig AHrEars
congigrent with the worle of Ledechers
and St Clair {19383, amang others. Fine
structure analvsis by electron micros
copy could be expected to help elu-
cidate this problem.

The incracellular formation and sur-
vival of spheroplasts has possilile impli-
cations in the pathogenesis of disense
i-l[ll:i III:'I_'-.' |H_" Tl_‘l:l_{l:_“l'_l Lr |_'|"IIL" {:fll'll'_'l_"j_]L l:,:l[
nceobal change i response 1o cnviron-
mental conditions. Guze and Kalman-
son {19640, b) observed that bacteria
persisted i Yprotoplast” rak
kidnewvs alter treatment of expernimental
enterococcal pyelonepheitis with pen-
cilling prompting speculation concern-
ing the possible role of these forms in the
pathogenesis of chronic pyelonephricis
and [requent recurrence of renal infec
tion in man. Dwarl forms of staphy

{(JTI12 i'll

Alhrarel Korpayy adon Peawn 1. Kevnrick

||]:c'c‘.-r'(|']1 -:1].5{| ll forms ﬂ[]mﬂr;‘_-.' OFEi Nisme
may he cited as exnmples :
h:n—':* Foen irlr'ri|11:.|:1[;1|;'ll ‘i:fL J'-'f-'_ Jll:‘l-]-l‘m';'

: pdisnte Vllioyg
-:I..-?s-ums.v.: pracesses and  lave invalyeq
different species of orgamsms and djf.
lerent species ol hosts, The Possible pa.
Lutiomshin ﬂla these varionus forms bhi b
apparent infections was recogiized iy,
AeDermort (1939 who regards |:-|.1.L‘t1r'[
infections as an extreme form of ik
lvial adapration Accompanied by mop-
phological changes of the parasige,
Lederhery and St Claie C1938) and
Inlieneberger-Nobel (1960} have sl
gested that spheroplasts mav be {nrer.
mechate to conversion {rom bacillary 1o
stable I forms. In this study the inger-
esilng question arses whether lormation
of spheroplasts may be one way of
mawtaing the tyvpheoid carcler state.
The infereace seems reasonahle in the
light of Guze and Kalmanson’s experi-
ments and Molermott's thesis of latent
wfections. Laboratory workers know
how dificult 11 15 1o isolate tvphoid ot-
aTISIng Arrer specimens; st
times it 1s ool possible to recover organ-
1 at all, In this area of particular con-
cern Ao the public health laboratory
perhaps consideration should be given to
devising media and {echnigques which
wolel allow the isolacion of spheroplasts
or the L Torm ol 5, fvphesa, when pros-
ent, and would make possible studies of
the significance of such forms in relation
ro the human disease,

The capacity of specific Vi and O
antisera 1o alffect bacterial multiplica-
tion and to delay or modily cellular de-
generation of J-111 cells following their
parasitization with S, fvplosa suggests
that the course of infection may be 10
Auenced considerably by the kind of
antiserum present during the i:n-ﬁl"cl'ILiﬂ'_:'E
of bacteria and cells, the size of (he anti-
serum dose, and the time of addition 9
wcteria in relation {o the addition ‘f'f
seruni. The protective effect of Vi antt

from
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erum observed in the imeraction of 5,
.'-,'-'.':'-""":'"” ane  [-111 eells ocourred
pramptly, as shown in table 2. Cellular
degeneration of  the  tvphoidanfected
cells wits effecuvely delayed eardy in the
infeciion cvele and was more proneunced
when the antizserunm was given before
the addition of bacteria, However, the
proLec ive effect was gradually lost, and
little protection was observed when the
antiserum was added 8 hours alter the
cells were infected. Un the other hand,
the role of specife O antiserum oo cellu-
lar cdvgeneration  seems  guesticnable
under the conditons of the experiments.
It 12 not possible to state uneguivocally
that {F antiserin adso confers proceciion
by diminishing or attenvating the CTE
of the tvphoid-infected cells, An appar-
entlv high protective effect wlich did not
persisl was ohserved mdway in the in-
fecrion cvele (tahle 23, although hetle o
none was seen earlier. No immediale ex-
planation is available Tor this abserva
twon clher than o suggesc that perhaps
the ninin suppressive effect of O anti-
it 15 o bacterial z'|1EI]1.ii'.l|5I:ilIE-::|I=.
while a secondary effece is directed
agains=r U PE late in infection,
Combined Wi C}oantisera
hibited the progress of infection in terms
of Loth bactertal multiplication and
cyviopathology of the J-111 cells. Even
when the antisers were given after infec-
tn ol the cells, o certain degees of pro-
tection arainst CPE was observed, The
observation rhat combined Vi and ()
antera alfecrs bacterial multplication
as el s cvtopathaology raises a number

anl k-

of questions concerning  mechanisms.
For exminple, does the antiserum cnter
the cell and exert its effect intracellu-
:Llli'l_xx aor dees it combine with the bac-
erie exeracellularly before they are
Phigocyiized? Gelzer and Surer (1939),
working with 8.ty i s and rabbit
Menoeyvies, concluded  that  antibody
ftered the cells only in combination

31

with bacteria during phagocyvtosis, Sim.
ple passage of the serum rhrough the
membeanes of (he |;i1.'i]~.!g cells s nol SHp-
poried by presently availabde daca, The
hyvpothesis that rhe anuserum acts on
the extracellular bacters before thew
are ingested receives some support from
Lhe cxperiments on the efect af time of
addition of antserum to the test sys-
teni. When antibodv was added follow-
ing infection, there was no appreciable
elfect oo the intracellular multiplica-
ot of the bactenia hur, when it was
allowed to act on the baciena prior to
their entry into the cells, there was o
marked effect.

There are several possible cxplana-
tions for the minimal effect of Vi ann-
secuim on malbiphcaton and its suppres-
sive effect on cellular pathology, 1t may
ke that Vi antibody combines with and
neutralizes soluble Vi antigen or perhaps
the antibody s kept away (rom the vital
part of the bacterial cell purely by the
thickness of the Vi laver, as suggested by
MNagington {1956}, There i the possi-
bility, toa, that Vi andbody mayv in-
hibit the V' olorms of the cultore while
allowing the nontoxic W lorms (o grow,

An explanation of the suppressive
effect of O antiserum on bacterial mulei-
pheation may be chat, although e has
munimal  effect on  cytopathology, O
antibody directs s action against the
somatic antigen through Haws o the Vi
coat, thus inactivating part of the bacs
teral population and keeping the num-
bers of organisms at a low level. Also, in
the interaction between bacreria and
host celis some of the Vi antigen may be
clegraded, exposing vital somatic parts
on the bacterial surface sensitive to the
O ancibodies, T must be considered, too,
that the typhod cultore might be g mix-
ture of Vand W forms. The O antibodies
watlld then inactivare the W forms, per-
haps leaving a few V forms whach do not
imcreasze  rapidly; rthis maght explain



the {efliy protective action of O it
ne cvtapathic effects

hodies aguinsr ¢
is supported b the ab-

The Ligter view
servalions in the experiment with the
combined Vi and O antisers in which, in
spite ol low bacterial count in group |
(fwure 8), a relatively high eviopathic
eflect was nated at 26 hours of mfection
(Labie 23, Considering that the typrhiid
culture is a mixture of V and W {orms,
11 is suggested that O antibodies in the
mixture inactivated most of the W forms
while a1 the zame time the toxic V forms
were being affected by the Vi antibogy
present. Since the effective test dose of
combined antisern emploved in this [HLF-
Loular experiment (LO5 ml Vi and 0.05
ml O was one-half af the dose uzed in
the single antiserim tesgy LTl Vi and
b1 ml ), ic s speculated that probably
net ail of the bacterial forms were in-
activated, although any that remsined
tid net increase rapidiv, The SURPTES-
sive effcct of Vi antibody on cellular de-
gencration likewise had been  dimin-
ished becavse of the insu ficient antibody
concentration, and there werp enough
toxic V' forms remaining to canse the
relatively marked cvtoparhic effect ol
served late in che infection cvele. Tt
would be informative, in future CXPer-
ments, to determine if graded cyiopathic
eflects and  graded bacterial counts
could be corvelated with VAIVING [ro-
portions of Vi and O antisern in the
combinedantiserum, Arepetition of these
experiments with different straing of o
fepissa tested with other lots of anri
serm and with antisera prepared in
diflerent animal species could be x-
pected te yive (urther information on
the mechanism of the observed effects af
specihic antiserum, The use of pririfed
antisera prepared Ly precipitition or
Iractionation of immune serun wolld
perhaps vake it possible 1o defipe maore
clearly the component of (e antisecum
that is involved i s elfect on cellylar

ANGUEEL INovkasy axp Peagr [ FoEs e

pertholawy and bacterial rm'“ir*lE‘l‘-ElLEnn

In the interpretation of the F}”‘--':Enlt
vesults iLis remembered that (ha Natyr,
of the reaclions is such that they defw
strictly quantilative HEREIT T F'L-t
times a differcnce in resnles IteT prageg
t be qualitative mav in fagg be onty
quantitative, For example, in looking a}
the observed effects of combined v and
CF anrisera on inferped cells it s nat
nossible at present 1o dilferentiate i
eqivacally hetween the QUANLLED Hyve
and gualitative contribution of each
COM e

SLMMARY

Underdefimed experimental conditions
buman monacstic cells wore infected
with Safmenelia tvgphosa. The o umbers
of intracellular bacteria mereazed pro.
gressivelv during the oliservation periad,
and degeneration of 1he infecred colls
likewise was progressive, However, in-
fected tissue cells in various stages of
division, containing many bacteria but
showing little or no cyvtopatholory, were
abserved repeatedly. Marked pleomar-
phism of the intracellular  bactera
vecureed with some freq wency. Sphero-
plasts were observed within vacuoles in
the cytaplasm of the monceytic cells. In
controlled plate culcures of thsrupled,
mlected cells on sucrose-supplemented
and unsupplemented media 1he sphero-
plasts appeared 10 vield colonies of S.
frphosa i which there were many pleo-
morphic and spherical forms. Combined
Viand O antisera inhibited the progress
of infection in terms of both bacterial
multiplication and cveopathology of the
J-111 cells, The Vi antiserum appeared
to have the greater suppressive effect on
cellular degeneration, and O antiserum
on bacterial multiplication, These EJ"{E‘*FS
were additive onlv, and no ti_'n'ﬂf‘fﬂfsn':
action wis noted, The observations
suggest that the [.111 hgman mono-
cvtie cell-5. ryphosg svstem may be pat-



TypeHoi Bacine i

icularty sunted Tor che stody of host-
parasite interactions,
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