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CEAPTER 1
INTRODUCTION

Soon after broad spectrum antibiotioc therapy(Aureomyoin,Neomyoin,
Streptomyoin,etc.)attained widespread olinical use,reports of secondary

monilial(Candide albicans)infections of the mouth,alimenteary canal,and lungs,

began to sppear in the literature(Bartels and Buchbinder,1945;Harris,1950;
Williams,1960;Moore,1951;Woods, Manning and Patterson,166];Smith,1962;
Kligman,1962;Bratlund and Holten,19543Loh and Baker,1955;Schaberg et al.,
1956). Such secondary infeotions may vary from a relatively mild(Sharp,1964)
to an extremely severe and possibly fatal condition(Gausewitz et al.,1961;
Rankin,1863; Brown et al.,1953; Zimmerman,19555Levy and Cohen,1955). Various
theories have been offered in explanation for the mechanism whioh brings
about the increased susceptibility to infeotion by C. albicans during
antibiotic therapye.

Miller(lQSO)cQggeatcd suppression with substitution as the
mechanism., He felt that secondary infestion by C. albicans resulted from
elimination by the antibiotic therapy of the normal bacterial flora whioch
tends to maintain a state of equilibrium., He described this restraining
action of the population as bacterial antagonism,

In 1951 Woods,Manning and Patterson reported they were unable to
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correlate olinioal observations of seocondary infeotion by C. albicans following
penicillin,aureomyoin,and ohloramphenicol therapy with 1g.zi§£g_oxpsriments
designed to show direot stimulation of the fungus by these antibiotics. From
this study they oconcluded that suppression of growth of bacteria and other
organisms normally competing with C. albiocans for nutritional substances may
be the most important factor in the overgrowth of C. albiocans following the
use of sntiblotiocs, However in their in vitro studles the ooncentration of
sureomyoin used was only O.1 mg./mls Other workers(Huppert et al,,1553)
reported that s stimulatory effest ocan be demonstrated in vitro only at
higher conoentrations of the antibiotie.

The studies of Moore(1961) and Pappenfort and Schnall(1951) are
also in confliet with the in vitro results reported by Woods,Manning and
Patterson. Moore(1951) reported that the gréwth of Cs albioans in broth
conteining orystaline sureomyoin hydrochloride appeared to be twice as great
as in similar oultures without sntibiotliae. In addition,he reported that
the oells on the bottom of the fiask 10 olose proximity to undissolved
orystal of the antiblotio were oonsiderably larger than normal,and that
oells in the vell of growth on the surface of the broth were markedly emaller
than normal. Both of these observations were interpreted as evidenoce for
stimulation of the growth of Cs albicans by aureomyoin. Pappenfort and
Sohnall(1961)measured the effeot of aureomyoin on C. albiocans using the
diffusion plate method. C. albicans was suspended in Saboursuds glucose
agar in a petri dish,and a solution of sureomyocin was placed in oups in the

agar. A zone of inoreased growth was noted in the area of diffusion around
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the cups. The same effect was obtained with six different lots of sureomyoin
prepared for oral administration. Huppert,iacPherson and Cazin(1953)confirmed
Moore's observations that the growth of C, albloans in broth conteining
sureomycin was twloe as great as in similar oultures without entibiotic.
They repcrted that C. albicens grown in Lroth containing aureomycin ylelded
2.1 mge/ml. nitrogen as compared to 1.0 m;./mle nitrogen in cultures without
the antibiotio.

Huppert and Casin(1955a)demonstrated that chlortetracycline,neomyocin,

and bacitracin stimulate the growth of C. albicans in vitro while penioillin,

streptomysin,magnamycin, chloramphenicol,oxytetracycline,erythromyosin, and
tetracyoline do not. However,all of these antibiotios had been sssoolated
with seoondsry infections of C. albioans. The authors conoluded from these
observations that there is no spparent correlation between direct stimulation
of Ce. albicans under in vitro conditions and the developement of secondary
fungus infeotion during antibiotio therapy.

It has also been suggested tliat chaunges in the pH of the intestinal
menstruum,as well as the presumably higher concentration of nutrient material
present in the intestinal tract after suppression of the normal bacterial
flora,may be responsible for the incressed susceptibility to C. albiocans
infection(Foley and Winter,1949;Woods et al.,1951). Karnaky(1948)demonstrated
that Cs albicans grew equally well over a pH range of 3.9 to 10.8. It thus
seems unlikely that a change in the pH of the intestinal menstruum would
appreociably affeot the growth of C. albioans,but it is possible a chenge in

the pH of the intestinal menstruum may affect other organisms in the intestinal




e

tract and thus indirectly also C. albicans. Burkholder(1943)showed that
Cs albiocans grew on a synthetic medium ocomposed of glucose and ummbnium
salts,and required only the addition of biotin for meximal growth. Sinoce
Ce albicans has very minimal growth requirements,it ssems doubtful whether
destruction of the intestinal flora would add to the enviromont any nutrients
required for growth of C., albloans,which are not prosent in the normal host.

Harris(1950)felt thet the mucous membrane complieations(oral,
vuginui,reotal,nnd intestinal)following aureomyoin therapy wore ettributable
to & vitamin B ocomplex defiolency resulting from the elimination of the
intestinal bacteria whioh may be normally involved in the synthesis of these
vitaming, When a potent vitamin B complex preparation was adninistered
parenterally to patients receiving aureomyoin,he found a reduoction in
inoidenos and severity of the muoous membrane lesions. As Harrls points out,
however,the vitamin treatment was studied in only eloven patients. Furthermore,
sinos the lesions develop rapidly after the onset of antibiotic therapy,
avitaminosis is probably not a causative factbr. In spite of these
eonslderations,he felt that suppression of the intestinal flore would allow
the overgrowth of C. albicans which could then invade tissues whose resistance
had been lowered by a vitamin B complex deficiency., As yet there appears to
be no direot evidence to substantlate the assumption of avitaminosis as the
mechanism by which the seoondary fungus infection ococurs. We do know that
antibiotios alter the flora of the intestinal treot and vitemin synthesis
(Anderson et al.,1953a,1953b). But what contribution this synthesis makes

to the total vitamin supply of the host has not been established. Bierman .
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and Jswets(1961)reported experiments on the effeot of prolonged administration
of multiple antibiotios on the human fecal florae. They stated that no
nutritional defiociensy was noted during therapy in patients with adsquate
food intake.

Henrioi(1941)sugrested that C, albioans may elaborate a toxin
responsible for its pathogeninity. He based thle suggestion on the observation
that some infeotions with Ce albiocans are olinically similar to infleotions
by Asperzillus whioch has been shown to produce a toxin(Henriei,1941).

Winner(lQﬁB)reportod the first experimental evidencs of toxin
production by C. albicans. He found rabbits to possess a oconsiderable degree
of natural resistance to intravenous injeotion of living virulent C, albiocansa.
The presence of natural or induoced agglutinine did not protect the animals
from lethal doses of ths organism,and similar leaions were produoced in
immunized and non-imnuniged rabbits. From these observetions he suggested
that gho pathogenioity of Cs albioars may involve a toxine.

Nore recontly Roth and Murphy(1957)reported extraction from C.
albioans of a faotor which was lethal for mice treated with shlortetraoyocline.
This faoctor was nontoxioc in the abaenoce of antibiotioc. They regarded the
factor as an endotoxin. It would probably be better to regard this factor
as a substancs whioch inoreases the toxioity of the antibio¥io rather than
en endotoxin since it is inaotive whan given alone.

Lipnik,K1igman,and Strauss(1952)and Kligman(1962)in a study of
fungus infections oacuring in oonjun?tion with antihistio treatment were

unable to observe either a potentiating effeot of aureomyoin,chloromysetin,
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terramycin,and penicillin on the in vitre growth of C, albioans,or sny
evidence of enhancement of systemio infection. In addition they roportod
that broad spectrum antibiotios caused muoous membrane irritation. Kligman
(19562)from these observations postulates that it ias the mucous membrane
irritation ocaused by the antibiotic and not a direct motion of the antiblotio
on the fungus whioh predisposes to infeotion, He regarded the infeotivity
of Co albioans as negligible for normal hunan beings.

Hunter and Foley(1956)found that sureomyoin,or cortisone acetate
therspy,increased the virulence of C,. tlbipanl in mice as evidenoed by the
developement of the characteristic renal lesions following injeoctions of
small inooula which were ineffeotive in untreated mioce. Similar results were
obtained by Pinkerton sud Patterson(1957).

In sumsary,several pcssible theories may be advanced to acoount
for the ococurrence of secondary monilial infeotions during antibiotio
therapy.

1, Suppression of growth of bacteria and other organisms which in
the normal host are competing with C. albicans for nutritionsal
substances(Miller,19613Robinson,1964)Woods et al.,1961). This
theory has been discussed as a possible mechanism in reviews by
MoCoy(1954) and Jawets(1968). Jawets states,”The suppression
of the normal flora is undoubtedly the most important feature

in the frequently observed superinfections with Monilia(Candida)®.

2« The direoct stimulation of growth of Candidsa albiocans by the

antiblotio(Moore,1561; Pappenfort and Schnall,l961j;Huppert ot al.,
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1953,1668pNiokerson,1965;MoCoy,19643Eagle and Sats,1966) Jawets,
1956) . |

3« A change in the pH of the environment through alterntion’cf the
bacterial flora and also the increased ocomcentration of nutrient
material following destruction of the normal intestinal flors
may play a part in superinfections with C. albiocans(Foley and
Winter,1949).

4. The normal flora may supply certain required nutrients(eg.
vitamins)to the host which may be necessary to maintain resistance
to C, albioans infection(Harris,1960). Nickerson(1963) and
Jawsts(1966)discuss this as a possible mechanism in their reviews,
Nickerson states,”Avitaminosis resulting from suppression of the
bacterial flora of the intestine has been viewed as the major
predisposing factor to Candida infeotior,"”

5. C, albicans may produce a substance whioch is either toxic as
sush or which enhances the toxicity of the ;ntibiotiu(ﬁonrici.
19413Roth and Murphy.léa-}).

6« Antiblotio therapy may cause tissue alterations whioch lower
the resistance of the tissues and make them more susceptible
to C. albicans{Winter and Foley,1949;K1ignan,1952).

Huppert,Cazin,and Smith(1966b)reported experiments whioch suggested

that mioce can be used to simulate the overgrowth of C, albioans in the
intestinal tr#at during ora; administration of some antibiotios,particularly

aureomycin,as it is found in human beings. These animals might therefore
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sorve as a model for testing some of the theories proposed to explain the
ocourrence of monilial infections during antibictis therapy. |

The investigations to be reported here were undertaken with a
twofold purpose: (1) to investigate to what extent mioce can be used to
simulate the susceptibility to and the overgrowth of C. albiocans brought
about by certain antibiotios 4n man; and (2) to study the mechanism or
mechanisms by whioh antibiotiocs may inorease the susceptibility of mioe

to superinfection with C. albicans,




CHAPTER Il
MATERIALS AND HETHODS

One strain of albino mioce,Rockland Farms strain RAP,the same as used
by Huppert et al.,(1966b),was employed in most experiments of this study. A
feow experiments were carried out with Swias mioce obtainod from Abrams Small
Stook Brooderl.chicugo. Both dealers state that their animals are maintained
on a diet whioh 35 entirely fiee of antibiotiocss Only mice,weighing 12 to 14
grams or 25 to 30 grms.roﬁpaativoly,wore used, The animals weres fed Rookland
Mouse Diet which is vertified to be free of mﬁibi.o'bicl. Ho difference was
found in the remotion of the two breeds of mioce used,

Candide albloans strain CDC,obtained from the Depariment of

Bacteriology,University of Illinois,was used throughout the study. This strain
wae maintained by monthly transfer on Saboursuds maltose agar,snd stored in
the refrigerator.

The two strains of Escherichis ooli used in this study were strain

5 and 25, These strains were ohogsen to test the antagonism of inteatinal
bacteria to enterio infections by C. albicans because they had been found to
be highly antagonistic to experimental enterio infections with Shigells
(Freter,R.,19665Hontges,D.,1967)« Eo colk strain 5 was isolated in Mexioo

City from the stoocl of a 15 month old infant in the summer of 19656, It was

«f=
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made resistant to 1 mg./ml. streptomyoin by the gradient plate technigue.
Es ocoli strain 25 was obtained from & normal human being end is desoribed by
Freter(1956)s Both strsins were maintained by monthly transfer on veal infusion
sgar oontaining 1 mg./ml. streptomycin,and were stored in the refrigerator.

The suspension of C. albicans used for infecting the animals was
prepared by mooulnting the surface of Chapmans modification of Saboursuds
maltose sgar and inoubating at $7 C for 24 hours. The resulting growth was
washed off with 5.0 ml. of 0.85% saline and the suspension standardized by
using the turbiditysocsll count relationship deseribed below(figure 8).

The E. coli suspension used fo;; introduuing this organism into the
intestinal traoct was prepered by inooculating the surface of veal infusion
agar plates oontaining 1 mgs/mle streptomyoin and incubating st 37 C for 24
hours. The resulting growth was washed off with 5.0 ml. of 0.86% saline and
the suspension standardized by using the turbidityioell ocount relationship
desoribed below(figures 1 and 2).

The turbiditysocell counmt relationships illustrsted in figures 1,2,
and $ wore determined with cell suspensions prepared by the same procedure as
used in the preparation of inoocula for animal infections. Serisl twofold
dilutions were made from the original suspension and the density of each
dilution determinod with the Klett photoeleotris colorimeter using the blue
filter number 42. The number of viable cells was then determined by oulturing
suitable dilutions of the original suspension of each organism. Cs albiocans
suspensions(which consisted of single cella)were spread on the surface of

Chapmans modification of Sabourauds maltose agar., Surface plate counts of
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Ee o0ll suspensions were carried out on veal infusion agar containing 1 mge/mle
streptomyoin, Plates with C. albicans were inoubated for 48 hours,those with
B, ocoli for 24 hours at 37 C. The concentration of viable cells in the original
suspensions was then caloulated from the numbdber of colonies of C. albicans
or E. coli on these plates.

.Solutiuns of streptomyocin sulfate were made up in sterils tap water.
Solutions of sureomycin hydrochloride were prepared by dissolving one capsule
(260 mge)}in 100 ml. of sterile tap water oontaiming 1 ml. conoentrated
hydroohlorie moid,specifio graviby 1.1696. The solution was then adjusted to
pH 5485 with 0,1 N sodium hydroxide and diluted to the desired concentration
with sterile tap water. Tu.is procedure was necessary because aursomyocin is
not soluble at neutrality. It is soluble but unstable at alkaline pH and both
stable and soluble at woid pH. The antibiotic solutions were stored in the
refrigerator and used only 4if less than one week old.

The stommoh tube used for intragastrio inocoulations was oonstruoted
by attaching & § mm. plece of sise P,E, 100(IDe,34",0D=,060")polyethylene .
tubing(ClayeAdams Cos Incs,New York) to the tip of a 20 gauge hypodermiec
needle.

Three methods were employed for determining the susceptibility of
mice to Cs albicans, In proosdure A,graded inoocula of C, albicans were given
and the 50% infeotive dose determined by testing for the presence of Candida
in the stoolss Mice treated according to proocedure B received a standard
inooulum of Ce albicanse The number of C. albioans in the stool was then

determined by quantitative plate counts. Tests for antagonimm of E, coli
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to C. albicans{proocedure C)oonsisted of giving graded inosula of C. albloans
plus & standard inoculwn of E. coli. The 50% infective dose of Candids was
then detefmined as in procedure A.

Proosdure As

One hundred and twenty mice of specified weight and sex were divided
into 4 major groups{groups 1,2,3,and 4). Each of the four msjor groups was
further divided into § subgrdups of 6 animals esoh(group la,lbseess otc.). The
mies of group 1 received 1 ml. of & 2 mg./ml. solution of aureomyein by
stomach tube on day 1. Beginning with day 2 until termination of the experiment,
a solution of 1 mg./ml. sureomycin was supplied as drinking water. The mice
of group 2 were given 1 mls of a solution of 0.8 mg./mle of streptomyoin by
stomaoh tube on day 1,end s solution of 0.4 mge/mle of streptomyoin as drinking
water on day 2 until termination of the experiment., The mice of group §
received 1 ml. of a solution comtaining 2 mg./ml. aureomyocin and 0,8 mg./ml.
streptomycin by stomsoh tube on day 1 and e solution of 1 mg,/mls of sureomyein
and 0.4 mg./mle of streptomyoin as drimking water on day 2 until termination
of the experiment. The mice of group 4 served aw antibiotie free controls and
were supplied with sterile tap water for the duration of the experiment. On
day 3 the animals of all groups were injested intragastrically with graded
inoocula of Cs albiocans suspended im 1 mle of 0.85% saline, At 2 and 5 days
postinfection,each mouse was induced to pess one stool pellet direoctly into
s sterile test tube, Each stool sample was emulsified in 1.0 ml. of 0,88%¢
saline and O.1 ml, of the resulting suspension was spread on & plate of

Chapmens modification of Sabourauds agar. After 48 hours imcubation at 37 C,
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Ce albicans was identified by its characterietic morphology on these plates.
C, albicans produced "off white",sircular,smooth,convex to pulvinnﬁo colonies
about 4 mm. in dismeter,which were never found in stool ocultures from none
inraotod animals. The 50% infective dose(ID50)of Candida was then determined
socording to the method of Reed and Muench(1938).
Procedure B:

These experiments lnvolved quantitative datgrminntions of Ce albicans
in the stool. Forty mice of specified weight and sex were divided into 4
groups of 10 mice emoh. The treatment of groups 1,2,35,and 4 on days 1 and 2
wag the same as that described in procedure A, On day 3 the animals of all
groups reoceived a standaru inooula{stated in the table of results for each
individual experiment)of C. albicans suspended in 1 mle of 0.85% saline, At 2
and B days postinfeotion,etool samples were taken as desoribed in procedure
As Bach stool sample was emulsified in 1 ml, of 0.83% saline., The suspension
thus obtained was designated a 1:110 dilution, It contained only single Candida
cells and not filaments,as determined by staining snd mioroscopic obeservation.
From the 1:10 dilution further serisl tem fold dilutions were made, One temth
mle of each dilution was spread with a sterile bent glase rod om the surface
of Chapmans modification ¢f Sabourauds maltose egar. After 48 hrs. inocubation
at 37 C counts of C., aluicaus colonjes were made on & quebec solony counter,
Procedure Cs

Tests for antegonism betweem Es coli and C. albicans were carried

out as followsy 120 mice of specified weight and sex were divided into 4

major groups(groups 1,2,3,and 4). Esch of the 4 major groups was further
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divided into 5 groups of 6 animals each(group le,1b,sses6tcs)s The mice of
group 1,2,and 3 received by stomach tube 1 ml. of a 50 ug./ml. solution of
streptomyoin on day 1 and a solution of 0.4 mg./hlf of streptomyocin as
drinking water until termination of the experiment. On day 2 the mioe of
group 1 and 2 received by stomach tube 1 ml, of a suspension of streptomycin
resistant E. coli oells suspended in veal infusion broth eontaining 5O mgq/ml.
osloium oarbonate and 1 mg./mle streptomyoin. On day 2 the mice of group 8
received by stomach tubé 1 ml. of sterile veal infusion broth containing
80 mge/ml. caloium carbomate and 1 mge/ml. streptomyoin., Thus group 3 served
as E, ocoli free controls. The mioe of group 4 were antibiotio free controls
and were supplied with sterile tap water until termination of the experiment.
On day 3 the animals of group 1 and 2 received by stomach tube graded inooculs
of Cs albioans and a standard inooulum of streptomyoin resistant E. ooli
cells suspended in 1 mle of 0.85% niline. The animals of group 3 and 4
received the same graded inocula of O, albiosns but no E. coli. At é and 5
days postinfeotion,stool samples were taken as desoribed in proocedure A,
Each stool sample was emulsified in 1 ml. of 0.85% saline and 0.1 ml. of the
resulting suspension was spread on a plate of Chapmans modification of
Sabourauds meltose egar. After 48 hre. inoubation at 37 C,colonies of C,
albioans wers identified by their characteristioc morphology. The 507 infeotive
doss(ID60)was then determined sosording to the method of Reed and Muenoh(1938).

In all experiments additional stool ocultures were made to determine’
the ocomposition of the bacterial flora. This was done by streaking one loopful

of the emulsified stool sample(same as used for Candide identification) on a
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plate of desoxycholate agar. After 24 hrs. inocubation et 37 C,the pram negative

baocterial flora was identified.




CHAPTER I1IIX

EXPERIMENTAL

Susoceptioility of Normal Mice To Cs albicans Infection. Thirty mice

were divided into five groups of six mice each and inooulated by stomaoh tube
with 0.1 ml. of inoreasing concentrations of cells of Ce allicans suspended
in 0,86% ssline. No antibiotios were given in this experiment. Stool samples
wore teken from the mioe,as desorlibed in procedure A,at various intervals up
to forty days and oultured on Chepuans modifioation of Saboursuds maltose
agar to detect C. albioans,

The results of this experiment are given in table l. As can be seen,

animals receiving imocula of 4417 X 10°

organisms or a smaller number did not
exorete C, albicans at 48 hours after infection,while § out of 6 mice in the
group receiving 1,67 X 107 eolls exoreted C. albicans and presumably were
infeateds Four of the five infected animals in this group remained positive
for Cs albioans for the duration of the experiment. This was interpreted as
Indicating that onoe an animal becams infected it usually continued to harbor
this miorcorganisms. On the basie of this experiment,it wes decided thst stool
samples taken at 2 and 5§ days postinfeotion would be suffioient to determine
whether or not sn animal had developed an infeotion with C, albicans.

Effeot Of Antibloties On The Suscepbibility Of Large And Small Mioe

=] G
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To Co albiocans. It was of interest to mow if age and size of the animal would

be s factor involved in the susoeptibility of mioce to infection with C. albloany
and also what orgarisms wore eliminated from the intestinal flora by the
anbiblotios In this experiment eighty mice were divided 1nto eoight zroups of
ten mice esch¢ Four gfoups of each sigze received auroamy%in snd four groups
served as antiblotio free controls. The procedure used in treating the animels
was the same as that descrided in procedure A{exoept tha® rroups 2 and 3,
treated with streptomyein or aureomysin plus streptomycin respectively,were

omitted),
The results of this experiment(Tables 2,2a,35,and 3%a)indiocated that

sise 18 not a significant factor in the susceptibility of wulce to Ce alblosnse.
From the results of this experiment,it was deoided to use large(25 to 30 gram)
mise in the following experiments. In sddition it was found that aureomyoin
was highly effeotive in reducing the number of E. ooll,slightly effective
against Aerobacter,snd ineffeotive in reducing the incidence of Proteus im

the treated animals(of. tables 2o and 3a).
Choioce Of Procedure For Determining The Effeot Of Antibioties On

The Susceptibility Of Miee To Ce alblomns, It was of interest to know if the

inoreased susceptibility demonstrated above could also be shown by quantitative
determinations of the number of Cs albiocans recoverable from the stool of
animels whioh had been given a stendard infeotive dose(procedurs B).

In the firat experiment of this type,male Abrams mice weighing 26
to 30 grams were employed. Stbol oultures were made as described in procedure

A,at various intervals up to 16 days postinfection.
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The resulta(Table 4)indicate that there was no significant difference
in the exoretion of Cs albioans by sntiblotio~treated end comtrol mice up to
13 days after infeotion. The lower average numbers of C. albicans recoversd
in the control group were mainly due to those mioce which were not infected at
all or which showed a consistently low level of exoretion. The standard error
of the average counts{Table 4a)was for this reason extremely high and the
TwTost{Goulden,1939; Mainland, 1952) indionted that the differences between control
and infected groups were statistiocally not significant, The infective dose of
Co albloans given in this expe iment was relatively high(2.5 X 10° cells).
Another similar experiment was therefore performed with a lower infective dose
(Table ).

As ocen be seen from the data in table 5,the difference between control
and antibiotic~treated groups was due to the large number of non-infected
ocontrols. Table 6 presents the results of a similar experiment of this type in
which Rockland strain RAP mice were infected with an inooulum of 1.77 X 10°
oells, The number of C. albiocans exsreted by the controls and the group receive
ing aureomyoin plus streptomycin were again not significantly different,

In summary,results obtained with procedure B(Tables 4 to 6)indioate
that the number of C.albiocans recoverabls from the stools is not a good
indicator of changes in ﬁhe susceptibility of mice to orsal infeoction with
Ce albiocans during antiblotic therapy. This would suggest that the strain of
Candide used was able to multiply almost equally well in the normal asz in the
antibiotio~treated mioces The only prerequisite for coantinued multipliocation

appeared to be an infective dose whioch was sufficiently large to enable the
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mioroorganism to establish itself in the intestine. IQX preliminary studies
using procedures A or C(determination of the 50% infestive dose)had consistent=
ly shown a higher susceptibility for antiblotio~treated mice == & finding
which was oconfirmed by all subsequent experiments. One may conseguently
oonoclude that antibiotioc treatment appeared to facilitete mainly the initial
establishment of Candida in the mouse intestine,but that,after suocessful
establinhinant,gmth of the organism was comparatively less increased by the
antibiotio, All further experiments of the present study were therefore
oarried out by determining the 50% infective dose of C. albicans(procedures
Aor C).

Effect Of Different Antibiotics On The Susceptibility Of Mice To

Ce_albicans As Refleoted By The 50% Infective Dose. The proocedure followed in

treating the animala was that desoribed above for determining the 50X infective
dose after administration of aureomyoin,streptomycin,or sureomyeim plus
streptomyesin(proosdure A).

‘ Individual results of three experiments are given in tebles 7 to 1l.
Essentiaslly the same results were obtained in each experiment indicating that
mige treated with aureomyoin,streptomyoin,or with s mixture of aureomyoin plus
streptomyoin were more susceptible to C. albioans than normal mice. It ocan be
seen in table 11 that the igoreuo in susceptibility caused by aureomycin is
very similar to that obtained with streptomysin. Table 10 demonstrates that
animale treated with aureomyoin harbored a gram negative flora consisting of

eilther Proteus,Asrobacter,or a combination of bothe No gram negative bacteria

could be recovered from animels treated with streptomycin. From these results
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it seems likely that there was no antagonism between Proteus,or Aerobacter,

and Co albioans.
Effeoct Of Es ooli On The Susceptibility Of Amtibictiec Treated Mioe

To Cs albicans, Because of the similarity in susceptibility of mioe treated

with either aureomyein or streptomyoin,it was deocided to investigate the effect
of E, oolli on the susceptibility of streptomycin treated mice to C. albloans.
Streptomyoin rather than sureomyoin was used in these experiments because
bacteria are readily made resistant to high concentrations of this antibiotio
while this is very diffiocult to achieve with sureomyoin. Unpublished data from
this laboratory indioated that out of 25 strains of E, coli only two could de
made resistant to 500 mog./mle sureomyocin and that the resistant mutants had
lost some of their original morphologileal and physiological chargoteristios.
Three experiments were performed using procedure C described previoas=
lye The results of these experiments are given 14 tables 12 to 18. A summary
is presented in table 18, As oan o sm,Exporiménta 1 and 2 indicate that the
presence of the E., ocoli strains had no offest on the susceptibility of mioce
to Cs albicans. Only Exéerimmt 8 shows s higher susceptibility to Candida
for mice whioh had not received E.coli. Hm“.all three experiments indicate
that the presence of Es ooll did not reduce the susceptibility of antibiotioe
treated mios to the low level shown by the antibiotic free controls, One must
therefore oconslude that antagonism between C. albloans and the strains of
Es 00li used was very slight if any.
Effect Of Aerobacter On The Susceptibility Of Antibiotio=-Treated

Mioe To Co albioans. In one experiment originally designed to test for antag=
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oniem between E. coli snd C. albiocans,it was found that Aerobacter had ocom=
pletely overgrown the intestinal flors in all of the streptomyoin treated
animals. Presumably,these mice alrsady harbored the resistant strain of
Aerobacter in their intestines before this experiment was begun. This experiment
was then used as a test for antagonism or synergism between Aerobacter and

Cs albioans,

The results of this experiment are given in table 17, The findings
indicate that there wes neither an antagonistic nor a smergistic aoffect

between Aerobscter and C. albioans,.




CHAPTER IV
DISCUSSION

As mentioned sarlier,various theories have been advanoed to explain
the basio mechanism of superinfections with C. albieans during antibiotie
therapy. As yet none of these suggested theories has besn proven oonclusively.

The studies reported hers indicate that mioce react in a similar
fashion as human beings with respeot to the inocrease in susceptibility to
enterio infection with C, albioans during antibiotioc therapy. As €0 how closely
this process in mioce parsllels secondary infection with Ce albleans during
antiblotic therapy in man is not kmown. It was notioced in the present experi=
ments that the animals did not show any of the olinical symptoms(fever,
dierrhes,ot0.)which may often,though by mo mesns always,appear in secondary
enterio Cendida infections of humen beings. However,the results obtained in
the present studiea suggest that these animals may be used as working models
to study the primary mechsnism by whioch C» slbiocana establishes itself inm
the intestinal traoct during antibiotio therapys One may perhaps sssume that,
ever in human superinfections,Candide must reach a certain level of growth
within the intestine,before it oan prooceed to inwvade or damage the superfioial
tissues,and thus produce the above mentioned symptoms. The superinfeotions
in mioe desoribed in this thesis would then be anslogous to the first stages

“llm
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of superinfeotions in man, Obviously all comparisons of the present oprri-
ments with human superinfections must be based on this assumption end are
limited by it.

As mentioned earlier the preasent remults suggest that the most
pronounced stimulating effect of antiblotic treatment was om the primary
establishment of s Candida population im the mouse intestine,while the sube
sequent growth of Candide was ocomparatively less affected by the drugs. It
18 not known whether this may also be true for superinfections in human beings.
However,olinical studies of complications following sntibiotic therapy indiouto
that Candids superinfections will persist in some cases even urtqr the anti=-
blotio therspy is discontinued(Gausewits ot als,1981;Schaberg et al.,1955;

Levy and Cohen,1986),while the infection will subside or disappear slowly

after withdrawal of the sntibiotioc in others(Willoox,1951; Tomassewski,1951;
Robinson,1954). In a few oases the infectiom will reour,although less severely
(Woods et al.,1951;Manheim and Alexander,1964). This may be taken to suggest
some similarity between the mouse infections reported here and secondary
emterio infections with C. albiosns in certain humsn patients,who had apparentl
been predisposed to Candids infestion by antibiotic therapy,but who remsimed
infested wven in the absence of the predisposing faotor.

The experiments summarigzed in table )11 indicate that there is an
inoresse in the susceptibility of mice to C, albioans during treatment with
olther aureomyoin,streptomyein,or a combination of bothe This inorease in
susceptidility was reflected by a deorease in the 50% MMiw dose of
Cs albicans, It was also found that the 50% infeotive dose wms similar for
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both the aureomyoin treated animals and the streptomyoin treated animals,
Determinations of the grmn negative enteric flora during antibiotio treate
ment indicsted that animals given aureomyoin harbored s gram negative flora
consisting of either Protsus,Asrobacter,or a ocombination of both,while no gram

negative bacteria oould be recovered from the animals treated with streptomycing
These observations suggest that there wes 10 antagonism between Proteus, or

Aerobacter,and C, albioans.

In the experiments devised to study the effect of two E, ocoli strains|
on Ce albiosns(Tables 12,13,and 14),n0 appreciadle antagonism could he
demonstrated between these mioroorgsnimms. As mentioned earlier the E, coll
strains had been gselected on the basis of their strong antagonism to Shigella
flexnerl in enteric infeotions of mioe(Hentzes,1987). The negative results
obtained in the present studies may therefore be interpreted to suggest that,
if there is any E, ooli:Candids antagoniem at all,the mechanism of this

antagonism must be different from that between E. coll and Shigella.

In summary then,the experiments with sureomycin and streptomyoin
treatment suggest,that there was no apprecisble in vivo interaction = either’

antagonistic or synergistic « between C, albicans and Proteus or Aerobacter

dtrains of the normal mouse flora. The fallure to demonstrate in the present

oxperiments any sntagonism between E. coli and Cs albioans,may further suggest

that suoh s mechanism is not a faobor ir ' 3 detor-ination of resistance or

susceptibility of mioe to enteric Candida albiocans infection. However,further

experiments employing different E, Coli strains(especially strains derived
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from resistant mioce)are necessary to allow a definite ocomolusion. Furthermore,
there is an obvious possibility of baocterial antagonism on the part of normal
inhebitants of the intestinal treset such as gram positive sporeformers,
anserobes,lactobsoilli,etos,which were not included in the present experiments.
Relevant studies are planned for the nesr future,.

Another theory whioh appears quite plausible to the author,states
that the mechanism of superinfeotion by Candida to be the result of direct
stimulation of the fungus by antibiotics(Moore,1951). This theory is based
on quantitative in vitro experiments with sureomyoin. Pappenfort and Schnall
(1951)and Huppert and Cazin(1953)also reported quantitative in vitro experie
ments with aureomyecin which likewise indioated direct stimulatiom of Candida.
The work presented here may also support this theory. However,Huppert and
Cazin(1955a) could demonstrate in vitro stimulatioa of Candida only with throo
(sureomyoin,neomycin,bacitracin)of the many antibiotios whioh are associated
with superinfections in vivo. One reason for this may be that as yet no
satisfactory prooedure has been devised %o reproduce in vitro the conditions
under which Candida grows in the humsn or mouse intestine, Another possible
explanation for the disorepancies betwuen in vivo and in vitro results may
be that antiblotios appear to facilitate mainly the initial establislment of
Candida im the mouse intestine,while the subsequent growth of the organiasm
is relatively less stimulated by the drugs. It may thus be possible that
in vitro studies of the influence of antibiotice on the lag phase of growth
of Candida(rather than on the final amount of growth)may lead to a vetter

explanstion of the inm vivo results. Carpenter(1965)reported in vitro




g G
quantitative studies with Cpndida,employing various therapeutic agents, in
which stimulation of the early growth rate rather than the final gfowth was

noted,




CHAPIER V

SUMMARY

Rookland Farms strain RAP alblno mice were used in most experiments
desoribed in this study. Two methods were used in determiaing the susceptie-
bility of the animals to C. albiocansi(A) pgraded inocula of C. albicans were
given orally and the 50% 1nfeoti§e dose determined on the basis of positive
or negative stool cultures,or (B) a standard oral inooculum of C. albicans
was given and the number of C. albicans in the stools determined by quantie
tative methods,

Results obtained in these experiments suggest that the antibiotios
studied fecilitated mainly the primary establishment of C. albloana in the
intestinal tract of mice,while the subsequent growth of this miorocorzanism
was only slightly stimulated,

Streptomyoin was found to inorease the susceptibility of miee te
Candida infection %o a simllar degres as aureomycin. This was interpreted to
indioate that Aerobscter and Proteus species,which are eliminated by
streptomyoin but not by aureomysin,have little or no effect on the growth
of Candida in the mouse intestine.

Tests for possible antagonism between strains of E. coll and

Ce alblcans were ocarried out by fesding graded doses of C. albiocans plus &

A
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standard dose of the E, coli strain under study,and determining the 50%
infective dose of C. albicanse Libttle or no antagonism was found in'those
experiments.
The significance of these findings for studies of the mechanism
underlying overgrowth of C, albicans during entiblotic therapy is discussed,

and some experimental approaches to this probvlem are suggested,
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FIGURE 3
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EXCRETION OF CANDIDA ALBICARS BY MICE INOCULATED WITH INCREASING NUMBERS OF CELLS

TABLE 1

Infestive Dose Ho. of ifice Positive Stool Cultures On Days Postiafeotion
of Co alblioans * In Group 2 7 12 17 22 27 40
8.5 x 10 6 o/e+ o/6 0/s ofe o/ 0/ 0fs
2.6 x 10° 6 o/s o/s o/6 ofe of6 0o/s ofe
1.1 x 10° 6 o/6 o/6 o/8 o/ 0/6 of6 0/s
4.2 x 10° 6 o/6 o/6 o/s6 ofs of8 o0o/6 06
1.7 X 107 8 5/6 /6 4/6 4f6 4/6 4/ /s

# Suspendad in 1.0 ml. of 0,857 saline,

*+ No« of ocultures positive for Candida over
total no. of cultures

2. $ 21l




TABLE 2

EFFECT OF ANTIBIOTICS ON THE SUSCEPTIBILITY TO ENTERIC CANDIDA INFECTION OF SMALL(12-14g.)MICE *

Positive Stool Cultures Om

Infective Dose Days Postinfeotion IDS0
Group No. Treatment HNo. of Hice In Group of C. albicans 2 5 2 Days 5 Days
la  Aureomyoin 10 1.1 x 10° o/10 +  0/10
1b n 10 1.1 x 10° 0/10 0/10
1o . 10 1.1 x 108 5/10 5/10
1d " 10 1.1 X 107 10/10 9/10 1.1 x10%° 1.1 x 1208
e Comtrol 10 1.1 x 10° 0/10 0/10
4 . 10 1.1 x 10° 0/10 /9
s . 8 1.1 x 10° o/8 0/7
ad " 9 1.1 x 107 3/9 1/8 >L1Xx107 dlax10”

¢ Procedure A desoribed under Methods was used ia treating

the animals,

no. of oultures made,

(Groups 2 smd 3 were omitted im this experiment) - J
+ No. of cultures positive for Candida over total

.zg.




TABLE 3

EFFECT OF ANTIBIOTICS ON THE SUSCEPTIBILITY TO ENTERIC CANDIDA INFECTION OF LARGE(25-30g.)MICE *

Positive Stool Culturss Om

Iafective Dose Days Postinfeotion IDEO
Group No. Treatmeat Ko, of Mice In Group of C. slbicans 2 5 2 Days 5 Days

la  Aurecmyoin 10 1.4 X 10° 0/10 + 0/10

1b . 10 1.4 X 10° 1/10 1/10

1o . 10 1.4 x 108 8/10 5/9

1d " 10 1.4 X 107 8/9 8/9 1.0 x 10% 1.4 x 10°
4a  Comtrol 9 1.4 x 10° 0/9 0/8

4b " 9 1.4 X 10° 0/9 0/9

40 " 8 1.4 X 108 /8 0/8

aa " 9 1.4 X 107 5/9 5/8 1.4 X107 1.2 X107

no. of cultures made.

s Procedure A desoribed under Methods was used
ia treating the animals.
(Groups 2 and 3 were omitted in this experiment)

+ No. of cultures positive for Candida over total

'




TABLE 2A

EPFECT OF ANTIBIOTIC THERAPY ON THE BACTERIAL PLORA OF MICE »
(Same Animals As Desoribed Ia Table 2)

Group No. No. of Mice Ia Group Ireatment E. ocoli Proteus Asrobacter
la 10 Aureomyoin 2/10 + 7/10 5/10
1b 10 " 0/10 10/10 4/10
le 10 " 2/10 10/10 7/10
14 10 . 0/10 10/10 7/10

TABLE 3A
EFFECT OF ANTIBIOTIC THERAPY ON THE BACTERIAL FLORA OF MICE =
(Same Amimals As Described Im Table 3)

Group No. No., of Mice In Group Treatment E. coli Proteus Aerobaoter
ls 10 ~ Aureomyein 1/10 + 10/10 1/10
1b 10 " 1/10 9/10 7/10
le 10 " 2/10 8/10 8/10
14 9 " 0/9 8/9 8/9

» Tested on Desoxycholate Agar, + See Table 1,page 31.




TABLE 4

EFFECT OF AUREOMYCIN ON THE SUSCEPTIBILITY TO ENTERIC CANDIDA INFECTION OF ABRAMS LARGE(ZS—SOg.)MICE *
(Experiment 1
Days Postinfection

5 Days 7 Days 10 Days 13 Days 16 Days
Group 1 - Aureomycin Treatment

10,000 # 410,000 100,000 60,000 270,000
100 90,000 700 . 20,000 80,000
7,000 200 30,000 7,000 140,000
90,000 190,000 120,000 10,000 20,000
30,000 50,000 $10,000 11,000 280
140,000 10,000 70,000 - 20,000
70,000 70,000 160,000 60,000 890,000
12,000 80,000 360,000 4,000 10,000

Average No.
46,137 112,525 143,950 21,800 166,285

Group 4 - Antibiotic Free Controls

20,000 - - - -

- 200,000 60,000 100 -
40,000 10,000 40,000 . 60,000 24,500
2,000 - 220 4,000 70,000
30,000 160,000 30,000 60,000 -
1.800 40’000 1,%0 400 -
50,000 200 200,000 30 140,000 -
20,000 10,000 - 6,800 30,000 .
o
20,475 49,160 18,902 16,4186 33,062 T

* Procedure B was followed im treating the amimals, ~ Infeotive Dose 2.5 X 10 # No. of
(Groups 2 and 3 were omitted im this exparimant) Candida resovered,




, TABLE 4A

EFFECT OF AURBOKYCIN ON THE SUSCEPTIBILITY TO ENTERIC CANDIDA INFECTION OF ABRAMS LARGE(25«30g.)MICE:
Statistical Analysis Of Results Obtaimed in Experiment 1 (Table 4)

Days Postinfection Summary Of
Group 1 - Aureomyoin ireatmemt 5 « 7 10 13 16 § =~ 18

Ko. of Animalsecsvecvoceosssesne 8 8 8 8 8 40
Ave, No. of Candidlecscssccscse 46,137 112.525 143,950 21,500 166.285 100,376
‘Standard DGViltiOlo-oooo-oooctc - 154‘715 128.362 - - 162.800
Standard Error.--....--.--...p. . i 48’111 44,262 - - 25.841
t VBlUuBssecvrseesccscrssncensses - 1.1 2.4 - - 2.6
Group 4 - Antibiotioc Free Controls
No. of AnimalSeccececscacvssses 8 8 8 8 8 40
Ave, Ho., of Candidasesesesenses 20.475 493150 18,902 16,416 53,062 27.601
Standard DGViltiO‘ooo-;-uotocoa 18,486 81,768 67,431 33,2586 - 50,909
Standard Errorseecccsssesscsssen 6,595 29'202 22’477 11,877 - 7.932

Std. Devj (X - M)E S.E. Diff.= (3191)2.4_ (52n2)2 t —Ave. No. ; = Ave. No. 2
' N T S.B, Diff

-1 S.B. Diff,

-9g-




TABLE §
»3T=
EFFECT OF AHREOMYCIR AND STREPTOMYCIN ON THE SUSCEPTIBILITY TO ENTERIC
CANDIDA INFECTION OF ABRAMS LARGE(ZS-SOE.)HICE «

Experiment 2
2 Days Postinfection OrouP 1 = Aureomyoin § Days Postinfection
90,000 # 20,000
10,000 0
8,000 0
300 100
30,000 1,000
20,000 1,000
170 : 30,000
7£%oo 10,00
Kve, Yo. 17,718 Group 2 - Streptomyoin 18.01}
0 0
1,300 600
10 0
100 160
100 0
0 0
3,000 10
0 40
2,000 ‘ 0
Ive. To. 723 Group 3 - Streptomyoin plus Aureomycin %0
300 10
2,000 1,000
2,000 40,000
70 . 1,000
10,000 10,000
1,000 300
1,000 0
0 o
100 1,000
10 40
Eve. Wo. 1,548 Group 4 = Antibiotic Free Controls 5,358
100 0
0 0
0 +]
100 0
0 0
0 0
0 0
0 0
0 0
0 0
Ave, No. 20 0

# Procedure B was used in treatigg the animels. # See Table 4,page 35.
(Infeotive Dose 3.4 X 10°)
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TABLE 8

EFFECT OF AUREOMYCIN AND STREPTOMYCIN ON THE SUSCEPTIBILITY TO ENTERIC
CANDIDA INFECTION OF ROCKLAND (25«30ge)MICE *

Group 3 = Aureomyoim plus Streptomycin
2 Days Postinfeotion

100 #
20,000
2,000
30,000
5,000
400
20,000
30,000
300
10

Ave., No. 10,781
Group 4 =~ Antibiotic Fres Controls

10

100
10,000
0

300
2,000
0,000
300
30,000
10.000

Ave. No, 8,271

% Procedure B was followed in treating the animals,
(Groups 1 and 2 were omitted im this experiment)
Infective Dose 1.8 X 106

# No. of Cendida recovered.




TABLE 7

DETERMINATION OF THE 50% INFECTIVE DOSE FOLLOWING ANTIBIOTIC THERAPY »*
(Experiment 1)

Positive Stool Cultures On

No. of Hiece Infeotive Dose Days Postinfection IDBO
Group No. Im Group Treatment of C, albicans 2 5 2 Days 5 Days
la 5 Aureomyoim 5.2 X 10° 0/5 + 0/s
1b 5 " 1.1 x 105 1/5 1/5
lo 5 " 4.2 X 105 0/5 0/5
1d 5 " 8.5 X 105 2/s 1/5
le 5 " 1.7 X 108 3/5 3/5 1.1 X 106 1.4 X 108
3a 5 Aureomyeim 5.2 X 10% 0/5 0/s
plus
Streptomycin
3b 5 gro 1.1 X 10° 2/5 1/5
3o 5 " 4.2 X 108 2/5 2/5
3d 5 " 8.5 X 10° 4/5 1/5
3e 5 " 1.7 X 108 3/6 2/s Bed X 10° 1.3 X 108
4a 4 Comtrol 1.1 X 108 0/4 c/4
4b 4 " 4.2 X 109 o/ 0/4
4o 4 " 8.6 X 10° 0/4 0/4 .
44 4 " 1.7 x 108 1/4 1/4 4.4 X 106 4.4 X Jo6
de 4 " 3.3 X 108 0/4 0/4 %

* Prooedure A was followed

in treating the animals(Group 2 was omitted),

+ No. of cultures positive for Gamdida ovur‘tot&l no. of cultures made,
e e,




TABLE 8

DETERMINATION OF THE 50% INFECTIVE DOSE FOLLOWING ANTIBIOTIC THERAPY *

(Experiment 2)

Positive Stool Cultures On

No. of Hice Infective Dose Days Postinfectiom IDS0
Group No. In Group Ireatmemt of C. albioans 2 5 2 Days 5 Days

1a 6 Aureomyoin 8.0 X 104 2/6 + 0/6

1b 6 " 3.3 X 10° 2/6 o/6

le 8 . 1.3 x 108 2/6 0/6

1d 8 » 4.6 x 108 6/6 5/86 '

le 8 " 1.8 X 107 4/8 4/6 1.3 x 108 3.9 x 108

2a 8 Streptomyoin 8.0 X 10% 0/8 0/6

2b 8 . 3.3 X 10° 2/6 1/6

20 5 = 1.3 x 108 2/6 2/5

2d 8 » 4.6 X 108 5/8 4/6 .

2e 8 " 1.8 X 107 5/8 5/6 1.6 X 105 2,7 x 108

3a 8 Aureomyein 8,0 X 104 1/8 1/8

pius
Streptomycin

3b & " 3.3 X 109 1/6 0/6

3o 8 = 1.3 % 108 3/6 3/6

sd 6 - 4.6 X 106 5/6 5/6

36 8 v 1.8 X 107 6/8 8/6 1.04 X 166 1.3 x 106

4a 6 Control 8.0 X 10% 0/6 0/6

4b 6 " 3.3 X 105 0/8 0/8

40 5 » 1.3 x 108 0/5 0/5

4d 8 " 4.6 X 108 1/8 1/8 1.1 X107 1.1 x 107

e 6 " 1.8 X 107 4/6 4/ -
1]

» Procedure A was followed in treating the animals.

+ See Tabls 1,page 31,




TABLE 9

DETERMINATION NF THE 50% INFECTIVE DOSE FOLLOWIKG ANTIBIOTIC THERAPY #
(Experiment 3)

Positive Stool Cultures On

Fo. of Mioe Infective Dose Days Fostinfection ID6O
Group Nos. In Group Treatment of C. alblioans 2 b 2 Days 6 Days
la 6 Aureomyoin 7.1 X 10% 0/6 + 0/8
1b 8 " 2.8 X 105 1/8 1/6
lo 6 " 1.1 X 108 4/6 2/8
14 6 " 4.5 x 108 6/6 4/6
le 8 " 1.8 X 107 5/6 4/6 8.8 X 10° 3.2 X 106
2a 8 Streptomycim 7.1 X 104 1/8 1/8
2p 6 " 2.8 X 10° 1/6 1/6
20 6 " 1.1 x 108 2/6 2/6
24 6 " 4.6 X 108 4/6 3/4
2e 8 " 1.8 X 107 /6 6/6 2.1 X 108 1.8 X 106
Sa 8 Aureomyocin 7.1 X 104 o/s o/6
plus
Streptomycin
3b 6 " 2.8 x 105 3/6 2/8
30 8 " 1.1 x 106 /6 4/6
3d 8 " 4.5 X 108 6/6 6/6
3o 8 » 1.8 X 107 /6 5/6 2.8 x 10° 9.1 X 105
4a 8 Control 7.1 X 104 0/6 0/6
4b 6 " 2,8 x 105 0/8 0/6 :
4o 6 . 1.1 X 108 2/6 2/86 8.1 x 105 1.8 x197
4d 8 " 4.5 X 106 2/s 2/8 o
4o 8 " 1.8 X 107 3/6 1/6 '

* Procedure A was followed in treating the smimals.
+ No. of cultures positive for Camdida over total mo. of cultures made,




TABLE 10

EFFECT OF ANTIBIQTIC THERAPY ON TrE BACTERIAL FLORA OF HICE »
(Seme animals as desoribed im Table 6,Exp.3)

Group Ne. No, of ¥ice Im Group Treatment E, coli Proteus Aerobacter
la 8 Aureomycin 1/6 + 5/6 0/s
1b 8 " 2/6 4/6 2/6
le 6 " o/6 6/6 o/8
1d 6 » 2/6 4/6 2/6
le 6 » 2/6 5/6 3/6
2a 6 Streptomyein o/6 0/68 o/8
2b 6 e o;s s%e s;s
20 8 " 2/ 0/6 0/6
24 6 " 0/6 0/6 0/6
2e 8 » 1/6 1/6 o/6
Sa 8 Aureomyein o/s 0/6 0/8
plus
Streptomyein
3b 6 " o/6 o/ 0/6
3c 8 " 0/8 0/ 0/8
3d 6 " 0/6 0/8 2/6
3e 6 u o/6 o/s o/6
4a 6 Normal 5/8 3/6 4/6
4b 8 " 6/6 5/6 6/6
40 6 » 6/6 4/8 4/6
4d 8 " 8/6 2/6 5/6 -
4e 8 - 6/6 5/6 5/6 ¥

+ Tested on desoxyoholate agar. + No. of ocultures positive over total mo. of cultures made,




TABLE 11

504 INFECTIVE DOSE OF MICE FOLLOWING ANTIBIOTIC THERAPY, SUMMARY OF TABLES 7 TO 9.

Experiment 1 (Table 7):

IDS0 Days Postinfection Factor Days Postinfsotion
No. of Mice Treated 2 5 2 5
25 Aureomyoim 1.1 X 106 1.4 X 106 4,0 * 3.1
26 Aureomyoin 5.4 X 108 1.8 X 108 842 3ed
plus
, Streptomyein
20 Comtrol 4.4 X 108 4.4 X 108 1 1
Experiment 2 (Table 8): )
30 Aureomyein 1.3 X 106 3.9 X 106 8.5 2.8
29 Streptomyoin 1.6 X 108 2,7 X 106 8.9 4.1
30 Aureomycin  1.04 X 105 1,3 X 108 10.8 845
plus
Streptomyocin
29 Control 1.1 X 107 1.1 X 107 1 1
Experiment 3 (Table 9)3
30 Aureomyoin 8.% X 108 3.2 X 106 9.8 5.8
30 Streptonmycin 2.1 X 106 1.8 X 106 349 9.9
30 Aureomyoin 2.8 X 105 9.1 X 106 28.6 19,7
plus
Streptomycin
30 Control 8.1 X 108 1.8 X 107 1 1

* Obtaimed by dividimg IDEO of Comtrol Croup by IDSO of Trested Groupe

ek




TABLE 12

TEST FOR ANTAGONISM BEIWEEN E, COLI AND CANDIDA ALBICANS » #
(Experiment 1)

Positive 8tool Cultures

NHo. of Mioce ’ Noe of Es ocoli Infective Dose On Days Postinfeotion  IDSO
Group No. 1In Group Treatment E. coli oStrain of C. albicans 2 2 Days
1a 6 Streptomyoin 1.1 X 107 5 Te§ X 10% 0/6 +
1 6 » " 3.2 X 100 0/6
1o 5 " » ® 1.3 X 106 1/5
14 8 h " » 5.1 X 106 5/8
le 6 " " " 2.04 x 107 5/6 3.6 X 106
2a 6 Streptomyoin 1.4 X 107 25 7.9 X 104 0/6
2b 6 " " " 3.2 X108 0/8
20 6 » " " 1.8 X 106 2/8
2d 6 " " " 5.1 X 108 ~ 5/6
2¢ 6 " . " 2,04 X107 6/8 2.6 X 108
i 8 Comtrol - - 7.9 X 104 0/6
4b 8 " - - 8.2 X 105 0/6
40 g " - - 1.3 x 106 3/6
4d 6 " - - 5.1 X 106 1/6
4e 6 " - - 2,04 x 107 3/8 1.2 X 107
* Procedure C was followed in treating the animals{Group 3 was omitted
in this exp.)
# See Table 15,page 47 for determination of bacterial flora.
# No. of cultures positive for Candida over total mo. of cultures made. %




TABLE 13
TEST FOR ANTAGONISM BETWEEN E. COLI AND CANDIDA ¢ #

(Experimeat 2)
Positive Stool Culturss

Group No. of Mice No. of E. coli Infective Dose Om Days Postinfectiom IDBO

No. In Group Treatment E, coli Straim of C. albicans 2 & 2 Days 5 Days
1ls 6 Streptomyocim 9.1 X 106 6 8.9 X 104 1/6 + 1/6

1b 6 " » " 3.4 X 105 2/6 1/6

le 8 . . *  1.4x108 2/6 2/6

1d 6 " " "  b.4Xx108 5/6 3/6

le 6 " " " 2,2 X107 6/6 5/6 1.4 X 106 3.6 X 106
2a 8 Streptamycin 7.8 X 106 25 8.9 X 10% o/e . o/6:

2b 6 » " "  3.4x105 2/6 0/6

2e 6 » " " 1.4 x108 4/6 4/8

2d 6 » " *  5.4x108 4/6 4/6

2e 8 " " *  2.2x107 6/6 6/6 1.1 X108 1.4 x 108
3a 8 Streptomycia - - 843 X 104 0/6 0/6

3b 6 » - -  3.3Xx108 3/6 1/6

30 6 - - - 1l.3Xx 108 2/6 2/6

3d 8 " - -~ 5.4 X108 5/6 4/6

3o 8 » - - 2.2 X107 5/6 4/6 1,6 X106 3.8 X 106
4a 8 Comtrol - - 8.3 X104 o/ o/

4 6 . - - 3,3 x 106 1/8 1/6

40 8 " - - 1.3 X106 1/6 1/6

44 6 " - - 5.4 X108 4/6 3/8

4o 5 " - - 2,2 X107 3/5 2/6 5.1 X108 3.3 X 107

* Procedure C was used ir treating the animals.
# See Table 15,page 47 for determination of bacterial flora. .
+ No. of ocultures positive for Candids over total no. of cultures made, $




TABLE 14
TEST FOR ANTAGONISM BETWEEN E. COLI AND CANDIDA & #

(Bxperiment 3)
Positive Stool Cultures

Group No. of Mice Ho. of E. ocoli Infective Dose On Days Postinfecotiom IDs60O

Ho. In Group Treatmemt E, coll Straim of Co albioans 2 . - £ Days 5 Days
1s 6  Streptomyoim 1.1 X 107 5 3.9 X 104 0/6 + 0/6

1b 6 " " " 1.8 X 108 o/e o/6

le 6 " » " 6+.4 X 105 2/s 1/6

1d 6 " " " 2.6 x 108 5/6 2/6

le 6 » " " 1.1 X 107 6/6 2/8

1f 6 = " n 4.1 x 107 6/6 5/6 1.3 x108 1,0 x 107
2a 8  Streptomyeim 1.2 X 107 25 3.9 X 104 0/6 0/6

2b 8 » " " 1.6 x 105 o/8 o/e

20 6 . » " 6.4 X 106 1/6 1/6

2d 8 " " = 2.6 X 106 3/6 1/6

2e 8 " " » 1.1 x 107 5/6 3/6 ~

2¢ 8 " v " 4.1 X 107 5/6 5/6 4.4 X 106 8,7 x 108
3a 6  Streptomyein - - 5.8 X 10% 0/6 0/6

3b 6 » - - 2.5 X 10° 6/6 4/8

30 8 " - - 9.3 X 10° 5/6 s/6

3d 6 " - - 2.7 x 108 5/6 4/8

3e 8 " - - 1.1 X 107 6/6 4/6

3L 6 " - - 4.4 X 107 4/6 4/6 2.2 x 106 1.5 X108
4s 6 Comtrol - - 5.8 X 10% o/e 0/6

4b 6 " - - 2.3 x 105 0/6 0/86

4 6 » - - 9.5 X 105 1/6 0/6 1.1 x107 2,3 x107
4d 6 " - - 2.7 x 106 1/6 1/6

40 6 » - - 1.1 x 107 3/6 2/6 [

4f 6 . - - 4.4 X 107 4/6 4/6 ?

* See Table 13,page 45.

# See table 15,pege 47.

+ See Imble 1,page 31.




TABLE 15

GRAM NEGATIVE ENTERIC PLORA(TESTED ON DESOXYCHOLATE AGAR)OF MICE DESCRIBED

Experiment 1 (Table 12):

IN EXPERIMENTS 1 « 3, TABLES 12 = 14
Flora Om Days Postinfection

Group No. Treatment 2 6
1 Streptomycin Only E. coli Only E. ocoli
plus
E, coll '_5.'
2 Stmﬁw@h Only E. coli Only E. ooli
plus
Es ool “_z__s_?
4 Normal Controls Normal Flora Normal Flors
Experiment 2 (Table 13):
1 Streptonmyoin Only E, coli Only E, coll
plus
E, eoli fof -5l
2 Streptomyein Only E. eoli Only E. coli
plus
E. ooli "25"
3 Streptomyocin Sterile Sterile
4 Normal Comtrols Normal Flors Hormal Flora
Experiment 3 (Table 14):
1 Streptomyoin Only E. ooli Only E, coli
plus
Es 00li "8 »
2 Streptomycin Only E. ooli Omly E. coli
plus 3
E. oold s25" - ?l
3 Streptomyocin Sterile Sterile
4 Normal Comtrols Normal Flors Hormal Flors




TABLE 16

TEST FOR ANTAGONISM BETWEEN E. COLI AND CANDIDA
Summary of Tables 12 = 14

Experiment 1 (Table 12):

No. of Mice Treatment E. coli Straim ID50(2 Days Postinfection) ID50(5 Days Postinfection) Factor
29 Streptomyoin =ge 3.6 X 108 - 8¢5 =
20 . ngge 2.6 X 108 - 4,7 =
30 Normel Controls Nome 1.2 X 107 - 1 -
(No Amtibiotie)
Experimert 2 (Table 13):
30 Streptomycin wge 1.4 X 106 346 X 106 3.7 9.0
30 L n25" 1.1 X 106 1.4 X 106 4.5 4.1
30 " Nome 1.6 X 106 3.8 X 106 8.2 8.6
29  Normal Comtrols None 5.1 X 106 ) 3.3 X 107 101
(¥o Antibiotie)
Experiment 3 (Table 14):
36 Streptomyoin ngn 1.3 X 106 1.0 X 107 Be6 2.2
36 " "2g5" 4.4 X 106 8.7 X 106 2.5 2,6
36 n ~ None 2.2 X 10%" 1.5 X 106 49,7 15.5
11

36  Normal Comtrols Nome 1.1 X 107 2.3 X 107
(No Antibiotie) , ;

* Obtained by dividimg IDSO of Coatrol Group by IDE0 of Tresated Groupe.

=gh=




TABLE 17

TEST FOR ANTAGONISH OF AEROBACTER AND CANDIDA #

Positive Stool Cultures

Group Noe. of Mioe Infective Dose On Days Postinfeotion IDSO Factor #
Noe In Group Treatment Strain of Co albioans 2 2 Days 2 Days
la 6 Streptomyoin Asrobacter 6.9 X 104 1/6 +
1b 5 " T * 2.8x10° 075
le 6 = " 1.1 X 106 1/6
1d 8 " " 4.3 X 106 3/6
le 8 " . 1.7 X 107 6/6 3.3 x 108 33
2a 6 Streptomycin Aerobacter 6.9 X 104 0/8
2b 6 » —w——— 2.8 x10° s;e
20 8 " » 1.1 X 108 3/6
2d 6 " . 4.3 x 108 5/6
20 6 . . 1.7 X 107 6/6 1.1 X 106 10.1
3a 8 Stre in Aerobacter 6.5 X 10¢ ’ 0/6
3b 8 pegryein coropaster 2.6 X 105 1;6
30 8 " = 1.04 X 108 3/6
3d 6 " o 4.2 X 108 5/
3e 6 » " 1.7 X 107 - 6/6 1.0 x 108 10.3
4a 8 Contrels - 645 X 104 0/8

(¥o Streptomyein)
4 6 o - 2.6 X 105 0/6
4o 8 " - 1.04 X 106 1/6
4d 6 “ - 4.2 X 106 , 0/8
40 6 " - 1.7 X 107 5/6 1.1 X 107 1
¢ Procedure C was used in treating the snimals. '
# Obtained by dividimg ID50 of Comtrol Group by ID50 '§

of Treated Group. »
+ No. of cultures positive for Candida over total wo.
of cultures made.
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