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CHAPTER I

INTRODUCTI OB AND HISTORY OF THE PROBLEK

The usurl method of determining antibiotioe-sensitivities in oliniocal
laboratories is the disoceplate teciniques When employing such tests in the
Bagteriology laboratory of liersy Hospital, using organisms isolated from
elinieal material, an unusual phenomenon ocoasionally socurred with certain
straineantibiotic oombinationss A zone of inhibition swrrounding an antiblotis
disc on an ager plate oulture denotes a sensitive organisme In certain cases,
a sone of reduced prowth was detected which partially or completely filled the
originel inhibition xones It appeared az if orgenisms 1nocu1ated‘an the plate
near the dises had been only partially inhibited by the action of the antiblow
tio, or if completely inhibited, had subsequently overgrown the zone of
inMibitions Areas exhiditing this phenomenon were termed "DoubleeZones", The
baoteria most often found to produce this effect were swarming Proteus strains.

Workers in other olinieal laboratoriss have also reported seeing this
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unexplained phm@enm. However, ths literature dealing with antibiotiow
sensitivity ntudia; is surprisingly laoking in specifie reference not only to
the appearance of the double=sone effect, but alse with regard to an explanation
of the mechanism of such a reagtions

| Collins et ale (1954) noted that "Ocoasicnally during inoubetion some
overgrowth of the test organism oocurred over the initial sons formed™. The
organisms which produced this overgrowth were not mentioned, but it was seen
most frequently with chlorotetracycline and dihydrostreptomycin. Jaskson and
Finland (1951) noteds

Some of the inhibition szones were fuszzy in outline at 24 hours;

others showed doublewzonese~inner zones with complete olearing

and outer zones showing partisl growths ¢« « After 48 hours of

ineubation many of the clear sones observed showed partial growth,
this was partioulerly true of the tests with aureomycin and

terramyoine
The organisms best 1llustrating the effect in this case were Salmonella

Yyphosa and Klebsiella pneumonise. Khen testing the ahtihiotia-lomi‘hiﬂty of

Proteus cultures, Pepin (1963) stated:

their characteristic spreading on the surfece of an agar plate
made it difficult to read the sone of inhibitions After a very
short period, a definite zone of inhibition oould be read
acourately and measured, but on further inocubation, spreading
growth in meny cases obaoured this zone.

In a paper by Senn and LundsgaardeHansen (1956), desoribing Staphyloscoous

enterocolitis nrigimting from preegperative treatment with antibiotles,

photographs of dise~plate sensitivities were included whioh oould well serve
as illustrations of the doublewzons effeot produced by Proteus organisms as
desoribed in this studye. The authors did not comment on these doubleeringed

inhibition zones, dbut the photographs on page 34 show typioal double=-zone




3e
formations around terramyoin, sshromyein, and chloromyoetin disos,

This survey of the literature, oomprising only four papers, clearly
shows how few publioations have even i.ndidm&ny referred to doublee~zonese
A study of thelr osourrence and the mechanism by which they are produced
seemed of intereat, Although the phenomenon dees not appear to be limited %o
any one group of baoteris, Proteus crganisms, according to the writer's ow
experience, appsar to be assocliated with it most frequentlys. This genus was
therefore selected for study.

In speculating as to the mechanism of double~sone formation by
Proteus, at least two possibilities present themselvess 1) Inner zone growth
forms by multiplication of cells that are resistant to the antiblotie contained
in the disesy 2) Peoulisrities in the metabolism or some other characteristio
of the genus Proteus permits growth within the inhibition sone formed by the
diffusing antibiotics Of the several possidble features peculiar to this genus,
the one most readily brought to mind is "swarming”.

A number of reports appesr in the literature desoribing swarmings A
general summary may be found in Wilson and Kiles (19565)e The oharacteristio
swarming of Proteus was desoribed by lominski and Lendrum (1947) as seen under
low magnifiecation, in these terms:

On solid media Proteus grows at firat without swarming, whioh
appsars some 38 hours after inoeulation, the time of onset depending
mainly on the load of inoculum, the concentration of the agar

and the lagetime of the culture. « «The onset of swarming is

sudden} clumps of organisms shoot out from the periphery of the
colony and migrate a considerable distancewocoasionally as much

as 1 ometurn slightly beck and settles Practically all migrate

ing clumps settle more or leas at the same distence from the

ecolony and thus form & ring where statlonary growth begina
againe The swarming phase lasts for some 10«30 minutes and is
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followed by & period of stationary growth of some 3«6 houra; the
whole process is then repeated up to the limit of available asurfaoce.
ideanwhile the epase between the zones of stationary growth bes
comes gradually filled in but never quite to the thickness of
the zones themselvess « .swarning dees not appear to be ocontinuous
in occurrence or haphazard in direction; it is periodical and
directed away from the place of stationary growthe
As these authors stated, swarming oecurs from the area occupied by
normal growth and its direction of progress is away from the normal growth
regione This would tend to produce the very effect noted in doubleezone
formatien around antibioctic disess There is the usual line of demarcation
between the zone where the antibiotic inhibited growth and the guter region of
normal uninhibited growthe Covering the zone of inhibition more or less
completely 1s & thin layer of less luxurient growth, which reasembles in
appearance a layer that resulted from swarmings Therefore, experimenta were
underteken to determine first, the frequenay of double~gones among a number of

strains of the species Proteus wvulgaris and Proteus mirabilis; and second, to

make observations regarding the importance of sntibdloticeresistance and swarme

ing in relation to the double-sone phenomenone




CHAPTER II1

PROBLEM 11 Seleotion of Medium and Inoculatlon Method for Sensitivity Testing
The medium selected for use in the determination of the origin of the
double~gons phenomenaon must necessarily support swarming, a oharacteristioe of
chief concern in this studys Also, tho method of inoculation should be sueh
that double=sone effects can be easily deteocteds
¥%ith these oonsiderations in mind, one strain each of Proteus

vulgaris and Proteus mirabilia, kmown to produce good double-gzones, was tested

on various media, using different methoda of inoculations The following media
were used

Blood Agur (6% human bank bloed in Casman Medium Base)

Casman Medium (Difeo)

Mueller«Hinton Medium (Difoo)

Nutrient Agar (Difeo)
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The inoculation methods were the followings
Nos 1. Five nl melted agar (55 C) seeded with 0.1 ml culture was poured
over 10 ml solid agar in a petri dishe
No. 2. Pour plates were mads containing 16 ml melted agar (56°C) seeded
with Oul ml oulturee
Noe 3¢ With a sterile bent glass rod, Oel ml culture was spread over the
surface of en agar plate (appe 20 ml agar)e
Hos 4¢ A sterile cotton swab, saturated with a broth culture, was used
to inooulate the surfacse of an agar plate (app. 20 ml agar)s
The inooulum used in all methods was a 4 hr. Hutrient Broth (Difoco)
culture. BBL Desi~discs were added, 4 per plate, after inoculation. Duplicate]
plates were insubated at JO and 37 C and readings were made after 24 and 48
hree |
The results, as tummnriaéd in Tables I and II indicate that any of
the combinations tested ocould be used to demonstrete double~zone formation.
However, ease of interprotation was the deciding faotor in the finsl oholes.
Of the media tested, double~sones were detected mout readily on Blood Agare
Clear or colorless agar did not provide a sharp oontrast between growth and
medium, wmaking it diffioult to determine some types. ¥or this reason, and
also because of tho widely ascepted bellef thut swarming ocours on it more
readily, Blood Agar became the medium of choloes
Although a standerde-sized inoculum, such as 0.1 ml of broth oulture,
would be more desirable for uniformity, the teehnigue of spresding with a swab
appeared to produce satisfuetory results for this partioular type of experie

ments The seeded oultures did not provide a heavy encugh inoculum to enable
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easy reading of doublaesoness Spreading with a glass rod on the other hand,
gave & very heavy uneven growth, so that few double-szones were visible« The
majority of zones in thias case were completely filled in with either a heavy
film or ocolony overgrowth and many could be mistaken for resistant reactions.
Spreading with a swab, howaver, provided a uniform growth, and also allowed
for easy reoognltian of double-gonss. Using this method, if the original
inhibition zone waa secondarily filled in with growth, it was still detectable.
The effect was that of two layers around the antibiotic disecy a heayy outer
layer of normal growth and an inner area of lighter growth extending up to the
diso.

Considering incubation temreratures, it was noted that although
double~zones weres formed at 37 ¢, the same antibiotioworgenism cambination
inoubated at 30 C often formed zones entirely filled in with a film overgrowth,
no astual doubleesones being ssen. Possibly, this may be explained by enhanced
swarning at 30 Cu Aleo, beomume I7 C ia the usual inoubation temperature used
in elinical laboratories, it was chosen for use in these experiments.

From thess results it was deoclded that the procedure to be used for
all subsequent “Standard” sensitividty tests would be the followings Inoculate
the surface of a élaod Agar plate by spreading with a cotton swab saturated
with & 4 hre Hutrient Broth oulturej add Desi-disos, four per platej inocubate

at 37 C for 24 hraes or longer if requirede




CHAPTER 11X

FROBLEM 2., Seleotion and Initial Sensitivity Testing of Swarming Organisms

Organisms used for study of the double~gzone phenomenon were obtained
from the stock colleotion of the Mierobiology Department. Fach culture was
dssignated by its stook numbere arbitrarily, 26 strains each of Proteus

vulgaris and Proteus mirubilis were chosen and transferred to Heart Infusion

Broth (Difou) plus 0.5% agar, in order to provide a set of stoek oultures for
further usse

Sinve swarming abllity was & major consideration of the study, the
50 organisms were teated for this characteristiocs. From a 24 hr. Hutrient Broth
(Difeo) oulture of each strain, a single center streak was made along the
diameter of a fresh Nutrient Agar (Difoo) plate and the culture inoubated at
37 Co Orgunisms which swarmed actively within 2¢ hra. were considered "good

swarmers"e In this way, 16 Proteus vulsaris and 23 Proteus mirabilis strains

were chosen for subsequent studye
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Sensitivity testa were then performed to ascertain which combinations
of antibiotiecs and strains of bacteria would show the double~sone effscte The
standard procedure used was as followas
ls A cotton swab, saturated with a 4 hre. Nutrient Broth oulture was used
to inoculate the entire surface of a Blood Agar Plate (Cesman Medium, Difco,
plus §% human bank blood)e

2« BBL HighwGoncentration Desiedizcs containing the following antibiotics

were added
Antibiotlo Concentration
Aureomyoin (A) 30 moge
Baoitracin (B) 10 units
Carbomyein (Ca) 15 moge
Chloramycetin (C) 30 moge
Dihydrostreptomyein (DS) 50 moge
Erythramyein (k) 15 moge
Heomyoin (N) 30 moge
Penioillin (P) 10 unics
Polymixin B (PB) 30 moege
Terranyoin (7) 30 moge
Tetraoyeline (Te) 30 moge
Triple Sulfa (88S) 1 ngne

The consentrations listed are those specified for "High Concentration Desie

dises” by the manufacturers.

Discs were added four per plate.
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3¢ Readings were made after 24 and 48 lhrs. incubation at 37 C.
Plates were examined fors (a) Zones of inhibition, indicating sensitivity

$0 the antibiotic, and (b) the doubleesone effeot. The results can be

summarised aa follows:

Effect of Antibiotios on Proteus vulgaris and Proteus mirabilis

Antibiotie Proteus vulgaris Proteus mirabilis
Aureomyocin sensitive insensitive
Bacitracin insensitive insensitive
Carbomyoin insensitive insenaitive
Chloromysotin sonsitive sensitive
Dihydrostreptonysin sensitive sensitive
Erythromyoin fnsensitive insensitive
Neomyein sensitive senaitive
Peniocillin insensitive sensitive
Polymixin B ingensitive insensitive
Termla sensitive insensitive
Tetrasyoline aensitive sensitive
Tripie Sulfa insensitive insensitive

Aureomyoin, chloromyvetin, dihydrostreptomyein, neomyein, terramyein,
and tetracycline inhibited growth of nearly all Proteus vulgaris strains.

Chloromysetin, dihydrostreptomyein, neomyein, penieillin, and tetracyeline

usually inhibited Proteus mirabilis strainse Hach of the 39 strains tested

showed double~zone formation with two or more of the antibiotics employed in

the experiments, This appears to be a dofinite indication that suoh a
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phenomenon is not an uncommon oocurrences All strains of both specles were
either resistant to the remaining antibiotiocs teasted, or if smsi#ivu, d4d not
give a doubloetone effect, These ineffective antibioties were not ineluded in
subsequent axperiments.

The presise appearance of the double-zones differed from oase to ocase
1t was evident at oros that doudble-szone formations were by no means uniform.
It was necessary to establish desoriptions whioh would standardise the
observations and simplify recording without goncealing these differencess The
sone types were therefore reduced to the followings

Type le Clear inhibitlon sones A olear sone of inhibition is formed
around the disc, indioating a sensitive organism (C)s In some cases,
resistant colonies were found in the inhidbition szome (e)e
Type 2+ Double=sones Clear zone of inhibition around the dise, then a
narrow band of reduced growth, and then normal growth (DR).
Type 3¢ Zone with overgrowths Lacked the band of reduced growth found in
Type 2j The inhibition zone was invaded by a £ilm of growth (2«F) or
filled by a mass of confluent colonies (Z-G).
Type 4¢ Doubleegone with overgrowths Combined the band of redused growth
found in Type 2 with the inwvasion of the inhibition sone found in Type 3,
so that within the band of reduced growth thers was elther a film (DReF)
or & confluent mass of colonies (DR«G).
A diagrarmatio illustration of the szone types is given in Figurs 1.
The observations in this experiment are recorded in two tables:

Table IIX for Proteus vulgarh and Table IV for Proteus mirabilis. It 4is

evident from the data that the two Proteus species differed in the types of
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sone characteristically produceds Proteus vulgaris strains gave a high

percentage of typioal doubleezone formations with a peraisting area of no

growth near the disc. Proteus mirabilis strains more frequently exhibited film

or oolony overgrowth of all or nearly all of the zone of inhibition.

The majority of typical doublewgones formed by Proteus vulgaris were

obtained with dihydrogtreptomyecins 12 of the 16 strains were positives The
inhibition sones were large and the light growth partly filling the zone was
readily apparent. The double~sones appearing with chloromyeetin were not as
apparent &s those obtained with dihydrostreptomycine The inner zone of
reduced prowth was usually very narrow with indistinet outlines, and often
required 48 hree to appears Strains which were highly sensitive to aureomyein
gave good doublewzones., However, strains whioh were only alightly sensitive
gave small sones with heavy colony overgrowthe Gtrains 3701 and 3363 which
appeared resistant, may huve been very slightly senaitive, with heavy overe
growth obseurring the original small zone. Tests with terramycin and
tetracysline gave results similar to those obtained with aureomyein. Strain
2389 with tetracycline produced the only example of film overgrowth with a

Proteus vulgaris organism. Neomyoin produced clear xzonee of inhibition with

10 strainse The 6 double-zones seen were not distinet, as in the ocase of
ehloromycetin determinationse

With Proteus mirabilis, dihpirostreptomyoin again gave the best

results. The difference, however, was in {ilm overgrowth, which did not appear

with Proteus vulgaris, but was a common oscecurrence with Proteus mirabilise
This type of sone was formed within 48 hrs. by 18 of the 23 strainse It was

noted that if double-zones were formed within 24 hra., film overgrowth usually
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followed within 48 lhrs.; and that :o£ea with film overgrowth at 24 hrs. were
followed by double~zones when incubated an additional 24 hrse Only 2 strains
save double-zones with chloromycetin, film overgrowth oceurring in both within
48 hrs, Distinot, single colonies grew in the inhibition sones of 16 streins
and 12 of these were sither precseded or followed by film overgrowthe ¥hen
neomycin was tested, 22 strains showed {ilm formation, 6 of whieh were followed
by double=~sonce within 48 hrs. Only one typiocal doublee-zone effeot was found
with this antibiotio, Rasulta with penieillin were similar to those obtained
with ohloromycetine. The arganisms were loss sensitive, however, with small
sones of inhibition, so that zone types were more déifficult to determine.
Fifteen of the 23 sirains tested were resistant to tetracyoline. It appeared
as if 5 of these ocould have been slightly sensitive with heevily overgrown
small zones, as was noted with terramycin and sureomyoin sensitivities of

Proteus vulgaris strainse. No typleal doubleexenes were formed using this

antiblotioce &ix strains were found to have film or eolony avergrowthe

In swmarys employing 39 strains belonging to 2 specles of Proteus,
snd testing with 7 antibloties, the sought=for double-sone effect was obsurved
146 times or 78% of the whole number of antibiotiowsensitivity determinations
mades The double~zone effect was thus found to be readily demonstrable. The
multiplieity of differences in detail in the appearance of the zones was une

expeoted and complicated the further study of the phencmenons




CHAPTER IV

PROBLEM 34 E.;'.’. the Doublewzone Phanmonon Due %o the Growth of Antibiotiom

Feglgtant Orc-anisme?

Having established in the preliminary experiments a set of organiemw
antibiotic combinations whioh would produce a doublewzone effeot, together with
e prooedure for demonstrating it, further experiments were aimed at determining
the mechanism of the reactions O(ne posaibility as to the origin of the
phenomenon was that the reduced growth forming the inner zone was composed of
antiblotiowresistant mutanta,.

To teat thie hypothesis, sensitivity tests were repeated, using

Proteus vulgaris strains as the test organisms sand the 8 antiblotiocs to whioh

this species was sensitive. Urowth from the inner zone was transplanted onto
Blood Agar plates and inoubated at 37 C for 24 hrse. The presence or absence of
swarming was recorded and a tube of Nutrient Broth incculateds. Using this 4

hre oulture, standard sensitivity tests were run to determine if the growth so

4




18.
obtained reacted as resiatant mutants.

Results, as sumarized in Table V, indicates 1« The swarming
csharacteristic was retained in all but 6§ instances; 2. Cultures from the
reduced growth zone were antibloticessnsitive; 3. The majority of these
ocultures were found to reproduce the double-zone effects The atyplical results
with dihydrostreptonyein are discussed later. The appearancs of the gones was
not always identioal to the original type, emphasizing again the warisbility of
the reactione It should also be noted here that the repest standard sensitivity]
teats often showed variations from the initial determinations recorded in Tables
TII and 1V, For example, a oombinetion originally producing & doublessone
might give rise to film overgrowth when tested agains It seems poasible that
the differsnt types of zones are merely detalls in the expression of one
fundamental characteristic, being due not only to differences in degree of
sensitivity, but also to differences in the setting up of the test itself,

The size of the inoculum, as well a3 the thickness of agar in the plate, is
not absolutely controlled and might lead to small veriations in the diffusion
and antibacterial activity of the antibiotios.

Results obtained with dihydrostreptomyoin in this experiment presente
ed an entirely different aspeot. Eight of the 13 inner sone growths ocould not
be subeoultured on Blood Agars GStrain 851 required 48 hrs. to grow ut reascted
typically, Of the four oulbtures that grew within 24 hrs., strain 3600 did not
swarm or zive & doubleezone effect; strain 235 was resistant; strain 3689 gave
& typloal resction; and straln 3488 was rosistant and noneswarming. This
antiblotic was evidently bacterieidal, an interssting point, but one which was

not investigated further.
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It was thought advisable to check the oharseteristios of the culbures
from the reduced growih zones %o see if contaminations or mutationa were
intruding. The various bacterioclogical reactions investigated ara'recoréed in
Table VI in the horizontal rows labeled 4, C, DS, N, Te, T« In general, few
differences weare noteds The oharacteristie whioch ochanged most often was gelatin
liquefaction, which became negative 9 times. Citrate utilization changed to
negative in 7 instances, and although gluocose was always fermented, gas producw
tion was lost by 6 organismse. Irdole produotion beocame negative in one case.
The totel variations of the inneor sone growths from the original inoculum were
23 or 2.2% of the 1044 teat reactions that were performeds Previously, 12
differences were noted between the reactiona of the cultures at the time this
study began and those on record for the strains used. The total of these
variations was 2,08% of the 576 test reactions performed. Comparison of these
varistions by statistiecal analysis gave a chiesquare value of 0.,0006., This
indieates that both samples of charaoteristics could have oconme from a single
populatione It shows no evidencs of any tendenoy of the present experimental
vonditions to ohange the diagnostlc oharacteristicas of these bacteris.

In the course of these tests an extremely important fact emergedes In
gertain instances a small rumber of isolated colonies develop within the zones
§f inhibition around an antibiotio disce Bacteriologists in general are
familiar with this and ocomsider that theze colonies are composed of resistant
cells. Examples may be found in the papers of Soott (1960), Weil and Harris
(1963), and Peroh (1964)s In the present studies, a single ocolony from the
dihydrostreptomycin ixhibition szone of the original sensitivity teats of strain

3483 was cultured and retested. The colony proved to be resistant and none




* ‘ 17«

swarminge Two strains of Proteus vulgaris, tested with polymixin B in Problem

2 had a few colonies growing within the inhibition gone and these were also
shown %o be resistant end noneswarmings A number of similar cases were found

among the Proteus mirabilis sensitivity tests. Colonles from the inhibition

gsones of 13 strains, denoted in Table IV by the symbol Cwg, were examined and
found to be antibiotiowrasistant wvariants. Thus, single distinet ocolonies
appearing in a clear inhibition sone are resistant to the antiblotic, whereas
the inner confluent band of reducsed growth seen in the doublewgsone phenomenon
remains antibloticesensitive.

Since the double=zone phenomenon eould not be shown to be due to
antibiotioceresistant organisms, an investigation was begun to determine if the
oharacteristie swarming of Proteua speoies would offer an explunation of the

formation of double-zoness




CHAPTER V

PROBLEM 43 ls the Double=Zone Phenomenon Due to 9warmiqg1

I% is generally beliesved that bile salt media inhibits swarming of
Proteus speocles. In order to investigate the possibility that swarming cen
ocour on supposedly "inhibitory” media, the following experiment was carried

outs from 4 hre Nutrient Broth cultures of 16 Proteus vulpgaris strains, a

single oenter streak was made along the diameter of plates containing the
following medias

Desoxycholate Agar (Difoo)

Desoxycholate Citrate Agar (BBL)

Hao Conkey Ager (BBL)

Blood Agar Control (Casman Medium, Difco, plus 6% human bank blood)
These plates were sll freshly prepared in order to eliminate any possible
effects resulting from drynesa of the surfaces. The inoculated plates were

inoubated at 37 C for one week and examined daily for swarminge Table VII

a8
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summarizes the resultss All but two strains were positive on Blood Agzmr within
24 hrse, and swarming had at least begun on Mae Conkey Agar within that times
Swarming of all strains had ocourred on both media within 48 hrs. Desoxychole
ate and Desoxycholate Cltrate Agar remained negative for one weeks

This experiment shows that desoxycholate inhibits swarming, the

different bile salts in Mac Conkey Agar restrain 1t but do not entirely prevent
it, and Blood Agar definitely favors it. Therefore, if the swarming characteriq
tie of the organisms being studied omused the doublewzone effect, such an
effect would be much less likely to oocour on medla which contained bile salts. |
To test tiis hypothesis, atandard sensitivity tests were made, using the media

listed above plus Levine K 3 B aAger (Uifeo)e Ten strains of Proteus vulgArii

were used as the test organisms and readings were made after 24 and 48 hrs.
inoubation at 37 Ce Table VIII summarizes the resultsy There was insuffiocient
growth on % ¥ B Agar to determine inhibition zones, the medium being too inm
hibitorys This was also true to a oertain extent of Desoxycholate Clirate
Agar, although readings could be made with some strains. Other bile salt media
did not prevent the formation of double-zonsa. When they coourred, these
doublesszones were usually Type DR, assoocluted with a definitely limited
amount of seocondary growth within the inhibition zone.

A ohi square test (Batson, 1956) was made to determine ii' there was
a significant difference in the number of doubles=gones ormed on the various
medisae The numbers of doubleezones formed on each medium and the numbers of
tests in which the doublew~sones did not develop were tabulated from Table VIII.
¥Where no growth oacurred, the result was not oconsidered in the caloulationse

The observed and expeciss numbers for the caloulations were as followss




20

Louble=~iones Yo Doublewiones
Mediun Observed ixpected Observ:d fxpected  ZTotals
Blood 36 38,53 1 8447 : 37
Desoxy az 23491 9 708 31
Des«Citrate 6 13,11 11 389 17
Hao Conkey 27 26446 8 T+68 33
Totals 81 91 a7 27 118

The ohi square values, (0=2) 2/E, in each cell ares

Medium Double~Zones o Double=Zones
Blood 1.81 1.91

Desoxy 0415 018
Des=Citrate 3486 3486

Mac Conkey 0408 0409

Chi squars (3 degress of freedanm) 12,08

The total chl square is 12,08, assoclated with 3 degrees of fresdoms Chi
square tables show that a value of 11.34 will be exceeded in only 1X of cases.
Therefore the observed value is significant at the 1% levels This means that
the mediwn does make a difference in testing for double~sones. It cen be seen
from the oaloulations that approximately 2/3 of the ¢hi square 1s contributed
by Desoxyocholate Clitrate Medium, in which far fewer double-sones were observed
than were expected.

These sxperiments involve an spparent contradioctions VWhen direct
tosts were made for swarming ability on bile salt media, desoxycholate asalts

inhibi ted the charactoristics When sensitivity studies were made on the same

media, & limited smount of doubleesgone formation ocourred, although atahistioﬂ
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ireatment showed the frequency of the gones was far less than could be expeotedq
There is probably no real diuoropnm_sy heres Different procedures were employed
in setting up the two testss To test for swarming, a amall inooulum was placed
along the diameter of & plates If the growing bacteria attempted to swarm,
they imnediately encountered the large area of uninocculated medium containing
desoxycholate which inhibited swarminge In contrast to this, sensitivity
tests are set up by epreading & heavy incoulum of bacteria over the entire
surface of the plate. Only the amall fracstion of the medium intoc which the
antibiotic diffused, the inhibition zone, remained free of growing bacteria,
Under these conditions it is pmbﬁhlg that desoxycholate is unable to prevent
swarming where the medium is covered with growing bacteria. It ls a matter of
goneral experience that heavy inooculation of Desoxycholate Agar tends to
suspend the effect of the bile salt. For sxample, these salta ﬁeﬂi %o inhibis
the growth of coliforms when feces specimans are streeked on the ailvm, but
if the inoculation is made too heavy, voliforms are likely to develop in spite
of the inhibitory property of the mc»dimn. S8imilarly, in the sensitivity tests
on Desoxycholate Agar, the mass of baoteria mutually protect each other from
the effects of the desoxycholate, and swarning ococurse But even then, once
the swarming organisems began to invade the area containing the sntiblotie,
they would engcounter aoctive desoxycholate and swarming would be inhibited,

To make & direct test of the effect of antibiotiecs on a swernming
cuzlture, the tsshnique of the antiblotio sensitivity test was modified to give
what may be called the "Swarming Sensitivity Method". It seemed of interesy
to determine what would ocour if swarming argmﬁiam » advancing across & plate

from a line of inoculation, were to esnoounter an antiblotic diffusing out from




224

a discs Blood Agar plates were inooulated with a 4 hr. Nutrient Broth oulture
bty making a single streak scross one side of the agar surfaces. Proteus
vulgaris strains were used as the test organisms. “An antiblotic disc was place
ed on the plate opposite to the inoculume In this way, the swarming organiems
would advance from the line of inoculation toward the disce GStandard
sensitivity tests were set up at tho same time for comparison. All plstes were
incubated at 37 ¢ and examined after 24 and 46 lrs.

The results obtained are sumurized in Table IX. Sixteen strains of

Proteus vulgaris were employed and each tested against several of 6 antiblotios

The sone types formed using this method were varied. A diagrammatic 1llluatrae
tion of the major types is given in FPigure 2, and can be desoribed thuss
Type ls Clear inhibition sones WNo double-zone or layer formationj
the area surrounding the disc remained free of growth, denoting a
gensitive organism (C)e
Type 2+ Layer formations A heavy film of growth extended out from
the originel line of inooulatione A secondary thin film layer formed
bstween the heavy layer and the disc (L)s ¥ith some strains, the
heavy initial swarm formed a sompleto zone around the disc which was
partially or completely invaded by the secondary f1lm layer (Z«F)s
Typs 3e Doublezone: A partial (% oircle) or complete (full eirele)
double«gone formed around the diss (DR)s This gave the seme appearance
as the Type 2 zone formed by the standard methode GSes pege 1ll.
Iyps 4+ Double=zons with overgrowths Combined the band of reduced
growth found in Type 3 with the invasion of the inhibition zone by the

sscondary layer as in Type 2 (UR=F)e
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Although these types had %o be established so that records could be kept, it
is believed that the different types of zones are aotually only different
expressions of a single effects The designations L, ZeF, DR, and DReF, given
in Table IX desoribe the different extents to which the organisms had swarmed
over the surface of the agars The advancing swarm eventually encountered the
diffusing antibiotice Organisme from the swarm, however, were able to continue
sdvancing aoross the antibiotiowcontaining egar and depending on how far they
were able to invade this arsa, took the form of 1l: & second invading film
layer (L); 24 ocomplete invasion up to the disc (ZeF); 35: & narrow band of
invasion into the inhibition ares, giving the appearance of a doubleesons (IR);
4: formation of the narrow band followed by somplete invasion of the sone up
%o the disc (DR=F)e Thirty Eight of the 44 swarming sensitivity determinations
showed one type or another of this film invasion into the area containing the
antiblotio.

It can be theorized that what took place was essentially something
like thiss The orgenisms, because of their swarming ability, are able to move
out aeross the apgar surface, eventually encountering the antiblotie whioh
diffuses out from the disce Although sensitive %Yo this antibiotio, as shown
by the inhibition zones formed in standard sensitivity tests, the organisms
ars able to continue to swarme They form a film of growth up to, and in same
casaes completely surrounding the discse

This same theory would account for the double~gones observed in the
stendard sensitivity tests described in Problem 2. The organisms whioh hed
been inooulated on the plate in the erea of the antibiotie diso were inhibited

and & clear zone was formed, OQuiside the gzone, the normally growing oculture




24,

swarmed and the swarning cells were able to advance into the zone of inhibition

In sunmerys Sensitive, swarming Proteus organisms in direct contact
with an antibiotic on an agar plate will be inhibited by that entibiotio, but
outside the renge of diffusion of the drug, are able to contimie swarmings The
swarm actually invedes the inhibition zone, producing the double-zone
phenomenons The precise appearanne of the doublewzones nay wary, depsnding on
gueh factors as size of inoculum, length and temperature of inoubation,
condition of agar surface, type of medium, diffusibility of the antiblotie,
and degres of sensitivity of the organiem itself. Advancing organisms remain
sengitive to the antibiotie, ma shown in Problem 3, since when retested by the
standard method, they formed inhibition zones. The process of invasion from

the normal growth swarm was repsated, giving & double-zone effeot agmine




CHAPTER V1

PISCUSSION

The paradoxical findings of this study give rise to & number of
questionae. It appears that sensltive swarming organisms are able to overoome
the effect of an antibiotioes iihat mechanism is involved, what properties do
swarmers have enabling them to acoomplish this fete? ¥We know that the cells
forming the inner growth sones remsin antibioticesensitive and viable when
transferred to an antibioticefree mediume In these experimenta, the irner
tones were subwcultured within 24 or 48 hrse Would the cells remain viable
for any greater length of time? Are the organisms in what night be called
simply a resting stage, and in order to grow must be removed from the
antiblotic envirorment? Their abllity to swarm sould enable these cells to
invade an inhibitlion gone, but once within the zone, do they actually multiply )
carrying on their vital processes? If so, is their metabolism such that they

are able to continue to grow and renain sensitive to the antibiotics
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It 48 known that bacteria can be made antibiotliowresistant by serisl
transfer through inoreasing concentrations of antibiotio btroths ‘.t_hn eonditicns
in a disoeplate sensitivity teat are¢ such that the antibiotio from a diso
becomes less soncentrated as it diffuses into the medium, forming an innibition
sones Organisms moving into this sone advance from an area free of antibiotis
into an area of gradually inoreasing coneentrations of the antiblotice Do the
swarning organisms sequire a temporary resistance, permitting invasion, then
#'tmt baok to sensitivity when removed from the antibiotic environmens? Gells
Iuade resistant by the serial transfer method remain so, and mierobiclogists
[know of no onses in which & change from resistance to sensitivity could cecour
oz readily as would be reguired by this explanations
Do swarmers produce & substance whioh is antagonistie to the
mtiﬁieﬁu. overcoming its effect much the same as the ensyme penisillinase
jovereomes the effeot of peniciliin? Or is a stimulation effect Anvelved?! In
Problem 4, it was shown that Proteus wvulgeris strains produced doublemsones om
Fih ealt media, and yeh, the same organisms falled to swarm when culbured om
[those medsa in the absence of antibictie disss. Does this indicate that the
Prgmum are stimulated by the presence of antiblotio in the inhibitiom sone,
jenabling them to invade and produce the doublo-zone effeat? Or does swarming

gour outsides the sone because the relatively large number of cells neutralises
he inhibiting effest of desoxyoholate?

Two theories may be proposed to explain the mechanism by whieh
roteus organisms are able 0 form doudbleezones in the prsasnse of an antibioe
10 %o whigh they are sensitive: 1) Physioal Theorys A characteristic of
fpertain Proteus upecies is swarming. Due to this ability, these organisms
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invade an area an an agar plate containing an inhibitory antibiotic, just by
mechanically crowding into the wumpopulated aress 2) Biologioal Theorys A
metabolic differonce exists betwean swarming and noneswarming organisms. After
moving physically into an inhibition rzone, swarmers are able to multiply in
the presence of an inhibiting antibiotic.

The swarming sensitivity determinations made in Problem 4 support the
Physical Theorye It was shown that swarnming progresses into an antiblotioce
contalning erea on an sgar plate. ilso, it was noted in Problem 1 that 30 ¢,
a temperature usually considered to enhance swarming, produscsed a majority of
zones with film overgrowth (Z-F)e This finding alsc supports the Physical
Theory, since the better the swerming conditions of the test, the larger the
band of reduced ;rowth formed by the invading orgamnisms. No positive evidence
was obtained in thisz study to indieate that a difference soxists between
swarmers and noneswarmers, which would be the basie for the Biological Theorys
This theory essumes that cell division takes plase within the inhibition zone,
onee it haz been invaded by swarming organisma. The sensitivity studies
indicated that sones do change in eppearance over & p&rioé of time, inoresasing
ir sise mnd thicimess. This, however, doez not neceesarily indicate growth,
sinees such an inoresge covld be the result of contimued invasion of swarmers
from the normal cuter growthe

Further studies of double=gones wight have certain clinical applicae
tions. In vitro experiments have been presented which indioate that strains of

Praoteus vulgaris and Prateua mirabilis are able to swarm in the prssence of an

inhibiting antibiotice It has been suggested that swerrers may differ

metabolically from nopwswarmerss Is it possible that swarming forms also
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develop in yivo? They would then have the ability %o invade tissues in spite
of antibiotlo therapye Various interesting speoulations now arise. UNhat is
the signifioance of doublo-gones seen 1n elinical laboratory work? Should
organisma ahowing this phenomenon be reported reslatant or sensitive to an
antitiotic? The existance of in vive swarmers oould well acaount for the poor
olinical results often obtained in the treatment of infectlons caused by

Proteus vulparis and Proteus mirabilise 1% iz evident that there is room for

muoh further study of the doubleezona phenomenone
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CHAPTHR VII

COHOLUST OKS
The sensitivity of 16 strains of Proteus wulgaris and 23 strains of Proteus
mirabllis to 12 antibiotics was determined by the disowplate method.

Proteus vulgaris strains woere usually sensitive to 6 antibiotios and

Proteus mirabilis stralns 4o 6.

Theres waa frequent formation of double-gones in which the main inhibition
Zone was more or less filled by lessened yrowth; 78% of the rzonea
observed produoed this condition,

The growth in these zones took a number of diffoerent forms, but always
more or less filled the area of inhibition with & layer of growth leas
Juxurient than developsd on the nedium without antiblotice

Ltubegultures of the reduced prowth omaprising the inner rone were sanaitiv*
to the antiblotic.

By means of s modified disceplate teat it was demorwtrated that swarming

29
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organions were able $0 contiaue thelr progress aoross the medium over the

area econtaining the antibiotlc.
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TABLE 1 PART )

SYMBOLS USED IN TABLES I 70 IX

Thess same symbols are used in all tables.

Symbols used to identify zone typem

Ra

Us

L2

Ll s

Loli g

DRe¥ 3

DBwG g

Resistant organism, no visible zone of Iinhibition.

Clear sone of inhibition, no overgrowth or double-sone
effeots

Distinet single resistant colonies within the original
inhibition zone.

Lguble-aone eoffeots

Original inhibition zone completely filled in by a f£ilm of
growth, no double-sone effecte

Original inhibition zone completely filled in by s solid
growth (appearing to be sonfluent oolonies), no doublew
sone effeats

Doublewgone effect plus a film of growth partially or
eompletely fllling the originel indMbition sone.

Double=gzone effect plus solid growth (appearing to be
confluent colonies), partially or completely filling the
original inhibition sone.

Symbols used to identify antibiotiom

Al
Cs
DS
Hs
Py
s
Tes

Aureomyein
Chloramyoetin
Dihpdrostreptomynin
Heomyein

Penieillin
Terramysin
Tetraoyoline




TABLE I PALT 2

EFFECT OF CULTURE MEDTUM ON DEVELOMMENT OF DOUBLE ZONES

CULTURE NO. 1298 PROTEUS VULGAKIE

33

M LLER«HI NP0 BEDITUM CASMAY HEDT UM
Incse A?M - )
Neth, ce A ¢ pass Te 7 A ¢ 05 Te T
Noe 1 37 R ¢ DR PR IR |Ze3 € IR IR R
30 DR ¢ DR o DR |2=G © IR DR R
Yioe 2 37 k¢ DR LR DR il € IR .3 DR
30 ROC 3] DE IR |Z=0 ¢ DR 9.3 bR
Nos 3 37 DBwf DReF IReF DRelF DReF|(Zes DReF Zof  DReF  DRef
50 IRe¥ LZaF DReF Lol LB |ZefF Lo  Zef  ZeF  DReF
¥o. 4 37 Zu3 ZeF © DR DRk |4e@ TR € DRef IR
30 DR« ¢ Goit  JmF | Zm  LeF  LeP ZeF  Zef
HUTRI BNT AGAR BLOOD AGAR
fnm; ﬁmg- ‘
Meths ce A ¢ DB Ye T A ¢ p& To T
Hos 1 a7 ¢ ¢ DR ¢ c
30 [ c '+ C ¢
Noe 2 37 Ze © ¢ R R
30 DR ¢ ¢ DR DR
Noe 3 37 Zel C DR DR Za¥ | Lz Ze¥ R IR DR
30 ZeF R ZoF  Zekt  LaF | ZwG  GeF  LeF  LeF  ZeF
Hoe 4 a7 Zel © Zelt  ZeF  LeF | 2= © ZaF  LeF IR
30 Ln}' Gl Lk GeP LeF | & 4] Z=F  ie~F DR

For explanation of symbols, see page 52.
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TABLE I
EFFECT OF CULTUEE MeDIUK QN DEVELOPMENT OF DOUBLE ZONES

CULIURE HO. 3722 PROTEUL MIRABLLIG

KEULLER-HIETON MEDTUN CASHAN MEDTUM

Tnose | fTemps |& € b6 P H |& € D8 _F &
Hethe o

doe 1 a7 B C L LR nE | B ¢ [£3 oF o
30 B Cee Dit DR D | R Ce¢ DR DR IR
Ho. 2 37 R C I DR DR | R C=ec UR 2-C DR
' 30 B ¢ Ik i # | R Cme DR Zwl DR
Hoe & kY R Zaf ReF (wg LeF | 1 O Dhiel L0 Lo
30 B 2wl Ll '8 i | R ZwfF  Lep T Lt
Hoe 4 3T R el DReF Ll Ze¥ | R Cwmg DR I3 IR
) &0 F:t L=y =¥ K’ Lok | K A S A Lw¥
RUTRI EHT AGAR BLOOD AGAK .
Thoos | iempe| A € 1S P L R R S
Hethe ce
Kos. )} 37 R O IR Zw3 IR
50 R Ceg IR Ael DR
Boe 2 37 R C R Ze3 IR
30 R Ces DR 4ol IR
Noe & 37 =i Cewg IR Lm(d DR | R Cwa Ll Zals R
30 Loy el ¥ Gl P | R 20 S ZeF 2t
Ho. 4 37 Ll Cen IR Z=¥ R ¥ Cwg DE Bl Ze¥
30 Zuli Cumg DeF  Zwl  Zef | K Z-F IR Zemli Ll

For éxplmmion of symbols, soe page 32,
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STANDARD SEHSITIVITIES » PLOTIUG VULOARIS
Culte A in_| Chl i} ~ in _;F;m___‘ﬁm Hne | Terrem
Nos ,ﬁ‘%"‘"&g hr_ 48 b A [ e 0 T 26 40 | e by
s701 R Re ¢ R DR DR c ¢ i  ZmG B R
3600 G 6 | C IR IR R IR IR | G et R Re
3899 G =G | DR IR ' 3 IR Bk DR | e G | Ze 3G
3566 6 e | C ¢ IR IR c ¢ G 2 R R
3488 DR IR ¢ c Cwo Ceo ¢ ¢ m® K Re
3363 R Re ¢ R 3 R ¢ ¢ R IR R ke
3260 G ZeG | C It c c c ¢ G 20 R R
23609 R Im ¢ ¢ ¢ C c ¢ i i LeG =G
1298 G LG | C c DR IR N R DR IR IR
731 IR IR c c R DR ¢ ¢ R IR 2 2
847 ImG LeG | IR DR ¢ e c ¢ ¢ C LG ZG
649 m IR m DR 73 R W om | R ODR InG  EnG
802 IR DR Ik IR DR TR IR | R IR i
501 DR DR c ¢ 4 7 o ¢ ¢ ®R DR DR
€92 R OIR IR L&t IRt I BR | DR DR G =G
235 ®m IR ¢ c s 3 DRt ¢ m® |[c ¢ R IR

+ Posaible heavy overgrowth of small zone of inhibitione
For explanation of symbols, sse page 32
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TABLE IV

STANDARD SEESITIVITIES = PROTEUS MIRABILIS

Culte Chioromyeetin ostreptonyoin Heonyoin “Penieilliin Totracyoline
Bos 2w 48 mr %ﬂr ﬁpm 24::::-48& Tr 48 he | 24 hr 45 wr
3801 c ¢ IR IR IR IR | © G ¢ G
8797 Cwo  ZeF IR m ¢ ¥ Cwa  ZmG R E
3770 Cwo Cwi DR URaF Lmf' IR Cmn L=l B R
3765 DR DReF R DR ZeF  ZeF Cma Cwo R Re
37352 Cma Cuo PR Uli=fF IR iR {wg DReG R R
3727 Cme  ZeG DR DReF ZF  Z-F IR 20 R R
5725 Cumgs  ZoF IR R ZoF  DRe¥ Cwss  ZoF R Re
5722 G ZeFwo R DRwP ZaF  DReF Cmo  LeF ¢ ¢
3118 Cus  ZwFwo ZoF DRP IoF  LeF Cwg  Ces R R
3672 DR IRwF R K LF 2R Cms  DReF ZeG  ZwG
3671 Cmey Lol snts Ing DR ~F Zufr L Cwg Cwn E -3
3870 Cmty Lol gy InF DRef Zof  ZeF Qe ZmP R Re
3861 LeF  ZeFwo L DRF L ZeF Cus  ZwG R R
3552 ZF  IeF P DReF LeF  LeF LoF  Led R Re
3544 Zn¥ 2w =ty Z-F DEw¥F Lok ¥ Cmtt  Cwo R R
3543 ZaF  ZeFes ZeF DReP 2o IR Cot Cwo R R
2382 ZF  ZeFwo | ZF DReF P Cws Cwo =G =G
2349 LeF  ZeFwo ¥ DieF | LF ZF Cwg  Cwo R R
927 ZeF  IeF ZaF DReF ZeF  ZwF F  ZF ZeF  ZeF
859 Cmg  Cwo 2 DReF ZeF  DReF LoF  IReF ZuG  ZeG
856 ¢ ¢ ¢ c ZeF  TReF ¢ c R Be
172 Cws  Cwo LeF DReF ZoF  DReF ZeF  DRe¥F ZeG; LR

* Possible heavy gvergrowth of small gone of inhidition.

For explanation of symbols, see page 32
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TABLE V
BUB=-CULTURE F IKHER GROWTH:
SWARMING OH BLOOD AGAR ANDL ZOHE FORMATI O WITH SAEE ANTI BIOTIC:

STHALKS OF PROTEUS VULGARIS

Culte From From From From From From

Koe Aur in | Chloromyeetin Bi?zdreatrngmta Heomyoin Tetracysline Terramyoin
, Swarm Zone Swarm Zone arm Zone one  |Swarm Zone Swarm Zone

3701 * DR Q + ul

3600 +» ZeF + ZwF - C - h3:24 * Zwf

3599 + Zwf + ZF + ZmF - DR * ZwF + ZaF

3855 + Ll 0O * c

3488 + ZwF - B + ZuF

3353 * ZmF o + Zuf

3260 *+ y2

2389 + Zaf + DR + Z-F

1298 + Zf 0 + Z=F +  ZeF
m * DR + C * R
8L7 * 2 ¢ ZeF
502 0 - ™m + ol
0 0 + DR
Lo2 0 + TR * Z~F
235 + R + ZF +  ZeF

* Swarming on Blood Agar within 24 hrse

- Ko swarming on Blood Agar within 24 hrse

*ie

0 fic growth on Blood Agar within 48 hrs.




TABLE VI PART 1

UCED OROWTH ZOHES OF STAHDARU SERSITIVITY TESTS:

B

BACTERI QLOGICAL CHARACTERI STICE (F SUB-CULIURES FROE THE

PROTEUS VULGARIS

38,

e
i IR NN Y EEENE B IR R ERE RN
ﬁ P EET AP LI E FEPEEEEE B
o
et 4+ 00 e tae et b sred &+
R EEEEEEEE R R R R N N
ﬁ” SN U N T 2 2 2 T R B N N I O B BN B A
et S EEE LA ETEERE R P EERErr PR
ﬁ L3R R ke s AN R EE X * 44
ﬁ * ¥ FF PR IR BF B W PRI S B N N L3 B 3
o 3

m....,&‘. PRI I ST N B A AR AR T R A
; o
I Rl esesese ¢ttt t0e ++rrtrre s+
| 2] m t 8 ¥ L I B I B A PSR SRR N N f 401
I wa] £ 48 ¢ & L O B B BN A | i 2 I B B R L I B |

B

o
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TABLE VI PART 8

BACTREI OLOGI CAL CHARACTERISTICS OF SUB=CULTURES FROM THu
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FIGURE 1

ZONE TYPES==STANDARD SENSITIVITY TESTS
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clear zone
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reduced growth zone

norme.] growth
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normal growth

film or colony overgrowth
disc
reduced growth zone
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TYPE 1

TYPE 2

TYPE 3

TYPE 4

FIGURE 2

ZONE TYPES=--SWARMING SENSITIVITY TESTS

initial inoculum
normal swarm
diso

clear zone

initial inoculum

normal swarnm

disc
secondary swarn
clear zone

initial inoculum
normal swarm
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reduced growth zone

clear zone

initial inocculum
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