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INTRODUCTION

The importance of bacteria as & cause of serious
intestinal diseasses in man oand other animals has been
recognized since the early days of the sclience of
bacteriology. Of those forms usually sssociated with
intestina)l disturbances in man, ths species considered
‘most important are those belonging in the Salmonella
group, the Paracolon group, and the Shigella group.

Also, it has been known since the early part of this
century that the common rat serves &s an ilmportant

vector for the dissemination of infectious organisms,

For example, such standard textbooks of Bacteriology

as those writtem by Wilson and Miles (41), Jordan and
Burrows (20), Frobisher (16), Smith and Martin (35),

and others list rats as primary vectors of enteric bacteria.
However, there has been & surprisingly small amount of
work done to determine the actual percentage of infection
in wild rats. There have been numerocus investigations
concerning outbreaks of Salmonellosis in mouse populations,
and in mouse colonies in breeding laboratories, but few
surveys have been made on wild rodents in recent years.

Shortly after the First %orld War, and during the

early &wenties, there were numerous papers published




concerning the use of so-called "rat virus®, a preparation
firast used in Germany and later throughout Zurope and
England as a rodenticide. This polson consisted of a
bait, such as grain, that was inoculated with Salmonella
ter is. It was shown by the work of Savage and Read
(29) in 1913 that apparently three possible conditions could
affect the rat that ate such a bait: it would dle of gas-
troenteritis from the effect of the Salmonella; the animal,
if partially imrmuna, could become 111 but recover and
becoms & carrier of the organisms; or the animal could have
a complete immurity and be unaffected by the organisms yet
pass them in a viable state with the feces, It is apparent
that either of the latter two conditions would lead %o the
dissemination of Salmonella organisms that were potential
human pathogens. Savage and Read (29) in 1913, Savage and
¥hite (30) in 1922 and tho excellent work of the Medical
Research Council (25) in England all cast suspicion on the
use of a potentially dangerous human pathogen for rat poi=-
son and many of the earlier papers were written in an ate
tempt to discourage the widespread sale and use as roden~
ticides of such bait inoculated with Salmonella, Savage
and White (30) were also among the first to demonstrate the

occurrence of Salmonella organisms in wild rats, They



trapped 96 rats in a slaughterhouse and upon examination

of the livers, spleens and intestinal contents of these
animals found six to be infected with Salmonella enteritidis.
Of these six positive animals only three were found to

carry the organisms in the feces. In addition, they found
that the blood of a large percentage of the animals studied
carried agglutinins for Salmonella enteritidis. On the basis
of this work, Savage and White suggested the possibility of a
patural and widespread infection of r;:dents from Salmonella

organisms,

Verder (39) in 1927 investigated 114 rats trapped in &
slaughterhouse 4in Chicago. She was successful 4in isolating
ten strains of Salménella from six rats, indicating a double
infection in several animals, However, she found that all
the animals gave negative results from the contents of the
gut and, presumably, did not eliminate the organiems in the
feces. In the same year, Meyer and Matsumra (26) made the
first extensive investigation using a large number of wild
rats, Of 775 rats examined, they found 58 positive animals,

Both Salmonalla enteritidis and Salmonella aertyycke (now

Salmonella typhi-murium) were reported from the group of
58 positive animals, They found that only 2/} ¢f the total

infections occurred in the gut of the rats, and also cone



cluded that the percentage of positives were higher in
those animals taken in the vicinity of the slauvghter-

houses of the city than in those from other areas.

Kerrin (23), in 1938, studied the occurrence of Sal-
monella #n wild rats in Liverpool, England. He was among
the first to use tetrathlonate enrichment techniques for
his isoletions and this may account, in part, for hies high
recovery rate of Salmonella organisms. He examined 750
rats over & nine month period and isolated the following

species: Salmonella enteritidis, Salmonella aertrycke (now

Salmonells typhi-mmrium), Salmonella newpor} and Salmonella
thompson. So far as is ascertainable, this seems to be the

first published report of the occurrence of either Salmonella
newport or Sslmonella thompson in rats. Kbalil's work indi-
cated a high percentage of iInfections in the liver and splseen
of the animals but {n five aniials the organisms were isolated
from the gut as well as the body organs. The results of one
phase of Xhalil's work are summarized in the following table:
SEASONAL INCIDENCE OF SALMORELLA INFECTION IR RATS

Jan.-Mar. Apr.-June Yuly-Sept.

Animals examined 250 250 250
Animals infected 44 10 1
Percantage infected 17.6 4 0.4



Reference to the tzble indicates a clear-cut seasonal
incidence in the infection rate of wild rats with organis—-
of the Salmonella group. It should be pointed out that
Khalil gave no information relative to the extent of the
total rat population at the time of sampling and without
such information no definite conclusions may be drawn.

If, however, it is true that there is a pronounced seasonal
‘difference in the percentage of rats infected, this would
contribute to the explanation of the variation between the
various reports made by other workers concerning the perw

centage of infected animals,

The most recent survey in this country of Salmonella
found in wild rats was reported by Bartram, Welch and
Ostrolenk (4) in 1940 and 1941. They showed.in two papers
that 15 out of 24 artificially infected rats passed the
Salmonella organisms through the digestive tract and elimi=-
nated them along with the feces. However, in 800 uninoculated
laboratory animals they did not find & single infected ani-
mal. In 1941 the same authors made a wide collection of rat
and mouse feces in the United States &and examined a total of
340 rat feces and 80 mouse feces. All of these samples
consisted of droppings that wers collected amd forwarded
to the writers for their work, but the precise methods

used for collection, shipping and preservation of the speci-



mens were not specified. Among these fecal samples only
five contained species of Szalmonella. These five samples

were derived from four rats and one mouse and consisted

of the folloming species: Sslmonella typhi-murium, Salmon=-
ella san diego, Salmonells newington, and Salmonelle anatum.

In pddition to these species, two samples possessed & species

of Proteus which was formerly classified as a Salmonella.
Thus, Bartram, Welsh and Ostrolenk reported a total infec-
tion of 1.2 #. These writers expleined the very low per-
centage of positive results in their work by meinteining
that previous surveys of Salmonella infections in rats had
been made after epldemics of Salmonellosis or in animals
trapped in & suspected locality. Although this is true

of some of the reported surveys, it should be pointed out
that this explanation is not applicable to the work of
Khalil or Meyer, since both of these workers wers careful
to report their findings on random samples. Although it

is quite true that any given animal is not & vector unless
it excretes orgenisms in its feces or urine, the excretion
is quite 1ikely to be intermittent in nature. Consequently,
8 checkinz of a single dropping will give no true indication
83 to whether or not the animal is infected with Salmonella
organisms., I¢ is possible that an animal may be infected

with Salmonella organisms and not excrete them at the' time



a dropping is collected. On the other hand, the finding
of Salmonella organisms in the gut or body organs would
indicate a strong possibility that the animal will ex~

crete the orgenisms at some time during its life.

In arems other than the United States and England
some yecent surveys have been reported. Ghosal (17) in
1941 investigated 364 rats trapped from slaughterhouses,
markets, and street aress in Caleutta, India, He reported
49 positive animals, 3.5% or 13 rats positive for Salmonella
enteritidis emd 9.8% or 36 rats positive for Salmonella
typhi-rmrium., Of the 49 positive animals, 18 were found
to be positive in the gut. Assumpcao and Ribas 1), working
in Brazil, found Salmonella schotimuelleri and Salmonella
typhi-rurium in & series of 950 rats. Hulphers and Hinrieson
(18) working in Sweden found Salmonella species in 46 out of
186 rats examined‘n These consisted of 32 Salmonella typhie
marjum, 2 Salmonelis enveritidis, var. Dublin (now Salmonella
dublin) and 14 Salmomella enteritidis. In 33 of the positive

cages the organisms were isolated from the intestinal tract
only. The report in this paper of 74 "paratyphus~like" organ-
isms from the 186 animals examined is of some interest. So
fay as has been determined, f.hisvvia the first report of

the probabl; occurrence of Paracolon species in rats.



The above review of the literature reveals that the
following species of Salmonella have been reported from

ratss

Salmonella enteritidis

Salmonella sertrycke (S. typhi-murium)

Salmonella newport

Sslmonella thomnson

Salmonella san-diego

Salmonella newington

Salmonella anatum

Salmonella schottmueller _
0f the reported species S, enteritidis and S, typhi-murium
far outnumber any of the other specles in their rate of

accurrence.

With the single exception of the report by Hulphers and
Hinricaon (18) there seems to be no mention of the Paracolon
group occurring in rats. This, however, is understandable
since it is only within the last two or three yesars that
information has been accumulating which indicates that the
Paracolon group may certainly show pathogenicity under cer-
tain conditions. Xven go, there is still considerable doubt

concerning the pathogenic behavior of the Paracolons.



From this review of the literature it is evident
that thers is yet a need for more extensive study of
animal vectors of the enteric diseages affecting man.
Since a survey of the enteric pathogens of ths rats in
the city of BRichrond has never been made, énd in view
of the sporadic outbreaks of enteric fevers in the city,
it was felt that a project of this nature would be worth-
while. Acccrdingly, en effort has beon made to determine
geveral facte concerning the infection with enteric patho-
gens of wild rates in the citys first, the percentage of
wild rats in the city of Kichmond infected with Salmonellag
second, the species of Salmonella invelved; and third, the
distribution of the infected animals within the sress that
were trapped. In addition, it was thought wise to give some
attentidn to Paracolon organisﬁs encouvntered in the study.
This preliminary study will continue until a sufficient
number of living animrls have been examined from all parts
of the city and an accurate statistical evaluation of the

results can be made.
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MATERIALS AND METEODS

The methods used in this study have been used so
long and are 80 well ¥mown that in most cases 1t is only
necessary to list thems A brief summary of the whole
procedure is as follows: 211 of the animals nsed in this
study were caught by the use of regular No, ) mmskrat traps
an& brought into the laboratory alive. The animals were
secured by the pcrsonnal of tha Division of Rodent Control,
Bureaun of Sanitation, City of Richmond Health DNupartment
for use in typhus control program. The areas of the city
trapped are plotted on the map included here as Figure 1.
Roughly, three to four Imndred animals wers caught to secure
the aporoximately one hundred living animals that were used
as the bagis of this study. Animals caught alive in traps
were often killed by passers=by, cats or dogs, or drowned
by heavy rains. The animals brought intuv the laboratory
were placed undér ether and a sample of heart blood drawn
for typhus titer. Then, the abdomen was oponed and a large
sezment of the gut removed and placed in ten percent sterile
ox bile. Usunlly the segznent of the large intestine was
split before dropping it into the bile. After remaining

in bile for twenty-four hours the culturs was streaked

11



very heavily on SS medium (31) and at the same time about
thres to five ccs. of the bile cultnre_ was inoculated into
Selenite F medium (2). After 24 hours incubation the Selen=-
ite ¥ culture was streaked out on another §S ‘plate. At this
time the first S5 plate inoculated was scanned for non-lactose
fermenting colonies, and those that were found were ix;oculated
into Krumwiede's Triple Sugar agar. Those cultures taken
from the first SS plate were given ths suffix of_ the Roman

numeral I to distinguish them from the colonies taken from

the second plate carrying the suffix II. Those cultures showing

a positive reaction on Krumwiede's agar, i.e., acid and gas
in the butt and no change on the slant, were next inoculated
into the primary differential media: urea dbrota (9), A.A.S.S.

medium (8) and lactose.

On the basis of the results found in the above prelimi-
nary media, the cultures were identified sdentatively as Pro-
teus species, Coliform specles, Pzracolon species, and Sal-
monella spacies. Chilton's (8) A.A.S5.S. medium was used
for ths detection of Paracolons and a positive reaction on
this medium with the absence of action on urea and on lactose
within 24 to 48 hours was considered preéumptive evidence of

a Paracolon organism. In theory, any culture carried over

12
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from these media was either Salmonella or Paracolon.
However, there were exceptions such as in species of
Alcaligenes that would be inactive on the inedia used

and thus sirmlate a Salmoneila &t that stage. In like
manner, certain &nasrogenic Coliform organisms would
simlate Salmonella, Those cultures suspected of

being Salmonella or Paracolon species, as separated by

the above screening test, were run throvgh a series of
blochemical tests. Sucrose and lactose media were inocu-
lated and incubated for ten days in order to detect slbyv
fermentation of these carbohydrates. Salicin, maltose,
dextrose, xylose, and mannitol were &lso 1xioculated and
incubated for 24 hours, or occasionally 48 hours. Production
of hydrogen sulphide and the motility of the organisms
were determined by the use of T«L.I. agar (2). Indol was
determined by growing the crganisms 1n one percent peptoﬁe,

incubated for 24 hours and checked with Kovac's reagent.

Finally, all of the cultures that appeared biochemi-
cally typical were agzlutinated with Polyvalent Salmonella
Serum, furpished by the Commnicable Disease Center, Chamblee,
Georgia, through the cooperation of Dr. F. R. Eiwards. Those
cultures that agzlutinated with the Polyvalent Sera were
group agglutinated with Groups B, C;, C2, D, and E1.2.3 gera

supplied Yy the Lederle Laboratories, Pearl River, New York

13



and all cultures that appeared to be Salmonella, or Para-
colon species with common Salmonella somatic antigens,

were formarded to the Comrmnicable Disease Center, Chamblee,
Georgia, where Dr. P. R. Edwards kindly checked the deter-

minations,

Special methods, media and techniques used are discussed
in connection with the experiments in which these are con=-

cerned,

14



ISOLATION AND STUDY OF THE SALMONELLA AND PARACOLON
SPECIES FROM THE GUT OF THE WILD RAT

The biochemical and morphological classification of
the Salmonella group is fairly constant as a result of
the work of the International Congress of Microbiologists
and students of the bacteria such as Bergey, Topley and
Wilson, Kauffmann, and Edwards. & composite description
of the gemus Salmonella aa based on the work of these stu-
dents of the group may be stated as follows!: the genus
Salmonella consists of non-spore forming, usually motile,
gram negative rods measuring 1 to 3 microns in length by
0.5 to 0.7 microns in width, The organisms produce acid
and gas from glucose, maltose, mannitol, and sorbitol.
A few specles, the most important being Salmonella typhosa
and Salmonella gallinarum, produce acid only when cultured
in these sugars. The organisms of the genus are unable to
metabolize lactose, sucrose, salicin, and adonitol. Hydro-~
gen sulphide is usually produced, but indol is never formed
nor is gelatine liquified. All known specias are pathogenic
for animals, All ths apacies are very closely related to
each other by somatic and flagellar antigens, To this des-
cription one may add that in view of recent tabulations Yy

Seligmann et als. (23,34) of species occurring in human

15



infections it appears as though there is 1little host
specificity in the kspecies. %ith few exceptions, all
of the species reported in animals are gradually being
found in man.

From the above description of the genus Salmonella
it is evident that a combination of blochemical and sero-
logical characteristics i;a necessary for the distinction

of specles in the group.

As pointed out in the preceding section, the majority
of the methods and materials used in determining the bio-
chemical characteristics of the Salmonella, Paracolon, and
Proteus gensra have been standardized for some time. The
primary differential mediuni used is Difco S5 medium. This
medium was developed in the laboratory of the Digestive
Ferments Company and no account of the development of the
medium appears except in their publication, The Difco Manw
ual (31).

The production of an enzyme, urease, by Proteus species
which enables them to utilize urea has been known for some
time, but it is only quite recently that the characteristics
have been fully investigated by Bustigian and Stuart (28);
Stuart, van Stratum and Rustigian (38); Christensen (10);

Cook (11); and Elek (15) and widely used for the separation

16



of the Proteus group. Nost of the above workers have also
studied the urease positive strains in the so-called inter-
mediante and aerobacter groups of the Paracolons., All of
the Paracolons hydrolysed urea somewhat more slowly than

did the Proteus species,

The diagnostic use of urease production in the labor-
atory bas characteristically fallen into one of two patterns.
Those who are interestead in the Proteus only have evolved a
very highly buffered medium on which Proteus alone will grow;
while those whose intersst in ths Proteus group was simply
to eliminate it from a mixed culture have used a slightly
buffered medium that screened out not only the Proteus, but
also some of the Paracolon. Both types of media are come=
mercially available. The strongly btuffered medium of Stuart,
van Stratum and Rustigian ‘(38) is considered dy Cook (11)
to be suitable for the study of the Proteus group since none
of the Paracorlon cultures that he studied hydrolysed the
medium and consequently distinguished them irmediately from
the Proteus spegies. On the other hand, the weakly buffersd
medium of Christensen (10) was recormended by Cook (11) for
the sirple elimination of all cultures other than Sslmonella
and Shigella from enteric cultures since it gave reactions
with most of the Paracolons tested as well as the Proteus

species. The formula of the two media are as follows:

17



Stuart's, et als., Strongly Buffered Medium

Yeast Extract 0.1 gnm.
Monopotassium phosphate 9.1 gn.
Disodium phosphate 9.5 gm.
Urea 20.0 gm.
Phenol red 0.01 gm.
pH 6.8 ¥ater qQ.v. 1000 ml.

Christensen's Yeakly Buffered Medium

Peptone 1.0 ¢gnm.
Daxtrose 1.0 e
Sodiun chloride 5.0 gn.
Nonopotassium phosphate 2.0 gn.
Urea 20.0 g,
Phenol red 0.12 gn.
pH 6.8 Yater qe.ve. 1000 ml,

Heither of these media ray be sterilized by heat de-

ocause of the danger of the hydrolysis of the ursa. They
are heavily inoculated, incubated at 379C, and read at

8, 12, 24 and 48 hours. 4 positive reaction is quite

evident from the release of the amronia by the hydrolysis

of the urea and its effect on the indicator. Since the

Paracolons were to be raintained, a bdbroth of Stuart's

formlsa was used to eliminate Proteus species from the

cultures.

18



The A.A.5.S. medium developed by Chilton and Fulton
(8) was used throughout this study to detect Paracolons.

The medium is composed of!

Aesculin 5.0 gm.
Adonitol 5.0 gm.
Salicin 5.0 gm,
Sucrose 5.0 gm.
Brom-cresol purple 0.015 gm.
Ferric ammonium citrate 0.05 gm.

(brown scale)
¥ater g.v. 1000 ml.

Due to the expense and unavailability of certein of the
sugars, the medium was used sparingly, usually 2 to 5
mle. in Kopmer tubes. After incubation the medium turned
yellow if adonitol, salicin, or sucrose were fermented,
while the medium blackened if aesculin was utilized. Ko~
vac's test for indol can also be superinposed on the medium,
and this is routinely done on all negative tests since one
can occasionally eliminate & culture that is negative on
the AcAeSeSe medium bdut indol positive. The medium often
gives positive tests with Coliform organisms as well as
with Proteus, but is very valuable when used in conjunction

with lactose and urea media.

The biochemical tests described above are fairly satis-

factory for the delineation of the Salmonella group but they

19



are useless for speciation within the group since there are
not sufficient variations within a group of similar organisms
to differentiate them. Consequently, identifications of
distinct species within the group is depsandent almost en-
tirely upon serological methods. Based on ths Xauffmann-
Yhite Schema (19), there are from 150 to 160 serological
types in the genus Salronella that are accorded the rank

of species by most workers. There was & tendency, for a
short period, to base the =xhole classification upon sero-
logical methods as included in Xauffmman's (”1) suggested
definition of the Salmonella group. Kauffmann (21) defined
ths germs as “gria na.;ltiv; bactaria which, on the grounds
of their antigonioc structure, oan be ibcluded in the Xaunff-
mann*Yhite Schesa”, If this definition were to Le followed
closely one would de forced to include organisms from widely
separated groups since the somatic antigens of the Salmonella
are coroonly found in mnny widely separated genera of bao-
teria, Cormon antigens are reported frequently in Paracolons
and havo deen reported even in such forzs as a strain of
Flexner Shigella by Bornstein (7) and a strain of Pasteur-
ella by Scimtz {32)., Zrese common somAtic antigens are
widely recognized now as deing present and nearly all

worksrs attecpt to use a combination of diochemical and

serological methods for classification of the Salronella




groups In view of the peculiar complexity and size of
this group, it is obvious that a given culture may bde
ldenviried tentatively as a member of the Salmonella
on the basis of 4ts biochemical reactions, but it mmat
be confirmed by serologlcal methods.

The serological classifications of the Salmonella
has reached astounding proportions since the first classiw
fication in 1534 and has now reached the point where the
establishment of National Salmonella Typing Centers is
necessary for the actual speciation of a culture. The sero~
logical clessification as based on the Kauffmann-¥hite
Schema first published in 1934 by the Salmonella Sub-com=
mittes of the Nomenclature Committee of the International
Society for Uicroblology (19) and later revised by Kauff-
mann (21). Most commonly nsed in this couniry for Sdenti-
fication of the Salmonella is Edward's and Bruner's (12)
mothod for the serological identification of the Salmonella,
An antigenic formula as applied to one of the species of
Salmonella will consist of the following notauona: somatic
antigens represented by Roman numerals, flagellar antigexis
are represented by Arabic numerals and phase 2 ﬂageliar
antigens are represented by Arabic numerals or lower case
leiters’. If the somatic antigens are enclosed in parene

theses it indicates that they are of variable occurrence.

2l




and a series of dots indicates that portions of the for-
mla have bdeen onitted. The twenty-six letters of the
alphadbet have long since bdesn exhausted in these formlae
and 80, by comon agreemant, letters used for flagellar
antigens after the letter "s® ocarry a numerical subscript,
€eBey 30 Thus the formla for a complete antigenic com~
plex such as that for §-lmonalla typhi-pmring might be ex-

pressed asi
Salmonells $yphi-rariug (1), IV, (IV), XII
1,1, 24 3 eese
while that for Salmonella anatum would de writtent

Salmonella npatun III, X, XXVI, e, b, 1, 6 ...

Fortunately the sooatic antigens of the species Salmon-
ella seen to form a natural taxonomic scheme at least con=-
sistent enougch to allow the grouping togethar of certain
serological types, Tims, the species of Salrmonella possess-
ingz the somatic antigen IV are placed in Group D and so on.
There are now Groups A, B, €3, D, E 4, tg.!a. and ¥,

Diagnostic antisera oy bde very essily made for these
groups by choosing & strain of Salmonslla carrying the de-
sired somatic antigen and inagtivating the H antigens of
ths strain by boiling for two hours. The suspensions of
boiled bacteria are thea preserved with foroalin and rabdits



are given a series of intra~venous injections of the bac=
toria, The rabbits are bdled when their blood has reached
a sufficient titer and the serum from the blood used as
antisera (12). The organisms cormonly used for this
purpose are as followst

Kauffmann and Bdwards Group Specific Anﬁigens (22)

Group Organism Somatic Antigen
A Salmonella paratyphi A I, 11, X11
Salmonella paratyphi B v, v, XII

C éa;mogella thompson and

newpoxr Vi, VII, VI1Il
D Salmonella gall IX, XII
E Salmonella anatum and

newingston 11, X, Xv

In addition to the above an extremely useful screening
polyvalent antiserum can be made by injecting a rabbit with
all of the above culiures after they have been treated to

inactivats the H antizens,

Under normal laboratory technique speciation of an
isolated Salmonella is not attempted beyond the group agglue
tinations, Further identification is done by the Salmonelle
Typing Center using flagellar antigens and an absorption

technique for identification of specific antigens,
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In a fairly recent and very corprshensive review of
the Salmonslla yproblaem by Bornstein (7) several eriteria
were suzgested for ths determination of the status of a
doubtful Salmonalla. He sugzested that if the culture
onder consideration possesses the complete antigenie
formla of one species of Salmonella but differs in one
of the accepted biochemical criteria, then the culture
should be considered a cultural variety.

A strain that fulfills the blochemical definition of
the grbup and possesseé Aa new’com‘nination of Salmonella
antigens should be considered & new serologlcal typa.
Farthermore, & culture that hés an antigenic formmla
typical of Salmonella will be recognized as & new sero=-
logical type even i1f it shows minor deviations from thé

accepted biochemical criteria,

Finally, & strain that fits Salmonella dbiochemically
but has no antigens common to any of the .apacies of Salmon~-
ella cannot be recognized unisss it .13 pathogenic; conversely
the presehce of minor O or H antigens alone cannot claasify

an organism as a specles of Salmonella.

As in most attempted schemes the classification of the

genus Salmonella shows certain points of error. In all proba=
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bility the most difficult of the organisms encountered are
the groups classified as Paracolons, They will often show
typical Salmonella chemical reactions as well as an assort-

ment of common antigens.

Some attempt has been made in this study to carry
through to identification those Paracolons that have common
antigens with the Salmonella and 'conseé_uently agglutinate
polyvalent Salmonella gerum., The group itself, however,
is to date almost impossible to define. It 4s considered
by moat workers to be intermediate between the Salmonella
and Escherichia &nd possesses some of the characteristics
of each group., Thus, one of the primary criteria of the
group is the slow fermentation of lactose, Yet this is an
entirely relative sort of thing since it is well kmnom
that the spéei.nin.tili_zation of & sugar may be hastened
by rapfid transfer through ﬁhe sugar, and many organisms
classified in the group never attack lactose.

The question‘of the pathogenicity of the Paracolon
group is still qxieatioixed by many workers.. but there are
reports in the literature by Plass (27), Stuary é.nd Puge
tigian (36), Christensen (10), Barnes and Cherry (3) of
enteric infectlons caused by Paracolon organisms and
agglutinines are occasionally demonstrable in the sera

of patients.
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Attempts have been made for & number of years to
classify the Paracolons, but to date no satisfactory
scheme of taxonomy has been worked out. Stuart, Wheeler,
Rustigian and Zimmerman (37) presented an elaborate at-
tempt at blochemical classification, but it has not been
widely accepted. This scheme has been used, in so far
as possible,on the cultures in this study., The identi-
fying characteristics are summarized in Table I,

Attempts at serological classifications have also
been disappointing.- Some of the conflicting results have
perhaps been due to the lack of a definite limiting
blocherical definition. One of the better defined groups
of the Paracolons was examined by Edwards, et als. (13)
and is better defined bdiochemically than most of the other
Paracolons. Since the so-called Bethesda group occurs
frequently in this study, it may be worth while to list

its characteristics., These are summarized as follows:

Lactose Usually slow fermentation
Methyl red Positive
Voges=Proskansr Negative
Indol Negative

Hydrogen sulphide Positive
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TABLE I
BIOCEEMICAL CHARACTERISTICS OF THE PARACOLON GROUP
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d=-Tartrate
Simmonts Citrate

Urea

Dulcitol

Sucrose

Positive

Positive

Regative by Rustigian's and Stuartis
method. Positive by Christensen's
method.

Usually fermented prompmtly, negative
strains occur

Generally negative

From the above discussion of the present taxonomic

schemes, it must be obvious that any attempt to identify

random strains of thd Paracolons ieciated dur.tng" g survey

is a hopeless task, However, because of the current in=-

terest in the group, ths cultures have been preserved

in the hope that they may be of valus to other workers.

From & total of 105 xats, 125 cultures of organisms

suspected of belng enteric pathogens were isolated for

further study. These cultures and a preliminary study

of their biochem! cal characteristics are sumrarized in

Table II. It will be seen that these 125 cultures may

be divided into 48 possible members of the Salmonells

or Paracolon groups, while the remaining 77 cultures

may be classified either as Proteus or Coliforms,
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TABLE II

PRELIMINARY CLASSIFICATIONS OF CULTURES
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PRELIMINARY CLASSIFICATION OF CULTURES

Number

597%I
597-I-A
597-11
598-1
598-11
U=I-A
U-I~B
599-I
600-I
600-11
601-11
602-1
602-11
602-A(S)
60311
603-A(S)
60L-1
P-I~I
P-1-11
P-2-I
P~2-I1
606-I1(1)
606-11(2)
606-1

Urea

12 24 uLb
P P
PP

o g
o
v v W

e~
g
o

30

A.A,8.8. Lactose
B8 12 2L LB 2L L8 72 10d.
+ + + + S N
® 4+ + + AG AQ - =
+ + A A A A
+ + AG
+ + - = = AG
+ + - - - AG




PRELIMINARY CLASSIFICATION OF CULTURES

Number

607-11
608-I
608-11
610-1(L)
610-I1(8)
610-II
D=I-2
612-1
612-I1
61L-1
61L-11
615-1-%
615-1-B
616-T-A
616-1-B
616-11
617-11
618-1B
618-11
619-1
620-I
621-1

Urea A.A.S.S. Lactose

b 12 24 4B B 12 24 4b

- P PP

- . - - =+ o+ - - - -

- P PP = + + - AQG

- P P P

-P P P -+

PPPP = +

PP PP - +

P PPP -+

- P P P + + + + ® = = =

- P P P - - - - - - - -

- = P + + AQ AG AQ AG
- P + + + + A A A G
P PP + + + + AG AGC AOQ AG
P PP - - - - - - - -
P PP + + + + - .- - -
- - - - - - - - = « A
P PP + + + = - o - -
P PP - + - e - =
P PP - - = 4 - - = ¢
P PP - - - - - - - -
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PRELIMINARY CLASSIFICATION OF CULTURES

Number

621-11
622-1
623-1
623-11
62l-I
62L-11
625-I1
637-1
630-I
639-1
639-I1
640-I
6L0-11
6h2-11
643-I
643-11
6Lk~
6L5-1
6L6-1

6L6-11 .

6L7-X
8L7-11

Urea

A.A.8.8.

(oo

12 24 LB
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Number

648-1
64811
6L9-I1
650-X
650-11
6511
651-11
652-1
652-11
6531
653-11
654~-1
65L~11
655-1B
65511
656-1B
656-11
657-11

658-I1 |

659-11
66011
661-1

BRELIMINARY CLASSIFICATIONS OF CULTURES

Urea A.A.8.8. Lactose
8 12 24 8 8 12 24 48 2hL 48 72 10d.
- - - - + + + o+ - AQG
- - e - + 4+ + o+ = AG AG
PP PP + +
- P PP + + + + - e e -
- P PP + + + o+ - .- = -
- P P + + + + A A
- P P - 4+ o+ . T
- - -y - - - - - - - - .h
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PRELIMINARY CLASSIFICATION OF CULTURES

Nunber Urea A.A.8.8. Lagtose

g 12 2L L8 T 12 2 &8 2L L8 72 10d.
661l - - - - - - - - - - = -
663-1 PP P P - - - - -+
663-IT - P P - - - - -
664" - P P - - = - -
66L-II - P P - - 4
665-1 - - - - - - - - - = - -
665-I] = = = = - - - - - . - -
666-I P P P - 4= -+
6671 - - - - - - - - +—= += A
668-IL - + P -+ s -+
67111 = P P - - - - - -+
6721 = P P - - = - - -+
672-11 - P P - - = - - -
673-I1 =« = P - - - - -+
67U = = = - . = e - - - -
674-1I - P P - - o+ - -
675-1 - P P - - - - - -
675-3I - P P - - - = - -
677-1 - P P - - - - - -
680-I - P P - - - - - -
682-1 =~ - = = - - = = - - - -
682-11 - P P .- - - - - - =
683-I = - = = -+ * - - - -



PRELIMINARY CLASSIFICATION OF CULTURES

Number Urea A.A8.8.

O 12 24 48 € 12 24 LB
690-1 - P P - - -
690-I1 - P P -+ +
691~ - P P - - -
693-1 - - = -- - -
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TABLE IIX
ISOLATIORS OTHER THAN PROTEUS AND COLIFORMS
SUGAR FERMENTATIONS
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ISOLATIONS OTHER THAN PROTEUS AND COLIFORMS

Rumbex

597«11
5981
60111
602+
602~A(S)

60311

603=4+5
PalsI
PaleIl
Pe2 ol
Pa2ell
6081
610118
6141
618~IB
622011
623411
6231
6241
62411
62511
6371
6381
6391

!

H

AG
AG
AG

48

BB B BB BB B B B I

¥altose
2k 48
A
A
A
AG
A5
4= AG
- A
AG
AG
- 4

37

24

5 B " B

2 B B8 B 1

> B

Dextrose

48

Xylese

24

AG
A

AG
AG

{

!

B B 8 B B ”

B B &

R

48

-

-

t 88> 81 &

B > B B

-

!

B B B BB B B BB B I

to

48

-



ISOLATIONS OTHER THAN PROTEUS AND COLIFORMS
Salicip

Huzber

640-1
64211
643-1
643=11
6451
646-11
64711
650-11
6511
65111
655+11
656=1-B
656-11
657-11

658-IT

659-11
661-1
661-11
662-11
665-1

665«11

667-1
674-1
6821
683-1
693-1

2/,

!t 8 = = |

Bb

B " B 5B B B EBE B

48

B BB BZ">"BBEBE"™EB

E 5> B BB BBEBEEGEBE |

BP

Dextrose
2, 48

;

E"s ¢+ »*>888B*"1 t ¥R

B> 5B BB " |

E = 7

4a

5

5B ! "B B "



TABLE IV
ISOLATIONS OTHER THAN PROTEUS AND COLIFORM
LACTOSE FERMENTATIOR

39



Number
59711
5981
60111
60211
602 A (s)
603 11
603 A (8)
P=l-I
P-l-II
P-2-1
P-2-I1

610 1I (s)
61 I
64 I B
622 II
623 I
623 IT
624 I
62 11
625 II
637 1
638 1
639 I

LACTOSE FERMENTATION

Days
1 2 3 4 5 6 o
- - - - - - A
A A A A A A
- « = AG AQ AG
- = = AQG AG AC
+= AQG AG- AC AG AG
- AG AG AG AG AGC
- = = A A A
9 - - - - - -



LACTOSE FERMENTATION

Days

Number I 27375 5

6L0 I - e e e e -

642 II - - e e - .
6h3 I - - .= e =
643 1I .« = e = e o=

6L5 I - - - ® e o=
6L6 II - = ® = = o=
647 II - e = e = o=
650 II - = e = - -
651 1 - - - - -
651 II - - = - - -
655 II - . = = - -
656 (b) - =~ - = - =
656 II R
657 11 - - - - - -
gom - - - - - -
659 II - - - - - -
661 I - - - - - -
661 II - - - - - =
662 11 - - - - - -
665 1 - = = - - -
665 II - - - - - -

667 1 - = A A A
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LACTOSE FERMENTATION

~ Number
67L I
6682 I
683 1
693 I

Days
(3

K

10



TABLE V
ISOLATIORS OTHER THAR PROTEUS AND COLIFORM
SUCROSE FERMENTATION



SUCROSE FERMENTATION

Days
Nunber i 2 3 LW 5 o6 7 8
597 11 - - e e e e e -
598 X AG A0 AG AG AG AQ
601 IX A A A A A A
602 11 - e e e e = = o=
602 A (s) - = e e e e = o=
603 II -~ ® = & & e =« =

603 A (s) - - - - e e = -

P-1-1 - = e @ e e e -
Pel~II - . w em e = -
P=2-1 AG AG AG AQ AQ AQ
P-2-I1 AG A0 A AG AG AG

608 1 - += AG AG AC AO
610II (8) = = = = = =« =
61, I - - = ® e e - oa-
618 1 (B) - e ® e = = -
622 1I - - wm = = = -
623 11 - = e = = = =
62 1 - o e mee e -
62k II - - e = - - -
625 11 B
6371 e



Humber
638 1
639 1
640 I
6h2 1I
6L3 I
6L3 II
6li5 I
6L6 11
6L7 II
650 1I
651 1
651 11
655 II
656 1 (B)
656 II
657 II
658 11
659 II
661 1
662 11
665 1
665 I
667 1

SUCROSE FERMENTATION

- s A
A A AG
P

45

‘Days

{

10



SUCROSE FERMENTATION

Days
Namber T 2 3 L 5 6 7 8
67h I .- e = e e = e -
682 I B T
683 X - = e . e e e -
693 I T T
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TABLE VI
ISOLATIONS OTHER THAN PROTEUS AND COLIFORMS
BYDROGEN SULPHIDE, INDOL, AND MOTILITY

47



ISOLATIONS OTHER THAN PROTEUS AND COLIFORMS

Number Hydrogen Sulphide Indol Motility
597 IT - - +
598 1 - + *
601 II - ~ +
602 11 - - +
602~1(8) + - +
603 1I - - +
603-a(8) + - +
P-1-1 - - +
P-1-II - - +
P-2-1 - + +
P-2-I1 - + +
608 1 - - +
610 II 8 - - +
61 I - - +
618 1 B + - +
622 11 + - +
623 1 + - +
6é3 Ix + - +
624 I + - +
62 II + - +
625 11 + - +
6371 + - +
638 1 + - +
639 I + - +
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ISORATIONS OTHER THAN PHOTEUS AND COLIFORM

Number Hydrogan Sulphide indol Motility
6L0 I - - +
62 I + - +
643 I - - +
6L3 11 - - +
645 I - - +
646 II + - +
647 11 - - +
650 II - - *
651 I - - +
651 1I - - +
655 11 - - +
656 I B - - +
656 II - - +
657 II - - +
658 IX - - +
659 II - - +
661 1 - a +
661 II - - *
662 11 - - +
665 1 - - +
665 11 - - +
667 1 - - +
674 I - - +
682 I - - +
683 I - + +
693 1 - - +
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TABLE VII
SALMONELLA ANTISERA AGGLUTINATIONS
ISOLATIONS OTHER THAN PROTEUS AND COLIFORM

50



Number

59711
508-1
601-11
60211
602-4(8)
603-11
603-A(S)
Pelel
Pel~II
Pu2eI
Pe2-I1
6081
610-11(3)
618~1B
622411
6231
62311
6241
62411
62511
637-1
6381
639~

SALMONELLA ANTISERA AGGLUTINATIONS
ISOLATIONS OTHER THAN PROTEUS AND COLIFORMS

Polyvalent

~Srouping Sera
Sera B Cl 02 D 31,3

Yu

+

-

+ +
-

+ +
-

-

u

dew

-

-

+

+ +
+ +
+

+ +
+

+ +
4t

+

4+

)’y

L 2

Speciss

Alcaligenes specles

Paracolon species (Escherichia)#
Paracolon species (Escherichia)+
Paracolon speoieu*

Salmonella typhimurius
Alcaligenes species

Salmonella typhimurium®
Paracolon species#*

Paracolon species

Paracolon (Escherichia)#
Paracolon (Escherichia)®
Paracolon (Aﬁaerogenic)
Alcaligenes specles

Betheada Paracolon

S.almoneila typhimriun®
Salmoneiig typhimurium*
S»alnonellA newport#*

Salmonella typhimurium#
Salmonella typhimurium*#

Salmonella typhimurium*
Bethesda Paracolon *

Salmonella newport#®
Salmonella anatum®*

#* mwes Indicates species confirmed by Commumicable Disease Center, USPH,

#% wwe Author not in agreement with this identification made by the

Commmicable Disease Center,
51



Numbey

640-1
642-11
6431
64311
645~
646-11
647-11
65011
6511
65111
655-11
656-IB
656-11
657=-11
658«11
659«11
6611
66111
662~11
6651
665~11
6671
674=1
6831
693-1

SALMONELLA ANTISERA AGGLUTINATIONS
ISOLATIONS OTHER THAN PROTEUS AND COLIFORM

Polyvalent
Sera

4o
+

te
to

+u

G s
B G Gy D Ej,

52

Species

Bethesda Paracolon®
Salmonella anatum*
Bethesda Paracolon#
Bethesda Paracolon®
Bethesda Paracolon®
Salmonella typhimurium*
Paracolon (Anaerogenic)
Paracolon (Anaerogenic)
Paracolon species #
Paracolon (4erogenes)#
Ballerup Paracolon*
derogenes-like Paraéolon*
Alcaligenes species
Paracolon (Asrobacter)#
Paracolon (Bethesda)
Paracolon (Bethesda)#
Biochemically typical of Salmonella
Biochemically typical of Salmonella
Paracolon (Anaerogenic)
Paracolon (Asrobacter)
Paracolon (Aerobacter)
Paracolon species
Paracolon (Bethesda)#

Paracolon (Anaerogenic)#

Biochemically typical for Salmonella



The 48 cultures suspected of being Snxlmonella or
Paracolon were studied more thoroughly 4in an effort
to separate them into one of the other group. First,
each was inoculated into a series of sugar dbroths to de-
termine their ability to metabolize salicin, maltose,
dextrose, xylose, mannitol, lactose and sucrose, The
results of this phase of the study are shown in Tables
III, IV, and V. The same cultures were then inoculated
into T.L.I. agar and peptone broth for the determination
of thseir ability to produce hydrogen sulphide and indol.
Motility as evidenced by swarming of the organisms through
the semi-~s0lid T.L.I. agar was notede The results are
recorded in Table V1. Eaving thus determined the biochem-
ical charactefistics of the organisms, the serclogical
characteristics were determined next. These reactions

are surmarized 4n Table VII,

The above tables reveal certain points of interest.
First, 12 izolates were classified as being definlte species
of Salmonellaj second, 27 were classified as Paracolonsi
third, 4 were classified as Alcaligenes species; and fourth,
3 species resemble Salmonslla blochemically but because of
the negative reaction in poly-valent serum could not be

classified. It is of interest to mote that the twelve
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cultures identified as Salmonells were found in a total
of ten animals and that in one of these, No. 623, there

was a double infection, the organisms being Sslmonella

typhi-murinm and Ssimonella newport.

Having determined the identity of the 48 species
studied, 4t seemed worthwhile to determine the distirie
bution of the rats from which the cultures were isolated
and to ascertain if there were an’correlation between
distritution and the positive carriers of Salmonella.
Accordingly, the areas of the ciiy from which these rats
wepe trapped are shown 4n Figure 1. Each of the areas
plotted is shown in graater detall in figures marked
2 through 10, The distribution of all animals trapped,
and those positive for Salmonella or Paracolon are shown
thereon with appropriate markings. The poaitive Salmone=
ella eultures isoclated in this study were found in three
arens of the city; Figure 3 (plot 2), Figure 4 (plot 3i,
and Figure 10 (plot 9). Four positive animals, Nos. 632,
623, 624 and 625 were concentrated in an area of one
square block, 88 shown in Plo} 2. There were a total of
23 live animals caplured in this area. Flve positive
animals ware isolated in Plot 3 within a total distance

of four blocks. A total of 29 animals were trapped in
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FIGURE 1
AREAS OF THE CITY IN WHICH ANIMALS WEHE TRAFFED
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FIGURE II
(¥LOT 1.)

Legends
Red « Salmonella
Greon - Paracolon
Yellow =~ Negative
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FIGURE IIX
( pLOT 2.)

Legends
Red ~ falmonella
Green - Pcracolon
Yellow - Regative
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FIGURE IV
(FLOT 3.)

Legends
Red « Salmonella
Green - Paracolon
Yellow « Hegative
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FIGURE V
(PLOT 4.)

Legends ,
Red « Salmonella
Green ~ Paracolon
Yellow =~ Negative
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FIGURE VI
(PLOT 5.)

Legendt
Red -« Salmonella
Green -~ Paracolon
Yellow - Negative
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FIGURE VII
(PLOT 6.)

lagends
Red = Salmonella
(rean « Paracolon
Yellow - Nagative
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FIGUEE VIII
{ rLoT 7,)

Legend:
Rod « Salmonella
Green - Paracolon
Yollow ~ Hegative
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FIGURE IX
(PLOT 8.)

Legend:
Read ~ Salmonslla
Green -~ Paracolon
Yollow -~ Hegative
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FIKEX X

Legends
Red - Salrxonella
Green = Paracclon
Yellow = Jegative
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this plote One additional positive animal was found in
plot 9 tmt this snimal was trapped at the end of this
atudy and is the eingle sample from the area,

In addition.to the animals found positive for Sal-
monella 4n these areas, Plot 3 also showed & very high
concentration o animals positive for Parecolon species,
Ten positive animals occurred in thé gmup of 29 t¢rapped.
In this particular district, better than 50% of all ani-
mals sampled wers infected with either Salmonella or Para-

colon organisma.

All of the specises of Salmonella that were fdund in
this survey have been previously reported from rats, but
not in this couniry. Salmonella newport was reported by
Ehalil (24) 4n England but this species has not been
reported in this country in the brown rat. The frequent

occurrence of Salmonells typhiemurjum was expected, but
Salmonslla anstum has not been rsported many times in rats.

Of the Paracolon identified, the Bethesda and the
Ballerup groups were umsuval, Ireither’of these' groups
have been previously reported from rats. The Betheeda
group has been repurted as a possible human pathogen by
Barnes and Cherry (3) and the Ballerup Paracolon as
classified ﬁy Egwards (14) was formerly classified as
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a Salmonella, Szalmonella ballerup as classified by
Breed (5) hos been rsported only from a cass of human

gostroenteritis in Denmrk.
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CONGLUSIONS

It seems evident from this study that the percentage
of rats infected with Salmonella in Richmond, Virginia,
is considerably higher than has recently been reported
by others in this country, 2lthough in close agreement
with reports of observatiéns made in England,

Thg greater percentage of poeitive infections reported
here may be due to several factors. First, and possibly
most important, the animals used in this study were all
1iving when brought into the leboratory. Consequently,
any possible poste-mortem changes were obviated, Second,
the entire gut of the animal was removed and cultured
using xﬁore sensitive and modern differential media than
has been availsble in most of the previous surveys. In
support of this latter point, it may be well to point out
that 6, or 505, of the positive Salmonella culturss were
tsolated from enrichment medie end not detected at all on

preliminary culture.

This investigation has confirmed the occurrence of

Salmonella tmb;-xmr;uﬁ. 8almonella %‘tum and Salmonella
newport in rats and has shown a rether clear-cut distri-

bution of the infected animals.

No dota, except the findings of Eulphersd and Hinricson

(18), bave been published concerning the occurrence and per-
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centage of infections with Paracolon organisms, The oc-
currence of the Bethasda and' the Ballerup groups, with their
probable pathogenicity to humans, é.nd the frequent occur-
rence of other 1ll-defined Paracolons, with their common
somatic antigens with the Salmonella, would benefit from
study from the viewpoint of the transmission of human

pathogens,

The large number of Paracolons reported is due primar-
ily to delibertately isolating cultures that gave preliminary
tests for the group and identifying them where possible.
Previously thesz cult.urés when isolated were often simply

discarded as aberrant Coliforms,
Finally, this study has served to emphasize the fact

that the rat is a potentially dangerous vector of human
enteric disease organisms, and that special effort should
be made to control these rodents in the interest of the

human population.
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