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CHAPTAR I

INTHODUCTION

1., Reason For Pregent Study

Only a limited amount of investigations have be=n
devoted to the intestinal flora of reptiles. Most published
reports revesl as theilr main object a search for certain
restricted kinds of bacteria especially those of the

Salmonella and Arizona groups. On the basis of the frequen-
ac.gols

cies of the organisms belonging to these two groups and

the numbers of new types encountered in the reptiles, a
hypothesis was formulated: The bacterial flora of the
intestinal tract of roptiles differs from the mammalian by 1its

high frequency of bacteria belonging to the Salmonella-Arizona

caterorles and the c¢omparative scarcity of the eoliform
group of bacteria which pyrsdominates in the mammals.

Some det&iied studiesjof the intestinal flora of
reptiles have been performed by D. Yarashus(1959) and
D. Halklas(1959). In these studies of captive reptiles at
two local zoos, differences were found between the reptilian
and mammallan intestinal flora. However, there was still the

question unanswered: Was the intestinal flora of these




2.
reptiles altered to any extent by their captiv ty?

About this time, occasion arose for securing
specimens from wild reptilea. This provided the materisl
for the present investigation, Therefore, the objectives
of this study are: 1.) to identify a large collection
of bacterlia isolated from wild reptiles and 2.) to comparse
these with the organisms isolated from captive reptiles in

the work of Yasrashus and of Halkias.

2. Plan 0f The Work

In the Spring of 1959, Dr. K. Inger, of the
Chicago Natural History Museum, participated in an expedition

to the Pare National de la Géramba in the Belgian Congo,

to study snd eollect reptliles and amphiblans. He sgreed to
dry scns gpecimens of fresh intestinal contents into sterile
filtai—paper dises and forwasrd these airmail to Chiecago.

The Pare authorities consented to this additional work and
cooperated most fully.

As the spescimens were received, they were immediately
placed in brain hesrt infusion broth after whieh desoxycholate
agar plates were streaked at intervals of incubation to
obtaln isolated colonies. These plates were refrigerated
until further work could be performed. Then, sbout 30
colonles were picked from easch plate, replated to insure

Q?ity of the cultures sand stock cultures were established.




3.
Subsequently, the cultures were identified by the usual
bacterlological methods. Those which possessed typical

Salmonella characteristics were sent to the State of Illinois,

Department of Heslth, enteric laboratories for serotypie

determinations.




CHAPTER IIX

REVIEW OF LITWRATUKR

1. Previous Sumnaries

Approximately 37 published reports concerned
with the bactar@al flora of reptiles were reviewed in the
theses of Yarashus (1959) and Halkias (1959). In reviewing
thls literature sasgain, the possibility of reptiles being

a source of Salmonslla organlsms was again apparent. For

example: Hinshaw and McNeil (1947) reported the isolation

of Salmonella rubislaw and parscolons antigenlically related

to Salmonella from Pacific fence lizards(Sceloporus occi-

dentalis occidentalis) in Celifornia. In 195ly, Hirseh and

Sapiro~Hirsch found 9 different serotypes of Salmonella
in the feces of tortoises ceught in Israel. Mille, LeMinor,

and Capnoni (1958) isolated 2,8 Salmonella of various

serotypes from sutopsies of 1lizards (Lelolepis bellisna

gutteta), in central =nd south Viet-Nam. During a course

1955) isolated Salmanells from various sources including snakes,

In snother report from the Relglan Congo, van Oye, Ghysels,

and Glaudot (1958) deseribe & new type, Salmonella kintambo,




S
which they 1soleted from the intestine of a ecommon ligzard.
As indicated In the few reports summarized above, the oecurrance

of Salmonella in the intestinsl tract of reptiles is definitelv

not confined to a specifie area, Isolations of Salmonella

organisms from reptiles were encountered in ¥orth America,
Burope, Asla, the Far %Tast, and Africs.

In most of the reviewed reports, no descriptions
were included of the actual surrounding of the animals at
the time of capture. The reports seem to indicate that
most of the wild reptiles were captured in viecinities close
to human habitations. It is very likely that these supposedly
wild animsls could heve pleked up the organisms by sssociation
with man, hls sewame or his garbage, No actual evidence

was offered to prove that the Salmonella organisms were

native to the reptiles.

2., Additilonal Literature

Since the work of Yarashus (1959) and Helkias (1959),
there have been additional publications concerned with
bacteriologlcal findingas in reptiles, There are slsoc several
papers which were omitted in thelr reviews.

Wittlg, Sulzbacher and Seeliger (1958) deseribed

a new Salmonellas type, S. halle which they isolated from

a turtle fecal specimen in a zoo 1n Germany. Hemmes (1958)

reported the transmission of S. newport by tortolses (Testudo
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graeca) in the Netherlands. Clarenburg and Kampelmacher

(1959) isoleted Salmonella from various sources 1n the
Netherlands including a Boa constrictor snake, from which

they isolated S. typhi murium and S, potsdam. A number of

tortoises which oririnsted from the Mediterranesn region and
were imported to 0Oslo, were examined by Bovre and Sandbu (1959).

Nineteen serologicsl types of Salmonslla were found in the

excrets of 27 tortolsez., & new Selmonella type, 8. remast-gzan

was isolated by Sapiro-Hirseh, Altmann, and Hirsch (1959)

from the snske Coluber nummifer in Israel, whiech was caught

by a person bitten by this snake,

More pertinent to the present study are the reports
by investigators studying reptiles in Africa. LeMinor,
Derrasse, and Charie-Marsaines (1959) described three new

Salmonells serotypes isolated at Daksr, French West Afries,

from lizards (Agama agama savetieri). The three types were

named: 8, oukam, 8., camberene and S, voff. At BErazzaville,
French (smerons, Le¥inor, Ravisse and Drean (1958) isolated

two new Salmonella serotypes from snakes., The one serotype

was named 8. bacongo 1so0lated from the snake, Philothamnus

semi-variegatus, and th other was S, gamaba, isclated from

the snake, Crotaphopeltis hotambeia hotsmbeia. Another new

Salmonella serotype, 3. tanger wes 1lsolated by Leillnor, Neel,

Delsge, and Drean (1959) from a tortolse (Testudo graeca)

In Tanger, French Moroceco.
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Besides Salmonella, reptiles hsve been found to

harbour another group of orgenisms, the Arlizonsa, which is

closely related to the Salmonella., They were filrst isolated

from fatal infections of certain reptiles in Arizona,
Antigenically, the Arizona group is so similar to the

Salmonells, that frequently it is difficult to differentiate

one from the other. The evidence for pathogenicity is also

similar in both the Sglmonella and Arizona zroups,

Le¥Minor, %dwerds, Fife, Chambon and Kavisse (1959) isolated
six new Arizona serotypes from normal reptiles in Salgon,
- French Indoechina, and Bragzaville. They described the

antigenic relationships of thse serotypes to Salmonella.

Another six new Arizona serotypes were 1solsted by Fife,
Edwards, LeMinor and Serie {1959) from normal reptiles in

Zthiopia. Their antigenie relationships to Salmonells were

also deseribed, Additiénal Arizona types of organisms were
recovered from reptiles described as "normal" by Edwards,
LeMinor, and Fife (1958). A total of 6 new types were
encountered, from snakes in the regions of Saigon,%thiopla,
and Brazzaville, and from chameleons in Tunis. The antigenic
structure of thesg organisms was described snd thelr relation-
ships to Salmonella indicated. Serie and LeMinor (1959)

examined 575 snakes from Trytria and Libya, of the families

Colubridae and Viperidae. Ko Salmonella were isolated from

individuals of the Nshia genus, but Arizona and Salmonella




were 1solated from the snake Dendraspis (Colubridae), and

from individuals of the family Viperidse.

3. Deductlons

No true picture of the intestinal flora of reptiles
can actualiy be drawn even after an exhaustive review of the
pertinent literature. This is due to the investigators!
failure to indicate the presence or absence of other bacterizl

types 1in thelr search for new serotypes of Salmonella

ond Arizcns. Published reports give the impression that no
other enteriec bascteria were present in thebreptiles inveati-
geted. In any event, the Iimpression has been created, that

Salmonella 1s the most common and most abundant oreanism

féund in reptiles. As the litersture indlicstes, the origins
‘of the reptiles studied were variable, in that some animals
were imported from other countries, some were caught in the
wild state on ranches, barn-yards, fsrms, etec., and others
were children's house pets. Informetion which would describe
the habitst of the animals is absent in most reports, It
seems likely, thet in most cases, the animsls were in close
assoclation with hunan habitation prior to capture,
Therefore, the study of the intestinal flora of reptiles

as such, has not as yet been satisfactorily asccomplished,

due to the uncertein elements of human contsminetion.
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i Further Study

Review of litersture shows a need for a study
defining the bacterial flora of reptiles in their native
state. This study should be made by ldentifying all the

kinds of bactefia precent, not by selecting only Salmonella

or Arlzona. For technical reasons, it would be best to
1imit this study to the enteric bacilli, which o uld be
isolated and identifled sceordying to a selected group éf
well-defined precedurea. The opportunity to secure dried
cloacal discharges from reptiles in the Belgian Congo

prompted the performance of the following study;
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CHAPTTR IIIX

MATERIALS AND METHODS

1. Collection of Speecimens

Before Dr. Inger departed for his field trip to
the telgian Congo, he was glven a supply of sterile fllter

ovaper discs (Rchleicher and Schull, Ko. TIOE) enclosed in

cellophane coin envelopes. Specimens from the wild r=ptiles
were collected by immersing filter paper discs in fresh
cloacal deposit of captured animals, after which the discs
were placed in the cellophane envelopes and sealed. Tach
envelope was labeled with the collection number that was
assigned to reptile specimen itself. The specimens were
sent to Chiecago by Air Mall, The suitabllity of the dried
dise method for transporﬁing specimens has been reviewed

by Yarashua (1959) and was supported by his experiments,

2. Plating of Specimens

Upon receipt, each specimen dlsc was immedlately
pleced in 10 ml, of Brain Heart Infusion broth (Difeco)
contained in a 16 by 100 mm. tube. The tubes were incubeted
at 30°C for various amounts of time. Samples from each

tube which showed growth were then plated on large (150 mm.,
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diasmeter) Petri plstes containing Deaoxycholate agar(Difco).
Of the 18 specimens received, 11 proved to be sterile; thesze
were specimen numbers, 2369, 2370, 2,400, 2L06, 257, 3353,
338l, 3385, 3386, 3hL18, snd 3898, Others, however, grew
rapidly and heavily; they were plated st various times ss
follows: numbers 21155, 2466, and 3316 were plated after
i and 6 days incubation; number 2677 was plated after %, 1,
2, 3, 5, and 8 days; specimen numbers 3819, 3883, and 4136
were plated after 1, 2, 3, §, and 8 days incubation. A totsl
of 27 plates ascecumulated from the 7 speeimens whieh showed
growth in the broth. The plates were stored in the

refrigerator until work on them could be continued.

3. Isolation of Colonles

After storage of 1«3 months in the cold, isolstion
of colonies on the large Desoxycholate plstes began. A Therc
were approximately 100-300 colonies on each plate. It was
decided, that s representative sample of the bacteria
on each plate could be obtained by pileking 30 coloniss
from each plate. The 30 colonies were picked at random into
Brain Heart Infusion broth, trytng to avoid partiality
to colonies which possibly had growth characteristics of §g£4
monella, This was not difficult to secomplish, since most
of the colonies were altered in a way that made them all

similar in eppesrance, because of the prolonged storage in
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the refrigerator. As each colony was picked, the general
growth characteristics of the colonies were recorded on
the reverse sides of special cards used in this laboratory
for the ldentification of organisms by biochemical methods.

A number was asgsigned to each isoleste, which was also

entered on the special eard bearing its colony growth
characteristics and date of isok tion. In all, 810 bacterial
colonies were filshed from the 7 specimens. All the tubes

were incubated overnight at 30°¢. R®ach was re-streaked

on a standard Desoxycholate agar Patri plate and after 2); hours
incubation at 309C, the purity of the culture was evident.
Stock cultures were established of each isolate by stabbing
duplicate tubes of semisolid heart infusion agar. The
permanent stock number was plasced on each tube, and the

tubes were stored in the refrigerator,

li. Methods of Identification

After completing the isolation of the colonies
from each of the 27 plates, the growths from the brain hesrt
infuslon broths were inoculated into various medis for
biochemical ldentification. Details for each of the media
and the general procedures were essentially those presented
by Sigtenhorst (195l) with slight modifications. Sigtenhomst
employed the following 17 tests for the identification of

enteric microorganisﬁa:
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sdonitol, glucose for acid snd gas, lactose,
maltose, mannitol, sucrose, xylose, urea, i;dol,
methyl red, Voges-Proskauer, citrate, zelatin,
motility and sulfide.

A1l the carbohydrates were added in 0.5% amounts to Purple
Broth Base (Difco). PFermentation of lsctose waes tested in
both 0,59 and 10% concentrastions of lactose; the 10%
eoncentration was added to Purple Agar Base, In addition
to these tests, 8 more were employed in the present study,
which are the following:
seaculin, duleitol, salicin, phenyl pyruvic acid
production, production of nitrite and gas in
Nitrate broth (Difeo), and the oxidative-
fermentative property.
Aesculin was added in 2,.5% amounts d th the addition of
5 ml. of 5.0 Ferric Ammonium Sulfate per 100 ml. of broth.
Saliein was used in a 1,0% concentration. Production of
phenyl pyruvie scld was determined in phenylalanine agar (Difco).d
The 6xlidative-fermentative properties were studled in
Hugh-Leifson semisclid agar (Difeco). The motility semisolid
medium was modified by the addition of the indicator,
triphenyl-tetrazolium. All inoculated medis were incubated
at 37°C for 2);-1i8 hours. The media which necessitated

the addition of reagents for development of the teats were
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incubated for 18 houra. The blochemicsl reaections, -ositive
or negative, of each organism in sach medlum, were reczorded
on the proper special 1ldentification eard. These cards
constitute the permanent record of the results obtained. All
the procedures thus far fcllowed were essentially the same
as those employed by Yacr~shus and by Halklas, A sample of the
special cards used in this laboratory for the blochemiecal
ldentification of = teric bacterie can be found in either
thesis,

Classification of eaeh organismlfrom the bloechemiecal
reactlons consisted of assigning a zroup name to eeclhi crganism,
The basis for the group names was found largely in the

manuals of the Fnterobacteriasceae by Ksuffmann (1951)

and “dwards and Twing (1955). Organisms W th charseteristics

typleal of Salmonella ware studied in grester detail by

submitting them to the enteriec lsboretory of the State of

v
Illinois, Department of Health, 1800 w. Fillmore St,., Chicago,
Il1linois. Complete serological analysis of esch possible

Sslmonella was performed by Mr, M, Lesko, the heasd enteric

bacterioloqiét. The type names of esch Salmonella were then

sent to our laboratory. Thils valuable contribution was
possible through the kind cooperation of Dr, H.J. Shaughnessy,
Chief, Division of Laboratories.

At the complstion of the experimental work,
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identification eards bhearing the results of all the %He2sts of
sach organ' sm isolated had accumulated in one file. ?ha
file consisted of cards labeled with stock numbers LhE2 to
5285, A total of 827 cards were accumulated. Tach card
represented a pure culture derived from an isolated colony
plcked from the originali platings of the speeimens. However,
2Ll0 colonies out of the 827 were dead upon being picked,
leaving a total of 587 which were viable. Therefore the
2t hHhlochemical reactions employed were tested on each of the
€87 isclates and esch culture was accordingly identified,
Sinece each cultnre was examined for a minimun of 2¢7
characteristics, each of which required the preparation,
Inoculation and testing of 1 tube of culture medium, more
than 11,675 tubes were used in the study; This effort
provided the informstion concerning the nature of the
Intestinal flora of wild reptiles which is analyzed and

discussed in the succeeding chapters of this thesis.
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CHAPTER IV
RESULTS

Tables I through XV present the results obtained
in thils investigation.

Table I, page 33, describes in general all the
specimens received from the Belgian Congo. A total of
18 specimens was received, The specimen numbers which
correaspond to numbers of the reptile specimens themselves,
are arranged in the numericsal order whiech also is the
order in whiech they were received. A varlety of groups of
reptiles were involved in the specimen colleetion. Of
the total 18, 9 specimens were obtained from snakes, 7
from 1lzards, 1 from a toad (Bufo) and 1 from a frog (Rana).

The snake Crotaphopeltis hotamboeia, 1s represented by

specimens from 5 individual snakes, and the geners

Philothamnus, Scaphiophls, Psemmophls, and Natriciteres

are each represented by a specimen from 1 indvidual.
Of the specimens collected from lizards, 5 were collected

from Mabuye sudanensis, and 1 was obtained from a true

chameleon, Chemeleo senegalensis laed gatus. A general
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deseription of the locale where the animals were ceptured
is also ineluded in Table I. All of the animals were
captured in the vicinity of a guard post with 10-15
residents. Six specimens were collected from lizards
and snakes which ere captured in a spot completely iso~
lated from apparent human habitetion.

Unfortunately, not all the specimens which were
received could be studied., This was due to the sterile
condition of many, which was evident from their failure to
grow in culture media., Table II, page 3, 1ists the 11
specimens which proved to be sterile and the remaining
7 which grew and subsequently were studied in detsail.
Dates of collection, first plating, and approximate dates
of colonies picked ere also indicated in Table II. The
specimens were collected in March, April, and May of 1959
and arrived in Chieago in the latter parts of these 3
months, On the average, 26 days elapsed between the
time the specimens were colleected and the time they were
received at our laboratory and initially plated. Approxi-
mately LS days elapsed between the plating of the specimens
and fishing of the eoclonies. Therefore, the average
time spent between the collection and shipment of
specimens and the actual isolstilon of bacterial colonies

was 2% months,
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Tables III to IX enumerate all the bacterial
groups 1soclated from each of the specimens and the number
of strains of each group encountered from platings after
various incubetion times, Fach of these 7 tables is de~
voted to one of the 7 specimens. The bacterial groups

are listed alphabetically, #th the exception of Salmonella

whieh was placed first in the lists.

The kinds of bacteria isolated from 2 plates of
specimen #2165 are shown in Table III, page 35. A total of
56 strains were identified represanting 5 different bacteria 1
groups as rfollows: /0 strains of Salmonella, li strains of
Atyplcel Coll, 2 strains of Citrobacter, 1 strain of Cloacs
and 9 strains of Escherichia. The Salmonella proved to be

type tel-aviv,

Table IV, page 36, shows the 6 different groups of
bacteria isolated from 2 plates of specimen #2L66. A total
of 16 strains were identified as follows: 18 streins of

Hafnia, S strains of Psracolon Aerobacter, and 13 strains of

Pen. Intermedium. Two strains of Cloaca, 1 of Oxytocum and

li of Pseudomonas, ware isolated only after 6 days incubation

end not after li days.
Table V, page 37, shows the 7 bacterial groups
isolated from 2 plates of specimen #3318, TFifty-three

strains were identifled, 25 of whieh were Salmonella, 1 strain
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of Bethesda, 1 strain of Citrobacter, 7 straine of Escherichia,

i strains of Pen. Citrobseter, 7 straim of Paracolobactrum

intermedium and 8 straims of Hafnla. The single strsins of

Bethesda and Citrobscter were isolated after 6 days of in-

cubation and were not encountered after li days incubation.
Hafnia wés not found after 6 days incubstion but only after
L days. Three Salmonella types were found in this specimen,
which were: S, champaign, 8. plymouth, and 8. remat-gcen.

Table VI, page 38, shows the identification of
128 strains of bacteria from 6 plates of specimen #3677,

Two bacterial groups werse found, the Salmonells (115 strains),

and the Hafnie group (13 strains). Salmonella was relstively

Just as abundant for the whole 8 days. The Hafnla group,
however, was not encountered during the first 2, hours of
incubation but appeared only after 2 days and peraisted
through the fifth day, disappearing by the eighth dsy.
The Salmonella type proved to be S, plymouth.

Table VII, page 39, shows the 1identification of
109 strains of bacteria from 5 plates of specimen #3819,

Three bacterial groups were found, the Salmonellas (87 strsins),

Bethesda (li strains), and Pseudomonas (18 strains). Again,

the ineidence of Salmonella remained approximately the
same throughout the 8 days of incubation. The Bethesds
group was encountered after 1 and 2 days of incubation,

but was not 1solated after subsequent incubations.
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Pseudcomonss was isolated after 2 days incubation and

psrslatod after S days, but it was not found after 8 days

of incubation. The Salmonells isolated from this specimen

proved to be tvpe, S, gatow.

Table VIII, page ;0, shows the 7 pgroups of
bacteria isolated among the 116 strains from S plates of
specimen #3883, The 7 groups were Citrobacter (1 strain),

Cloaca (1 strain), Escherichia (16 strains), Hafnia (li6 strains),

Oxytocum (26 strains), Pen. Citrobacter (18 strains) and

Pseudomonas (8 strains). Only Hafnia was isolated after

1 day of incubation and the remeining groups were observed
after at least 2, 3, or § days of incubation.

Table IX, page lj1, shows the identification of 80
stfalns of bacteria from 5 plates of specimen #4136, Three
groups were identified whlch are the following: Cloaca (1 strsin}
Hafnia (66 strains), and Pen. Citrobacter (13 strains). The
Hafnla group persisted throughout all the times of incubation.
Pon. Citrobacter appeareé first after 2 days and was 1solated
after all the incubation times thereafter. (Cloaca was
observed only after 3 days of incubation and not at any other
time,

A summary of all the kinds of bacteria found in
each of the specimens studied 1s presented in Table X, page 2,
The most frequent kind of bacteria encountered in each speci-~

men is indicated by the underlined group. This was Salmonella,
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which was most frequent in li of the specimens, namely, 3
snekes snd 1 lizard, and Hafnia which was most frequent
in the 3 famaining snake specimens. A least 2 different
groups of bacteria were found in each specimen, and in most,
3 or more bacterial groups were found.
Table XI, page 113, outlines the enteric flora of the

snake, Crotaphopeltis hotsmboelas as obtained from specimens

from 3 individuals., Five or more different bacterlal groups

were found in each specimen, the Citrobscter and Escherichia

groups being present in all 3 individuals. Salmonsella was
the most frequent group in 2 of the individuals and Hafnia

was the most frequent in the third, Hefnla, Pen. CGitrobacter,

and Oxytocum groups were present together in 2 of the 3
individuals. The enteric flors of 2 other kinds of snakes,

Philothamnus heterolepidotus and Natrid teres olivacea is

outlined in Table XII, page ili. Both snakes d;splay
similarities in their enteric flora in that Hafnia was the
most freauent group found in both and bbth snakes contalned
bacteria of the Cloaca group.

Table XIII, page li, shows the entsric flors of the
lizard, Mabuya. Only 2 groups were present, the Salmonella,
which was the most freaquent, and the Hafnla group.

The fregqueney of groups of enterlec bacilli in

wild and cartive reptiles is compared in Table XIV, page hs.
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A total of 17 bscteriel groups are compared which are
arranged in the order of decreasing frquenecy as found in the
wild reptiles., The number of streins of eesch group was
calculated as per cent of the totasl number atrains lsolated.
The firures on the captive reptiles were extracted from the
theses of Yarashus and of Kalkies, As Table XIV indieates,
the most frquent group of baeterie found in wild reptiles
was Salmonells which comprised 45.h% of the total bacteria
isolated, as compared to the 10.2% or 5.0% Salmonella found
in the two series of captive reptiles, The most frequent
group of bacteris found in captive turtles and lizards was

Citrobacter (28,0%) as compared with only 0,6% Citrobacter

found in wild reptiles. The most fraquent group observed in
captive snakes was the Proteus group which comprised 10.8%

of the total bacteris isolated. In comparlison, the Proteus
group was completely absent in the specimens from wild reptiles.
Other groups, besides Protsus, present in captive reptiles

and not observed in wild reptlles were: Alkaslirenes, Arizona,

Lophomonas, Klebsislla, Anitratum, and Serratis. The Cloaca

and Bethesda groups present in smell numbers in both wild
reptiles and captive turtles and lizards, were not observed
in eaptive snakes.

The serotyping of the Salmonella strains is

summarized in Table XV, page L6. Five types were identified

amonz the 257 strains isolated, which are the following:
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S. chsmpelgn, S. plymouth, S. ramat-gan, S, tel-aviv and
S. gatow. The antigenlc formulas of sach type are indicated
in the table and also the specimen numbers and the scientifiec
nemes of the snimals from which the types were isolated.

Ag the secnnd column of Table XV shows, all the Salmonells

types 1dentiflied bear high numbered somatle antigens with

the exception of the type gatow, which belongs to Salmonella

aroup €y, possessing somestic entigens 6 and 7, All 5 types
were diphasie. Two similar types were identified, S, champaign
and &. ramat-gan both of which contain flagellar antigens

k: 1,5, S. plymouth shows a similarity to the typhoid
bacillus, in that it posssesses phase 1 flagellar antigen, d,
which 1s also pressent in S, typhi. It is evident from the

column listing the names of specimans from which the Salmonells

were lsolated, that the snake genus Crotaphopeltis proved

to va a rich reservolr for Salmonella, Another snake,

Psamrophls, and a 1lizard, Mabhuya, were also SslmoMella

sources,

The frequency of each type 1ln a specimen is in-
dicated in ths fourth column of the table. Only 1 tyne
of Salmonella was found in specimen numbers, 3677, 2,165, and

3819. In specimen #3316, 3 types of Salmonella were found:

S. chempaign, S. plymouth, snd S. ramat-gen. S. plymouth

alsoc occurred in specimen #3677. The most frequent type

1solated in any one specimen was S. plymouth of which
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112 strains were lsoleted from specimen #3677 among a total
128 bacterias examined. The rarest type 1solated was 8. ramat-
gan of whieh only 2 strains were 1lsolated from specimen #3316,
S. gatow was also isolsted in quantity, 83 strains being iso-

lated from specimen #3810,




CHAPTER V
DISCUSRION

Many phases 6f this investigation could be dis-
cussed at length. Arbitrarily, l} have been chosen which are
the following: 1) Collection of Specimens, 2) Plating
Specimens and Picking Colonies, 3) Freqeney of Salmonella,

and lj) Intestinal Flora of Wild and Captive Heptiles.

1. Collection of Specimens

It wcuid be most sdvantageous to be present at
the collection of the specimens and to exsmine and study
them as soon as posslible, This wes not possible in the
present study. Provisions had to be established, whereby
the specimens which were to be collected by & second person
during an sxpedition in the Congo, could be received in our
laboratory. It was learned from similer investigations
that the dried disc method would be of value for this purpose.
Varela's study of fecal speecimens in Mexico in 1955 employed
the dried disec method with much success, which was a method

originally proposed by lie Kian Joe in 1950. Sslmonella

and Shigella were the groups of msin concern to these
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investigators. A study of this method was performed in
our laboratory prior to this investigation. Uhpublished
work by Forney and by Yarashus indlcated the suitabllity
of the dried disc method. gﬁashus (1959) compared the
swab method and dried dise method for collecting specimens
and found no essential differences. The present study
added to the svidence thut the dried dise method eould be
employed for transporting the whole content of fecal
specimens; not only 4o Salmonella and Shigells survive
but also many other intestinal bacteria. Although approximately
2 months elapsed between collection and plating of the
specimens, the dried discs preserved various groups of

- bacteria without altering their physiologlcal charascteristica,
However, heavily inoculated discas are necessary for good
recovery. As observed in this study, clean-looking discs
arrived sterile, whereas the darkly soiled discs yielded
growth, A possible reason for this outcome may be that
in the heavily lnoculsted dises, more liquid containing |
possible nutriments together with the bscteria was introduced,
which helped to malntain the viability of the organisms
over a longer period of time. The opposite would be true
of the scantily inoeulated discs.

2. Plaeting of Specimens and
Picking Colonles

The several platings performed on esch specimen
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after various incubation times proved to be of value in
detecing both the fast-growing and slow-growing varieties
of bacteria., Some groups of bacteria were not encountered
after the first 1 or 2 days of incubation, but only after
the third, fourth, or fifth day. For example, in the study

of specimen #3883, strains of the Pseudomonas and Pen. Citro-

bacter groups were not detected until after 5 to § days
inecubation. They were not encountersd on plates of the
specimens after 1 to 3 days incubation. Therefore, some
groups of bacteria would be missed entirely if plates were
streaked after 1, 2, or 3 days only.

| The survey of the mixed populatlon recovered on
the plates presents some problems, one of which still
remains unsolved at the conclufion of this study. Rendom
picking of colonles is sometimes difficult since one 1is

tempted to plck white Salmonella-like colonies and des-

criminate agalnst all others. This difficulty did not

occurr in the present study since all the colonies appeared
alike due to their prolonged storage in the reftigerstor.
Another problem, which is the one that still remains un-
solved, 1s the number of colonies necessary to be picked

to constitute a representative ssmple. Since there were

100 to 300 colonies on each plate, not all could be identified.

Consequently, the number 30 was sarbitrarily chosen. This
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resulted in picking approximately 10% of the total number
of colonies present on each plate. Whether every kind
of’ bacteria recovered on the plate would be encountered
among the 30 colonies pleked involves a chance problem
that still remsins to be solved. The problem is further
complicated by the unequal amounts of each of the bacterial
groups present, A bacterium, present as only 1 or 2

colonies among 300, would be likely missed no matter how
large a fraction of the colonies was picked. The whole
question 1s really one concerning the theory of sampling
and probably needs to be approached first by way ef

theoretical stastistica.

3. Fregquensy of Salmonsella

The high frequenecy of Salmonella encountered in

the specimens studied was remarkable and could not have
bsen predicted. The actual number found was 267 out of a
total of 587 strains of bacteria isolated or 45.L%. By the
Chi Sauare test, this was found not asignificantly different
from 50%. Therefore, in this specimen collection from

6 snakes and 1 lizard, the Gram negative bacteria in the

cloacal dejecta were about 3 Salmonella and % other kinds

of bacteria. The figure, 50%, cannot be compared to the
results of other similar investligations. No one else

haes reported in a way so ss to present the frequency of




29.

Salmonella among the total strains of bacterie isolated.,
Other workers have examined a larger number of specimens

end found 2 high percentage of the individuals harboring
Salmonella., For example, Hinshaw and McNeil (1945) found
that 26.8% of the L1 snakes which they examined yielded
Salmonella. WMille, LeMinor and Capponi (1958) in examining
609 1izards from the region of Viet-Nam, found that L40% o-*

the individuels harbored Salmonella., Although, the frequencies

of the Salmonella in the positive asprecimens were not reported,

there 1s reason to suspect that the frequency was high,

If the Sslmonella were present in only small numbers, many

would tend to be lost during the isolating procedures and

the reported high percentages of Salmonella-yielding in-

dividuals would not be observed. Judging from the literature,
1t is not diffiecult to i1solate Salmonella from reptiles;

rather the opposite is true, that Salmonella are readily

encountered in reptiles. Furthermore, many individuals
appear to be heavily infected with Salmonella.

The Sslmonella types found, tend to be rare,
belonging te groups consisting of organisms with high-
numbered somatic sntigens. This means thét the antigens

were only recently discovered. S. gatow belongs to Salmonella

group C, a "lower" group. This is a group common in humsn

and animal salmonellosis. Since there are many organiams
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closely related to S, gatow, which are known to be pathogenie
for man, S, gatow can also he presumed to be & human pathogen,
given the opportunity, In an answer to a letter requésting
information about the isolation of S. gatow, Keuffmann (1960)
replied: "I received S. gatow in April, 1959 from Dr. S,
Hofmann, Robert Koch Institute, Berlin, for confirmetion.

The culture was isolated from sewage in Berlin-Gatow. The
type is not published as yet." Each of the other types
isolated has been found in human infections except S. ramat-
gan, which has been reported only onece before, from a

snake in Isrsel,

4, Intestinal Flora of
Wild and Captive Reptiles

In comparing the kinds and frequencies of bacteria
found in this study with those obtained in the study of
ecaptive reptiles by Yarashus (1959) and Halkias (1959),

2 major differences immedlately stand out: 1) the high
frequency of Proteus in captive reptiles and its complete
absence in wild reptiles, and 2) the high frequeney of

Salmonella in wild reptiles and its relatively low fre-

queney in captive reptiles. These differences would seem
to imply that a major change took place in the reptilian
Intestinal flora during captiviity, 1i.e., it changed from

the wild type with Salmonella predominating, to the captive

type in whieh Proteus was predominant., It 1s therefore
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tempting to formulate the hypothesis that the Salmonella
present in high frequency in wild reptiles are replacgd
during captivity by other bsecteria such as Proteus. Howevever,
there is atill insufficient evidence in support of such a
hypothesis. For one thing, the comparison of wild and
captive reptiles should bs made with the same or very
similar kinds of animals, with similar living and feeding
hablts. The isolating and test procedures should be
ldentical for both studies, This was not so for the 2
;tu@ies compared here, since the work on captive reptiles
proceded from swab speciumens, while thst on wild reptiles
was done from dises, Furthermore, it should be remembered
that a conslderable number of colonies on the isolation
plates were nonviable by bhe time the cultural identifications
were begun. There is no evidence to suggest what these
nonviable orgenisms were, It is possible, although not
probable, that they might have been a Proteus component
of the wild reptile flora. If this were true, the argument
that Proteus is charascteristic of captive as opposed to
wild reptiles would not be valid. It would still be true,

however, thet Salmonellas were a major component of the wild

reptlle flora.
The present state of knowledge concerning the

intestinal flora of reptiles amounts to the following:
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1) There is sufficient evidence that Sslmonella
can be isolated from reptiles, especially
snekes, without difficulty.

2) The present study has contributed to this,
the knowledge, that in wild reptiles which
shun association with man, a large proportion
of the enteriec bacteria of the intestine
in a consgliderable number of individusls
consists of Salmonella.

3) On the other hand, there 1s a relative
evsence of Salmonella in captive reptiles,
and an increased proportion of Proteus, as
established by the work of Halklas and of
Yarashus,

What ia not known.l1s, do the above observations represent
replacement of a .14 type flora by a captive type flors?
A further study 1s needed, taking into account the
various factors mentioned., Most of the problems could

be solved by departing on a well-equipped safari to the

Belgian Congo.




TABLE |
DESCRIPTION OF BPECIMENS RECEIVED FROM THE CONGO

Tpecimen

OB S o
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General Description of Locale

No. Scientific Name Kind Where Animal Lived
2369 Bufo Toad Nagero. A settlement
2370 Rana mascareniensis Frog Nagero. A settlement
2400 Crotaphopeltis
hotamboel a Snake Nagero. A settlement
2406 Crotaphopeltls
hotamboel a Snake | Nagero. A settlement
2457 Mabuya sudanesis Lizard | Nagero. A settlement
2465 Crotaphopeltis
g hotamboela Snake Nagero. A settlement
2466 Phi lothamnus
. | heteroleplootus Snake Nagero. A settliement
3316 Crotaphopeltis Ndelele. A permanent guard post
hotamboel a Snake with 10«15 residents
3353 Scaphiophls Hdelsla. A permanent guard post
albopunctatus Snake with 10=15 residents
3384 Mabuya sudanensis Lizard | Away from human habltation in park
3385 Mabuya sudanensis Lizard | Away from human hablitation in park
3386 Mabuya sudanensis Llzard | Away from human habitation In park
3448 Mabuya Ndelele. A permanent guard post
quinquetaeniata Lizard | with 10-15 residents
3598 Chameleo senegalensis Savanna. Not a settlement, but
laevigatus Lizard - spassed by people every 3~5 days
3677 . |Mabuya Lizard | Away from human habitation In park
3819 Psammophis subtaeniatus
sudanensis Snake Avay from human habitation in park
3883 Crotaphopeltis Snake
hotamboeia Away from human habitation in park
4136 Natriciteres ollivacea [Snake Away from human habitation in park




SPEC IMEN

TABLE 11

DATES OF COLLECTION AND STUDY OF SPECIMENS

RECEIVED FROM THE CONGO

DATE DATE DATE

NO. COLLECTED FIRST PS..A‘!’ ING COLONIES PICKES
2369 March 9, 1959 March 25, 1559 | Specimen sterlle
2370 March 9, 1959 March 25, 1959 | Specimen sterile
2400 March 10, 1959 [ March 25, 1959 | Specimen sterlle
2406 March 14, 1959 March 25, 1959 Specimen sterile
2457 Karch 19, 1959 April 30, 1959 Specimen sterlle
2465 March 19, 1959 | April 30, 1959 | Early June 1959
2466 March 20, 1959 Aprll 30, 1959 nid June 1959

3316 April 2, !959 April 30, 1959 | Late June 1559

3353 April 7, 1959 April 30, 1959 | Specimen sterlle
3384 April 9, 1959 April 30, 1959 Specimen steriie
3385 April 9, 1959 April 30, 1959 Specimen sterile
3386 April 10, 1959 April 30, 1959 Specimen sterile
3ls3 aoril 11, 1959 | April 30, 1953 | Specimen sterlle
3598 April 21, 1959 May 31, 1959 Specimen sterile
3677 April 23, 1959 May 31, 1959 wid July 1959

3819 May 2, 1959 May 31, 1959 Early July 1953
3883 Mey 2, 1955 May 31, 1959 Mid July 1959

4136 May 8, 1559 May 31, 1959 Late July 1959




TABLE (11

IDENT IF ICATION OF 56 STRAINS FROM SPEC IMEN #2465

GROUPS

Salmonella 27 13 | w

Atypical Coll 0 o b b

" Cltrobacter ) ) 2

Cloaca 1 o o

Escherichia 2 7 i 9




TABLE IV

IDENTIFICATION OF 46 STRAINS FROM SPECIMEN #2466

GROUPS

TOTAL

4 days 6 days

Cloaca 0 2 2
Hafnla | 15 3 18
Oxy tocum 0 1 1
Pen.

Asrobacter b 1 5
Pcn.

intermedium 7 6 13
Pseudomonas 0 4 4

36.




TABLE V

IDENTIF ICATION OF 53 STRAINS FROM SPECIMEN #3316

GROUPS W TOTAL
Salmonella 15 10 a5
Bethesda 0 i 1
Citrobacter 0 1 !
Escherichia 3 4 7
Hafnla 8 0 8
Pen.

Citrobacter 3 1 b
Paracolobactrum
intermedium 2 5 7

37.
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TABLE VI

IDENTIFICATION OF 128 STRAINS FROM SPECIMEN #3677

: B , R _IN
i : 3
GROUPS day day days days days |days ToTAL
Salmonella | 25 |16 |22 18 {12 |22 |5
Hefnla 0 o RE 7 5 0 13




TABLE Vil
IDENTIFICATION OF 109 STRAINS FROM SPECIMEN #3819

P A S ————
BROTH PLATED AFTER INCUBAT ING:

P

GROUPS 1 dey 2 days| 3 days 5 days | 8 days TOTAL
Salmonella 19 12 12 18 26 87
Bethesda 2 2 0 0 0 A
Pseudomonas 0 s 1o 3 0 18




TABLE VI

IDENT IFICAT IO OF 116 STRAINS FROn SPITIMEN 43803

Lo.

BROTH PLATED APTER INCUBAT ING:

GROUPS 1 doy| 2 3doys| 5 deys] © deys] TOTAL
titrobacter o 0 i 0 0 1
Lloaca ] & 0 1 4] i
imrima 0 ) 0 5 1] 16
Hafnia 20 7 15 4 o 6
Oxytocum o 9 6 é 3 2%
Pen. Llitrobacter g 0 ] @ 10 16
Psaudomonas 0 0 0 ! 7 8




TABLE IX

IDENT IFICATION OF 80 STRAINS FROM SPECIMEN #4136

L1,

BROTH PLATED AFTER INCUBATING:

GROUPS 1 day | 2 days| 3 days| G days| © days | TOTAL
Cloaca 0 0 i 0 0 ]
Hafnla L 20 n 16 15 66
Pcn.Citrobacter 0 3 3 } 6 13




TABLE X

h2 .

SUMMARY OF THE KINDS OF BACTERIA FOUND IN EACH SPECIMEN STUDIED
(Most Frequent Group Is Under!ined)

SPEC IMEN SCIENTIFIC NAME BACTERJAL
NO. OF ANIMAL GROUPS ISOLATED
65 Crotaphopeltis Salmonella
hotamboel a Atypical coll
(Snake) Clitrobacter
Cloaca
Escherichla
2k66 Phi lothamnus Cloaca
heterolepldotus Hafnls
(Snake) Oxytocum
Pen. Asrobacter
Pcn. Intermedium
Pseudomonas
3316 Crotaphopeltis 1
hotasbeel a Bethesda
(Snake) Clitrobacter
Escherichia
Hafnle
Oxytocum
Pcn, Cltrobacter
Pca. intermedium
3677 Mabuya 1
~ (Llzard) Hafnla
3819 Psammophl s §gl§§¥glgg
subtaenlatus Bethesda
sudanensis Pseudomonas
(Snake)
3833 Crotaphopeltis Cltrobacter
hotamboela Cloaca
(Snake) Escherichia
Hafnia
Oxytocum
Pcn. Cltrobacter
Pssudomonas
L4136 Natriclteres Cloaca
olivacea £,
(Snake) Pcn. Cltrobacter




TABLE XI

ENTERIC FLORA OF THE SNAKE, CROTAPHOPELTIS HOTAMBOEIA

(Most Frequent Group is Underined)

i

i

SPEC INENS FROM THREE INDIVIDUALS

L3,

#2465 #3316 #3883
Salmoneils Salwonella Citrobacter
Atypical cotl Bethesda Cloacs
Cltrobacter Escherichia Escherichia
Cloaca Hafnia Hafnis
Escherichis Oxytocus Oxytocum

— ~Pens Cltrobacter Pcn. Cltrobacter
Pcn. intermedium Pssuodomonas




TABLE X1l

BITERIC FLORA OF TWO KINDS OF SNAXES
(Most Frequent Group is Underlined)

SPEC IMEN #2066 SPECIMEN #4136

Philothamnus Natriciteres
Kﬂt.ﬂﬂqﬂ dotus Olivacea

Cloaca Cloaca
Omytocum Pen. Cltrobacter

Pcna nrobmur
Peny lntamdlm
Psmm

TABLE XH!

ENTERIC nm OF THE LIZARD, WA
(most Froquent Group Is Underlined)

IM

SPECINEN #3677

salmoneile
Hafnle




COMPARISON OF FREQUENCY OF GROUPS OF ENTERIC BACH.LI

TABLE Xiv

iN WILD AND CAPTIVE REPTILES

Loe

wiLD SAPTIVE REPTILES
CROUPS gi:TlLEs Tur%!:s .:4 %;;:fs i
stralns | % | scralng | % Seralns| %
Salmonella 267 5.4 1 10.2{ 6 5.0
Hafnia 151 2547 3 2.8 2 1.6
Paracolon ho 6.8 3 7.4 1 G.8
Escherichla 36 6.1 5 Ll 7 5.8
Pseudomonas 30 5.1 i 0.9 3 2.5
Oxytocum 29 nol 3 2.8 1 0.8
intermediate 20 3.4 2 1.8 & 3.3
Cloaca 5 0.8 3 2.8 o -
Bethesda 5 0.8 2 1.8 0 -
Clitrobacter 4 0.6 3 28.0| 26 21.6
Proteus 0 - 24 22.4] 49 40.8
Alcaligenes 0 - 6 5.6 11.6
Arizona 0 - 6 5.6 3 2.5
Lophomonas 0 - v} - 2 1.6
Klebsiella 0 - i 0.9 1 0.8
Anltratum 0 - 0 - l 0.8
Serratia 0 - i 0.9 0 -
TOTAL 587 107 120

* Taken from O. Ylfashus, ‘959) M. S. Thesis
#** Taken from D. Halkius, 1959, M.S. Thesis
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TABLE Xv

SEROTYPIC IDENTIFICATION OF 257 STRAINS OF SALMONELLA
{SOLATED FROM WILD REPTILES

SPECIES ANTIGENIC SPECIMEN NO. & FRE- *
IDENTIFICATION |  FORMULA NAME FROM WHERE QUENCY
ISOLATED

#3316
S. champalgn | 39: k: 1,5 Crotaphopeltis 15/53
, hotamboeia (Snake)

#3316

Crotaphopeltis 6/53
hotamboela

#3677
Mabuya (Lizard) 112/128

$. plymouth 46y d: Ze

#3316
S. ramat-gan 30: k: 1,5 Crotaphopeltis 2/53
hotamboela

N #2465
$. tel=avlv 28: y: ‘l’:z;s :;:m:lﬂi 39/56

#3819

Psammoph!s
$. gatow 6,7: y: 1,7 subtaeni atus 83/109!

sudanensis (Snake)

L

Numerator: HNumber of !g!g%ﬂgllg strains;
Denominator: Total number of strains.
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CHAPTER VI
ST¥MARY AND CONCLUSIONS

The essential findings in the research were:
wighteen specimens were collected from wild reptiles
at locations in the Belgian Congo, Judged to be remote
fﬁam human habitations. The apecimens were of cloacsl
contents which were dried on filter paper dlscs, sealed
in cellophéna envelopes esnd sent by Air Mall to our
laboratory. The zoologist who identified the reptiles,
stated that the animsls chosen were kinds which are
known not to assoclete with man., These anlmals also
tend tc feed on insects and plants and are not known to
feed on rodents. This 1s important, because it
supports tha idea, that the bacteria, subsequently
isolated, were native to the reptiles and not acquired
by ascoeciation W th man.
Of the 18 specimens, 11 were inoculated scantily and
were sterile on arrival, leaving 7 for further study,

6 from snakes, snd 1 from a lizard.
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3) The dried disc method of trensporting specimens
was effective in preserving the mixed bgcterial
flera, providing that the disc wes heavily
inoculated at the onset.

li) Streaking plates more than once from the
enrichment broth was of value in revealing
components of :he flora thst would otherwise
have besn missed,

5) A total of 587 cultures isolated from these
specimens were examined biochemlically and
clagslfled #s to bacterial groups, either
genus, species, or type, according to the
acepted methods of clessificaetion.

6) The most frequent group encountered wss the

Salmonella of which 267 streins were isolated

or epproximately S0% of the total. These were

1dentified as the types, champsasign, plymouth,
remat-gan, tel-aviv, and gatow,

7) Strains of nine other major groups of bacteria
were isolated, These were 151 Hafnile,

4O Paracolon, 36 FEscherichia, 30 Pseudomonas,

29 Oxytocum, 20 Intermediate, 5 Cloaca,

5 Bethesda, and Ly Citrobacter.

From these experimental results, certain deductions

and interpretetions arise:

]
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In comparing the types and frequencies of
bacteria isolated from wild reptiles with those
isoclated from captive reptiles, some differences
were noted, Whero.s Proteus was most frequent
in captive ganimals, not & single strain was

isolated from wild reptiles. Salmonells

was the most freguent grcup isoclated from
wild reptiles, but it was only occasionally
isolated from captive reptiles. Roth, the
wild and the captive rentiles showed a
surprisingly low frequeney of the ecliform
group.

Many wild reptiles are apparently healthy

carriers of Salmonella. They may therefore,

constitute an hitherto unsuspected reservoir

of salmonellosis.

Among the many additiocnal problems and projects

suggested by this study, the following may be mentioned:

1)

This limited investigation does not of course,
exhaust all the information which could be
obtained about the wild reptilian intestinal
flora. A more complete pleture of the flors
could be drawn if a larger number of specimens
were examined and studied in greater detail.

It would be most advantageous to carry out
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h)

this type of study in a laboratory where

wild reptiles were convenlently evallable,
Since repeated plstines of the specimens

became of value in “stecting growth of late
growing bacteriz, otherwise absent in the
earlier hours of incubaticn, 1t would be
beneficial to know exactly how many platincs are
necessary to recover every possible orranism,
the dried disc could be suspended and plated

in such a wsy 89 to recover the entire contents
of the disc on 1 or more plstes.

Further study 1s necesssry on the effect, if
any, of assoclation with man on the reptllian
intstinal flora; for example, a parallel
investigation could be carried on by deli-
berately choosing some animals in contact

with humesn habitations and some from man-

free sources,

A considerable proportion of colonies present
on the old desoxycholate plates proved to be
dead, It would be of interest to determine if
these reprssent any definite groups of bacteria

€.2., Escherichia and Citrobacter. The questién




51.

could eacily be approached experimentelly as
part of a studyv of the viabllity of pure cultures

on verioue media st different temperatures,
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