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ENTERIC BACTERIA
 
FROM REPTI LES (1)
 

BY 

PHILOMENA A. SZAfRAN (Chicago) 

CHAPTER I. 

ln troduction. 

1. REASON FOR PRESENT STUDY. 

Only a limited amount of investigations have been devotec! ta the 
intestinal flora of l'eptiles. Most published reports l'eveal as theit' main 
abject i.L search fol' certain l'estricled kinds of badet>ia especially those 
of the Salmonella and Arizona groups. On the bnsis of the frequencies 
of the ol'ganisms belonging ta these two groups and the numbers of 
new types encounterec! in the reptiles, a hypothesis was formulated : The 
bactel'ial flora of the inLestinal tract of reptiles diffel's fmm the mammalian 
by its high frequency of bactel'ia belonging to the Salmonella-Arizona 
categories and the comparative scarcity of the coliform group of bactel'ia 
which predominale in lhe mnmmals. 

Sorne delailed studies of the intestinal ftoril of reptiles hilve been pel'
fOl'med by D. YARASHUS (1959) and D. HALETAS (1959). In these stuc!ies 

(') A Thesis SublltiLtecl la Lhe FaclIlI.y of the ['l'aclllute School of Loyola University 
ill Partial FulfiJIment 01' the neqllircmellts for the Degree of l'Iaster of Science 
(.lune 1960). 
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of captive reptiles at two local zoos, differences were 
reptilian and mammalinn intestinal floea. However, 
queslion unanswered : \Vas theinleslinlll flol'a of Lhe 
any extenL by their captivity 
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l'lG. l, - Map of the COllgo clepictill:" 1"e location of the Parc National cie la Gal'amlJ;)', 

About Lhis Lime, occasion arose fol' securing specimens from wild 
reptiles. This provided the malerial for the present investigaLion. There
fore, lhe objeclives of Lhis sLudy are: 1) lo idenLify FI lal'ge collecLion of 
bacLeria isolaled f('Qm wild l'elJliles ilnd 2) lo compare these with the 
organisms isulaLed from capLive l'epLiles in lhewol'k of YARASHUS and 
of HALl\lAS. 
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2. PLAN Of THE WORK. 

ln the Spring of 1959, Dl'. R. INGER, of the Chicago NuLul'al History 
Museum, participated in an expedition to the Parc National de la Garamba 
in the Congo, to study and collect reptiles and amphibians. He agreed 
lo dry some specimens of fl'esh inLesLinal contenLs inLo sterile filter-paper 
dises and for'wal'd these airmail to Chicago. The Parc authorities consented 
Lo Lhis additional work and coopel'ated most fully. 

As the specimens wel'e l'eceived, they wer'e immediately plnced in bwin 
heart infusion bl'oth aftel' which desoxycholale agilI' plaies were streaked 
aL intel'vals of incubation to obLain isolated colonies. These plates wel'e 
)'efl'igerated until fUl'thel' work could be perfonned. Then, about 30 colonies 
wel'e picked fl'om each plate, replnted to insul'e purity of the cultures and 
stock cultmes wel'e established.SubsequenLly, the cultures were identified 
by the usual bactel'iological meLhods. Those which possessed typical 
Salmonella characteristics were sent to the State of Illinois, Department 
of HeaIt, entel'ic labol'iltories fol' serotypic determinations. 
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CHAPTEH. II. 

Review of Iiterature. 

1. PREVIOUS SUMMARIES. 

ApproximateJy 37 published reports concerned with the bacteria! flora 
of reptiles were reviewed in the theses of YARASIIUS (1959) and HALKIAS (1959). 
In reviewing this literature ugain, the possibility of reptiles being a source 
of Salmonella organisms wns again apparent. For example: HINSI-IAW 
and Mc NEIL (1947)' reported the isolation of Salmonella rubislaw and 
paracolons antigenically relaled ta Salmonella from Pacific fenee lizards 
(Scel01JOruS occidentalis occùlcntalis) in California. In 1954. HmscH anr! 
SAPIRo-HIRSCH found 9 different serotypes of Salmonella in the feees of 
tOl'toises eaught in Israel. M.ILLE, LEMINOR and CAPPONI (1958) isolated 
248 Salmonella of various serotypes from autopsies of lizards (Leiolepis 
belliana (jUltllta) , in central and south Viet-nam. Dming a eomse of 
investigations in the Belgian Congo, VAN OYE (1952, 1953, 1955) isolatec1 
Salmonella from various sources including snakes. In another report 
from the Belgian Congo, VAN OYE, GHYSELS, and GLAUDOT (1958) describe 
a new type, Salnwnella lciTuambo, which they isolated form the intestine 
of a common lizard. As indieilted in the few reports summarized above, 
the OCCUITenee of Salmonella in the intestinal tract of reptiles is definitely 
not confined Lo a specifie area. Isolations of Salmonella organisms from 
reptiles were encounleredin North America, Emope, Asia, the Far East, 
and Afl'ica. 

In most of the reviewed reports, no descriplions were included uf the 
actual surrounding of the animills at the lime of captul'e. The reports seem 
to indieate lhat most of lhe wild reptiles wefe captl.lred in vicinities close 
to human habitations. Il is very Iikely lhat lhese supposedly wild animaIs 
could have picked up lhe orgnni"l11s by nssocinlion \vilh man, his sewage 
or his gtu'bage. No ilcll.lal eviclence WilS offered la prove that the Salmonella 
urganisms were native Lo the repliles. 
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2. ADDITIONAL L1TERATURE. 

Since lhe work of YARASHUS (1959) and HALKIAS (1959), there have been 
lldditional publications concerned with baderiological findings in reptiles. 
There are also several papers which were omitted in their revievvs. 

\VITTlG, SULZBACHER and SEELIGER (1958) described a new Salmonella 
Lype, S. halle which they isolated from a tmUe fecal specimen in a zoo in 
Germany. HEMMES (1958) }'eported Lhe transmission of S. newport by 
tortoises (Testudo g1'aeca) in Lhe Nelherlands. CLARENBURG and KAMPEL
1ACHER (1959) isolated Salmonella from various sources in the Netherlands 

including a Boa constrictor snake, from which they isolated S. typhi murium 
and S. potsdam. A numbel~ of tOl'toises which originuted from the Medi
terranean region and ,vere il11ported to Oslo, were examined by BOVRE 
and SANDI3U (1959). NineLeen sel'ological types of Salmonella type, S. ramat
gan was isolatecl by SAPŒO-HIRSCH, ALTMAN and HmscH (1959) from the 
snake Colubcr nmnmijcr in Israel, which was caught by a person bitten 
by this snake. 

More pertinent 1,0 the present slucly are the reports by investigators 
studying )'eptiles in Aft·ica. LEMIi\'OR, DARRASSE and CHARIE-MARSAINES 
(1959) described three new Salnwnella serotypes isolated at Dakae, West 
Africa, from lizn.rds (A.gama agmna savatieri). The three types were named : 
S. oukam, S. camberene and S. yojt. At Brazzaville, LEiVIINüH, 
RAVISSE und DIŒAN (1958) isoJaLed Lwo new Salnwnella seroLYlleS from 
snakes. The one serotype was named S. bacongo isoJated from the snake, 
Philothamnu semi-varicgll/us, and the othee was S. gwnaba, isolated from 
the snake, Crotap/wpcltls hotwnbciu. /wlambeia. Another new Salmonella 
serotype, S. tanga was isolated by LEl\1INOR, NEEL, DELAGE and DREAN (1959) 
from a tortoise (Testudo graeca) in Tangee, . Iorocco. 

Besides Salmonella, repti les have been found to harbom another grou p 
of organisms, the Arizona, which is closely l'elated to the Salmonella. 
They were first isolated from fatal i.nfections of certain reptiles in Arizona. 
Antigenically, the A.rizona group is so similar io the Sal17wnella, that 
frequently it is difficuH to diffet'enLiate one ff'om the othel'. The evidence 
fol' pathogenicity is also similar in both the Salmonella and .4.rizona groups. 
LE:\!JrNOR, l:'DWARDS, Fn'E, CHAMI30N and RAVISSE (1959) isolated six new 
Arizona sel'otypes from normal repli le in Saigon (Indochina) and Brazzaville. 
They described the üntigenic relationships of these serotypes to Salmonella. 
Another six new ftrizona serotypes were isolated by FIFE, EDWA'RDS, LEMINüR 
and SERIE (1959) from normal l'epti les in Ethiopia, Theil' antigenic relatioll
ships to Solmoncll!l \Vere also descrih d. Adctilional ATizona types of orga
niSl11s were }'ecovered frolTl reptiles de. cribed as « norlTlal » hy EDWAHDS, 
LEMINOR and FIFE (1958). .1\. LoLal of 6 new types were encoulllerecl, from 
snèlkes in the l'egions of Saigon, Ethiopia and Brazzaville, and from chame
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leons in Tunis. The antigenic strudure of tbese or-ganisms was descr-ibed 
and Lheir relationships to Sal17wnella indicated. SEillE and LEMINOR (1959) 
examined 575 snakes from Erytria and Libya, of the familles Co'7{hrirl17l' 
and Viperidae. No Salmonella were isolated from individuals of the 
Nultia genus, but Arizona and Salmonella \Vere isolated from the snake 
Dendraspis (Colubridae), and fl'Om individuals of the family Viperidae. 

3. DEDUCTIONS. 

No Lrue picLur8 of the intestinal flora of reptiles can actually be dnl\\ïl 
even afLer an exhaustive l'eview of the pertinent literature. This is due 
to Lhe invesLigatol's'failur'e to indicate the presence Ol' absence of other 
bactel'ial types in their search for new serotypes of Salmonella and Arizona, 
Published reporLs give the impression thcü no other enteric bactel'ia \vere 
present in the reptiles investigated. In any event, the irnpression has been 
created, Lhat Salmonella is Lhe mosL common and most abundant organism 
found in reptiles. As the Iiteratme indicates, the Of'igins of the reptiles 
studied were vnriable,in Lhat sorne animaIs were imporLed from othel' 
countries, some were caught in the wild sLate on l'anches, bam-yards, fat'ms, 
etc., and others were children's 'house pets. Information \ovhich vluuld 
describe the habitat of the animaIs is absent in most reports. It seems 
likely, that in most cases, the animaIs \Vere in close association wiLh humnn 
habiLation priOl' La captUl'e. Therefore, the sLudy of Lhe intesLinal flora of 
reptiles as such, has not as yeL been sntisfacLol'ily accomplished, due to 
Lhe uncerlain elements of human contaminaLion. 

-i, FURTHER STUDY. 

Heview of liLel'ature shows a need fol' a study defining the bacLeriill 
flora of reptiles in their na live sta te. This study should be made by iden
tifying aIl the kinds of bacteria present, not by selecLing only Salnwnelln. 
or flrizona. For technical l'easons, il would he best to lil11'it this st.udy to 
the entel'ic baciIli, which could be isolated and identified accor-dying to 
a selected group of well-clefined pl'oGeclures. 
dl'ied cloacal clischarges fl'om reptiles in the 
mance of the following study. 
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CHAPTEH. III. 

Materials and methods. 

1. COLLECTION OF SPECIMENS. 

Befor-e Dr. II\GEH departed for his field trip la the Congo, he WilS given 
a supply of sterile filLer puper discs (SCHLEICHEH and SCHULL, No. 740 E) 
enclosed in cellophane coin envelopes. Specimens from the wild reptiles 
were collected by immersing filter paper discs in fresh cloacal deposit of 
capLul"ed animaIs, afler which the discs were placed in lhe cellophane 
envelopes and sealed. Each envelope ~was labeled wilh the colleclion 
number that WilS assigned ta reptile specimen itself. The specimens were 
senL ta Chicago by Ail' lait. The suitabiliLy of lhe dried disc method fOl' 
ll'anspol'ting specimens has b en reviewed by YARASI-JUS (1959) and \VilS 

sUPP0I'Led by his experimenls. 

2. PLATING OF SPECIMENS. 

Vpon receipl, each specimen disc W~lS immediately placed in 10 ml uf 
Brain Head Infusion broth (Difco) contained in a 16 by 100 mm tube. 
The lubes were incubated al 30 oC for val'ious amounts of Lime. Sarnples 
fI'om each Lube \-vhich showed growth were then plated on large (150 mm 
diameler) Petri plates conlaining Desoxycholate agar (Difco). Of the 
18 specimens received, 11 proved ta be sterile: these were specimen numbers, 
2369, 2370, 2400, 2406, 2457, 3353, 3384, 3385, 3386, 3448 and 3598. Others, 
however, grew rapiclly and heavily; they were plated at va1"ious times as 
follows: numbers 2465, 2466 and 3316 were plaled afLer 4 and 6 clays 
incubation; number 3677 WilS plilted afler l/~' 1,2,3,5, ancl8 days; specim€n 
numbel's 3819, 3883, and 4136 \Vere plated artel' 1, 2, 3, 5, and 8 clays incu
bation. A taLaI of 27 plates iLccumulalecl fl'om the 7 speeimens whieh showecl 
gwwth in the broth. The plates were sLored in the l'efrigerator until \VOl'k 
on them could be continued. 
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Aes:3. ISOLATION OF COLONIES. 
5,0 % 

Artel' storage of 1-3 morühs in the colcl, i olation of colonies on lhe lur'ge in 1a 

Desoxycholate plates begnn, There wer'e approximately 100-300 colonies minecl 

on each plLile. IL wus decided, that arepresenLative sumple of the bacteria were E 

on euch plale could be obtained by picking 30 colonies fl'om euch plale. solic\ 1 

The 30 colonies were pieked ut random inLo Brain Heart Infusion broth, leLruzo 

lrying to avoid partiality to colonies which possibly hud gfOwth character The rr 

isLics of Salmonella. Thiswas not difficult to accomplish, since most of the 

of the colonies were allel'ed in a way that made them all similar in appear or negi 

ance, because of Lhe pfOlonged stomge in the refrigerator. As each was special 

picked, the general gl'ovvth chal'acteristics of the colonies were l'ecorded of lhe 

on the l'everse sides of special cards used in this laboratory for the iden Lially t 

tification of organisms by biochemical methods, A number was assigned of the: 

to each 1s01ate, which wus also entered on the special curd beal'ing its of enle 

colony gl'owth chal'acLerislics and date of isolation. In an, 810 bacterial Cla~ 

colonies were fished from the 7 specimens. AH the tubes were incubatecl of assi 
ovel'llight at 30 oC, Each was re-sLreaked on a standard Desoxycholate names 
agar Petri plate and artel' 24 hoLll's incubation nL 30 oC, the pUl'ity of KACFFf, 

the culLUl'e \Vas evidenl. Stock cultures were eslablished of each isolale tel'isLic 
by stabbing duplicate tubes of semisolid heal't infusion agar. The perma lhem L( 
nent stock numbel' was placed on each tube, und the tubes ,vere ston:d 1800 YI 
in the l'efrigeralor. each p< 

bacteri, 
laboruL 

4, METHOOS OF IDENTIFICATION. cooperi 

At L 
Artel' completing the isolation of the colonies from each of the 27 plates, lhe l'es 

the growths from the brain heart infusion bl'Oths were inoculated into one fd 
various media fol' biochemical identification. Details fol' each of Lhe media to 5285 
and the general procedures wel'e essenLially lhose presented by SIGTE\JIOHST a pur
(1954) with slighL modifications, EIGTENHORST employed the following 17 tesls plLLtin
fol' the identification of enteric microorganisms : deacl u 

adonitol, glucose fol' acid and gas, lactose, maltose, manniLol, SUCl'ose, the 25 
xylose, Ul'ea, indol, meLhylred, Voges-Pl'oskauer, citl'ate, gelaLin, motility isolale: 
and sulfide. was e31 

the prE 
~ Il the cal'bohydrates were added in 0,5 % arnoun ts to PLll'ple Bl'Olh than 11 

Base (Difco). Fermentation of laclose was Lested in both 0,5 % a.nd 10 % maticll 
concentrations of lactose; the 10 % concentration was added to Purple is anal 
Aga\' Bnse, ln addition to these tests, 8 more were employed in the present 
sLudy, whieh iu'e Lhe following : 

aesculin, dulcitol, salicin, phenyl pYl'uvic acid production, production 
of ni tri te and gas in Nitrate broth (Difco), and the oxidutive-fermen tati ve 
pl'operty. 
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Aesculin WilS added in 0,5 % amounLs wiLh the addiLion of 5 ml of 
5,0 % Fenic Ammonium SulfaLe pel' 100 ml of broth. Salicin was used 
in a 1,0 % concenLnlLion. Production of phenyl pyrovic acid was deterse 

es	 mined in phenylalanine agar (Difco). The oxidative-fermentative properLies 
were studied in Hugh-Leifson semisolid agal' (Difco). The moLiliLy semiin 
soliq medium was modified by the addition of the indicator', Ll'iphenyl
teLrazolium. Al! inoculated media were incubated aL 37 oC fol' 24-48 houl's. 

c, 
h, 

The media which necessitaLed the addiLion of l'eagenLs fol' development 
of the tests wel'e incubat.ed fol' 48 homs. The biochernical l'eactions, positive 

:1.'

Isl 
or negaLive, of each organism in each medium, were recorded in Lhe proper' 

ilS special identification card. These cards constiLute Lhe pel'manent recol'd 
of the results obtained. Al! the procedures thus far followed were essen

1'

~d 
Lially the same as those employed by YAHASHUS and by HALIUAS. A sarnple11
of the special cm'ds used in Ihis laborutory fol' Lhe biochemical idenLification~c1 
of enteric bucteria cun be found in eiLher thesis.ls 

al Classification of each organism from the biochemic,tl reactions consisted 
~d of assigning u group name ta each organism. The busis fur Lhe group 
te IlameS was found Im'gely in the manuals of the Enterobacteriar:eae by 
of KAUFFiVIAI N (1951) and EDWARDS and E\VING (1955). Ol'ganisms \Vith charac
Le teristics typical of Salmonella were studied in gl'eaLer detail by submiLting 
jl- them Lo the enLel'ic luhoratol'Y of the State of Illinois, Department of HealLh, 

1800 W. Fillmore SL., Chicago, IlJinois. CompleLe serological analysis of 
each possible Salmonella "vas perfonned by Ml'. M. LESKO, the head enteric 
bacteriologist. The type names of each Salmonella were then sent ta OUf' 
la.boratOl'Y. This valuüble contribution was possible Lhrough Lhe kincl 
cooperation of Dr. H. J. SHAUGHNESSY, Chief, Division of Laboratories. 

At Lhe completion of the expel'i mental work, identification cal'ds bem'ing 
!S, the resulLs of al! the tests of	 each organism isolated had accumulated in 
10 one file. The file consisted	 of cUl'ds laheled wiLh stock numbers 41158 
lil to 5285. A total of 827 catds wel'e accumulated. Each card represented 
T u pme culture del'ived from an isola Led colony picked from the ol'iginal 
ts plaLings of the specimens. However, 240 colonies out of Lhe 827 wel'e 

dead upon heing picked, leaving a total of 587 which \Vere viable. Thel'efÜl'e 
l' , Lhe 25 biochemical reaclions employed were tested on each of the 587 
y	 isola Les and each culture was accordingly idenLified. Since each culture 

was examined for' a minimum of 25 chu.racteristics, each of which requil'ed 
Lhe peepamtion, inoculation and testing of 1 tube of culture medium, mOl'e 

h	 than 14.675 tubes were used in Lhe sLudy. This effort provided the infor
mation concerning Lhe natUL'e of Lhe intesLinal f10ra of wild reptiles which 
is analyzed and discussed in Lhe sllcceedil1g chapters of Lhis thesis. 

Il 

e 
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Tables l through XV present the results obtuined in this investigation. 
of Pa 

Table l, page 20, descl'ibes in general all the specimens received from 4 of J 

Lhe Congo. A Lolnl of 18 specimens was recei ved. The specimen number li fLer ' 
which conespond ta number: of lhel'epti1e specimens Lhemselves, are Ta. 
arranged in Lhe numerical arder which a1sois the arder in which they specin 
,vere received. A varieLy of gf"OUPS of reptiles wel'e invulved in the nella,
specimen collection. Of Lhe total 18, 9 specimens were obLained from 4 sLrai 
snakes, 7 from !izards, 1 from a toad (Bufo) and 1 fl'om a fl'og (Rana). and 8 
'l'he snake Crolaphopcltis lWlamboeia, is represented by specimens from 5 \vere 
individual snakes, and the genem Philolltamnus, Scaphiopltis, Psammophis, 4 day
and Nalriciteres ure euch repl'esenLeci by a specimen from 1 individual. only il 
Of the specimens collected fwm lizal'ds, 5 were collectecl from Mabuya suda which 
nensis, and 1 was obLained fl'om a true charneleon, Chameleo senegalensis Tul 
laevigalus. A general descriplion of the locale whel'e the animaIs were fronl ( 
captmed is also included in Table 1. AIl of the animnls were capLUl'ed Salmo 
in the viciniLy of a guard posL wiLh 10-15 residents. Six specimens were was rI 
collected from lizards and snakes which are capLured in a spoL complete1y howev 
isolated tram apparenL human habitaLion. appeill 

Unfortunately, not all the specimens which \Vere receivecl could be by thE 
sLudied. This was due ta Lhe sLerile condiLion of many, which was evidenL 'l'al 
from their failul'e ta grow in cullUl'e media. 'l'able II, page 21, !isLs the from ! 
11 specimens which proved to be sterile and the remaining 7 which grew Lhe S 
und subsequenLly were sLudied in deLai!. Dates of collecLion, fj l'sL plating-, (18 st 
and appl'OximaLe dates of colonies picked are a1so indicated in Table II. Lhe Sill 
The specimens wel'e collected in March, April, nnd May of 1959 and encoUi 
arrlved in Chicago in the laiter parts of these 3 months. On the average, subsE'c 
26 clays elapsed beLween the time Lhe specimens wel'e collecled llnd Lhe and lJ 
time they were received aL our laborü Lary und initially plated. Approxi The " 
mately 45 days elapsed between the pla Ling of the speci mens and fishing 'l'a 
of the colonies. Therefore, Lhe average time spenL between the collection the 1 
and shipment of specimens and the acLual isolation of bacLeriül colonies (: Ilrol 
was 2 112 months. (!tG sl1 

Tables III La IX enumeraLe all the bacLerinl groups isolated fl'om each Pseu 
of Lhe specimens and bhe number of strains of each group encountered fr-om and LI 
plaLings after Vill'ious incubation times. Each of these 7 tables is devoted incubi 
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ta one of the 7 specimens. 'fhe bacterial groups ure listed alphabetically, 
wiLh the exception of Salnwnella which was placed first in the lisLs. 

'fhe kinds of bacteria isolaled from 2 plates of specimen No. 2465 ure 
shawn in Table III, page 22. A total of groups as follows : f10 strains of 
Salmonella, f1 sLl'ains of ALypical Coli, 2 stl'ains of Citrobacler, 1 strain 
of Cloaca und 9 strains of Escherichia. The Sal17wnella proved ta be type 
lel-aviv. 

Table IV, page 22, shows the 6 differenL groups of bacteria isolated from 
2 plates of specimen No. 2466. A total of 46 sLl'ains were idenLified as follows: 
18 stl'ains of fla/nia, 5 strains of Paracolon aerobacler, and 13 sLrains 
of Paracolon inlennedium. Two struins of Cloaca, 1 of Oxylocum a.rlel 
4 of Pseudomonas, were isolated only after 6 days incubation and not 
afLel' 4 days. 

Table V, page 23, shows Lhe bacLerial groups isolated from 2 plates of 
specimen No. 3316. Firty-three sLrains wel'e identified, 25 of which Salmo
nella, 1 sb'aln of 13ethesda, 1 stl'uin of Citrobacter, 7 stl'ains of Escherichia, 
4 stl'ains of Paracolon citrobacler, 7 sb'ains of Pamcolobaclrwn inlermedùl11l 
and 8 sLrains of Ha/n.ia. The single stl'uins of Bethesda and Citrobacter 
were isolaled afLer 6 duys of incubation and were not encountered after 
4 days incubation. Uil/nia was not found aiter 6 days incubation but 
only afLel' 4 clays. Thr-ee Salmonella types were found in this specimen, 
\-vhich \vere: S. c/wmpaign, S. plymouth, und S. ramal-gan. 

Table VI, page 23, shows Lhe identification of 128 sLl'ains of bilcLeria 
from 6 plaLes of specimen No. 3677. Two baclerial groups wel'e found, the 
Salmonella (115 strain"), and the Ha/nia group (13 strains). Salmonella 
was r-elutively just as ubunclunt fol' the whole 8 days. The Ha/nia group, 
however, was not encounLel'ed dming the first 24 hours of incubaLion bul 
appeared only afLer 2 days and pel'sisted through the fifLh day, disappearing 
by the eighLh day. The Salmonella type proved Lo be S. plymoulh. 

Table VII, page 2f1, shows lhe identification of 109 sLrains of bacleria 
from 5 l)lates of specimen No. 3819. 'l'hree bacterial groups were found, 
the Salmonella (87 sLrl.lins), Bethesdrt (4 strains), élnd Pseudomonas 
(18 strains). Again, the incidence of Salmonella remüined approximately 
the same thl'oughout the 8 days of iru.;ubation. The Bethesda group was 
encountel"ed after 1 and 2 days of incuhation, but was not isolaLed afte!" 
subsequent incubations. Pseudomona' was isolaled aner 2 dilYS incubabon 
and persisted aftel' 5 clays, buL it WilS noL found artel' 8 days of incubation. 
The Salmonella isolüted from this specimen probed to be type, S . .gatow. 

Table VIII, page 2fl, shows the 7 groups of bacteria isolated among 
the H6 strains from 5 plates of specimen No. 3883. The 7 groups v/ere 
Citrobacter (1 strain), Cloaca (1 slt'ain), Escherichia (16 sLt-ains), Ha/nia 
(46 strains), Oxylocum (26 strains), Paracolon cil.robacter (18 strains) and 
Pseudomonas (8 strains). Only Ha/nia was isolated afler 1 day of incubation 
ancl Lhe rel11aining groups were observed afler aL least 2, 3, or 5 clays of 
incubation. 
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Table lX, page 2/1, shows the identification of 80 str-ains of hacteria reptiles. 
fl'om 5 plales of specil1len No. 4136. Three groups were identified which not obsel 
are Lhe following: Cloaca (1 sLrain), Ha/nia (66 sll'tlins), ane! Paracolon [(le bsielll 
citrobacter (13 strains). The Ha/nia group persisted throughout ull the present i 
Limes of incubation. PaTacolon citrobacter appeared first afLer 2 days lizards, \ 
and was isolated artel' a1l the incuba Lion times thereafLer. Cloaca \.vas The SI
observed only artel' 3 days of incubation and not at any othe!' Lime. page 28. 

A sumrnary of ail lhe kinds of bacteria found in each of the speciIm;n are the f 
studied is presented in Table X, page 25. The most frequent kind of bacteria and S. g 
encounLeree! in each specimen is indicatecl by the underlined group. This table and 
was Salmonella, \vhich WIlS mosL fl'equent in 4 of the specimens, namely, ff'Om wh 
Cl snakes ane! 1 lizal'd, and Ha/nia which was most Ü'equenL in the 3 shows, a 
remaining snake specimens. AL least 2 different groups of bacteria were antigens 
found in each specimen, and in most, 3 or I11me bacterial groups were group Cl' 
found. Two sim 

Table XI, page 26, oul1ines Lhe enLeYic florü of the snake, Crotaphopeltis of which 
/wtamboe'ia as obLainee! from specimens from 3 ine!ividuals. Five 01' more ta tlle ty 
differenL bacLel'ial groups were found in each specimen, the Citrobacter which is 
ane! Escherichia groups being pre'enL in ail 3 individuals. Salmonella the namE 
,"vas the mosL fl'equen L grou pi n 2 of the ind ivie!uu ls ane! T1 a/nia was the the snake 
most frequenL in Lhe Lhird. Ha/nia, Paracolon Citrobacter, and Oxytocnm AnoLhel' 
groups \Vere pr'esenL togeLher in 2 of the 3 individuals. The enteric flora of sources. 
2 other kine!s of snakes, Philothamnus heterolepidotus ane! Natriciteres The fi 
olivacea is outlinee! in Table XII, page 26. Bath nakes e!esplay similarities column c 
in theit" enteric flom in that Ha/nia "vas themost frequent group found in numbel's, 
bath ane! bath snakes contained hacLeria of the Cloaca group. were fOLlI 

Table XIII, page 26, shows the enteric flom. of the /izare!, Mabuya. also occu 
Only 2 groups were present, the Salmonella, which was Lhe rnost frequent, any one 

and the Ha/nia group. l'l'am spel 
type isole The frequency of groups of enteric bacilli in wild and captive repLiles 
specimeris compal'ee! in Table XIV, page 27. A talaI of 17 bacLerial groups are 
being isocomparee! which al'e arranged in Lhe ordel" of decreasing frequency as 

found in the wild reptiles. The number of stnlins of each group was 
calcullltee! as pel' cent of lhe taLai number strains isolated. The figl1l'es 
on t.he capLive repLiles were exlracted l'rom the lheses of YARASIIUS and 
of HALKIAS. As Table XIV indicaLes, Lhe most frequellt gf'OUP of bacLel'ia 
faune! in wild l'eptiles was Salmonella which comprisee! 45,4 % of the 
Lotal baclel'ia isolated, as compared ta Lhe 10,2 % Ql' 5,0 % Salmonellfl 
faune! in Lhe two series of captive reptiles. The most frequent group of 
bacLeria found in cap live turtles and lizards was Cilrobacter (28,0 %) 
as compared wiLh only 0,6 % Citrobacter faune! in wild reptiles. The 
most fl'equent group observed in capLive snakes was the Proteus group 
\vhich comprisee! 40,8 % of the total bacleria isolated. In comparisofl, 
Lhe Proteus group was compleLely absent in the specimens from wild 
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reptiles. Other groups, besides Proteus, present in captive reptiles and 
not observed in \Vild reptiles \-vere : Alkaligenes, Arizona, Lophomonas, 
!l'lebsiella, flnilratum, and Serralia. The Cloaca and Bethesda grouLJs 
present in smaIl numbers in bolh wiJd reptiles and caplive turtles and 
lizards, were not observed in capL"ive snakes. 

The seroLyping of the Salmonella sLrHins is summarized in Table XV, 
page 28. Five types were identified among the 257 stl'ains isolflled, which 
are the following : S. champaign, S. plymouth, S. ramat-gan, S. tel-aviv 
and S. gatow. The anLigenic fOl'mulas of each type are indicated in the 
LabIe and also the specimen numbers and Lhe scien tific l1LU11eS of the animaIs 
ff'Om which the types were isolaLed. As the econd column of Table XV 
shows, aIl the Salmonella types idenlifiee! bear high numbered soma tic 
antigens wilh the oxception of the Lype gatow, which belongs Lo Salmonella 
group CI' possessing somalie antigens 6 èlnd 7. All 5 types were diphasic. 
Two similar Lypes were identified, S. clu/'/npaign and S. 1'arnat-gan both 
of which conLain flagelli.ll' antigens k : 1,5. S. IJlymouth shows [L similarity 
lo the tn haie! bacillus, in thal it possesses phase 1 11age1lal' anLigen, d, 
which is also presenL in S. typhi. H is evie!ent from the column lisling 
the names of specimens from which the Salmonella were isolaLed, Lhiü 
the snah:e gemls Crotaphopellis provecl Lo be a rich reservoir fol' Salmonella. 
AnoLhel' snake, Psœrmnophis, and a lizard, Mabuya, were also Salmonella 
som'ces. 

The frequency of each type in a specimen is indicated in the fourth 
column of the table. Only 1 type of fllmonella was found in specimen 
numbel's, 3677, 2465, and 3819. In pecimen No. 3316, 3 types of Salmonella 
were found : S. champaign, S. plymouth, and S. ramat-gan. S. plymouth 
also occul'red in specimen No. 3677. The most frequent type isolaLed in 
any one specimen was S. plymouth of which H2 sLl'ains were isolated 
from specimen No. 3677 among a LoLal 128 bactel'ia exam ined. The l'aresL 
type isolatecl was S. ramat-gan of which on]y 2 sLruins were isolaLed from 
specimen No. 3316. S. gatow wa. a]so isolaLed in quantity, 83 struins 
being isolated from specimen No. 3819. 

2 
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2, F 

The se' 
baLion Lim 
slow-grow 

CHAPTER V. eneoun Lel'E 
third, fOLl! 

Discussion.	 sLrains of 
deLecLed u 
on plates 

Many phases of this investigation eould be discussed at lengLh. Arbi groups of
trarity, 4 'have been chosen which are Lhe following : i) Collection of Speci 2, or 3 dn 
mens; 2) Plûting Specimens and Picking Colonies; 3) Frequeney of Salmo

The sunella, und 4) Intestinal Flora of Wild and CapLive Reptiles. 
some Drol 
Lhis sLudy 
is LempLec

1. COLLECTION OF SPECIMENS. 
n11 others 
the colon ilIt would be most advantageous to be present at the collection of Lhe 
Another Ilspecimens and to examine and study them as soon as possible. This	 was 
of coloniEnot possible in the present study. Provisions had to be e tablished, whereby 
Since thel the specimens which were Lo be collected by a second person during an 
Consequelexpedition in the Congo, could be received in our labol'atory. It	 \Vas 
approxirnlearned from similar investigations IhaL the dried disc method would 
whetel' evbe of value fol' this purpose. Varelu's study of fecul specimens in Mexico 
ilmong th in i955 employed Lhe driecl dise method with much suecess, which	 ,vas 
Lo be solv a method originally proposecl by lie KlAN JOE in i950. Salmonella and 
of eaeh cShigella were Lhe groups of main concern lo these invesLigaLors. A sLudy 
Ol' 2 coloof this method was perfonned in our labonLLol'Y priaI' Lo this invesLigation. 
fl'acLion c Unpublished wOl'k by FORNEY and by YARASIIUS indicated the suiLability 
eel'l1ing tof the dried disc meLhocl. YARASIIUS (i959) compured the swa.b method 
by WilY cand dried disc method for collecting specimens and found no essenLial 

differenees. The pl'esent study added La the evidence that the dl'ied disc 
method could be employed fOl' transporting the whole content of fecul 
specimens; not only do Salmonella and Shigella survive but also many 
other intestinal bacLeria. Although approximately 2 month elupsed 

The 11
between collection and plating of the speci mens, Ihe dried discs l1l'eSel'Vecl 

\Vas rem
various groups of bacLeria withouL altering their physiological characLe

found v
ristics. However, heavily inoculated di, cs are neeessary for good recovery. 

By the
As observed in this study, clean-Iooking discs al'rived sterile, whereas the 

TherefOl
darkly soiled discs yielded gf'OwLh. A possible reason for this outcome negaLive
may be that in the heavily inoculated dises, more liquid eontaining 1f2 oLhee
possible nut1'iments togeLher wiLh ~he bacteria was introduced, which 

resulLs
helped to maintain the viability of the ol'ganisms over a longer period of 

50 as ta
time. The opposite would be true of the scantily inoculated dise. 
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2. PLATING OF SPECIMENS AND PICKING COLONIES. 

The everal platings performed on ench specimen after various incu
biltion Limes proved ta be of value in delecting bath the fnst-growing and 
slow-growing vtH'ieLies of bacteriil. Some groups of bacteria were not 
encounLered afLel' the fil'st 1 or 2 days of incubation, buL only afLer' the 
thil'd, fOUl'th, or fifLh day. For exarnple, in the sLudy of specimen No. 3883, 
strains of the Pseudomonas and Paracolon cit1'obacter groups were not 
detected until afLer 5 to 8 days incubation. They were not encountered 
on plates of the specimens after 1 ta 3 days incubation. Therefore, sorne 
groups of bacteria would be missecl entirely if plates were streaked afLer 1, 
2, ot 3 clays only. 

The sUl'vey of the mixed population recovered on the plates pr'esent 
some pf'Oblems, one of "vhich slill remains unsolved nt the conclusion of 
this study. Random picking of colonies is sometimes difficult since one 
is templed ta pick white Salmonella-like colonies and descriminate against 
aIl others, This difficulty did not OCCUl'l' in the present study since aIl 
the colonies appeared alike due Lo their prolonged stOl'ilge in the refrigeratol'. 
Anolhel' prohlern, which is the one lhat still l'emains unsolved, is the number 
of colonies necessary lo be picked to conslitute a representative sarnple. 
Since thel'e were 100 to 300 colonies on each plate, not all could be identified. 
Consequently, the number 30 was ilrbitrarly chosen. This resulted in picking 
approxirnalely 10 % of the total number of colonies present on each plate. 
"vheter every kind of bacteria recovered on the plate would be encountered 
Hmong the 30 colonies pickecl involves a change problern that still remains 
ta be solved. The problem is fmther cornplicated by the unequal amounts 
of each of the bacterial groups present. A bacterium, present as only 1 
or 2 colonies arnong 300, woulcl be likely missed no malter how large a 
fracLion of the colonies was picked. The whole question is really one COfJ
ceming the theOl'y of sampling and pl'obably needs to be appf'Oached first 
by way of theoretical statistics. 

3, FREQUENCY OF SALMONELLA. 

The high fl'equency of Salmonella encountered in the specimens studied 
\Vas l'emarkable and could not have been predicted. The actual number 
found was 267 out of a tolal of 587 strains of bacteria isolated or 45,4 %' 
By the Chi Square test, this was found not significantly clifferent from 50 %. 
'rherefore, in this specimen collection from 6 snakes and 1 lizard, the Gram 
negative bacteria in the cloacal dejecLa \Vere about % Salmonella and 
~~ other kinds of bactel'ia. The figure, 50 %, cannot be compared ta the 
results of other similar investigations, No one else has l'eported in a way 
so as ta present the frequency of Sall1wnella among the total strains of 
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support 0baeteria isolated. Olher '\Torkel's have examined a lal'ger number of speci
capLivemens and found a high percentage of the individuals harbaring Salmonella. n 

Fol' example, HI'iSHAW and McNETL (i945) found Lhat 26,8 % of the 111 snakes animais, 
proced Lll'Ewhich they examined yielded Salmonella. MILLE, LEIVIINOR and CAPPONI 
2 studies(i958) in exarnining 609 lizan:is from the region of VieL-Nan"!, found that 110 % 
swab spe,of the individuals harbol'ed Salnwnella. Although, the fr'equencies of the 
more, it Sal17wnella in the positive specimens were not reported, there isreason 
the isolatto suspect thal the frequency \Vas high. If the Salmonella wel'e present 
wef'e beg in only smaH numbers, many would tend to be 10sL dming the isolating 
nisrnsprocedures and the reported high pel'cenLages of Sal'monella-yielding indi Wi 

viduals would noL be obsel'ved. Judging from the Iiteralure, it is not been a P 
argumendifficult to isolate Salmonella from reptiles; l'ather the opposite is true, 
would nethat Salmonella are readily encounLel'ed in reptiles. Furthennore, many 
il majorindividuals appeat' to be heavily infected ,vith Salmonella. 

The Salmonella types found, tend to be rare, belonging to groups con The Il 
amounlssisting of ol'ganisms with high-numbered somaLic antigens. This means 

Lhat the anligens wel'e only l'ecenLly discovel'8d. S. gatolU belongs to i) Th 
Sal17wnella gwup C, a « lower » gwup. This is a gwup cornmon in human l'ert,îles,
and animal salmonellosis. Since thel'e are many organisrns closely related 

2) Thto S. gatolU, which are known to be palhogenic fol' man, S. gatolU can 
also be presumed lo be a human pathogen, given the opportunity. ln an \vile! J'er 

enteric lanswer to a lelter requesting informalion about the isola.tion of S. gatolU, 
eonsisLsKAUFFMAN (i960) replied: « 1 received S. gatOlL' in April, i959 from 

Dr. S. HOt'MANN, Robert Koch Inslitute, Berlin, fOl' confirmation. The 3) Or 
culture was isolated from sewage in Berlin-Gato,v. The type is not repti;es, 
published ilS yeL » Each of the othel' types isolated has been found in of HALK 
human infections excepL S. 1'(unatgan, whic.h has been reported only once 
before, from a snake in Israel. Wha 

of a Wl 

lnking i 
c,ould h 

4. INTESTINAL FLORA OF WILD AND CAPTIVE REPTILES. 

ln compill'Îng the l<.inds and frequencies of bader'ia found in this study 
with those obtainec1 in the study of caplive reptiles by YARASIIUS (1959) and 
HALKIAS (i959), 2 major c1iffel'ences imm,ediately stand out: i) the high 
frequency of Proteus in captive reptiles and ils complete absence in wild 
reptiles, and 2) the high frequency of Salmonella in wild reptiles and ils 
relatively low frequency in eaptive reptiles. 'l'hese differences would seem 
to imply that il major- change Look plllee in the reptilian intestinal flom 
dming captivity, i.e.,it changee! from the wileI type with Salmonella predo
minaling, to the captive type in which Proteus was predominant. Il is 
t.herefore templing to fOl'mulate the hypoLhesis [hnt the Salmonella present 
in high freC[neney in wild reptiles are repli1ced during captivity by other 
bacteria snch as Proteus. I-Iowevel" there is still insufficient evidence in 
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support of such a hypothesis. l<'-or one thing, the comparison of wild alld 
captive reptiles should be made "vi th the same or very similar kinds of 
animaIs, \Vith similar living and feecling habils. The isolating and test 
procedures should be identical fol' both stuclies. This was not so for the 
2 stuclies comrarecl here, since the work on cllrtive reptiles proceded from 
swab specimens, while that on wild reptiles was clone from clisc. Further
more, it should be l'emembel'ecl thut a consiclerable numbel' of colonies on 
the isolation plaLes were nonvia ble by the ti me the cultmal iclen tifica tions 
were begun. There is no evidence ta sllggest what Lhese nonviable orga
nisms were. H is possible, alLhough noL probable, that they might have 
been a Proteus component of the wild repLile flora. If this ,vere true, the 
argument that Proteus is ehumcteristic of captive as opposed to wild reptiles 
\vould not be valid. IL would sLill be true, hO\vever, that Salmonella were 
a maj 01' com ponen t of the wi Id reptile flora. 

The present slate of knowledge concerning the intestinal flora of reptiles 
èlmounLs to the following : 

1) Thel'e is sufficient evidence thilt Sal1lwnef[a can be i olated from 
rerli les, especially snakes, wi Lhou t difficulLy. 

2) The present study has contributed to this, the knowledge, that in 
wild reptiles which shlln associa.tion with m,Hl, a large proportion of the 
enteric bacLeria of lhe intesLine in a considerable number of individuals 
consisLs of Salmonella. 

3) On the oLher hand, Lhel'e is a relaLive absence of Salmonella in caplive 
reptiles, and an increased rH'oporLion of Proteus, as established by lhe work 
of HALKIAS and of YARASHUS. 

\VhaL is noL known is, do lhe above observations l'epr-esent replacement 
of a wild type flora by a captive type flom? A furLher stlldy is needed, 
Laking into aecount the variOLlS faeLors menLioned. MosL of the problems 
could be solved by departing on a well-eqllipped safari to the Congo. 



20 PARC NATIONAL DE LA GARAMI3A 

"1'.\ Il 1./.; r. - Description ot Specimens received tram the Congo. 

Specimen Genera.! descript,ion of locale 
No. 

2400 

24.::;7 

:nlG 

3385 

34lt8 

J(j77 

3819 

38 :; 

1d3G 

~cientific name Kind where animallived 

---- ---'----- ----'------ ----------- 

13ufo
 

Rema masCCtreniensis
 

Cmtaph01Jeltl:s hotmJtboeie~
 

CrotaplwlJeltis hotmnboeia
 

M.abuya s~ulanesis
 

Crola1Jh01Jeltis Iwtamboeia
 

Philothamnus heterolepiootus
 

Cmtaphopeltis holamboeia
 

Sca1Jhio]Jhis alb~mctatlls 

.JIabuya slulm~en8is 

il1abuya sudanensis 

il1abuye~ suclanensis 

.it{abuya quinquetaeniatc~ 

Chameleo senegalensis 
laevigatus 

Psammophis subtcteniatus
 
suclanensis
 

Crotaplwpeltis lwtamboeict
 

Natriciteres olivacea
 

Toad
 

Frog
 

Snake
 

Snake
 

Liza,rd
 

Snake
 

Snake
 

Snake
 

Snake 

Lizard 

Lizard 

Lizard 

Lizard 

Lizard 

Liza.rd 

Snake 

Snake 

Snake 

Nagera. A settlement 

Nagero. A sett!ement 

Nagero. A sett!ement 

Kagero. A settlement 

~agero. A sett.iement 

"Kagero. A settiement 

Na g e r 0 . settlemcnt 

Nd e \ e 1e. A permanent guard post
 
with 10·15 residents
 

Xdelele. A permanent guard po t
 
with JO-15 residents
 

Away form human habitation in park
 

Away from human habitation in pa.rk
 

Away from hUlllan habitation in park
 

Nd e 1e 1e . A permanent gllard post
 
with 10-15 residents 

Savanna. ot a settlement,
 
but passed by people every 3-5 days
 

Away from hllman habitation in park
 

Away from human habitation in park
 

Away from hllman habitation in park
 

Away forlll hllll1an habitation in park
 

'1'.\ BI.E Ir. 

Specimen 

2:\70 

:.;31\; 

33 ;) 

33tiG 

:>44 ' 

3;;9~ 

:3G7~ 

:>819 

388: 

-.
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T.II:lE If. - Dates- of collection and study of Specimens received from the Congo. 

Date collected~e:imcn No. 1 

-

2%9 

2:\70 

21,00 

:!/tOG 

2l,57 

24G5 

2l,GG 

3~llG 

3353 

338!. 

3385 

33BG 

311118 

3598 

:3G77 

3819 

388:3 

41::lG 

March 9, 1959
 

March 9, 1Wi\)
 

March 10, 1959
 

March '1ft, :1959
 

March 19, 1959
 

March :19, :1959
 

March 20, 1959
 

April .) 1959
~, 

April 7, 1959 

April 9, 1959 

April 9, 1959 

April 10, 195\) 

April 11, 1959 

April 21, 19"g 

April 23, 1\)59 

May 2, 1959 

'May 2, 1959 

May 8, :1959 

Date of first plating 
1 -- 

Ma,rch 2.5, 1959 

Mardi 'r 1959.... ;J, 

March 25, 19,,9
 

March 25, 1959
 

April 30, :l95'J
 

April 30, :l9G\)
 

April 30, 195\)
 

April 30, 1959
 

April 30, 1959
 

April :30, 1959
 

April 30, 1959
 

April 30, 195\)
 

April 30, 1959
 

May 31, 1959
 

May 31, 1959
 

May 31, 1959
 

May 31, 1959
 

May 31, 1959
 

Date colonies picked
 

-1 - ---- -


Specimen sterile
 

Specimen sterile
 

Specimen sterile
 

Specimen sterile
 

Specimen sterile
 

Ea.rly June 1959
 

Mid June 1959
 

Late June 1959
 

Specimen sterile
 

Specimen sterile
 

Specimen sterile
 

Specimen sterilc
 

Specimen sterile
 

Specimen sterile
 

Mjd JlIly 1\)59
 

Early July 195\)
 

Mid JlIly '1959
 

Late JIIly 195'J
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1 

Grl 

1 
Salmonell 

Hafnia 

....-

TA II !.!. IIIo - Identification of 56 slrains from Specimen No. 2465. 

Groups 

1 

1 -

Broth plated 
after incubating : 

ft da,ys G days 
1 1 

Total 

-

Scdmonella 000 

Atypical coli 

Citrobacter 000 

Cloaca 000 000 

Escherichia 000 

000 

... 

... 

... 

'00 

... 
000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

0" 

... 

"0 

.0. 

'00 

0'0 

000 

000 

000 

000 

000 

000 

"17 

() 

1 

1 

~ 

1:\ 

iL 

1 

0 

7 

1 
/,0 

l, 

:2 

1 

9 

T.lll!.!': IVo - Identification of 46 strains from Specimen No. 2466. 

Broth plated 
after incubating : 

Groups Total 

IL days G daya 
11 

:20" 000 .. 0 0" 00' '0' 000Cloaca ... 

0'..
000 000 000 000 000 000 000Ha/nia ... 

lOxytowm 000 000 000 000 0" .00 000 

1Paracolon aerobacter ....000 000 000 .. 0 

(j
000 "0 000Paracolobactru1n intermeàiu1n 

/1Pseudomonas. ...0'0 000 00' 000 000 

2 

18 

1 

:) 

1"0-' 

l, 

T. 

Salnwnellt 

Bethesda. 

Citrobactm 

Escherichoi 

Ha/nia 000 

PMacolon 

Pamcolobl 

T 

L 
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T,IBU: v, - Identification of 53 straills from Specimen No. 3316, 

Groups 

Broth p!ated 
after incubating 

I, days 6 days 

Tota! 

Salmonella 

Bethesrkt. 

Citrooader 

15 

0 

0 

lU 25 

Escherichia ,,' l, 7 

Ha/nia '" ~ 0 ~ 

Pamcolon citrobacter ". ,) I, 

Paracolobactrmn intermedi'Wm :! .) 7 

TABLlè VI. - Identification of 128 strains from Speoimen No. 3677. 

Groups 

Salmonella .. ... ". 

Hafnia ," ... ." 

Broth platecl after incuba,ting :
 

Y2 1 clay ~ days 3 days :'i days 8 days
clay 1 
1 1 1	 1 

1 

t2. J225 16 18 n 

0 1 70 5 0 

Tota,! 

115 

1'".j 
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TABLE VII. - Identification of 109 strains from Specimen No. 3819. 

Groups 

Salmonella ... ... ... ... . .. 

Bethesda ... ... ... .. , .. . 

Pseudomonas ... ... ... ... 

Broth plated after incubating : 

l da.y 2 days 1 3 da.ys 5 days 18 days 
1 1 

H) 12 12 1 i 20 

2 2 0 00 

:) ::\'JO 00 

TAI3LE VIII. - Identification of 116 strains from Specimen No. 3883. 

Groups 

Citrobacter ... ... ... 

Cloaca ... ... ... ... 

Escherichia .. ... ... 

HCL/nia .. ... ... ... 

Oxytocmn ... ... ... 
Pamcolon àtrobacte?' .. 

Pse-udomonas ... ... 

... ... 

... . .. 

... ... 

... .. . 

... .. . 

... ... 

." ... 

Broth plated after incubating : 

Tota.[ 

1 1 1 1 

1 day 2 days 3 days 5 days 8 days 

0 0 i 0 0 

0 0 0 1 0 

0 i 0 ;) 'JO 

20 7 15 4. 0 

0 9 0 8 3 

0 0 0 8 10 

0 0 0 1 7 

1 

1 

10 

116 

2G 

18 

8 

TAI3I.I; IX. - Identification of 80 strains from Specimen No. 4136. 

TABLe X. 

Total 

Specimen j\ 

87 
1, 

l 

3G77 

Broth plated after incllbating : 

TotalGroups 

t d,ty "1 days 3 days 5 days 8 days 
1 1 1 1 

0 0 1Claca ... ... ." ... ... ... 0 0 1 

l, 20 16 15 06Ha/nia .. ... ... ... ... ... 11 

Paracolon citrobacter .. ... ... 3 3 1 0 130 

3819 
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TABLE X. - Slimmary of the kinds, of bacteria fOllnd in each Specimen studied. 

(Most Frequent Group is Ullderlined.) 

Specimen No. Seientific name of animal Bacterial groups isolatcd 

24G;) Orota.phopeltis hotamboeia Salmonellet 
(Snake) JI typica.l coli 

Oit'robactej' 
Oloaca. 
Escherichiet 

PhilotlwmnltS hetemlepidot'll.s Oloaca 
(Sna.ke) Hafn1:a 

Oxyt0C1I.111 
Petmcolon aerobacter 
Petmcolobactrwn inte1'1nec!ium 
Psewomonas 

Orota.1Jhopeltis hotatnboeict Salmonellet 
(Snake) Bethesda 

Oitrobactel' 
Eschel'ichiet 
}Jetfnia 
Oxytocmn 
Pamcolon citl'oblteter 
Pamcolobetetnmt intel'tnediwn 

.Metb·ltya Salmonella3677 
(Lizarcl) Hafniet 

3819 Psmnmophis s~tbtaeniat1is Salmonelkt 
sudanensis 

(Snake) 
BethestÙt 
P se1iC!o1/tonas 

3833 Orotaphopeltis hotarnboeia OitrobacteT 
(Snake) Oloaw 

Escherichia 
Hafnia 
Oxytocum 
Petmcolon citrobacter 
PseWomonas 

H36 N ett1'icitel'es olivltcea Oloetca 
(Snake) Hetfnia. 

Pamcolo1t citrobaeteT 

•
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"l'.1I:U; 'd. - Enteric flora of the snake, « Crotaphopeltis hotamboeia Il. 

(Mo t FreljUent Group is ·Ilderlilleù.) 

Specimens from three inclivicluals 

No. 2/165 
1 

No.3:3IG 
1 

~o. 3883 

Salmonella Salmonella 
1 

Citrobacte'r 

At.ypiml coU Bethesda Cloam 

Citrobacter Esche?'ichia Escherichia 

Cloaca Hafnia Ha/nia 

Escherichia Oxytocum Oxytocmn 

- Paracolon citrabacter Pamcolon citrabacte?· 

- Para,coloba,ctmrn intemwdiurn PseudOrnOn(LS 

T \I1J.E XII. - Enteric flora of two kinds- of snakes. 

(Mosi Frequent l;roup is UnrLcrlilled.! 

Specimen No. ZI.GG Specimen No. U3G 
Philothamnu8 hetemlezyidotus N atriciteres olivacea, 

Cloa,w Cloa,ca 

11a,/ni(L Ha/nia 

Oxytocwn Pamcolon citroba,cter 

Pa,mcolon a,eroba,ctel' -

Pamcoloba,ctrurn intermedi1Lrn -

Pseudomonas -

TAUI.E Xli 1. - Enteric flora of the Lizard, Mabuya. 

(t';lost Frequent Group i:; Underlined.) 

Specimen No. 3077 

Sa,lmonella
 

Ha/nia
 

T.\DI.E 

Gr 

Salmonell!L 

Hafnia ... 

Paracolon 

Escherichia 

Pseudomona 

Oxytowm 

CIoaw ... 

Bethesda, .. 

Citrobacter 

Prote1LS ... 

Alcal'igenes 

Arizona .. 

Lophorrlorw 

Klebsiella 

Anüratum 

Serrutia .. 

Total 

(*) Take 
(**) Tak 
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"1'.11:1.1-: XIV. - Comparison of frequency of groups of enteric baci Il i 
in wild and captive repti les. 

l'a.pti,·c reptiles 

Wild reptilcs 

Groupes 
TUl'tles 

Rlld Lizards ("') SIl'tkcs (H) 

No. 
Strains % Ka. 

Strains 
0'
/0 

No. 
Strains % 

Salmonellct iG7 45,<1 il LO,2 G G,U 

Hafnia .. , 151 :!.~,7 ;J 2,8 .! 1,lj 

Paracolon <10 G,8 8 7,11 0,8 

EscheTichùt 36 G, l 5 4,G Î :>,8 

PSe1l.domonas .. 30 ;), l O,f) -,.. ~,5 

Oxytocwm ;If) Il, !l :3 2,8 0,8 

1nteTmeAiiate ... ;!.O :3, " :! 1,8 '1 '1",.) 

Cloaca ... 5 0,8 3 1,8 (1 

Bethesda .. 5 0,8 1 1,8 0 

CitmbacteT 4 O,G 31 28,0 2G 21,G 

Protws ... ° ~~!l 2:2,<1 1,9 <10,8 

Alcaligenes ° G 5,(j JI! II,G 

Al'izana .. 0 G 5,G :'\ 2,5 

Lophomana.~ ... 0 0 ;! l,G 

Klebsiella 0 0,9 0,8 

Anitmttan 0 0 1 0,8 

Sel'mtia .. 0 0,9 0 

Total 587 107 120 

(*) Taken from D. YARàSHUS, 1959, M. S. Thcsis. 
(**) Taken from D. HALKIUS, 1959, M. S. Thesis. 
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1'.\131.1: XV. -- Serotypic identification of 257 strains of « Salmonella» 
isolated from wild reptiles. 

Species 

idcn tifica tion 
Antigenic formula 

Specimen No. 
and 

na,me from where isolatecl 

Frcqueney 

(*) 

-

S. chamlxl.iun 

S. plymouth 

:\!1: k: 1,;) 

Hi: d : 2 6 

1 

1 

1\0. H:llG 
Grotaphopeltis holalnoOeÙt 

(Snake) 

No. 3316 
G1'otaph01Jeltis hotamboeia 

No. :'\li77 
Mabuya (Lizard) 

1 

1Cl /":{ 

-  -

(j /5:3 

11:!/1~8 

S. ra'llUJ,t-u(m 

S. tel·aviv 

S. uatow 

1 

1 

30: k : 1,5 

::8 : y : e, n1, 215 

G,7: y : 1,7 

1 

1 

No. :.nlG 
C1'Otaphopeltis hotemboeia 

No. ~!lG:> 
Grotnphopeltis hotamboeia 

No. 3819 
Pswmmophis subtaeniat'n8 

61tdanensis (Snake) 

:2 /5:.\ 

:.19/56 

1l:~ /109 

The es 

1)	 EighLe{ 
Lhe COI 

were c 
in	 ceU 
zooJogi 
were 1< 

[11so Le 
l'odenl 
huder 
ilCqU i l' 

2)	 Of thl 
arriva 

3)	 The d 
ving l 
Jaled 

(*)	 Numerat.or : Number of Salmonella strainR. 
Denominawl' : Total number of strains. 

4)	 Sll'eal 
in l' 
misse 

5)	 A lo~ 
biocl: 
oc	 L 

6)	 The 
267 
werj 

and 

7)	 SLn 
wu 
Loc 
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CHAPTEH VI. 

Summary and conclusions. 

The essential findings in rhe reseal'ch W81'e : 

1)	 Eighleen specimens ,vere colleded fl'om wildrepliles at 10caLions in 
the Congo, judged la he rell10te fl'om human hahilations, The specimens 
were of cloacal con Lents which were dried on fi1lel' papel' discs, sealed 
in cellophane envelopes and sent by Ail' Mail La Our labarator'y, The 
zoologist who idenLified the l'eptiles, stated Lhut the animaIs chasen 
wel.'e kindswhich are knawn nol lo as 'ociale with man, These animaIs 
also tend 10 feed oninsecls und planLs and are not Imown to feed on 
l'adents, Th i is iITlporLu nt, becilLlse it 'up jlol'ts the idea, thal the 
baclel'ia, suhsequently isolalecl, were naLive lo the l'eptiles and not 
ilcquired by association with man, 

2)	 Of the 18 sllecirnens, 11 were inocuLILed scanlily and were sterile on 
arTival, leaving 7 fol' fUl'lhel' slucly, 6 fl'om snakes, and 1 fl'om a lizal'd, 

3)	 The cll'ied disc melhocl of Ll'ansporling specimens wus effective in preser
ving the mixed bact.el'ial flora, providing that the disc was heavily inocu
taled at the onset, 

Il)	 Stl'eaking plales more than once fl'om the el11'ichment bl'olh was of value 
in reveuling components of the flma that wou Id olhenvise have been 
missed, 

5)	 A lolal of 587 cultmes isolated from Lhese specimens ,vere examined 
biochemically and cIa, sified a to bactel'ial gt'OUps, either genus, species 
01' type, accol'cling ta the accepted methods of classification, 

6)	 The mosL fl'equent group encounterecl was Lhe Salmonrlfa of \.vhich 
267 slruins were isolatecl or ajlpf'Oximalely 50 % of lhe loLal. The:e 
were idenlifiecl as the types, cham7Htign, plymouth, ranull-gan, tel-aviv, 
and gatow, 

7)	 Strains of nine other major groups of bilcleria were isolaled, These 
wel'e 151 Ha/nia, 110 Paracolon, 36 Escher'ichia, 30 Pseudomonas, 29 Oxy
tocU1n, 20 Intermediate, 5 Cloaca, 5 Bethesrla, and 4 CÜrobacter, 
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From these expel'imental l'esllHs, cer'tain deductions and inter'pretations 
arise: 

1)	 In comparing Lhe types ane! frequencies of bacLeria isolated from wild 
reptiles with those isolated from captive reptiles, some differences were 
noted, vVhereas Proteus was most frequent in captive animaIs. not a 
single slrain was isolated from wile! reptiles, Salmonella was the most 
frequent group isolalee! from wild reptiles, but it \Vas only occasionnally 
isolatee! from captive l'eptiles. Both, the wild and the captive reptiles 
showed a surprisingly low frequency of the colifol'lTI group, 

2)	 Muny wild reptiles ure appal'ently healthy caniers of Salmonella, They 
may therefore, constitule an hiLherto unsuspeetee! reservoir of salmonel
losis. 

Among the many additional problems and projecLs suggested by Lhi", 
sLudy, the following may be mentioned : 

1)	 This limited investigation does not of comse, exhausL aIl the information 
which coule! be obtüined about Lhe wile! reptilian intesLinal flora. A 
mOl'e complete pictme of Lhe flora coule! be e!rawn if a lal'ger number 
of specimens were examinee! ane! sLudiee! in greater e!etai!. It \Voulel 
be most aelvüntageous Lo carry out this type of stuely in a laboratol'Y 
\vhere wilel reptiles were conveniently available. 

2)	 Since repeateel platings of the specimens became of value in detecting 
growth of laLe growing bacLel'ia, otherwise absent in the eadiel' homs 
of incubaLion, it would be beneficial ta know exactly how many platings 
are necessary to l'ecover every possible organism. Of even greater 
vnlue would be il methoel whel'eby the ell'ied disc couIc! be suspended 
and plaled in su ch away as ta l'ecover the entil'e contents of the disc 
on 1 or more plates. 

3)	 FmLher study is necessat'y on the effecl, if any, of association with man 
on the reptilian intestinal flom; fol' example, a. parallel investigation 
could be calTied on by cleliberately choosing some animaIs in contact 
with human habitations ane! some fl'om manfr'ee sources. 

4)	 A considerable proportion of colonies present on the olcl e!esoxycholaLe 
plates proved la be e!eacl. H would be of inLerest to determine if these 
represent any e!efinite groups of bacteria e.g., Rscherichia and Citrobacler. 
The question could easily be apPf"Oêlched experimentally as part of il 

study of the viability of pure cultures on various media at cliffer'ent 
tempemtures, 

IJllVl\C, K. 
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