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INTRODUCTION

82lamells sre enteric pathogens of man, damestic animals, and wild
animels; all koown species of salmonellae are pathogenic to warwme=blooded
animals (Bdwerds snd Eviag, 1967). Infection {s normally squired via the
oral route. Sowatic and flagellar lipopolysaccharides liberated upon
lysis of the bacteriasl cell, act ss eandotoxins, producing gastroenteritis,
enteric fever, or septicemia in the infected host shortly after ingestion.
Infected snimals mey die from §glamaella infection, or from complications
iaitiated by the organism. Others may successfully axcrete the organism
in the feces, or becomse a reservoir-host, manifesting periodic evidence
of the bacteria in the feces.

The mejority of reported isolations of the geaus $glgonplla are from
outbreaks in msz end domestic animsla., Comparitively few ieolations have
been reported from rodents (Khalil, 1938; Eltoa, 1942; Dalmet, 1944;
Bdwards gt gl., 1948; Les, 1955), end ooly recently have isolations been
reported from reptiles (Hinshsw and McMeil, 1944; Hinshaw and lMcNeil, 1945;
Le Minor gg gl., 1998; Merx gt al., 1964), sad birds (Psddoul gt gl., 1966;
Wileoa and Macdonald, 1967; Cornelius, 1969).

Rodents, emakes aad predatory birds are compoaents of s food wed in
ecological comminities of esst-ceantral Illinoie, and §algonella infections
in these vertebrates hsve a potential of becoming widely disseminsted in
the community, psrticularly during rodent population explosions. Thie
thesis is an epidamiological eurvey for salmonellse isolated from the
intestinsl fauna from a seaple of these three grouwps of animals., The
study was conducted to determine the incideance of salmonelloeis and the
relationship of infection to the food wed of these animals.
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LITERATURE REVIEW

8algznglle {8 a genus of the tribe Salwonellas and the family
Enterobacteriacese (Rdwards eud Bwing, 1967; Burrows, 1968), The first
fsolatica of s aenber of the genus falgunalla wes described in 1830 as
Bactexfum Sypbi (Bdwerds and Bwing, 1967)., By 1920, a number of astrains
of the genus, differing in biochemicel properties, had beea isolated, and
exact ldentification of mammbers of the genus becans confused, ODuriag the
1920's, the identity of the specias was clarified by means of biochemical
differentiation combined with antigeaic anslysis (Bdwerds snd Bwing, 1967).
These msthods were reaffirusd and improved upon fn the 1940's (Rdwerds end
RBwing, 1967), and todsy thare ate 1800 serotypes described in the tribe
Salmmosllae, including the AZiagna growp (Béwerds sad Galtoa, 1967; Taylor,
1969), The AXLiEmA group is biochamicelly sod eaktgmmicelly sisfler 2o
the Salmonalls group, vwith the ezception thet Acispng streims, {n contrast
to falmonella, fermeat lactose sad fail to fermaat dulcitol, Clinically,
both groups produce siamtlar diseases (Edmrds ead Buwing, 1967). The
&x13and sTow@ 18 pathogenic for cold-dloodad animmla, fewl, and men
(Buzrows, 1969),

The genuws Salacnalls (s defined in the folloving smaner (Edwasds eod
Bwving, 1967): “Ususlly motile, but noa-moptile forme occux. Pruoduce acid
and gas from glucose, msltese, msamitol eund sorbitol (Rzcept thet in
Salmmells Lxphasd sod Ralenalle ssllimaxiie no gas is produced). Lsctose,
sucrcse, aad sslicic sxe not attacked, Do not clot ailk, form indole or
liquefy gelatin. Reduce trimethylaains oxide tc trimethylsaine. All of
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the known specles acve pethoganic for warmehlooded animuls, including asn,
vsuglng food infections and eateric fevers. A fev are found in reptiles.
Sene o all mey elsy live ia decomposing foods.” dlee, "A large genus »f
gerolugically related, grau-negstive aand woa=-sporiag bacilii; 0.4 to §.6 %
i o J wicrons ix usuel dimusione Lut occasionally forming short fiiameunts;
shunviing, with ceriain excaptions a antile pveritrichous phmse in which they
aoxeaily ovecux; in fact adheriag to the pattern of §. Lybhi in atsining

propesties snd morphology...”

Host Renge

Isclatiens of salaonellae have deen reported st frequeatly in humsa
cuea® of salnonellosiaz, Next, in order of importaaca to public healek,
dsetic enivals, particularly swice herds snd poultry flocks, have bean
investipated (Bdwards gt al., 1967). Eree-liviay wild aninsls have
firnclidentally baen suzveyed for the preseace of ealmongllae infections.
Vild mammels, wild birds, and reptiies may be heslthy, symptomlsss carriers
of Saloonella, and act as vesarvolrs of the bacteris (Boycott g% pi., 1953;
Baxton, 1957 Bdwards sad Galton, 19673 Taylor, 196%), Teylor {1939)
cuncluded that certsiw $3limmalla serotypes ace hoet apecific, that {a,
vhe bactarium is pathogeaic for one host awmd relatively noun-pathogzenic
to other specles. galaxmglla antezitidig var. duavRz, for exagple, har been
i9olasted exclusively from wild rets and mice; the ovganism often causce

severe sutbreaks ian these rodents, but 18 not knowm to infe t other animnls.



Order Rodentia

Salgpaglla have heen associated with natural epizootice in rodents.
During investigstions of overpopulation and asaociated episootics ia
voles (Microtus epp.) in southern England, Elton gt @). (1931) conjectured
that intestinal bacteris of the §almonella type were occasionally
respoasible for nstural infection in these populations. Salmonellae
were also coneidered ae a common infection ia house mice (Qfus gusculug)
in England (Jones and Wright, 1936; Chitty and Southern, 1954),

Several strains of salmonellae have been isolated from rodents.
Loeftler, in 1892, isolated Eacterium (Pslmonells) Syehi-murium from white
§wiss mice, and when this organism was introduced into vole (QQiczotus
avalis and M. agrestis) populations, an epidemic was induced. JBacillua

(Gglmaglla) sntsrizidis was i{solated from spleen and liver lesions in
wild house mice (M. muaculus) in Australia, vhere the orgsnisa was noted

to produce natural epidemics in cthis rodent (Elton, 1942). In e five and
ten year atudy of the di{atribution of Jalspgells spp. in the United States,
8. typhi-guriug and §. antazitidip accounted for 92% of the salwonallae
cultured from rodents (Edwards and Bruner, 1943; Kdwards ot al., 1948).
There were 101 reported isolations of selwonellae from rodents during this
ten year period. No informmtion was given on the spaecies of rodents from
vwhich the isolaticns were made, ths number of rodents tested, or of the
reasons for culturing them.

As a result of laboratory mortality of trapped white-footed mice
(Rergmvacus leucgnus), Delmet (1944) isolated §. fyphi-murium from 19 of
79 (27%2) of these mice during a subsequent trapping period. During the

wintar of 1959, Dervick and Pope (1960) studied a population of aice
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(4. musculus) of plague proportions in Australis. Salgmoells
bovia-mordificans was isolated from 3 of 41 (6.8%) mice captured. Brown
aad Parker (1937) isolsted 3. gtaolgy and 3. Lyphi-muriuym frow 3 of 364
(0.6%) house mice () . mmculum) trspped in the city and on the docks of
Nanchester, Begland,

Isolations have also been recorded from wild rats living {n or near
hunsn habitations. A total of 842 wild rate (Ralfug rattua and
R. Doivegicus) were tested during a four year study f(n Australia, 4n aver-
age of 3% of the rats were infected, although no m outbreaks were
known to have occurred in either rates of man (les, 1955). Jalmmalla
types were isolated from 55 of 750 (7.3X) and 22 of 779 (2.8%) R. zattua
end §. nervegicus ic two studies of rats frewm metropolitan evreas in
Ragland (Xhalil, 1938; Browm sad Psrkex, 1957),

Experimental studias on the epidemiology of salmonellosis in rodeuts
have provided information on stress and infection., An induced epidemic
of §. eaterxizidis wee atudied on a farm near Baltimore by Davis end
Jeasen (1952), Twenty Horwey rats (R. gervagicuyg) were innoculsted with
8. suzeriridis io February end October, 1950, and relessed in the farm
buildings. The infection spresd slowly in the population on the farm
fur two years. An increassed rate of infection, hovever, wae noted when
the rats were stressed by a depletion in food or shelter, or by a forced
movenant of the pepulation. EKhslil (1938) examined 750 wild R. gatius
and B. gpryexicus for ealmonellas, aad fouad 55 (7.3%) poaitive. During
the wianter quarter, 17.6% of the rats trapped ware positive, while oaly
2. % trapped during spring and summer guarters were positive., Streas
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in the rats, possibly precipitated by winter westhar conditions, wss
believed to have caused the increased rate of infection., Delmat (1944)
conjectured that mortality from salmonellosis in white-footed mice
Q. lgicgpy@) in traps and in cages resulted from stress brought about by
very warm fall weather, comdined with the stress of trapping and caging.
Stress has been shown to cause sn increase in the incidence of
Salaopnslla infection in mice. A higher fncidence of infecticn of
8. sozeritidis wes noticed in white Swiss mice (M. mMsulug) innoculated
and stressed by starvation, ss compared to a control population,
innoculated and experiencing normal living conditions (Miller gt gl.,
1952) ., The higher incidence of infection was attributed to a lowering of
hoat resistance. In another laboratory study, colonies of white laboratory
rats and mice were infected vith §. gnteritidig rmerely by the presence of
an iofected rat or mouse (Welch gt gl., 1941), indicating that crowded
conditiona, increasing contsct among the animals, were responsible for
the decline in host resistance #nd therefore a higher susceptability

to the disease.

Class Reptilie

The first {solatioa of salaccelles from snzkes wee from a liver
culture of a gopher snske (PAifucnbis satsnifar) caught on e farm in
California (Minshav and Meleil, 1944), Turkey flocks en the seme farm
vere experiencing an epideaic of salmenellosis, and the sneke wes considered
as being e possible reservoir or vector of infection., Further studies
showed that 9 of 28 gopher saakes, 2 of 4 garter snakes (IRsanovhis
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hammondil) , 0 of 4 racer snakes, and 0 of 1 rettlesnakes, caught in the
vild ia Califoreie yielded §glmmmella types (linshaw end McNeil, 1943),
Le Ninor g} gl. (1964) isoleted Arisgga etralos froam 21 of 100 Seadviperas
(Uiseza amscdvien smmodvias) in Bavaeris in 196). An iavestigetioa of
snskes, turtles, and lizards in several soos in Germany and Switzerland
resulted in feoclations of 35 falmenalls streins from 191 (18.3%) reptiles
tested (von Rudet qf al., 1966). The incidsace of infeetion in confined
reptiles should not be compared to the iocidsace in wild reptiles, eince
crovding end etrese msy reduce host resistance to disesese.

A high incidence of salusuellesis hes besn recorded ia heslthy
tustles. Outbruaks of esalsonellesis in humsns fs Englend wers traced to
turtien (Isazudo ZXAgCA) teported from Morocco end sold ss pets (Boyoott
8L al., 1953). In the etudy, 17 epecies of Salmonells wers feolated and
identified from 11 turtles ead two pools of lerger numbers. All of
the hosts were healthy carriera. Esufmsan ead Norrieon (1966-) isolated
8- ilalsw freoa the ovaries and bile depoeits of 10 of 20 red-esred
turtles (Rasudayne scrinta slezans) on @ turtle farm in Mississippi.
Jackson gt al. (1969) isolated falmonslla tyres from 2 of 33 (3.8%)
wild turtles (Chglydza op. cad f2arsntdaryn op.), end 11 of 123 (9.0%)
captive turtles (Geachalons ovp.., JEEXARNS oPP.. Eagudemva erp.,
Macrochalye op., end Gooamvda sp.). Apparestly othsr studies have been
asds on turtles since Taylor (1969) reports thst in eocms etudies, 962 of

the wild tortoises (species aot givea) testad hsve essried sslmonellse.

Claas Aves
Sslmonellosis is an importent disesee in poultry (Bdwards gt gl.,
7



1948), but only limited invastization has bean initisted on wild birds.
In & one year study, 100 desd wild birds ware collected in a survey of
causes of desth (Paddoul gf gl., 1966). Positive sslmonallae indeatifi-

catioas were recorded from 8 brown heeded cowbizds (Molothrus gker),

2 house sparrowe (PRa2Sr doumaticug), 1 white thraoated sparrow
(Zenethxichia albicellls), snd 1 herring gull (I4Eus ardmatatus) .

Salmeinella tyohi-muzium wes isolated from all birds smcept that §. decby
vas {solated from the herring gull., Stress, initiated by cold weather,

end flocking at feeding stations wvas considerud as & factor ia the
spread of the iafectiea. MNudson and Tudor (1957) isolated §. gyphi-muriun
fxos 3 starlings, 7 epsrrowe, § rusty blackbizds, and 1 cowbird (species
aot given). All of the birds were found desd, snd all but the cowdird
were collected during winter {n eorhbh-ceatral New Jereey. Flocking was
belisved to have been instrumesatsal im the spresd of this disesse.
Wilesoa and Macdoasld (1967) isolasted selwcasllee from 17 of 2,715
(0.6%) birds collected from 1939 te 1964, and coucluded thet birde are
oot en importsat reservoir of sslmoanellosts, Commslius (1969) reported
nustrous sick end dsed greesafinches (Qloxis ghlgria) end housa sparzows
(R. dameaticus) during eeversl consenutive winters {n southera Eaglaand.

Salmmella LYRM-ERILIE was isclated fram 5 house sparrow (R. da@ARio),

7 gresafioches (Ghloris ShIRKis), and 1 dunaock (FXupalla sudulscip) in
1966. The same organisse wes i{selated from 5 house sparrons and 8

greenfinches in winter, 1968. Outdrsaks in birds were noted im sll parts
of southern England during the same winter. Coraelius conjectured that
flocking was a factor related Co the spresd of iafectioa from bird to
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dizd. 1In e study of an epieocotic smong seabizds in Schermdblirm, Cerwany,
von Stelniger (1967) isolated 11 $almpnglly serotypes from 62 of 108 (37%)

Brendsesachwslbe, 98 of 271 Flusssesschwulbe (362), and 17 of 68 (262)
Silberntive. The epecies were not givea. Ths author attributed the

epizootic to stress precipitated by cold, wet, winter westher,

Epidaemiology of Selecnslloeis in Free-~living Wild Animsls

Salmoncllosis is & zooaceis (van Keulen, 1959). Jawets gg gl. (1962)
gtate that wild animsls, cettla, rodents, and foul aay be nsturally infected
with tbe organisms, and msy carry_ the bacteris in their tissucas orx feces.

The most comwonly reported eource of salmonellee is the consumption
of food which has been contsainsted with faces from an infected animal or
wan. Jones and Wright (1936) for example, recorded an outbreak of
$. tyohi~guxium 1o five humaus in England. The outbreak was directly
related to the isolation of the bacteris firom mnuse excrets in foodstuffs.

Aairenles and hwaans msy be healthy carriers of salacacllae, and
periodically excrete the becteria in the feces. Li aand Devis (1952)
isolated salmonellas from feces of infected wild rats for seven coasecutive
wveoks., White Swiss mice, orally infected in the laboratory, shed an
agvirulent strain of §. SwRhi-mupiup for four veeks (Morello gf al., 1965).
The orgenisa may also remsin visble in the excreted fecea. PFeces of
infected rats, kept at room temperature for 148 days, then cultured, showed
isolatss of Salamalls spp. (Welch ot al., 1941).

In 5 ead 10 year reports oan the distribution of Ealgnoglls spp. in the

United States, Edwards g gl. (1943) concluded that aumerous cases of
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bumen salmonellogsis were directly attributable to fecal coatasination

of foodstuffs by wild vodents. Zalmanalls 052£xitidis wes tsolated meinly
from rodents (epecies oot given); therefore, humsa ceses of

8. sakazifidis were sttributed to wild rodents.

Avisele \M.cﬁ exist in an ecclogicsl comamnity are integral parte of
8 food wad, which can have a beering ov the spreed of infectious disezaes.
Audy (1958) considerad waigratory birds of i{mportence in the epreed of
varicus infeutious discases. Rsptorisl bdicds, feeding on rodeats in Utab,
have beoea considersd es poseible vectors for disseminstion of rodeat~borae
digeasaes to other areas (Bushman, 1938),

The literature indicates that ssluocnallae sre present in asny epeciecs
ef birde, eometinmes precipitating epizootics, There is some question
however, aa to the role of birds in the pausage of the disease. Wilson and
Macdoansld (1967) coacluded thet birds were not an important reservoir of
saizonellosis, vhile Teylor (1969) ststed that it was ressousble to essumd
thet $alaonalla mey be an impoxtsat ceuse of death in birds, and concurred
vith Hudson snd Tudor (1957), Faddoul gg gl. (1966), and Corneitus (1969)
that flocking alght casuse the passage of salaonellae from bird to bird,
tindson sad Tudor (1957) belisved that birds may play 8 part in spregding
§. Ltoohi-muxium to men and domestic animels.

Predatore have aguizad bacterisl ianfectious by consualang lafected
prey. Reilly (1966), for smsample, successfully iafected 3 of § types of
carnivoroum predstors vitd lentasniza srinpobmbosa by feeding them
infacted laboratory mice, Although thexe have been ao reports of salacuellee
boing trsasaitted by such a food chain, indirect evidsace suggests that

such relaticaships 4o emlet. Eltoa (1942) foveetigsted saluwoaellosis
k0



epidemics during population explosions of wmice (M. musculus) and voles
(Microtus spp.), and obeerved owls and kestrels migrating to the areas of
the rodent population explosions. Elton suggested that the predator-prey
relationahip could result in infection of predators upon feeding on the
rodents.

Further indirect evidence of food chain transmission of salmonellae
vas reported during an outbreak of salmonellosis in poultry flocks
(Hinshsw and McNeil, 1944). Cultures from wild animals captured on the
farme resulted in isolation of salwonellae from 1 gopher snake, 1 garter
snake, 2 dowgstic cats, and & pooio of house flies. The snakes and cats

may have become infected by coveuming infected chickens or mice.
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METHODS AND MATERIALS

The epidemiology of sslmonellosis in three groups of wild animsls in
east-central Illinois was investigated during a 12 wmonth period by trapping
snimale and culturing their intestinal coutents; biochemically and
serologically identifying suaspected salmonallse; and by comparing the
{isolates to determine the relationship of selmonellse to a food web of
snimsls. Three groups of wild animsls were investigated: predatory birde,

snakes, snd rodenta.

Animsl capture

Sparrov hawks (Falco sparverius) were captured in bal-charti traps
(Berger and Mugller, 1939), and great horasd owle (Bubo virgfajanug) were
taken from neste in a 30 square mile srea in Cumberland, Coles, and Shelby
Counties from Msrch to Septeaber, 1968. Cloacal swabs were taken of each
bird within 24 hours of capture, using sterile cotton-tipped applicators.

All live snskes collected for tha Eastern Illinois Univeraity
vertebrate collection from March to Deceuber, 1968, were sampled within
30 deys from the time of caspture. Cloacal evads were perforwmed using
sterile cotton-tipped applicators. EZther was used to kill three snakes,
and the closcs and lower intestine were dissected open, and a sterile
spplicator was used to swab the exposed lumens. The period of time
between capture and swabbing varied several weeks because of the snakss
ability to survive wesks without sustenance.

Rodents ware trapped in aine different areas in Coles and Shelby
Counties, Illinois using Sherman live-traps and snep treps. The trape
were placed in a line of stations 100 yards long, four traps to a station
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st intarvals of ten yards. Five of the aveas ware grasslands adjieceni
to roada and railroads, walle four arcas waere farm pastures.

Live trsppad rodents wera killed vith ether within 24 btours of
espture. The skin was raxoved and su abdaminal inaision waes made
entieeptically, exposing the viecera. AL this poiat, severel sethods of
ebtaining intestinal samples were attempted:

1. A sectioa of (1) stomash, {(2) flemm, and (3) colon were removed
from the rodent and dissacted opsn. Thm contents of each segmeat
vere ewudded with a starile spplicator, and placed in three
separate tudes of tetrathionace broth enricimsnt ooedium,.

2. Two or thrve inches of (1) emall 2atestins, and (2) colen were
romoved ftom tha abdasinal cavity, and eagch sesticn was meceraectad
and pleced in a eepsrate culeace tube of tetrathicnate broth medium,

3. ‘w0 or thres inches of (1) colon, ead (2) the entire cascu were
removed from the abdominal cavity, and up to 0.5 ce of ths
contents ware pooled fato one culture tubs of tetrathionate

broth medium .

Isolation of Salewwells
211 fecal gpecioens were imnoaulated into 10 cc of tetrathionate

broth medive and fncubated at 37° C for 26 to 72 hours. @pe loopfull
from each tetrathionate culture was theo strealsd on ona plate esch of
MacConkey agar, SS agst, and brillimat green asgar (Difco Manual, 196%).
Taree locpfulls of the tetrathionats Lxoth were alao streaked on ome plate
of biemth sulfite agar (Difeco Manmal, 1968), The Maclonkey agar, SS ager,
and drilliant green agar were incubated st 37° C for 24 hours. Bismuth
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sulfite agar plates were incutated at 37° C for 4& hours.

After incubation, all plates were exemined for colonies characteriatiec
of Salmonella. All plates exhibiting no colonies resembling Salmonella
were discarded. All plates showing positive suspect colonies were
retained, and one suspect colony from each plate was restreaked on
racConkey agar for a pure culture specimen. A colony from the pure culture
was then atreaked on s nutrient agar slant and incubated at 37° ¢ for 24
hours and then stored at 4° C.

Each sugpect culture was thep picked from the nutrient agar sglant
and {nnoculated onto a primary differential medium (triple sugar irom (7SI)
agar), a secondary differential medium (urea broth), and a 1.0% tryptone
broth solution. All differential media were then iocubated at 37° c.

The TSI agar and urea broth readings were taken at 12, 24, and 40 hours.
Indole tests were performed on the tryptone broth solution after 185 hours.

Suspected salmonellae cultures were then regrown on a freah nutrient
agar slant. The cultures were suspended in sterile saline in the culture
tubes, and drops of the suspension were pipetted onto a clean glass plste,
and tested for agglutination reactions with polyvalent Somatic O Antisera
purchased from the NDifco Company (Bdwards end Ewing, 1967). One drop of
the suspect saline solution was mixed with one drop each of eight
diffsrent polyvalent antisera, and the plate was gently awirled for five
minutes. Colonies which agglutinated the polyvalent antisera were taken
to the College of Veterinary Medicine, University of Illinocis, where
further tests were performed for action on dextrose, lysine, dulcitol,

and oxidase.
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A disgramaatic scihema for the proeedure used to culture and identify

salmonellee types from fecsl specimens follows:

Fecal specimen
Tetrathionate Enrichmmnt broth
Promary Plating medig <<e~---=c-ccecc-- vecee= MacConkay sgar

Brillient Green agar
Biemuth Sulfite agesr

Pure cultugfg e----ccae- seccscccccacaca e-=e-=-=MgcConkey agar
Storsge A ETER= A= ey = S = ---Nustrient egsr
Differential Selective medis ------c-ccccca-- Triple Sugar Iron egar
Urea broth
Indole
Dextrose
Lyeiue
Dulcitol
Oxidsse
Serological identification =--cccccc-cccccen- -Polyvelent, Somatic O
Antisera
Pood chain experiment
An experiment was performed to determine if sclmonsllae could be
passed from sn infected, prey animsl to & son-infected predator. Five
prarie king enskea (lemproppltie calligsster) were strsssed by fasting
for 30 daya. Cloacal evadbs taken on day 1, 5, and 11, were cultured to
dezmustrate the absence of aslmonsllae. All snakes showing colonies re-
sexbling saloonsllae were eliminsted. Snaskes shoving no colonies
resgabling selmonsllse on doth primaxy pleting medis end differential
salective medis ware feod suckling lsborstory mice which hsd been
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innoculated with a 24-hour Nutrient broth culture of 8. typhi-murium
isolated from a human by the State of Illinois Diagnostic Leboratory.
Cloacal swabs were taken 12 and 24 days post-feeding, and the feces cultured.
The cultures were then tested for S. typhi-murium using the prodedure

described for wild animals.
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AESBULT 3

A total of 209 birds, snakes, and small memmsls collected in east-
central Illinois from March, 1963 to Msrch, 1969 were cultured for
galmonellaae (Table 1). 7The majority of the anlmsls (867) were cellected
in Coles County, zlthough specimens were accepted from 11 other counties.
Rodente and ingectiveres were coliected predominantly durilng summer snd £zll
quarterg of 1562, whlle snakes and predaetery birds were captured
predominzantly during the spring of 1968 (Table 2).

Fecal samples or cloacel sem#las froo each of the snimals cellected
wvere eultured Iin tetrathfonate broth, then transferred to primary plating
media {MacConkey aéar; 38 agar; drilliant green sger; bismuth sulflite
agar). Suspect cclonies were picked from the primary plating mediz (Fig. 1)
of 176 eunimals (Table 3), and streaked on Maeclonkey agar to obtain pure
cultures. Biochemical tests using triple sugar iron agar, urea lroth, and
tryptone (indole test)(Fig. 2), were carried out on 226 suspect cultures
from the 176 animale (7akle 4)., A total of 52 suspect cultures were
igolated. Fourteen of the 52 cultures resembled Salmonella: that ia,
cultures showing an acid butt and an alkaline slant, H2S productfon on TSI
agar, urea negative, and indole negative. An additional 38 cultures had
the same biochemical characteristics except that H,S was not produced on
T3 agar.

Serologleal testing (Fig. 3) of the 32 suaspects revealed that 12
cultures agglutinated polyvalént antisera. Additional biochemical tests
earriaed out at the College of Veterinary Medicine, University of Illirois
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{Table 5) showed 3 of the 12 epecimens to be cheracteristic of the tribe
Sulmonellae. No Salmonella were fsolatad, however, specimena 3-5 and

3=170 were Arizona strains, and ¥-162 was a Citrobacter etrain {(Table 3).

CQulture S8-17C was submitted to the National Animal Diseass Laboratory,
Ames, iowa, for def!nitive serotyping. The culture was identified as
Arizona 25: 27-28%,

Specimen S-5 was s water snake (Natrix sipedon) csptured near the
fmbarrase R1ver, Coles County, Illinofs in April, 1968, A culture specimen
was taken from the snake while it was alive. Specimen $S-170 wae a

cottonmouth snake (Agkistrodon piscivorous) captured in Johneon County,

Ill{nofe in September, 1968. A culture specimen was taken from the
diseccted and axposed cloaca and lower intestine of the killed snaks.

Specimen M~-162 was a Citrobacter strain and therefore not considered a

pathogen.
A control experiment, designed to show that s Saimonella sp. could

be transmitted via a food chidin of animals was initiated uaing prairie

king snskes (Lampropeltis calligaster) and suckling laboratory mice.

After determining two of the snakes to be free of Salmonella infection,
suckling mice were ianoculated with a 24<hour broth culture of

S. typhi-muriwm and fed to the mnakes. Post-i{nnoculatfon fecal camples
teken 12 days after feeding the snakes, were positive, f.e., polyvalent
ant{sera Group A-I wase agglutinated dy a pure culture suspect from each

of the 12 day “ecal samples.
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Table 1.

15488 to Merch, 196% and cultured for salmonellae.

Wild animale collected in east~-central Illinois from March,

Number collectsd by county

ham |

]
Species E o 'g
2 9 (7]
: § 3 § ¥ & 3§ i
3 2 3 4 B %
8 g = & 5 s & 4
Class Aves -
Falco sparveriua & 7
Bubo virginianus 2 2
Clase Reptilia
Thamnophip sirtalis 7 1 1 2
ropsltis csllizastar 8 2 1 1
Elaphe obgoleta 3
Nagrix sipedon 14 ! 2
Thamnophis radix V:
Pituophis melanoleucua 1
Storeria occipitomaculatcs 1
Apkigtrodon piscivorous 1
Opheodrys aestivus 1
Coluber constrictor 1 1
Thasmophis sauritus 3
detsrodon platyrhinos 1
Farancia abacura 1
Order Rodentia
Mierotus ochrogaster 22
Mus musculug 63
Eeromyscus leucopus 11 2
Peromyscus maniculetue 4
Synaptomys gooperi 20
Order Insectivora
Blarina brevicauds 3
Cryptotis parva 23
Total 182 11 3 2 2 2 2 5

* Gther counties: Christian, Johnson, Richland, Shellry, and McHenry
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Table 2. Ssasonal trapping results in a Selmonella survey of wild animals

in east-central Yllinoie from March, 1963 to March, 1969.

Number of animals cultured

Quarter
Mammals Snakes 8irds Total

Spring 8 35 10 53
(April to July, 1968)

Summer 80 0 S 85
(July to Oet., 1968)

rall 45 ? 0 52
(Oct. to Jano, 1968)

Winter 19 0 0 19
(Jen. to April, 1969)

Total 152 42 15 209
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Table 3.

Biochamical and serclogical reactions of suspected Salmonella

types lsolated from wild snimals eaptured in east-central Illinois.

Number of animals suspect
as result of:

Species Nunber R Result*
tested primary biochemical serological
plating teats tests
Class Aves
Faleo spearverius 11 6 2
Bubo virginianus 4
Clags Reptilia
Thamnophis sirtalis 11 10
Lampropeltis 12 12 2
ealligagter
Llaphe obsoleta 3 3 1
Natrix gipeden 4 & 1 1 Arizona ap.
his radix 2 2
Pituophis 1 1
melanocleucus
Storeria 1 1
oceipitomaculata
Agkistrodon 1 )| 1 )| Arizona ep.
piscivorous
Cpheodrys sestivue 1 1
Coluber constrictor 2 2
Thamnophis ssuritus 3 3
Heterodon platyrhincs 1 1
Parencia abacura 1 1
Order Rodentia
Microtus ochrogaster 22 9 4
Mus mysculus 63 63 28 2
Peromyscus leucopus 13 13 é 2 Citrobagter ap.
Per 7 7 3 2
maniculatus
Synaptomys cooperi 20 10 6 %
Crder Insectivora
Blarina brevicsuda 3 1 1
Cryptotis parva 23 21 5
Total 209 176 62 12

* Reesults of biochemical and serologiecsl testing carried out at the
College of Veterinary Medicine, L’né{otuty of Illinois.



Table 4. Blochemical and gerological reactfons of 225 suspected isolates

of Salmonella from 176 wild wsnimals.

— _ Reactions :
Primary Nunber TSI Urea Indole Polyvalent Somatfic
plating of sntisera - Groups
media isolates  pHt H,8 A1 & B C D E G
MacConkey agar [ + + - - » e e e e = -
28 + - - - - = = e = . -
10 + + + -
32 + » + -
9 + - - +
i - + - - + - - - -
1 + - - - + - - - - -
2 + - ~ ~ + - e o« = - -
38 agar b + 5 - - « = = e o= o= -
25 + - - - ~ e e e e = -
8 + + + -
3 > - + -
13 + - - +
1 + + - +
1 + + - - - = e 4+ e = -
Brillfant 1 + + - - - = = e = = -
(reen agar 14 + - v - - © - . w o -
3 + + + -
1 + -~ + ~
5 + - - +
1 + + - - + = = e e +
4 + - - - + - = - -
1 + - - - R +
31 aguth 1 + -+ - - - = e e = . -
Sulfite agar 13 + - - - «- % o = = “
1 + + + +
3 + - 4+ -
3 + - - +

¥ 4 = 3¢i{d butt, alkaline slant
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Table 5. Bfochemical reactions of 12 suspected isolates of Salmonella
from 176 wild almitul..1

Reactions
Number of Kligers Urea  Indole
{solstes
pR | PY -
2 3 3 3 5 2 3
<] 0 -
e - 1]
SEREEE
. 2 x 8
1 + + - - G . - =
1 + + - - G - -
7 + - - - G <+ -
2 + - - - G - -
1 + + - - G - 8 - + -
12

1 Tests performed at the Coliege of Veterinary »edicine, University
of Illinofis.
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Figure 1. Typical 24-hour cultures of suspected 3Saluonells grown om

primary plating media at 37° ¢,

(1) HMacConkey agar: arrow peoints to trangparent, uncolored colony
suspect.

(2) 38 agar: arrow points to emooth, uncolored colony guspect,

{3) PRrilliant Green agar: arrow points to opaque colony suspect
surrounded by brilliant red medium.

(4) Bismuth Sulfite agar: (incubated for 72 hours) arrov pointg to

black, i3 producing colony suspect.
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Figure 2. Typical l8-nour cultures of suspected Salmonella grown on

difCerantial selective medila at 37° o,

Innoculated bacteria:
fube “A": Salmonella typhi-murium

Tubs "8%: Rscherichia colj

Tube "'C": Control (no bacteria)

Tuba "D': A pure culture suspect from & rodent

(1) ciple Sugar Iron agar: typical Szlmonella culture will leave the
slant unchuanged, produce an acid butt (yellow), and produce 323
{black) in the butt,

{2) Urea bdbroth: 3almonella culture will not change ures, but
contaminants will change color of broth fram yellow to red.

{3) 1Indole production: Salmonelle culture will not produce indola, but
contaminantg will c ange color of selution from yellow tc red on

the gsurface layer.



() |

(2)

(3)
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Figure 3. Agglutination tests for Salmonells using Polyvalent Somatic G

Antisers -~ Groups: +-I, 4, b, , L, B, 7, G.

Bacteria tested:

Row "A': Salmonella typhi-murium

Row "B": FEscherichis coli

Row “A" (jalmonella typhi-murium) shows positive azglutination with
intisera Groups 4A-I, and A.

wow "B" (Recherichia coli) shows no agglutination.

Control colusm shows no agglutination,
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DISCUSSION

Rodents, snakes and birds are integral parts of a food web in most
biotic communities. FPew Salmonella studies (Elton, 1542; Hinshaw and
Mcheil, 1944) have involved all three groups of animals in this natural
relationship to one¢ another. Since it has been speculated that di{seases
can be transmitted vie a food chain (Elton, 1942; Hinshaw and McNeil,
1944; Bushman, 1955; Audy, 1958; Reilly, 1966) an investigation of
salmonellosis shouid include all species involved in the food web., In
this study, biochemical and serolégical tests were performad on fecal and
cloacal specimens from 152 rodents and insectivores, 42 snakes and 15

birds. Two animals, a water snake (Natrix sipedon) and a cottommouth

snake (Agkistrodon pigscivorous) were confirmed to have harbored Arizopa

3pp., 4 membar of the tribe Salmonellae.

The samples Irom insectivore, rodent, snake and bird populatiocnae,
collected wainly in Coles County, Illinois from March, 1968 to March, 1969,
were apparently fres of Salmonella infection., However, no animalg were
collacted near severs, gsrbage dumps, or human habitations, and no animals
were found dead of unknown causes. Other surveys of salmonellosis in wilé
animale have been conducted in areas experiencing salmonellosis outbreaks.
Usually animals were captured in or near human habitationsj only one
animal species was involved, and high retes of infection were reported.
The entire enimal community was not considered {n these studies;
therefore, cowparisons between this study and others ms3t concern
isolations from rodents, snakee and birds eeparately.
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Although no salmonellae were isolated fram rodents in this survey,
field mice (P. leucopug)(Dalmat, 1944), house mice (Nus musculus)
(herrick and Pope, 1950; Browm and Parker, 1957), woles (Microtus spp.)
(Elton, 1942), and rats (R. rattus and R. norvegicus)(Pavis and Jensen,
1952; «<halil, 1938; Lee, 19%5) are commonly reported carriers of
salmonellosis. lowever, the reported isolations always inwolved either
overpopulation and sickness in the rodcnts; or the proximity of human
habitations and waete dumps. Steele (1959) states that the infectfon
rate of salmonellosis in wild rodents reflects their enviromment in that
wild rodents commonly show lower rates of salmonelloais than rodents
living in sewers and human slum digtricts.

No rodent population explosions or sicknesses were noted in the area-
trapped in this study. Although winter temperstures were probably
stressing factors, the rodenc populaticns were apparently not effected.
Salmonellze were either absent or present in very low nusbdors in the
rodent populations.

Salmonella and Arizona groups are commonly isolated from reptiles.
In tests on gnakes captur§d on turkey fatms which were experiencing
outbreaks of sslmonellosis, salmonellae were isolated from gopher snakes
(dinshaw and MeNeil, 1944; McNeil and Hinshew, 1944; linshaw and McNeil,
1945) ., Le Minor et al. (1956) and Dimow et al. (1964) reported isolates
of Arizona epp. from 437 and 21% of various snakes captured in the wild in
Baveria, Germeny end Prance. 2Zdwards and Galton (1967) report that

snakes are coomon carriers of Salmonella and Arisona groups, but thsat
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Arizona types are presont wore frequently than Salmouelle typea.

Snakes are maembers 0f a food web in east~ceniral Illinois, and
Arisona epp. ware igolated from two snakes in this survey. Uf the
literature reviewved, no reference was mede to actual experimental proof
that esalmonellae could be trangferred via a food chain. ‘The control
experiment conducted during thie survey proved that 3. typbd-muciuw
could be transferred fram rodent to snake in a food chain relationship.
Reilly (1966) infected three types of carmivorous animals with
Leptospira grippotyphosa by feeding them infected rodents. Therefore, it
sceas evident that a food chain transmiseion of species of Salmonella or
Arizona is possible.

Fredatory bdirde, which are componente of the food web involved in
this survey, could also become infected with ealmonellae vis the food web.
Buatmman (1955) and Audy (1958) reported that migratory cyclea of predatory
birds could involve the transfer of infectious diseases frowm one location
to another. Hudson and Tudor (1957); von Steiniger (1967); Cornelius (1269);
and Taylor (1963) reported that stress and floeking could further
precipitate an epizootic of sslmonellosis among birds.

None of the predatory birds trapped during this survey showed

isolstes of Salmonells or Ariaons. Usually, cloacal specimens, cultured

in tetrathionate broth and streaked on primary plating media, showed far
fevear suspect colonies than rodent or snake cultures. No igolated were
obtatned frow bird specimens either becguse the bacteria were present in
low mmbers or not at all; or izolation attempts vere unguccessful.
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The incidence and etiology of ssalmonellcsis in wild animals is
influenced by stress factors such as overpopulatione and adverse westher
gonditione. Davis and Jensen (1952) found that during changes in food
or shelter, or during population movements, en increased rate of saluonellosis
infection was evideant in a Norway rat (R. morvegicus) population on a farm
near Baltimore. Khalii (1938) noticed that the incidence of salmonellosis
infestion was greater in wiid ratse captured from January to March (17.6%)
then from April to September (2.2%) in Liverpool, vngland. Klton (1942)
recorded gseveral instances of vole-and mouse population explosions in
Eurcpe. <tThe populations, whien intentionally infected with S. typhi-murium,
vere ssveraly reduced due to infection and death ceused dby the bacteria.
Dalmat (1944) believed that an outbreak of galaonellosis in white-footed
mice in central Iowa was due to very warm fall weather which astressed the
population and precipitated an outbreak of the disease. White Swige wice
were observed to be more susceptable to 8. snteritidis after being stressed
by faeting (Miller ¢t al., 1962). The authors believed that the fasting
had caused a lowering ef host resistance to infection. Morello et al.
(1965) artifically infected white Swiss mfee with S. typhi-wurium. The
bacteria were ghed by 32% of the individually housed mice, while 677 of
the pools of nice shed the bacteria. Hudson and Tudor (1957); Taddoel
at el. (1966); Cornelius (1969); snd Taylor (1969) believed that flocking
and steess might be an important factor in causing salmonelloais to spread
amonz birds.

Salwonella is the wecst wide-gpread animal ~borne disease in the world
(steele, 1969) . The impact of zalmonellceis on pudblic hezlth will become
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more cpparent in the future «s the human use of wild animal domains
increases, and the alum areas snd sewage disposal areas become more
nuzerous and further infected with rodents.

Salmonellosis 18 a Zoonoais, and tue presence of salmonellae in
rodents, snabes and birds can bs of mpdrcanco to public health. The comsmon
route of Salmonella infection is oral. Salmonellae frequently exist in
fooda esten by domestic and wild animals (Breed gt al., 1957). The close
associstion of rodents and huwans allows for fecal contemination of foods.
Salmonellae may remain viable in excreted fecas (Welch gt al., 1541; Li
and Davis, 1952; Morello et ai,, 1965), and there are numerous reports of
salmonellosis infections aquired from contaminated foodstuffa (Jones and
Wright, 193€; welch et al., 1941; Burrows, 1968).

If Salmonella ia enzootic in any species in a cemmunity, evea in low
numbers, it can be tranameittad via a food chain, therafore affecting its
Qfead to domestic animale or ran. Stress in the form of overpopulation
or climatic tonditiona, apparently pleys an importent role in inciting
epizootige among wild enimala (Khalil, 1938; Dalmat, 1344; Davis and

Jensen, 1952; imexrick and Pope, 1959; Killer et &l., 1962; von Steinfger,
1967).



SUMKARY

4 total of 152 swmall mammale, 42 snakes, and 15 predatory birds were
trapped in east-central Illinois from March, 1968 to March, 1969, and
cultured for Salmonella. Fecal specimens, taken from each animal, were
grown in an enrichment medium, streaked on primary plating medfs, then
tested biochemically and serologically.

Cf the 209 animal specimens, 176 were suspected of being Salmonella
on primary plating media, and 52 remsined auspect in the biochemicsl tests.
Serological tests showed that 12 of the 52 suspects agglutinated
polyvalent antisera.

3iochemical and serological identification carried out at the College

of Veterinary Medicine, University of Tllinois, revealed that a2 water

snake (Natrix gipedon) and a cottocamouth snake (Agkistrodon piscivorous)

hagbored Arizona spp., and the remaining ten suspects were contaminanta.
The genus frizona {s a member of the tribe Salmonellae.

Since it has been gpeculated that dissases can be transmitted via a
food chain, this study involved three groups of animals which are
members of a food web. !wuring this study, s control experiment wae
performed to show that Salmonella could auccessfully be transferred from

a predator to a prey. Salmonells typhi-murfum was successfully passed

from laboratory mice to two prairfe king snakes (Lampropeltis calligaster).

After the snakes were proven free of Selumonella infection, they were fed

two laboratory mice infected with 3. typhi-murium. Post-feeding fecal

samples revealed that the gnakes had aquired the infection,
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Although no Salmoneiia were isolated fn this survey, {t remains
that the bacteria are infectiocus to wild animal populations, domestic

animgls, and therefore marn.
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