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‘ j : | : _Abstract
Electron m1croscopy showed that C. Coll and C. Jejunl
bﬂare morphologzcally s;mllar. Besxdes ‘the documented spxral-
' shaped young cells and coccus shaped old cells, "donut" |
| shaped cells were also observed They were presumed to be an i
i )

1ntermed1ate form be;ween the splraln and coccus shaped
"4

‘ce;ls. The correlatlon between mxcroscoplc andlplate counts”
indicated that the COccus—shaped‘eerls‘weee,not&guiturable
underrthe‘conditions of these studies;‘Mueller—ﬁinton (MH)
| agbr‘(Difco anlexoid) brucella agar (BBL), and |
?'campylobacter agar base (Dxfco) were fodhd to be equally §
sultable as basal medxa for the growth of C &olf and C.
Jejuni wlthout}ﬁdded supplements. In subsequent studxes, MH
agar was used because th1s medxum id dlso su1tab1e for," |
determxnmg antlbxotm sucept:b1lzt1¢s of Campylobacter spp.
Laboratory stralns and fresh 1solates of C. coll were more
‘suscept1ble than C. jegunf to ant1b§§t1cs used 'in selectlve
nmed1a Thlsmmay be a factor 1n the lower reported 1nc1deﬁce
: ‘¥

of gastroenter1t1s due to C\ coll L1m1ted phenotyplc
A

‘-characterlst1cs are avallable for the taxonom1c 1f ‘ ;
| class1ficatxon of Campylobacter spp., therefore, the DNA

fbase'&atlo and homology determ1nat1ons were- used to 1dent1fy
“'atypicql Campylbbacten\;iraxns. It was shown that the DNA

h‘homology determ1natzon procedure could be. 51mpl1fied by: a:"
i;dot-blot hybr1d1zat1on method whzch e11m1nated the need to _ t
rxsolate puré.pNA For straxn d1£ferent1at1on of C coli and N

'hC jejunl ’a comb1nat10n of bxotypxng, ant;bzograms, and
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plasmld profxles was shoWn to be effectlve. stng a

tetracyc11ne resxstant (TcR) DNA probe,xthe mechan1sm of TcR’

in C. coli and C Jejunl from anxmal or. human sources was

L

found to be s1m11ar..The use of TcR probe serves as a model

) i

for the development of other DN& probes for dlagnostxc or

detection purposes ot ‘\,».e“.- .
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‘l‘1978). The guanlne and cytos1ne (G+C) content of

! ew T . R ' \ I
‘.1._Introduction ‘ L

‘ e
Slnce the work of Butzlerwet al (1973) and Serrow e
:(1977) the bacter1a now referred to as Campylobacteﬂ je}unl
and Campylobacter coll have been recognlzed as a ma]or cause'
of human gasttoenterxtxs. However, C coll only accouwts for
35% of the gastroenter1t1s caused by Campylobacter organ1sms,§
‘whereas C jejunl accounts for the rest (Karma11 and
Sk1rrow 1984) . : S | ‘v'lt“ ‘&;'
The cells of the genus Campylobacter are small (0.5 to
l Buum long and 0 2 to 0.5 um wide) relat1ve to other enterxc
. organlsms, so that they can be selectlvely fz?tered through

membranes w1th 0. 65 um pore size. They are nonsporeform1ng,‘

w‘gram negat1ve bacterlp Cells are spxral shape& in young

_cultures but. coccoid forms predomxnate in cultures over 72 h.tu

‘old (Smibert, 1985) The sp1ra1 shaped cells have a
character1st1c darting mot111ty when vxewed by phase

"contrast mzcroscopy. Usually a 51ngle polar flagellum is
@

jfound at onhe" or both ends of the cell (Smlbert 1978) ' Most

‘ members of th1s genus are m1croaeroph111c, though an

]

aerotolerant group has recently been’ descrlbed (Ne1ll et

1.} 1985) R = ,;~"‘H 'Vh;~i_“‘lf?i fl$734{5

- oy

:fg - CamPYIobacter spp._use ‘amino ac1ds and tr1catboxyl1C'“5' ’

Wn;ac1d cycle 1ntermed1ates as the1r pr1nc1pal energy sources.f"‘

= Carbohyarates are ne1ther fermented nor ox1d1zed (Smibert, Jfﬂg

B

-3lcampylobacter spp. ranges from 29 to 38 mol% (Smlbert,._
. '1978) The b1ochem1ca1 characterlst1cs and the G+C content f&*“h
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: A 3 - e b ¢ B Ve N . v !
N O [ L SN ’



.dlstrnguxsh Campylobactep spp from‘members oifthe‘oenus"_
ﬁ“foano B B ... . R ‘y |
| The taxonomy and nomenclature of Campylobacter spp
“Kyhave undergone many changes, espec1ally w1th respect to the
.hnomenclature of - pampylobacter fetus, C Jejunl and C coll
'The system currently in use is based on the scheme proposed o
by Veron and Chatelaln (1973) Both the Smxbert (1974) and-
.Veron and Chatela1n (1973) nomenclatures have. been w1dely

} used resultxng 1n consxderable confusxon.yStudxes*

o correlatlng dlfferentlal character1st1cs and DNA homology of
C.. col -and C jejuni showed that these oq?an1sms are from “
ltwo d stlnct spec1es, based on 53 to 96% homology w1th1n Lo
‘spec1es and < 49% homology between spec1es (Hebert et,gl
b1984, Owen and Leaper, 1981; Roop et al. 1984 Urs1ng et

‘\é’;, 1983) C coll and .C. jejunl are. phenotypxcally szmzlar'
;and only h1ppurate hydrolys1s can be used to d1fferent1ate

.ﬂthem (Harvey,‘1980 Leaper and Owen,_1981). The term "C

‘uJeJunl/coll" has been used by some 1nvest1gators when these

"}organ1sms have not been d1fferent1ated therefore, 1t is not -

‘clear grom many reports whether the organzsms in questzon
) were C jeJuni or C coll (Karmal1 and Flem1ng 1979 Jones
| et al 1980).. R ‘ ’

The overall objectlve of th1s study was to exam1ne some:wf"

f"fof the factors that may contrxbute to the lower 1nc1dence offfﬂf

v;egastroenterltxs caused by C coli compared w1th C JEJun!
1]?and to. characterxze fresh 1solates of C cof+ and C JeJunI

i;fobtazned from anzmals.,The hypotheses for the lower reportedffiﬂ



D e,
! .

1nc1dence of. C Colfyare as follows' . “V?f

-1.\ the present method of 1solat1ng Campylobacter straxns
1‘may not be su1table for the 1solatxon of C..coll' and

| 2t‘ C. coll and C. Jejunl cannot be dlfferent1ated relxably

using phenotypxc characterxéﬁxcs, as a result the

'significance of C. coll may be pnderestzmated. | R

~0

The.enperxments conducted to atudy these hypotheses o
1ncluded | | ‘

B T determ1nat1on of the v1ab111ty of dszerent forms of C.
Colf and C je]unl S0 that the pHy51ologlcal state of h‘
'the organlsms could be standardlzed for use in further '

' stud1e5° | ' | .

o 2.‘;evaluat1on of basal medla used for culturlng the
| ‘organlsms 5O that a sultable medxum could be used for'
l:further study of the use of ant1b10t1cs as selectzve

"~‘agents,; ,1

3. 1solat10n of C colf and C. Jejunf from swine. and cattle
.
uszng the flltratlon techn1que and. a selectlve medlum 50 .

4

'dl_that the effects of antzblotlcs on fresh 1solates and
"dlaboratory stra1ns could be compared '; e ‘
:;jgoc,characterlzatxon of fresh 1solates from sw1ne and cattle&h

:wflu51ng phenotyp1c character1st1cs and DNA (G+C content .
,;::and homology) stud1es to determlne the rel1ab111ty of
| fdxfferentlatxng C coll and C Jeuunl ]fo”fhf”ff;jq::djvﬁ

“iVS;ﬁfcharacte;1zat1on of fresh 1solates of C coll and c.




‘ vjejunI usxng bzotyp1ng, plasmxd prof11ee and. ant1b10t1c

susgept1b111t1es'-and L |
”hé;t determ1nat1on of the suscept1b111t1es of laboratory
ystralns and fresh 1solates of C. coli and C. jejunl tcﬁ"

to

ant1bzot1cs used @n select1ve med1a.

v

_wr Durxng the determ1nat1on of the antlbxpt1c
suscept1b1l1ty patterns of fresh 1solates of C coll and C.
jejunl tetracycl1ne resxstant stra1ns were encountered
Some of these stralns were: from an1mals wh1ch had not been
eXposed to ant1b10t1cs. The mechanlsms of tetracycl1ne-.
re51stance in these stra1ns were further studled using DNA

.

probes from C. Jejunl and Strepi'ococcus agalact fae.
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2: Review‘of therature
2. 1 Hxstorxcal 51gn1£1cance of C. Je}unl and c. COII
| Members . of the genus Campylobacter were orlgxnally

r%*&rred to as m1croaeroph1l1c vxbrxos" (McFadyean and
Stockman, 1913), and were classxfled as VIDPIO fetus, V,
h Jejunl and V coll (Smxth and Taylor, 1919 ‘Jones and |
thtle, 1931; Doyle 1944).. The first documented outbreak of‘
yhuman gastroxntestlnal dlsease assocxatediwlth AR
“;mlcroaerophlllc v1brxos occurred in’ 1946 1n\two penal |
. 1nst1tutxons:1n Illxn01s (Levy, 1946)‘ Of the 6, 019‘1nmatesi
357 contracted gastroenterxtxs wh1ch was attrlbuted to.

\ ) .
v1br1o l;ke ofganlsms observed by mxcroscopxc examlnatron

f of stool spec1mens. HoweVer, these organ1sms could not be'
1 \ ' X '

characterlzed because they would not grow on laboratory

medla.,xxng (1957) observed a group of organxsms from blood

|

"‘cultures of pat1ents Wlth gastroenterltls whxch she
\de31gnated as’ related"‘v1br1os‘ She notxced that these :
‘~organlsms were s1milar to V fetus, except that ' they had’ a
hxgher optxmum growth temperature.‘~ '

;;“

"';. Dekeyser et al (1972) developed a £1ltrat1on technxque]ﬁf

"'v.k\.

:for selectlve 1solat10n of mncro eroph1l1c v1brmos from
ﬁgstool spec1mens. Thls enabled Butzler et al (1973) toJ
r;tscreen Stool spec1mens from 800 cﬂ11dren and 100 adults w1th‘tf
';;d1arrhea. They 1solated these organxsms fromﬂthe stoo?s ofd"r

ing 2% and 4 0% of each group, respect1ve1y. However, it wasﬂﬂ?fﬁ

’}t"ot unt1l Sk1rrow (1977) developed a-d1£gcb platlng_ﬁethédﬁquf




tﬂehe nmportance pf these organxsms as a cause of

\"I "

§hstr&khter1trs was fully recognlzed

,‘I\‘

"

: The recogn1t1on Campylobacter sSpp. as important causes
n géstroenteritxs stimulated many research studies ‘
thaé%have dramatacally 1ncreased our knowledge of them and
more gg?qies haVe been descrxbed At present, the ~genus
consists of ten specmes, of which five are lxsted in the
turrent edition of BEPQey S Manual‘of Systemat Ic - |
Bacterlology (Smxbert 1985) and the other five species have
been recognxzed by the Internatlonal Committee of Systematic
Bacterxologg (Anonquus, 1985a,b; Moore et al., 1985; Neill
et. al., 1985) The relatxonshxp between the current

nomenclature ?roposed by Veron and Chatelaxn (1973) and

other nomenclaﬁures f? shown in Table 2.1:

“ T K R |
[ . ' ty i )
f : : . . .

2.2 'Incidence and geographical distrioution‘of Campy lobacter
'?nteritie | ’

” Sincelthe)introdtctfon‘ofdskirrow’s medium (1977), many

outbreagéfof human canpylobacteriosis'haéejbeen r Aﬁted and

B reviews of these outbreaks have been published ’SEQEZr and

A

Relieda 1981;:Blaser et;al., 1984; Doyle, 1981° Roblnson and
;Jones, 1981; Speeiman and Struelens, 1984). Campylobacter
enter1tis is an 1mportant dxarrheal disease in both
déveloped and develop:ng countr1es. It ranks with or next to
Salmonella spp.. in: importance (Blaser et al., 1984; Finch
' and Riley, 1984) In developed countries, .the highest

incidence of Campylobacter.enter1t1s is reported during the



Table 2.1 Changes in nomenclature of C.

"q”ma

N' -
v ‘\p !

fetus, C. jejuni and

.C. coli
Present
nomenclature
(Véron and ,
Chatelain, 1973) Past nomenclature - Reference
C. fetus V. fetus Smith and Taylor,

C. fetus subsp.
" fétus

C. fetus subsp.
venereal is

C. Jjejunij

C. coli

V. fetus var.
fntestinal is

C. fetus subsp. ;
fntestinalis

C. fetus var.
venereal Is

C. fetus subsp.

fetus

V. jejuni

"Related vibrios"

C. fetus subsp.
jejunt

V. coli
"Related vibrios"”

C. fetus subsp.
Jjejuni

' Florent,

1919
1959

Smibert, 1974

Florent, 1959
Smibert, 1974

Joﬁes et al.,
King, 1957
Smibert, 1974

Doyle, 1944
King, 1957

Smibert, 1974

1931
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summer months. In Hong Koné, the péak season for. outbreaks
‘of Campylobacter enteritis occurs during the cool months éf,
thenyear KHo‘and Wong, 1985).'In‘§eveloping councgies; there
.higher incidence of Campylobééter enteritis than in“
industrialized countries, and there is no appareﬂﬁ‘éeasonay
trend (Blaser and‘Relleg, 1981). In a study conduétedvin
Bangladesh, 17;7%'of aSymptométic persohs were’shown to be
carriers of C. jejunl (Blaser et al., 1980a).'Aéymtomqtic

carriers have not been repogted in developed countries.

Campy lobacter eriteritis cap affect all age groups.

" However, it is suggested that the incidence is highest in
ydung children (Karmali and F1emiQ?, 1979). In“develop}ng
coUntries, the majority of infections are found in chi;dren

“""JHéer the age of 5 years (Blaser et al., 1981). The
‘ frequency of isolation of C. coll is much lower than that of

C. jejuni. C. colf accounts for only 2 to 5% of outbreaks of

Campylobacter enteritis in United Kingdom'and Canada ‘

(Karma}i et al., 1983; Karmali and Skirrow, 1984; Thompson ’
et al., 1986). A survey c6ndué£ed in Héhg,Kong indicated an
exceptionally high rate of 41% of outbreaks of:CamplebaGtéP

enteritis attributed to C. coli (Ho and-Wong,,1985).

A

2. 3 Vehxcles of transmission and reservoxrs of Campylobacter
Based on epzdem1olog1cal stud1es, it appears that |
; ttansmxss1on of C. jejunl and C coll‘bccurs‘by consumzng
contaminated food and water or‘by contact with fecal

material from infe?ted animals or persons (Blaser and -



"

Reller, 1981; Karmali and Flemihg,“1979). Raw milk and water
have often beeﬁ implicated epidemioiogically as the sources
of organisms causing Campy]bbacter enteritis. However, C. -
Jjejuni and C. coli have seldom been isoleted from suspected
samples of milk and water (Robxnson and Jones, 1981; Wright
et al. 1983) ) , ‘ Y .

C. jejuni is found in cattle, sheep, dogs and poultry‘
while C. colf is ma}nlytfound in hogs (Blaser and Reller,
1981; Bokkenheuser and MoSenthal, 1981; -Doyle, 1981; Grent
et al., 1980; Karmali and Skirrow, 1984; Park'et al., 1981,
1983). Doyle (193f) reported that wi;d-ducksvebmmonly shed
C. jgjuni in their feces. Knill et al. (1978) assayed B84
véamples of water fgr the presence of C. jejunl and found the
organxsm present in 7 of 34 seawater samples and 37 of 50
fresh water samples. Subsequently, Knill et al. (1981)
reported that C. Jejunl was isolated from 53% of water
- seﬁples collected from rivers. Blaser et al. (IQBOb)'Showed'
that C.'jejuﬁf survives .in water at 4°C for 1 to 4.5 wveeks

and up to 4 days at 25°C.

o

N

2.4 Differentiai,chardcteristics‘of C. Jjejuni and C. COII
f - C. Jejunf and C. coli are catalase posxtlve and they

~ can be d1fferent1ated from other catalase p051t1ve speéxes

" - (C. fetus, C hyolntestfnalls, C clnaedi C. fennelllae and

fCl larldis) by thezr growth at d1£ferent temperatures, w1th
‘ opt1mum growth at 42°C but fazlure to grow at 25°C (Ring,

ir1957), susceptzble to 40 ug/mL (30 ug dzsk) na11d1x1c ac1d



o2
and,résistance to 64 ug/mL (30 ug disk) ceohlothin (Karmalii.
and‘Skirrow, 1984). | L B | |

The dlfferentxatxon of C. Jejunl and C. coll is more
dlfficult. The most reliable test is the h1ppurate
hydrolysis test (Harvey, 1980' Kodaka et al. 1982) . |
Jejuni hydrolyzes hxppurete to glyc1ne and benzoic acid, but
C, coll does not. However, hxppurate negatlve C. Jejutl have
recently been reported (Hebert ef al., 1984; Roop et al.
1984; Totten et al. 1985b) and only DNA homology studles
.can be used to d1fferent1ate these straxns from C. collf. In-~'
the taxonomlc study of Campylobacter spp. conducted by Veron.
and Chatelaxn (1973), C .coll stra1ns were tolerant to
br1111ant green (10 ug/mL) trlphenyltetrazolzum chlorzde
(TTC) (1 mg/mL), and glucose 18%) ‘but the C Jejunf stra1ns
were not. Subsequently, it was”shown that these criteria are
not relieble for the‘differeutiation.of C. coll and C.
jejunI:(Skirro;Jand Benjamin,.59805~ Rarmali and Skirrow
_1984) Sk1rrow and Benjam1n (1980b) used the ab111ty to grow’
at d1fferent tempetatures to d1fferent1ate Campylobacten ‘
sSpp. They showed tHat C. colf NCTC - 11353 grew at 30.5° c but i
C jejuni NCTC 11168 did not but thls test requxred |

wcontrolled cond1t1ons and was not su1table for routlne use

(Serrow .and Benjamin, 1980a b).

«



2 .5 prdemxologxcal markers for. C co]f and C. Jejunf

o Several epldemxologxcal markers have been developed for.
vstraln dxfferentxatlon of. C. col i and C. Jejunf The first
brotypxng scheme for Campylobacter Spp. was proposed by
'Sk1rrow and Benjamln (1980a). 051ng HZS pr”dﬁctlon in an
1ron medxum (with O. 05% each of ferrous sulfate, sodium -

' metabxsulf1te and sodium pyruvate), they were‘able to !
. d1fferent1ate‘C. Jejuni into two.biotypes. hior“(19d4)
expanded this biotyping scheme‘to lnclude the‘DNA hYdrolysis
| test. He was able to dlfferentlate C. jejuni into four |
bxotypes and C. colf 1nto two blotypes. For the bxotypzng of
C. Jejunf ‘Hébert et al. (1982) proposed a scheme which .
1ncluded DNA hydrolysxs and growth on a charcoal yeast agar
Roop et al. (1984) used alkalxne phosphatase act1v1ty and
DNA hydroly51s ‘for the blotyp1ng of C. jejunl and - G. coll
Using this b1otyp1ng scheme, Roop et al (1984) separated C.
Jjejuni (20 stra1ns) and C. colf (12 stra1ns) into four L
blotypes foroeach spec1es. ‘The b1otyp1ng schemes proposed by
n»Sk1rrow and: Benjamln (1980a) and the L1or (1984) systems
: have been used in other ep1demiolog1cal stud1es, for

"example Kapperud et al. (1984) and Alab1 et al (1986)',T5e‘¢l
usefulness of ;he system proposed by Roop et al (l?&é) has
.t not been further eva{uated/ i | o
_Two. serotyp1ng systems have been developed for R
| ’,d1fferent1ating C. coll and C Jejunl strarns (Lror et al.,}h'
.“1982- Penner and Hennessy, 1980) The L1or and Penner |

'lserotyprng systems have been compared (Jones et al., 1985,‘“4,

-—.“‘ oy



"Kaijser'andssjogren}‘1985- Patton ef‘al" 1985)f Thehresults
| 1nd1cated that both systems were comparable in. ,‘ I
dxst1ngu1sh1ng 1solates from human and nOn human sources and
that they were useful for epxdemxologxcal stud1es. However,
- greater dlscr1m1natxon was obtaxned when both methods were
applzed to the same organxsms (Jones et al v,1985)

Other epzdem1ologxca1 markers that hzve been proposed

I include a phage typlng system (Grajewsk1 t al. 1985),

| plasm1d prof1les (Bopp et al 1985; Tenoverjet\al.,‘198§),
! chromosomal-restrxct1on patterns‘(Penner et al. "4983) .
auxotyplng (Tenover, et al ,°1985) and lectxn 1nteractzon
(Wong et al 1986) These markers have not been evaluated

for use 1n ep1dem1olog1cal studzes, but they may be used 1n

~

comb1nat1on w1th blotyﬁlng or serotyp1ng schemes for straln '

d1ffer%nt1at1on.‘

2 6 Antxbzot:c res1stance of Campylobacteﬁ organ:sms ‘

| Ant1b1ograms of bacterla are determxned for several
‘vreasons' generally (a) to 1dent1fy an- ant1b1ot1c for
. therapeut:c use, but also (b) to d1fferent1ate bacter1a1
straxns for taxonomxc or epldemzologxcal purposes' and (c)

for use as selectlve agents 1n laboratory medla for the

Coay
DN

| enrzchment or selectlve growth of bacter1a. ’ .
Different technzques have been used to determzne the in

vitro suscept1b111ty patterns of Campylobacten Spp. d'

(Ahonkhal et al., 1981- Gebhart et al., 1985 Karma11 et

jfgal., 1980 Vanhoof et al., 1980) The earller c1ass1f1cat1on |



e 18
‘ schemes (szbert 1974) d1d not dxfferentlate between C.
»JeJunf and C“ coll therefore, data for antibxotlc
'resustance of Campylobacter spp. must be 1nterpreted thh

‘care ," ‘ o

.,‘ (a) Antlblotlcs used for d1fferent1atxon of Campylobacter
Lspp.‘ i’ “ | .’ S |
| In general C JeJunI and C. COII are resistant to -
ncephalothxn and suscept1ble to na11d1x1c ac1d The
eonoentrat1ons of eephaloth;n and nalidixic acid that . |
*differentiate"c “jejunf‘and C. colf‘from C. fetus and C-'
IaPIdfs are 64 ug/mL (Karmali and Sk1rrow,'1984) and 40 >
‘ug/mL (Karma11 and Sklrrow, 1984) vrespect1vely '
vAltergat1vely, dlSkS contalnlng 30 Hg cephalothln or.
na11d1x1c»ac1d oan be used (Karmalleet al.,‘1980; Morris andd
Patton, 1995) ‘ft“';“ o | . ‘. , |
Iin a étudy by Vanhoof et al. (1978) 3% of 95 strazns d,“'
,~of C. Jejunl and C COII were found to be re51stant to v.ﬂ
-dnal1d1x1c ac1d w1th a. m1n1mal 1nh1b1tzon concentrat1on
T(MIC) greater ‘than 4ong/mL In addltlon, spontaneous' - ‘
‘mutatlon of laboratory stra1ns of c. coll and C Jejunl to er
}na11d1x1c ac1d res1stance has been reported (Taylor et al.,
b?b1985) Cephaloth1n suscept1ble stra;ns of C colf\and c.
‘ ;tjejunl have also been reported (Karma11 and Skzrrow, 1984°5=;3;
'W.?Brooks et al., 1986 Megraud and Elharrzf 1985). Other ﬁif; |
| d;ant1b10t1cs have also been evaluated for taxonom1c use. Wang o

;Lfet'al (1984) showed that most stra1ns of C coll are’



",‘res1stant to clxndamycxn etythromyefn,‘rosaramxc1n and
dSch32063 .and that us1ng concentratlons of 2, 8; 2 and 2

ug/mL respectavely. They may be- used to d1£ferent1ate

-~ -

" between c colf and c. je_]unf

l;(b) Ant1b1ot1cs‘used 1n select1ve medla o L
Campylobacter organ1sms do not ferment or ox1dlze
“fcarbohydrates and thexr blochemlcal characterlstxcs cannot
be used for development of selectzve or d1fferent1al medla
‘As a result, ant1b10t1cs have been used as selectzve agents ‘fﬂ
.' ﬁor the 1solatzon of Campylobacteﬁ spp The ant1b1ot1cs most
“”commonly used as’ selectlve agents 1nc1ude cephalosporlns,
‘tr1methopr1m, vancomyc1n, r1famp1c1n, polymyx;ns,‘ |
| bac1trac1n, novobloc1n and fung1c1des.l |
:1., Cephalosporzns. Cephalospor1ns have been developed and’
“1mproved to malntaln act1v1ty agalnst ﬂ~lactamase
»produc1ng gram-negat1ve bacterla such as Enteﬁobacteﬁ,\,“
“;Senratia, Pnoteus and Pseudomonas spp. Therefore, the
ﬁspec1f1c ant1bacter1al spectrum dlffers between the
"hcephalospor1ns (Goto, 1982 Tufck ‘1982 Webber and
")

"5‘Yosh1da, 1982) In general C JeJunI and C Coli are

\ ﬂtresxstant to cephalothin, cephalor1d1ne cefazolln and

| cefoperazone.hfn L , : : .

:Qg?tiiTrzmethoprxm.}Trlmethopflm has a proad SpeCtr"m of

,.‘flant1hacterra1 activxty.‘It 1s»act1ve a981n5t most. °f the”hh

,. E‘nter-obacter'iaceae (MICV<0 2 to 3 ug/mL) Staphyloooocus “
| spp (MIC 0 2 to 1 6 ug/mL) and Str‘ePtOOOCCUS SPP°. (mc

T




b S*ug/mL)f(Atkinson, 1980 Carlson et al.,\1983,:
Goossens et al 1985 Kucers and Bennett 1975)
‘ﬁowever, Clostrfdium spp. and Pseudomonas spp “are

res1stant ‘to trlmethoprxm MICs >50 ug/mL (Kucers ‘and 1

3 Bennett 1975) C. Jejunl and C. coll are re51stant to

'h1gh levels of trxmethoprxm (Carlson et. al 1983-‘.

‘-Goossens et-al. 1985) ,Jg'

‘

' tVancomycxn Vancomycxn 1s hlghly effectxve aga1nst the
gram—p051t1ve cocc1 such as Staphylococcus spp. (MIC |
' <0.1 to 6.3 ug/mL) and Stneptococcus spp (MIC 0 2 to

;30 ug/mL) (Neu et al 1984) Gram-negat:ve bacter1a<

.

. are generally re51stant to vancomYCin,“for exanpie_the

MIC cf E. coll is >10ug/mL (Kucers" and Bennett 1975)
Rxfamp1cxn R1famp1c1n is. partlcularly act1ve agaxnst

Staphylococcus spp. (MIC <0 0016 ‘to 12 ug/mL) and

>fStPeptococcus spp. (MIC 0 001 to 6.3 ug/mL)’ (Neu et al‘.“,~
“‘1984) Gram-negat1ve bacter1a such as E. coll are | |
‘v1nh1b1ted by h1gh concentratzons of 10 to* 100 ug/mL
h'(Kucers and Bennett 1975) l | “" R
.Polymyxlns. All polymyx1ns have a s;m;lar antxbacterlal
I:spectrum but there are quantztat1ve d1fferences 1n

J'the1r act1v1ty (Kucers ?nd Bennett,u1975) Proteus spp

\

d;and S mancescens and all gram-pos1t1ve bacterla are
'afre51stant to polymyxzn (Kucers and Bennett, 1975)

'“Bacztrac1n. Bac1trac1n 1s h1ghly actzve agaxnst |
;fgram-pos1t1ve bacte:aa, but not agaxnst gram-negatlve ?f?if

baC1ll1 (Kucers and Bennett, 1975). The followxng ranges

.\f N



‘.'.1,8 |

:
By

have been reported as’ MICs for C. pePFPIngens S aureus
and s. faecalls- 0.002 t0"0.25; 0.8 to 25 and 12.5 to'
‘ >100 U/mL respectzvely (Athnson, 1980)
;”jrv Novobtocxn Novobxoc1n is. actlve agalnst Staphylococcus
”‘(?; spp.,\C perfrlngens and other gram pos1t1ve bac1111
\ but S faecalls is usually res1stant (Kucers and
| Bennett, 1975) E L o |
.8;2 Antxfungal agents. Actldlone (Wh1ffen 194&)'and :
amphoterlcin B. (Kucers and Bennett 19755“do not have
ant1bacter1al act1v1ty but 1nh1b1t fungal growth.
Tetracycl1ne and r1famp1c1n, whxch are normally qu1te
,vlnactlve agaznsti%ung;, act synerglstxcally w1th

amphoterxcln Bvagaxnst some.fung1r(Kucers and Bennett, v

'1975)..

. 2,7 Growth of'C' jejunl‘and'é "coll on laboratory media“h

_‘ C jejunl and C coli are m1croaeroph111c,;requ1r1ng a

‘freduced oxygen (5 10%) env1ronment for growth (K1gg1ns and |
'uPIastrxdge, 1956, Sm1bert, 1978) However they possess a f

‘_hstrlctly resplratory form of metabolzsm (Hoffman et al .
ﬂ?;1979b) Stud1es have shown that the1r m1croaerophil1c nature

- 5may be due to the1r sens1t1v1ty to exogenous superoxxde -‘-"h‘

v

fg'anzons and hydrogen perox;de although they produce

'efAddlng a mzxture of ferrous sulfate, sodlum metabrsulfzte

.f{and sodzum pyruvate (FBP) to culture medza enhances}the1r

“f;aerotoierance w1thout causxng any phy51olog1cal change 1n

AT TN
g L



{the‘organisms'(ceorge et al.,*1978; Hoﬁfman et al. 1979b)
This is attributed to the abxllty of FBP to quench the
superoxlde an\bns and hydrogen peroxxde present in culture
media (Hoffman er aI \‘ 1979b) B |
Campylobacter spp can be cultured on a varzety of

: basal medla w1th varxous growth supplements (see Table 2 2)

‘The most commonly used supplements\are anlmal blood and FBP
h C. Jejunf grow well at 42 c (Janssén and Helstad 1982) “
“However, freeze stressed C Je]unl requ1re a lower 1n1t1al

1ncubat1on temperature (37 C) in a non*Belectxve medlum to

allow subsequent growth at 42 C on a select1ve med1um (Rayf"

- and Johnson 1983) C Jejuni and 'C. COII can generally be

: fstored by freezxng at ~70 C in the presence of glycerol 8

‘f(Goossens et al 1984) Heat stressed cells are more

'
s «.s

Isen51t1ve to polymyx1n B and'collstxn than unheated celis
(Hannlnen, 1982) Humphrey and Crulcki?ank (1985) |
demonstrated that C. Jejunl are more. sen51t1ve to” r1famp1c1n
‘and sod1um deoxycholate aften freez1ng or heatlng

~ 1 v S

'~‘2 8 Isolatlon methods L : 'jf:}l“ ?f:' 'rf

3 ‘ ',\ “\ .
\ . | ]

s

-la] Three maln techn1ques have been developed for 1solat1on
\_of C JeJuni and . coII from human and envxronmental ‘fif"fif
‘ gsamples, 1nclud1ng, f11trat1on through a 0 65 hm pore sxze '”;

“fmembrane, growth in select1ve med1a or enrlchment of samples

ﬂsuspected of conta1n1ng Campylobacter organ1sms...

Fi B
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.Table 2 2 Basal medIa and supplements for growth of C

Jejuni and’ C coll

‘ : "’,.‘_,.'.'
~‘Ba8a1 media‘; ,’

.:Eruoella'agar‘or broth °

Mueller H1nton agar or
broth

‘Thxoglycollate med1um
‘Columb1a blood agar
ﬁloodlagar;baSe‘no.z
gNutrlent broth no 2
w1th agar

| fChem1cally defxned medla
Spec1a1 formulatlons

‘Q

fSuppIements

FBPY
uCharcoal
Sheep or‘norse'blood‘

- Hematin .. -

rtfﬁIsovitalex?E

4 Bolton and Robertson

‘Butzler and Sk1rrow,
1977 ’

'_Bolton and Robertson,A
'Bolton and Coates,

Gill,

Border et al.,
;"6111-

'VRosef et al

ReferenceS‘

1979"Border et al.,
1979%a., b;
1957

Blaser et al
1974; Hoffman et al.
Trueblood and Tucker,

Barot and Bokkenheuser, ]984{
Lior et al., 1982; ‘Logan and
Trust, 1984~‘,;‘ . ' L

Buleer and Skirroﬁ,ﬂf979

. 1982;
Goossens et al 1983

1979 Sk1rrow :

v

1982
1983

Tenover et al., 1985

Mehlman and Romero, 1982;

Rosef, o
1981 . _ '

George et al., 1978 . . - .

Bolton and Coates, 1983; Lander and ..
1980 ) ' AP

,  1974; Lander and -
1980 -~ T

Border et al.,

1974;-Wesley‘etra]rrdf
1983 . - ; S

1983

l" FBP-;a mxxture of ferrous sulphate, sodzum metabzsulflte,_'_g

‘fﬂrand sod1um pyruvate

Lane b

.52 Isovztalex’"- a supplement for fast1d1ous organ1sms (BBL

vﬁBec:on, chkinson and Co., MD,'U S A-)y,.px4~A

e
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2,8;1 Fxltratxon oty " e :
% Lo M‘\ \ . . ' Voo : o "",‘ :

Thg flltratzon method is: based on. the fact that«
iCampylobacten' lls are smaller 1n dlameter than most other

enterxc bacterla. stng a 0 65 um pore sng membrane, C.

‘ (5
"Jejunl and C COII can- be phys1cally separated from the“

. background flora of fecal samples (Dekeyser et al 1972)

_The fxltrate can then be cultured on solxd med1a Thxs

. method 1s cumbersome and it became obsolete thh the d

]

'»1ntroduct10n ‘of selectlve g;owth medxa. A modlfxed wﬁ~

-

fxltratzon method was developed by Steele and McDermott
(1984). A suspen51on of the sample or specxmen xs spotted
onto\a 45 um pore size membrane placed on the surface of

non- selectlve agar plates.‘Durlng an. 1n1t1al pre 1ncubat1on

perlod (about one hour) Campylobacten organ1sms mggrate
o)

i through the pores of the membrane onto. the agar surface. TheV

membrane is then removed from the agar surface and the .

| platés are 1ncubated Steele and McDermott (1984) used thﬁ%
imodlfled letratlon method to exam1ne 1 000 stool speczmens.
‘iThey obtalned a hlgher recovery ‘of Campylobacter organlsms-
w;th thzs method than u51ng a selectlve medrum conta1n1ng

- ‘vancomycln, trlmethoprlm and col1st1n.pw‘

Megraud and Elharr1f (1985) showed that a memhrane of

e [

Vf{O 65 um pore size 1s more eff1c1ent than the 0 45 um pore

: :s1ze. stng the 0 65 pm pore s1ze membrane, theglreported

w

“ffewer contamxnants than us1ng the classxcal pressure

”“f11tratzon techn1que. They also compared the modzfled

‘f,f1ltratlon technlque w1th select1ve ant1b1ot1c-conta1n1ng

s
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media.  They detected Campylobacter in 72 of 1,600 stool

TR . A .
spe@qhens. Only 59 Campylobactér strains were isolated by

“the filtration method, of which five C. jejuni and eight

) . ) . n
Campylobacter-like organisms (CLQO) isolates did not grow on

selgctive media. Six 6f these 13 strains were senSitive to
¢élistin or cephalothin.

<

2.8.2 Selective media

As early as 1972, Dekeyser et al. in Butzler's

'laboratory used a medium containing antibiotics in

combxnatxon with the fxltratxon method for the xsolatxon of
Campylagacter organxsms. To e11m1nate the filtration step,

Skirrow (1977) developed a medium using a»comblnatxon of

' antibiotics for primary §solétion of Campylobacter organisms

(see Table 2.3). Since then, manyﬁother selective media have
Been described in which different combinations of

antibiotics are proposed as selectivelagenté (see Table

2 - BN

The concentrat1on of antxblotxcs in Serrow s medium éﬁ &”

‘'was formulated for use with blood agar base number 2

&Onozd).'lf a dxffe;ent basal medium is used, it may be
necessqry‘tdtchédéévtne cOncenttation df ntibiotics used in
the“médiun'(hutzler ana Skirrow, 1979). T:;E/pbservatﬁon is
éupported b%ixarmall and Flem1ng (1979), who used Columbxa

blood agar base (G1bco, Burl:ngton Ontar1o) as the bdshl

‘medium. They. found it necessary to raise the concentratxon

{of polymyxxn B from 2, 500 to 5, 000 IU/L of - med1um Lydld

" —

g
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Table 2.3 Combinations of antibiotics used in media for

selective isolation of C.

coll and C. jejuni.

Medium reference

Antibiotics (per 'L of medium)

Dekeyser et al., 1972
Skirrow, 1977
Lauwers et al., 1978

"Butzler's medium, Oxoid"

4

1983
"Butzler's medium Virion™

v

Blaser et al.,
"Campy-BAP"

1979

7

Bolton and Robertson,

1982
"Preston medium"

Bolton et al-, 1984

"CCD agar"

Rosef et al., 1983.

-

Wesley, et al., 1983

Waterman et al., 1984

‘amp

bacitracin
polymyxin B
novobilocin
actidione

trlmethoprxm
polymyxin B
vancomycin

bacitracin
novobiocin
actidione
colistin
cephalothin’

rifampicin
cefoperazone
colistin

‘amphotericin

cephalothin
trlmethoprim :

vancomycin
pOleYXIH B
otericin

polymyxin B
rifampicin
trimethoprim
actidione

cefazolin
colistin

amphotericin
cephalothin

polymyx1n B
: rlfamglcxn

cefsulodin

polymyxin B
tr1methopr1m

~r1famplc1n

actidione

-
o’

(25,000 1U)

(10,000 1U)
(1 mg)

(15 mg)

(20, 000 10)
(25 mg)

(6,25 mg)

»

(2, 500 10U).
(5 mg)

(10 mg)
(100 mg)

raN
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horse blood is added to Serrow s medxum to neutralxzev
trxmethoprxm antagonxsts, such as thymidine (Butzler and
Sklrrow,:1979). Bopp et al. (1962)'suggested that sheep
blood can be used instead of ' lysed horse blood without
affeciiggzghgsgelectiQity of Skirrow's‘medlUm; |

After discontinuing the use of the filtration
technidue, Butzler and co-workers modified the medrum"used
by Dekeyser et al. (1972) by adding cephalothin and colistin”
in place of polymyxin ﬁ (ﬁauwers et al., 1978). The Skirrow
(i977) and.Lauwers et al. k1978) media for primary isolation
of Campylbbacten from stdol samples.Were evaluated by the
Centers for Disease Contrel,‘htlanta (Pattoh ét af.; 1985).
No.difference in isolation frequency was observed between.
media, although the Lauwers et al. (1978) medium was more
effective in reduclhg Proteus cohtamihants. hoﬁever Patton |
et al. (1981) showed that by 1ncreas1ng the concentratzon of

colistin from 10, 000 to 40,000 IU/L, a higher 1solat10n rate

s L
-

of Campylobacter organ1sms was ‘achieved, because of the
‘greater 1nh1b1t1on of collform bacterla. "

The formulatxon proposedvby Lauwers et al. is usually
referred to as "Butzler s medium". ‘It is available

\
commerc1ally (Oxoxd Ltd., Basxngstoke England) but

cefazolln is ‘used in place of cephaloth1n, and the basal

haiN

medxum is Columb1a blood agar base in place of
thaoglycollate med:um (Butzler and Sk1rrow, 1979). Butzler's
medium was. subsequently mod1f1ed by Goossens et al. (1983);

Q__—__—-—;_.—— .
It 1s referred td*”s "Bntzler s medlum V1r1on" to :

. .
[}



dlStlﬂgUlSh xt from the orxgxnal "Butzler medxum . The
‘tantlbxotlc combxnatxon used in "Butzler's med1um Virion" is
shown in Table 2 3. This medium suppresses the fecal flora,
especxally Pseudomonas aenugfnosa and Entenobactenlaceae
‘Both of the\"Butzler s media" can be incubated at 37° c,
"without overgrowth by the fecal microflora. Use of the lower
1ncubat10n‘temperature allows 1solatxon of C. fetus This
could ellmlnaée the need -for additional 1ncubatxon
facilities at 2 C., Blaser et al. (1979) proposed a
modification of\Serrow s medxum in which cepholothln and
amphotericin B wére included in addition to trimethoprim,
‘polymyxin_ﬁ and v\ncomycin. This medium is known as

i

Campy BAP. -
L

Researchers at the Publlc Health Laboratory, Preston,
England found Sklrrow's media to be suitable for isolation

of Campylobacter orgac1sms from stool spec1mens, but less -
u1table for 1solat1on of - these organxsms from animal and

env1ronmental samples. .They developed a medium known as
' Preston medxum‘(Boltonfind Robertson, 1982) for 1solatlon
of Campylobacter organisms from "any kind of spec1men
Subsequently, Bolton and\Coates (1983) found that a -
‘comb1natlon of charcoal gerrous sulfate and sodlum pyruvatel

was as effect1Ve as "blood 1n supportzng the growth of

JCampylobacter spp-. Thus,'a lood free selectxve mea‘um

| (charcoal cefazol1n sod1um d oxycholate or CCD agar) was o

developed (Bolton et al.. 198 ) Subsequentiy cefazolzn was,v'

replaced by cefoperazone (Hutc 1nson and Bolton, 1984) Thl?v'



mediun is similer'to‘that described.by Karmali ér al.,

| (1936), exéept that Karmali-et al. (1986) ineluded
inéncomycin and actidione in addition to.cefoperaione‘és'
selective agents. |

" : Several media have been deneloped to'recover
Campylobacter organxsms from foods (Table. 2. 3). Most of
‘these med1a are desxgned for use in combxnatlon with an

L enr1chment‘med1um. Rosef et al. (1983) ‘used only
amphoterxcxn B, collstxn and - éephaloth1n in a basal medxum
that is used for cultur1ng gonococc1. Wesley et al. (1983)

A used a combination of polymyx1n, r1famp1c1n‘and cefsulodin
for the isolation of'Campylobactér~organisms. Theh
concentratzons of polymyx1n and r1famp1cin are higher than
those used in’ other solid medla Waterman et al. (1984) used
a medxum.thh‘the same ant1b1ot1cs as Preston,medlum,-but
.thé ooncentrationS‘of oolymyxin'and trimethoprin are lower.
'2.8.3 Enrxchment medxa _

Fluld enrichment medla have been developed wh1ch have
greatly 1ncreased the sens1t1v1ty of medla for detectzon of
Campylobacten organ1sms 1n m1lk, water and other samples 1n'
wh1ch there may only be a few cells (Barot and Bokkenheuser,'
1984 Doyle and Roman, 1982 Lovett et al., 1983 Mart1n et -

’)/ai., 1983- Park et al., 1983 Rogel et al.{ 1985 Tanner andk

‘ Bu111n, r977 Wesley et,al., 1983) The select1ve agents \

= used are the same as those used 1n sol1d select1ve medza. In'V'

'f stool samples, Campylobacter organ1sms are usually present

e
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~ in large numbers and enrxchment is generally not necessary
(Chan, et al. 1985 Doyle, 1981- Hutchlnson, and Bolton,;

, 19&3) However,,xf the stool spec1mens are transported
enrxchment may 1ncrease the 1solat10n rate (Chan et al

o

1985 Hodge and Terro, 1984)

2.9 Conelnding‘remarks :
| vfhe-pioneer wdrk-ekautzler et af (1973) and Skirrev"
(1977) initiated the 1nterest in the’ genus Campylobacter
'that led to the recognltlon of C. jeJunI as a major cause of
human gastroenter1t1s. In this chapter, only ‘the historical - 1‘
51gn1f1cance, epidemiology, taxoﬂomy and class1f1cat1on
1solat10n and 1dent1f1cat1;2 of c. coll and C. JeJunI have
been rev1ewed Many other aspects such as the pathogenesxs
of Campy lobacter enter1t1s (Walker et al. 1986) 'survxval
and growth characterlst1cs in foods (Doyle, 1984) have been,
\reported but these toplcs are not dlscussed because they
are not d1rectly related to this the51s.‘Several new species
of CampylobacteP have emerged in recent years,. for example,
c. lar'idls (Benjamip et al., 1983), C. clnaedi’ (Fennell et .
al., 1984; Totten-et al.,‘1985a)- C. fennellfae (Fennell et,ff
, jal:, 1964;'Totten'éf ai., 1§85a) C hyolntestlnalls £
' (Gebhart et al. » 1985), and C. pylorldls (Marshall et ai..
1984) . Some-. of these spec1es have been shown to be of

cl1n1cal 1mportance although they do not - play a major role

in gastroenter1tls.7rfi o ) ,':' ‘w'vi"-?r_"‘_,"'”jl e
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3. Morphologzcal forms and vxablllty of Campylobacter
species studxed by electron mxcroscopy
. . ‘
A“3.1 inﬁroduction
CamprdbacféP‘species are gram-negariue, noncsporg:f,__
forming, m1croaeroph111c organ1sms Campylobacter je]unl
‘Campylobacter col | and Campylobacter Iapldls (Rarmali and
Sk1rrow, 1984) have all been 1mp11cated in. outbreaks of
| gastroenter1t1s. Dlrect examznatzon of fecal specimens . by
dark field or phase contrast mlcroscopy is somet1me§ used as
part of the'routine diagnostic procedure for Campy]obacter |
-spp,‘(Goosseﬁs ét'ala; 1984). The spiral Shape‘and darting
. motility may be used as characteristics‘to‘differentiate
then from orher enteric organismsf(Karmali and Skirrow(
v1984)  Several morpholog;cal forms of CampylobacteP
organisms‘have been reported 1nclud1ng. sp1rals, S~ shapes,
| "gull shapes, commas d1mp1ed shapes and coccoxd shapes
"(Karmal1 and Sklrrow, 1984- Merrell et al. 1981' Smlbert
ﬁ978) The spxral forms predom1nate in young cultures, whxle
' cocco1d forms are found max&ly in old cultures (Buck et al
jv1983 Ogg,‘1962 Pead 1979 Smxbert, 1978 Tr1tz and Ogg,
1967) ‘The. coéc01d forms of CampylobacteP fetus and c.. |
fﬂjejuni are belxeved to be degenerat1ve (Buck et al,; 1983'

(Smxbert, 1978) and to resemble s1m11ar forms in’ some of the

;ﬁ?chgmoheterotrophic spfrilla (szbert, 1978) >}
‘ﬂg'x versxon of thxs chipter has been publxshed by Ng, L= K.,r',‘
;;LBacteriol. 161' 338-34 .,;,,, G e

i e e s

DA



i "fn this study, single colonieS'of'C vcbli -C. Jejunl
‘@nd C. Iar'Idis were studled usxng scannlng electron '
m1croscopy to demonstrate the trans1txon from spxral to
coccoxd forms by exam1n1ng varxous areas of a colony Thln
‘sectxons of C. jejuni and C. laridls were studxed using -
itransmxss1on electron mxcrosLopy. The v1ab111ty of the
coccoid forms of C Jejunl and C. coli was determineéd by
vcomparat1ve plat1ng of the. cultures.

/. . ‘ RN

3.2 Materials and ‘methods

3.2.1 Electron microscopy ‘

C jej&hf C coli and C IaPidis were grown on’
Columbla blood agar conta1n1ng 10% deflbrlnated sheep blood
Plates were 1ncubated at 37°C in an 1ncubator contaxning 7%

.'CO¢. The cells were harvested after 48 to 72 h 1ncubat10n.

For scannlng electron mxcroscopy (SEM), agar blocks'ﬁ
conta1n1ng a s1ngle colony were cut from the plates and |
placed in small petr1 dlshes conta1n1ng 1% (w/v) osm1um '
tetrox1de (OsO.) 1n veronal buffer (pH 6 1), and held

| overnlght at room temperature to f1x the cells 1n the‘
eolony. After flxatlon, colonles were floated off the agar L

3»blocks. The colon1es were then dehydrated 1n a graded i
alcohol ser1es (25 50 75 90 and 100% ethanol) After
cr1t1ca1-p01nt dryxng the colonxes were mounted onto SEM

' *_spec1men stubs and sputter-coated wzth gdld. Samples were

e exam1ned w1th a’ Cambr1dge 250 scannzng electron mzcroscope. (f“



‘ For‘transm1ss1on electron m1croscopy (TEM), colon1es of”

C. jejunf and C Jaridls vere. fixed and dehydrated as
‘descr1bed for 'SEM. After dehydratxon in ethanol the'
specxmens were placed in: 2 changes of propylene ox1de for 15 |
:‘mln each, followed by 30 min 1n 12% Arald1te 1n propylene

| oxzde, and 1 h in 25% Arald1te 1n propylene oxlde. The o
‘fspec1mens vere then transferred to 50% Arald1te in propylene
ox1de, left 1n an uncapped vxal at room temperature for 24
“h and then transferred to pure Araldlte and 1eft for 1 h
The Arald1te was replaced and the spec1mens were cured for |
l‘24 h at 60 C. Ultrath1n sect1ons (60 nm thlck) were prepared
us1ng an ultram1crotome (Ultracut Rexchert-Jeny) The
'fsectlons were placed on 400 -mesh copper grlds and stalned

‘wlth 5% uranyl acetate in methanol ‘for 10 m1n and in lead
‘;;c1trate for 4 m1n. |
Suspens1ons from C JeJunf cclon1es were also stud1ed
usxng TEM by negat1ve sta1n1ng thh 1% sod1um ‘ |
'phosphotungstate at pH 7 0. These preparatlons were made on
jFormvar and carbon-coated 200-mesh grlds. Both the thin“
sectlons -and the neqatzvely stazned spec1mens wére exam1ned;q'

L1n a: Phxlzps EM300 electron m1croscope.

R

)

;fi3 2 2 V:abxlxty study

c ooll NCTC 11353 and c jeJunl NCTC 11168 were grown

f:izn Brucella broth (leco Laboratorles, Detro1t MN U S A )“fu

fﬁat 37‘C-and 7% CO, atmosphere fori2e- h. Approprxate

‘hidzlut1ons of 24 h cultures were P, Vted.onto Mueller-H:nton R
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(MH) agar (Oxozd Ltd., Basingstoke, England) .80 that each
plate had about 300 colonxes after 1ncubatxon. After 5

and 10 days of 1ncubat1on, one of the plates was remoJed‘to
prepare a cell suspen51on by transferrlng sufflcxent‘
colon1es to 0. 85% saline to glve a. turbldity equxvalent to
the McFarland no. 2 standard Approprzate dllutxons of the
sallne suspen51ons were plated in trxplxcate onto MH to
enumerate the CFU/mL of the suspens1ons. Slmultaneously,r ei
sal1ne suspen51ons were d1luted 11 or 1 4 with 0 5% phenol
After treatlng with phenol for 5 min, the cells were

" non- motile, and the mlcroscoplc counts of the dxfferent “
morpholog1cal forms were determ1ned u51ng a Petroff Hausser
bacter1a counter under phase contrast The exper1ment was'
dupllcated for each culture, and the m1croscop1c counts vere

"

compared with the CEU/mL on MH agar plates.

| 3,3 Results

3 3. 1 Scannlng electron mxcroacopy , _

Colon1es of Campylobacter grown for 72 h on Columb1a

d blood agar had a’ razsed center and a narrow, flat edge. The
average d1ameter of the colonles after 72 h of 1ncubatxon at,f
37 C was 2 mm.,F1gure 3 1a shows\an ent1re colony of C i
JeJunf that has been removed from the agar surface and
mounted on a SEM specxmen stub Fxgure 3. 1b shows a g_t’ld‘h
*e magn1f1ed area of the edge of the colony 1n Fxgure 3 1a. Invbf;

the flat reg1on at the edge of the colony,_where actxvely




: . o ‘ O"\-
fF1gure 3 1 Scannlng electron,m1crographs of C‘ Jejunf at
o d1fferent magnxf1cat1ons. (a) whole colony, bar

‘,krepresents 200 um*‘(b) enlargement of a port1on of
‘nbthe edge of the colony (1ndlcated 1n ‘) bar S
represents 10 um' (c) magn1f1cat1on of cells at

perlphery of colony, bar represents 1 um‘ (d)

magn1f1cat10n of cells at r1dge of colony shown 1n,J?‘

1b bar represents 1 um- (e) and (f) enlargements orl
- "donut" shaped cells, bar represents 400 nm, (g)
wa&;f,_\magnlfzcat1on of cells at center of colony showxng

coccusfshaped cells and amorphous mater1a1 bar\
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“‘grow1ng cells would be expected the cells were maznly
| spiral- shaped, as shown 1n Fzgure 3. 1c. In contrast, cells
a"further from the perxphery, at the raxsed portlon (r1dge) of‘
"‘the colony, were ma1n1y-“r1ng or "donut" shaped (Flgure
kpv3 1d) The rxng- or donut shaped cells are shown in h1gher
' magn1f1cat1on in F1gure 3 Te and f ,1llustrat1ng the hollow
ﬂ‘center of th1s form. Cells toward the center of the colony,
111ustrated in" Flgure 3 lg, showed a greater predomlnance of
‘hcocco1d forms,»wlth an amorphous materlal on the surface of
‘the colony Colon1es of C. coll and C Iarfdls were S1m11ar‘
hxn appearance to C Jejunl except that donut shaped cells -
‘:fwere not observed ' | e |
| The cells shown in F1gures 3 2a and 3. 2b vere obta1ned
‘n;by pourxng a layer of pur1f1ed Agar Noble (leco) on top ofﬂ
ia colony szm1lar to that shown 1n F1gure 3. 1a, and then ‘
}remov1ng the agar layer so. that the upper mass of cells wasy_f
"hremoved Flgure 3 2a, wh1ch shows a mixture. of sp1ral and’
fjfEOccoxd cells from a C coll colony.:represents cells {:f‘"h
w:?observed at the center of the colony. In" fact the cells are
wﬁ”pleomorph1c, 1nclud1ng S shaped gull‘shaped and ‘h _l-l{yi‘;f
ffprzbbon-shaped splrals, as well as "d1mp1ed" and round coccus ht
fﬁéforms..ln contrast Flgure 3 2b wh1ch shows pr1mar1ly R

-.<._,, .

fxC JeJunI represents

”jfsplral shaped cells from a colony
1fscells at the periphery of the colony.;In th1s electron

;fﬁmicrograph the end"fxew of a splral cell may be seen (see




'

dFlgure 3% 2'Soann1ng electron mlcrograghs of Campylobacter
fﬁH

(‘b%—a*

lls, show1ng varlous morphologlcal shapes observed

#

when the surface layers of cells were removed uszng

an agar overlay technzque° (a) C coll toward the t?:wf

center of the colony, and (b) C jejuni at the B

per1phery of the colony. Bar represents 1 um,;‘ﬁ{ﬂffﬁ‘
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a 3 3 2 Transmissxon electron mxcrosoopy

Negat1ve sta1n1ng of cell suspensxons prepared from C

,

Je]unf cells grown on Columbxa blood agar showed both spxral

and cocc01d forms (Flgure 3. 3) Although mqst coccus shaped

cells appeared to. have lost the1r flagellaﬂ some. still have‘}'
: flagella attached Thln sectlons of colon1es of C Jejunl

*"(Flgure 3 4a) and C laﬁldfs (Fxgure 3. 4b to e), vzewed byr
[ A‘)\ .
{‘TEM showed a var1e€y of cell forms. The results for both C.

—

Jejuni and C IaPIdIs were sxmllar. In Fxgure 3. 4a, the_

Y

"
Vcolony that had been floated off ‘the. agar was sectloned and C
. ' N
showed‘that the cells ad)acent to the a??r surface were most“

‘prob“Sly splrals and thelr cytoplasm was. close to the cell fW

v ! A

wall The cells furthen from ohe agar surface were more
"l1kely to ‘be coccus Shaped and the cytoplasm of these cells~

was.qenerally Separated from the cell wall Sometﬁﬁes more
k Jthan one cytoplaszc mais was observed w1th1n a cell '
L ;'
o ;envelope (see Flgure 3. 4b).,The cytbplasm of these cells was

'not as dense as that of the splral shaped cells and the1r

. o

f‘5ﬁcell wall seemed to be stgetched '1nd1cat1ng that these

/d N vy

““gfwcells.nght be 1n a degéneratxva state. In F1gures 3 4b BNd't.
‘”;3 4c, th1ck bands oould be seen, as 1nd1cated by the arrows.‘r
{'*f,Serlal sectxons showed that the band was close to the end o£¢p
Vftythe cells.‘A szmxlan band was obse:ved 1n all CampylobacteP

‘gstraxns studled SOme ceil types, as seeq 1n F1gure 3 4c,

v

“:ffhave a 1arge d1ameter and the cytoplasm 1s separated from

SERTI A S
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Fzgure 3 3 Transm:ssmn electron mxcrograph of negatwLw_
| stainﬁd cells of C. Jejuni showlng flagellatzon of
hp\t/spiral and coccus- §§aped cells. Bar represents

o

0 5 llm. .
ﬂ e \@






anure 3.4 Transmission electron m1crographs of th1n
- sections. of (a) C. Jejunl and (b) to (e) C. larldis
'-show1ng d1fferent morpholog1cal forms of the cells.
-Lower surface of cells 1n F1gure 3.4a was adJacent to

agar surface. Bar represents 0.5 um.
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‘the cell wall Most of these cells had a c1rcular shape,
1nd1cat1ng that they. mlght be coccoifl. Some were
"club-shaped, as shown in Fxgure 3. 4d 1nd1cat1ng that‘they )
| might be 1ntermed1ate forms. Serlal sectxons 1llustrated |
'that the cytoplasm ‘in the cocco1d cells was of variable
" shape, even-though their outlxne in th1n sectxons was - |
,:generally czrcular (see Fxgure 3. 4e) “

-
\

'f3 3. 3 anbxlxty study ‘
i Greater than 99% oftthe~eells of C. colf and C. Jejunl
grown in Brucella broth.and 1ncubated at 37°C in a mod1£1ed
‘atmosphere (7% CO;) for 24 h, were in the spiral form. No .
‘i:coccus shaped cells vere observed under .phase contrast. When
the 24 h broth culture was d1luted and plated onto MH agar
‘almost 100% of the cells formed colon1es (see Table 3. 1)
S1m1larly, when C col | and C. jejuni- were grown on MH agar
for 24 h, the predomznatxng cell‘shape was splral After 5
days 1ncubation, the predomznant cell shape had: sh1fted to
Jthe coccoxd form. Plat1ng appropr1ate dzlutxons of a
suspen81on prepared from these colon1es,,wh1ch contalned 106
‘to 107 sp:ral- and 109 coccns shaped cells’ per mL, only 106
cells formed colonxes on MH agar.,Both the plate count and |
the spxral cell count were 1000 fold less than the total o
.Amlcroscepzc count.,f | o o

‘.,

After 7 and 10 days of 1ncubatlon, colon1es were. |

v‘.J

‘sampled to 1nclude cells from the per1phery and the center h‘

of tﬁe colony. prral cells were stzll detected after 10

e
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Table 3.1 M1croscop1c counts of cocc01d and spxral forms of
C. coli and C. jejuni compared thh plate counts on

‘Mueller H1nton agar.

log,olméan

 growth on MH . 6*

, ‘microscopic count plate
» no. of ‘ - ‘ , .. count.
‘cultures replicates cocci/mL spirals/mL  (CFU/mL)
"~ C. coli (NCTC 11353)
24 h Brucella 1 none MB.SO 8.41
- broth culture . detected |
growth on MH 2 6* - 9.14 6..59 1 6.46
- ) / . . '
C. Jjejuni (NCTC 11168) H
24 h Brucella 1 none 8.60 8.49
broth culture: detected . : B
9.28 6.90. 6.10

* The number of‘feb;icétes‘is'based on aublicate trials with -
three samplings (5,_7 and 10 days) from MH agar plates. '
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“‘days of 1ncubat1on. The mxcroscoplc counts for samples taken".
| after. 7 and 10 days ranged from 1. 0 to 2 2 X 109 cocc01d i
‘fcells and 1 9 to 5 6 x 106 sp1ral shaped cells The plate
count ranged from 6 7 X 105 to 5 1 X 106 CFU/mL

The log10 counts were compared statxstxcally by pa1redtv
| t- test analys1s. The loglo mean c0unts of cell suspens1ons, .
contaxnxng spxral and cocco1d forms Qf C. coli or C. Jejuni~ '
grown on MH are shown in Table 3 1. The total m1croscop1c
dﬁcounts for both ¢ coll and C. jeJunJ were 51gn1f1cantly
_ _hlgher than the plate counts. The number of sp1ral shaped
cells of C. coll enumerated m1croscop1cally was the same as
the plate count. However, the number of sp1ral_shaped ce115*
of C: JeJunl enumerated.m1croscop1cally was sl1ghtly h1gherl
" than’ the plate count. (P=0 0025), \1nd1cating.that not all
"spxral cells formed colon1es.-Howe§er,‘the differencezis

’leas than one. log cYcle, whzch may not be of pract1ca1

' 1mportance.p L

.‘3.4 stcuss1onv ;f E B Vth S p "

'l The cells in a-éingle‘colony’are“heterogeneous'inuage d
‘and phy51ologlca1 state. It 1s assumed that at the perlpheryf"
:dof the colony the cells are actlvely grow1ng, wh1le at the L
“center and on the upper surface of the Eolony nutrxents are ‘T‘
}'less_axailable and cells are more llkely to be old and ol

f1nact1ve. SEM of a slngle colony of C Jejunlfsd‘wed that




l predomlnate at the edge, whxle cocc01d forms predomxnate 1n. )

‘ the center suggestlng that these forms represent actxvely

;growlng and 1nact1ve cells, respectlvely The donut forms

' were observed in a small regxon between the area where the‘ﬁfh
'spxral and cocco1d forms were observed Th1s suggests the.
\poss1b111ty that they are~an intermed1ate form between‘

lspxral and coccus shaped cells The mechanism of donut

‘v'format1on is not clear however, bther m1croorgan1sms such ‘

as Mfcrocyclus sp. and Splrosoma sp. ‘are known to form

ring- l1ke structures (RaJ, 1977) Y | ‘

Cocc01d forms have been,reported for other
’spxral shaped bacterla, 1nclud1ng Splrillum, VIbPlo,

."Oceanospirillum and DESuIFovlbrfo spp. (ereg' 1975) ‘%

r)\‘

"fCOCCOId forms are bel1eved to be restzng stages Ln SpIPIllum. |

. -

-(Krleg and Hylemon, 1976). Rever51on of coccoid to sp1ra1
‘gfforms "in C fetus has been reported (Ogg,'1962) However,y
th1s revers1on was observed when broth or’ agar cultures,“
wh1ch had less than three sp1rals per ten flelds under
'm1croscop1c exam1nat1on (cons1dered to’ be 100% cocc01d
f-tforms),‘were transferfed to fresh broth or agar. After 24 to?m
‘li48 hof rncubatxon, only spxral forms were detected N

.

”7contrast Baker and Park (1975), u51ng a sl1de cult1vat1on

”f;technzque, demonstrated that coccoxd forms 1n Vlbrlo spp.‘;

“awere non v1able, and that surv:val of the culture depeqded f;éj

\‘
.“&

v"fjon the few rod forms that were present.‘”ﬁf“*i*

In our study, enumerat1on of vzable cells by platzng_onf“d

'f:QMH agar 1nd1cated that cocco1d cells were probably unablefto’




i , -

'p\‘form colonzes. Th1s was supported by our observatlons from

V7tth1n sectxons of C jejunl and C. Iaﬁldfs cells The thzn .

a \
"sectxons of C laﬁldis (F1gure 3. 4) showed a hzgh 1nc1dence

*“of bleb formatlon. Thxs has been reported by others (Buck et

19&3 Pead 1979) to 1nd1cate loss of cell wall
..integr1ty wh1ch represents a degeneratlve change.‘The
anatomzcal features that we observed by SEM and TEM were

.

sxmilar to. those reported for C fetus, 1nc1ud1ng the :

‘f‘presence of th1ck bands at the flagellated poles (Keeler et ‘

'al., 1966 R1tch1e et al 1966) and the absence of a

B Qflagellar sheath (Ferr1s et al. 1984 McCoy et al 1975-

‘aR1tch1e et al 1966) Thxs suggests that our | st?a1ns were

‘ﬂimorphologlcally s1m11ar to other Campylobacter strazns that

A

"have been studxed.l.”

It 18 well documented that all Campylobacter ex1st 1n :

"ﬂidszerent morphologlcal forms. Our stud1es showed that

spxral forms are probably act1vely grow1ng cells,‘whereas

h cocc01d forms are old 1nact1ve and p0551b1y degeneratxve o
AR

“Lcells.cThe mechan1sm of cOcco1d cell format1on rema1ns.

'fwunknown, but our observat1on of rlng-.or donut shaped cells

;”;rsuggests a progressxve change assoc;ated wlth degeneratlon

*i?Tof the cell wall The degenerat1on of the coccoxd forms of ‘fl

d3]C coll and C jegunl was 1nd1cated 1n our study by the

:"jg1nab111ty of these cells to form colon:es on MH agar.;ww?ﬁ”'"

ropagatxon_ot.cultures, therefore, requ1res the presence otj”lf
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plate count methods cannot be used fO{ quantxtatlve study of

/ the cocc01d cells..
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‘4 Comparxson of Basal Medla for Culturxng Campylobacter

Je]unl and Campylobacten coli'

) 4 1 Introduqtton

. ﬁ,

7~ Several;hasal mﬁ%;a w1th varlous supplements are used

'such .as bloaa agar base no. 2 (Butzler'

| hu

Campylobacte éo?l

\
.

1981) brucella agar
'§Stern‘ 1982'
babe (Chou et

Trnst 1983) and ‘l :.‘ ;

i »,‘

1972) Commcn‘

)
N
! 0

trzmethopr

"(Butzlermand R rrow

!

1979 Déyle and Rpman, 1982, Llor et
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For stud1es of Camnylobactep cells 1n pure culture,,theﬂ;ﬁ,

use of ant1bzot1c 1nh1b1tors is not necessary,.and cultures

, can be 1ncubated at 37 1nstead of 42 c (Bowdre et al r976~

Lauwers et al.{ 1978 onr et al., 1982) For enumeration of
Campylobacter cells, 1t may be necessaryAto xncrease levels .
~of agar up to 3% to reduce swarmxng (Patton et al. 1981
Taylor et al 1981) Blood is, not generally preferred as al"‘
supplement to. med1a in research‘studxes because it is ‘
undeﬁlnedu and could cause dlfferences 1n results between‘ -
batches. We used elght strazns of C JeJunf and C. Coll
dlfferent serotypes to determxne the abfﬁlty of these“l.[a

organxsms to grow on selected basal medla, with or w1thout

added blood or FBP

LB
. . . . . .
¥ ) C } e, "

4.2 Materials'andlmethodsﬂ AR

a range ‘of Campylobacteﬁ o;gan1sms 1nclud1ng,‘C. ‘

JeJunI C coll Campylobacten tus, and Campylobacter

laridls, were grown in modzfred K broth (Taylor et al 1981)

containrng. trypt1c soy broﬁh (leco Laborator1es, Detroit,

t N
A

MN U S A ) 10 g, spec1a1 peptone (Ox01d) 5 g, yeast exﬁract ﬂ;

1,

(Oxo1d) 5 g, Trls buffer 0 75 g,‘sodlum pyruvate 5. g 1n 1

11ter of d1st111ed water- and 5 mL of f11ter ster1llzed 3%

1 4 d1th10thre1tol was added per 11t r. These cultures were e

1ncubated at 37°C for 24 h 1n a mod;f'ed atmosphere o
s of these cultures,<r7”"

.-,«
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ngxng 30 to 300 CFU per plate, were spnead onto brucellm

agar (Dxfco) and brucel& agar predared accordmg to BBL and
\
‘ Oxoid formulatrons usxng approprlate 1ngred1ents (BBL and

Oxoid) Columbia’ blood'agar base (Oxoxd); Columbxa blood
agar base supplemented wzth 10% deflbrxnated\aheep‘blood

with 1. 5 or 3% agar' and Mueller Hinton agar (D1fco}

.

}.3 {h culated plateapwere 1ncubated at 37 C in 7% co,
%

9»&:"" ’

angSphere -and counted/after 48 and 72 h .of incubation.
. !“..")“ e .,' . ’ ‘ ’ ‘l

.
\

*

‘4.2.2 Stock caltures“/ ’ L.

—-

Four stfains'df C. jegunt, serotypes 4, 5, 7 and 17,

and four straxns of C. coll, serotypes 8, 20 45 and 55,

~)

(Lior et al., 1982)/ were,obtalned from H. Llor (Laboratorx
fbntre for stease éontrol Natxonal Health and Welfare,
Ottawa Canadg) The stra1ns were serotyped by H. Lior using

the heat labzle serotyp;ng sy@tem. All eight stralns vere

‘ 1

:human 1solates, representlng .some of the mbst qommon'
serotypes causxng human gastroenter1tls (L1or,‘1984’ L1or'eI
al.; 1982) Cultures were ma1nta;ned on Columbla blood agar \{v
'baae (0x01d) wlth 10% added def1br1nate5\sheep blood at 37°C
1n an atmasphere conta1n1ng 7%‘C02:\and they were

a w,oD

subcultured qm1ce weekly. }T IR . ‘. o

L - »'

’V"i 2. 3 Cultural condit:ons

All cultures were 1ncubated at 37 _n an atmosphete s

'Q7conta1ning 7£ co;.nsqr use 1n the growth studxes. a 48 h -

£i$stock culture on Columbxa blbod agar with. 10% sheep blood
J‘,:A"“ ,,4

Pl . : . . [
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was inoculated intq;SxmL of modified K broth. Stock cultures
were also grown in brucella broth (Difco) for comparxson

WIth growth in modified Karmali broth.

'4.2;4 Plate counts
Appropriate dilutions of the 24 h cultures grown in
modified K broth were prepared in 0.85%'saline and surface
| plated in triplicete-optO/the'fokﬂowing besal media:
brucella agar (BBL and Difco) Blood agar base no. 2
(6xoid) campylobacter agar bagse (Difco), Columbia blood
aéar base, (Difco and Qx01d) and Mueller- Hznton agar (Difco
and Oxoid). The composition of the basal media is summarized
in Table 4.1. The basal media were also prepared either w1th
addxtlon of FBP (0.05% of each of ferrous sulfate hydrate,
sodium metabxsolfxte and sodxum pyruvate), or "?Eh 7% ’
defibrinafed sheep blood. Plages‘gith FBP were prepoured and
held at room temperature (ca. 21°C) to'dfy overnight. goome

med1a thh added sheep blood :equlred add1txonal agar to

(.
prevent swarmxng of the Campylobacten organlsms. The

) 1ncreased agar levels were as follows: 2% agat in: bnucella.
agar (Difco), campylobacter agar base (Dltco) and

| Mueller—Hlnton agar (0xo1d), and . 2 5% agar in. Columbza blood

' agar base (Oxozd) All prepoured ‘and’ 1noculated plates we}e
held 1n the dark (Hoffman ‘et al., 1979b) A 0 1 mL sample oﬁr

R apptoprxate dzlut1ons, to give 30 to 300 CFU pet plate, was

‘ b

Xinoculated onto each med1um. Inoculated pIates were dn1ed 1n;3'f

lamznar flof;hood for 15 min, and 1ncubated at 37°C in: an
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Table 4.1 Composition of basal medxa used for growth of
Campylobacter strains. * o

Blood ﬁColumbia ‘ .
Brucella agar  blood Mueller-Hinton

agar - no. 2 .agar | agar

(BBL (Difco (Difco

and and and ,
Ingredients Difco) Oxo0id)® Oxoid) (Difco) (Oxoid)

) grams/liter
"Peptone"P 20.0 15.0 23.0 ‘ ’
Yeast extract 2.0 5.0 ‘ SN
Casein ‘ . \\~
hydrolysate€. . - 17.5 17:.5
Meat infusion - , : ' - 3009 6.0
Liver digest o 2.5 ' '
- Dextrose . 1.0

Starch’ ' 1.0. 1,5 1.5
NaCl 5.0 5.0 - 5.0
Na bisulfite 0.1 ‘ S ,
agar - " 15.0 - 12.0 15/410¢ - 17.0 10.0
_pH: - 7.0 . ‘T4 7.3 7.4 7.4

. -

L ]

a8 D1fco‘Campylobacter agar base 1s a standard1zed blood agar
no. .

b Brucella agar (BBL) conta1ns 20 g polypeptone peptone,-\
(Difco) conta1ns[20 g of peptamine; Columbia blood agar base
(Difco)-contains 10 g peptone, 10. g bitone and 3 g tryptic
dxgest of Beef heart, (Oxo1d)—eenta1ns hs g spec;al peptone.

e Mueller-Hinton agar (leco) contazns technlcal casaﬁ1no
acxds, (Oxoid) conta1ns case1n hydrolysafe.

.. d Mueller-Hlnton agar (D1fco) contalns 1nfus1on from 300 g

B of heef.Aﬂ\ S

e Columbza blood . agar. (Difco) oontazns 15 9 Bacto- agar,
o ‘-(Oxozd) contams"m g agar ‘no. 1. o ,

b
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atmosphere contaxnxng 7% CO, for 48 and 72 h, for
enumeration of the colonles, The experiment was done in
duplicate.

B

'4.2.5 Data analysxs -
Media were compared usxng log,, transformed data for
analys1s of variance using a BMDP statxst1cal package
(B1omed1cal Computer Programs, P ser1es, University of
Cal1forn1a Press, 1983). Duncan's Multlple.Range test was
used, where appropriate, to'measure differences among media
means. | | | ~

L 4

4.3 Results .

In the preliminar; study, the two C. larfdfs strains
grew*poorly on Mueller-Hinton"agar.(Difco) and on‘hrucella
agar (Oxo1d) All of.the strains testedwgreu'poorly on
Columb1a blood agar base (Oxoid), resultlnd-in‘a 10- to
1, 000- fold reductlon in CFU/mL compared w1th other medla. -
~Analysis. of varlance of the data, exclud1ng the data for

Columbia blood agarnbase and C Iarldis, revealed a

Voo,

stat1st1cally S1gn1f1cant dxfference attrlbutable ‘to med1a ”‘

(P—O 013). Duncan s Mulr;qle Pange test was USed at the 95%
-conf1dence leveloto measure d1fferences among medaa means.’ ﬁ
_The results 1nd1cated that brucella agar (szco) supported a-
7_51gn1f1cantly lower CFU/mL than other med:a. However, the e

d1fference 1n the mean counts was less than fzve-fold, whxch

. 1s not of pra¢t1cal 51gn1£1cance. Furthermore there was no ,

/. . wl M
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'dxfference 1n counts observed on Columb1a blood agar base
contaxnxng 10% def1br1nated sheep blood, u51ng the standard
" 1.0% agar (Oxoxd‘agar;no.‘1) or w1thgthe agaryconcentrat1on_
increasedrto‘3% Colonfes on the 1. O%Iagar medium’were flat,
large and” spreadxng, whereas on the 3% agar, colon1es were
very small and dlfflcult to count after 48 h of 1ncubatlon.l
.Brucella and Mueller- H1nton agars (basal media thhout added
: blood) gave counts equzvalent to those obtained on COIUmbxa
" blood" agar base w1th 10% deflbrxnated sheep blood
' Consequently,lthe poss1b111ty of us1ng basal med1a
without FBP or. 7% sheep blood supplement was assessed for
quant1tat1ve growth of C Jejunl and C. colf. All strains of '
C. Jegunl and C. colf grew to 108 CFU/mL w1th1n 24 h* at '37° C
- in mod1f1ed K and brucella broths. No change in count was -
~g:observed after 48 h o£'1ncubat1on However, after 48 h
rf'phase contrast m1croscopy revealed that some coccoxd forms
- were present. All strains in th1s study were’ grown in-
‘ 'mod1£1ed K broth for 24 h to preclude the degenerat1ve '
‘cocco1q forms ‘and any poss1b1l1ty that prLor growth 1n“” %52
;brucella broth would give brucella agars an advantage over o
dther basal medxa, Log10 mean counts and the standard ’

"Q_\ - . N
e
dbv:at:ons for growth of four stra1ns of C jejunl and four

. -

.

:N straxns of C._coll on basal and supplemented med:a are shown

0

;'hese data are based on duplzcated expenlments
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‘Table 4.2 Effects of growth -medium and 1ncubat10n time on ‘
viable counts:of C jejuni and C. colf —

BaSal medium . ,wiub FBP' ,;[with”Bloodz

A

Medium .~ ' 48 h - 72h @8h 72h 48h .72 h

» leg10 mean‘CFU/m} + SD

B10od agar ~7.02°  7.02 8.53 B.56 = B.55 ' B8.56
. base no. 2 %0.97° $0.97 £0.23 10.20 £0.20 | 10.20
(Oxoid) . ° T | SR e

Brucella = 8.51 853 8.53 ° 8.53  8.5¢  8.55 "
agar . . $0.23 20,22  10.23° $0.23 £0.25 " £0.25 .

( BBL) L . R

Brucella 7.88 .. 8,20 . 8.33. 8.88: = 8.56  8.56
agar © 21,24 2071, 10 92 +0721" £0.20  ‘%0.20
_(Difco) - U R

'~ Campylobacter 8.24 8.44 8.56‘ 8.54° - 8.08 86 |
agar base +0.91 +0.26  $0.22  +0.22 .:1,22‘ $0.31"
(Difco) ' , 2 S . T
Columbia .~ 7,20 7.46 . 8.55. 8.57 8. 51 8. 53‘
agar < 1.1 $+0.79 $0.21 0,21 . ¢0 22 10 200
‘(Difco) = ' ‘ b R T N -

Columbia :. 6.97 . 7.15. 8.31 . 8:56 . B.06 - B8.45
agar £1.06 0,97 20,91 £0.21 £1.22  20.29 -
(Ox01d) Co T [‘ w :

o vy
%

Mueller- - 8.00. .8.40, .8.32. .“8.55 8.27 .- 8.47 R

+ Hinton _+1.20 © -20.28 . +0.91 +0.21  £0.90 027 ..
*.(Dxfco) S o L T P R D

Mueller-. ~  8.50 © 8.50 ' 8.3% . 8.56  B8.32  8.52

. Hinton ° . ‘30,24 -$0.24 ' £0.91 . 0,20 - £0.91  20.22
= (Oxozd) e e T e e T

-~

"ﬁ d 0 05% each of ferrous sulfate hydrate, sodxum .gizwfgkf”ffff

AT

2 7% def1br1nated sheep blood.w

e
SR
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- 8Jmed1a, and ‘the effect of added FBP or blood supplements.LA

‘summary of the analys1s of var1ance is shown 1n 'Table 4 3
Sign1f1cant effects were attrlbuted to medla and .

4

supplements. There vere also sign1f1cant 1nteract10n effects ‘
¢

E between culture and Supplement and med1a and supplement.

o The 1nteractzon effect between medla and supplement was_}

> probably due to the fact .that not- all basal med1a require

i %‘ .\' Al

_growth supplements for opt1mum recovery of the test culturese
3 under the cond1t1o?$ of thls exper:ment There was a ,‘f

kastatlstlcally s1gn1f1cant 1ncré;se (P<0 001) 1n the. count at
SR an B
.. 72 h¢ mpared w1th ‘48 h. Some stralns of C Jejunf and- C

coll f rmed only very small colonles on the basal medla
-after 48 h 1ncubat10n.iAfter 72 h 1ncubat1on,:all stra1ns of
C. jejunl and C coll on - all med1a formed colonles w1th ‘

"d1ameters between 1 0 !hd 2. 6 mm. As a result, the 72 h - ”{

-y

count was selected for further analyses.‘

The data were separated 1nto three groups, based on theV}‘

‘_‘use of grOwth supplements, for further analys1s u51ng a
"gtwo-way factorlal desxgn (ANOVA BMDP-ZV) (Table 4.4) W1th,¥

7added supplements (FBP or 7% sheep blood) there was no"‘

A \n

"s1gn1f1c£nt difference between med1a used for growth of the ?'
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Table 4 3 Summary of repeated measures analysxs of variance
- for growth response of C. jejunl and C. coli cultures

. on different" growth med1a atter 48 and 72 h
- incubation. -

Source of'f . » Degrees‘oi\ ‘
Variation Freedom ~~ F vgﬁue

Probability. -
"\ ) .

EY

— — - — — —
.Culture (C) T e o 14.49 = <0.001
%g?iasupbleﬁent§>' 2 . e7.68 . <0.001 "
Ix:rMedie'(M)  o, 7. ,'40,17" ' <0.001
s R w0 T3 <ou001
o l. S 29 e j.zé 01X |
s T e 10040 <0:0017
ceM o ‘.g o 3'98r“-, L 0.96 - 0.59 .j\-
IncubatienfrimeeCL)‘ : Rl “ f  \{'20?07' © <0, 001 .f;
Lo T g a9 o commor
sx‘e"l. PR ”e‘f ;g 2 '  1' y10;2i‘; f_”,oﬁa1:-f:‘
Cas T v e e CTae0 o 0841' 
e o ag T 0.9 .o, 5°:~1}'.

“CI.

s T e T 0,65 ';~‘-, '0 82. .

CLosIeMc Lo 0 e {,°:gy,=f'0,59-*7f~,;fe;o,ssmlg-‘“'
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BN Table 4 4 Summary oﬁ two way (factor1a1 des1gn) analyses of .
L .variance for. comparlson of growth response-of \
R cultures 1nocu1ated on basal and supplemented medla.f‘

.

Source of .+ . Degrees of T e
variation T P Freedom . F value . Probability.

 Basal, medla | o L
deultwre (©) 1T a3.z0 o - <0.001
Media 00 7 3si0 L <0.001
CM: . ‘r ." .;‘“ll’ﬁh 49 2,14 0.002

‘Mbdla wlth
- F8P ‘supplement - o , -

fﬂ'Culture (C) "‘,f‘ _ Y/ , r 19~l§f j ,-;'<05001
‘{Med;a (M)y“‘~'? {lT R m" - 0 14 :ﬁ-li Tjo;ggf
- CM\~5” “,"‘ f\”,f‘4'l\l7‘49 o 14 .00

N

oMedla with . i
7% sheep tﬂood; oy

“fCu1ture‘(C)f~,pggff:‘¥ *.v7l“i C 8.6 . <0s001.
Media (M) o7 es o o, 41,f

ceMois T T a9 oudk . o, 99 :
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| Table 4, 5 Log q ‘mean count of C Jejunl and C colf plated

. Culture ~ -DMH DCB

‘«TJC. Jjejunf
“‘f;efofype.i g_8'33 7. 99

on basa

Hui‘

medla thhout supplements

N 1

Med1a1jlu
» [

\

g

DBA - DCAMP  OMH.

" OCB

- OBA2

BBA'

“serotype 5 8.5 7 04

’lfserotybe‘7 . 8 28 MB 16|

. e C. bO’f ‘ |

-

. serotype 8

I

Sefotyp§~17"8 36 6. 56

N séfdter,zo' 814477, 07"

et

-ﬁ serotype 45 8‘84 8. 66

,'héefofypeﬂ55v;8348‘-6.527

oy

RV
Lo

8.64 8.37
8.34 8.56

8.33 8.18

'8.45 . 8.44

':8.59 8.28

L!

8. 39

8 53
8. 28.
8.50

7.34., 8.26
‘ ?\ :
8, 81 8.89
ﬁ@ 90 48,55,

38!53
8.87
28l
ﬂ§459H

[
-

6. 81

7.76

7.18."

7.68
6.52

8(16‘
5.40

6.98
 6;98
17.68. |
7.33

7. 60
'5 7f
7.66
s.fqn

8.59

8.58
7.82

8.27
8.55

'8.49
8.36 ””
8. 89
8. 50
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1 Key to Medla. el |
BBA DBA - brucelia agar (BBL D1fc¢)
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. observed on Columb1a blood agar base (D1fco and Oxoid) and

€
‘.U

blood ager base no. 2 (Oxo:d) Two of the C coll strazns :

' \

d1d notrgrow well on brucella agar (Dxfco) However 'all |
. . . s
strazns grew well on other basal medxa, 1nclud1ng \

”] campylobacter agar base (D1fco) wh1ch 1s equ;valent to

blood agar base no. 2 (leco} 1983) W1th the add1t10n of

'“-\ v

FBP or 7% defzbrinated Sheep blood supplements to Columbaa\l.v
blood agar base or blood agar base’no. 2 (Oxoxd) the |

1nh1b1tory act1on of these medla was averted Exam1nat1on of

R

the means 1nd1cates that the 1nteract1on effect can be

attr1buted to the varxable growth response of the cultures .
; : .

on Columbza bl od agar base (leco and Oxo;d) "brucella agar
(D1£co) and blood agar base no.. 2 (0x01d) When these medla jﬁ
were excluded from ‘the analy51s, there was ndﬁs1gnlfrcant |
dlfference between counts atb48 and 72 h, or between basal
medlac Mueller-H1nton agar (leco and Oxoxd) campylobacter‘f
agar.base (szco) and brucella agar (BBL). The add1t1on of

growth supplements‘to these med1a d1d not s1gn1f;cantly

change the coun s’of the*test cultures oh the med1a.‘V”f”
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r‘attrlbuted to dlfferences between the MEd1a. The nutrlent
N o ' ‘* ' ‘;,(,»- . L “ N ,~‘\ '
'Q]comp051tlon of the basal med1a d1ffers not only between‘[g~

Ya

o

‘medxa types but also w1th1n types between manufacturers, fof[ﬁ

Mgﬁxﬁkﬁexample, brucella agar. e ,q‘ R N ,
LA %

!
-, 1

(\m ' The use‘f 7% CO; atmosphere and 1ncubatxon at 37 c was

! Y J
v

SO
v ‘at1sfacto

L Inoubag&on t1me dgpends on the medihm used ' 48 h of |

{1ncubat1on is suffzcxent for med1a wrth FBP or blood

or growth of CampylobaC?er stock stra1n§. f,”

ﬁ‘supplements and for four of the basal" medla 1n our study,‘

l1nclud1ng Mueller Hlnton agar (leco and Ox01d)
'camp?iobacter agar base (D1fco) and’ brucella agar (BBL)

3 h the othem four basal medla thhout supplement%, 72 h of \
arncubatlon is necessary for adequate growth of the colon1es::l
"\ The lon.coiony counts‘on the basal medza° Columbla
blood agar base (leco and/Oxozd) blood agar base no..gg‘
"“h ,(0x01d) and brucella agar (D1fco) 1nd1cated an- 1nh1brtfon,“b‘

x"g FEEN
yon

0 of growth of some cells on these medlg Th1s 1nhib1tory

effect can be e11m1nated by addltlon of elther FBP or

deflbrlnated sheep.bLood supplements to these medla. Ourl:u

& ‘ ."-’i-'

‘nd Muéller-h_w;




,anluded blood agar base no.|2 (Oxo1d) and Columb1a blood
agar base (Oxo;d) wh1ch gave the poorest results 1n our

study Sl e .'
' ' o '.r Lo

' SOme researchers 1ncreased the amount of agar- in .
Campylobacter med1a, whlch reduces swarmlng of the organ13ms

-(Patton et al.;‘1981° Taylor et aT '1961) However, Mart1n

ey

et al (1983) 1nd1cated thas-the use of add1tlonal‘agar (3%)
*’may not be necessary 1n medla used- for 1solatzon purposes.‘

,The use of addlt1onal agar was necessary for some medha
#lsupplemented wlth blood to reduce swarmlng of the organlsms o
. B
'on tre agar surface. Th1s further detracts from the use of

IO

"Ablood as an enr1ch1ng supplement for routlne medxa 1ntended

Iy

Y\

j‘for e umerat\on purposes \Qae stra1ns used 1n thls study d1d
“Wnot swarm on basal medla (w1th or w1thout FBP) wzth normal s
ayamounts of agar (1 0% 0x01d and®1. 5% D1fco) However,,theﬁgj .

‘wdplates were drzed as descrlbed 1n Materxals and Methods.r i pf

.
|" ‘

thHence, add1ng extra agar to basal medla may not be f : C .

ff‘advantageous because 1ncreased agar concentratlon results 1n

h

redu'ed colony sxze.;hgﬁuT;%
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; cultures are plated»onto thls med1um It is llkely that

Mueller-Hxnton agar would bqathe medxum.of choxce for growth
" oo Lmee St

) of C. Jejuni and C coll espec1ally where ant1b10t1cs are

)

‘”1nc1uded in the medxum. In subsequent studles MH agar was ‘

Tl

used gor the growth of Campylobacter cultures and for‘

"

1,de:é!ag31ng the antxbzotxc suscept1b111t1es.,~w 7_ PR S

' ' ! ' .
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5. Inhibition of Campylobacter coll and Campyloba%ten Jejuni

by antibiotics used ‘in selective growth media‘

5.1 Introduct:on . )
Campylobacter Jejun| and Campylobacter col i are now

recognized as 1mportant agents of gastroenter}txs. In 1972,
. a filtration technique for isolation of Campylobacter from -«
. stool samples was described (Butzler et al., 1973; Dekeyser
et al., 1972). In 16%7 Serrow sxmpllfxed the isolation / P
aprocedure by using solid medla contalnxng three antibiotics
(trxmethoprxm, pQlymyxin B sulfate and vancomyc1n) for
primary 1solatxon of Campylobacter organxsms Subsequently,
otherkentlbxotlc combxnatxons have been proposed as H
select;ve age&ts to:recover C. jejuni and C. colf froﬁ.f
-various‘?ources (Blaser et a7., 1979,@Bolton and_Robertson,
1982; Deheyser %t_ale, 1972; Goossens et al.,.-1983; Karmali
Bhd Fleming, 1979; Lauwers et al. \1978; Rosef et al., 1983;
Wesley et al., 1983). Besidee diffehences in the types and
concentrat{ons of antibiotics used; the basal media used
with the antibiotics also differ (Butzler and Skirrow, 1979)
giving rise to the possibflity of- ineonsistent results
' betweeh laboratories. | | . ) |
" There arE many reports of the ant1b1ograms of C
: jejunl 1ncluding a review by Vanhoof (1984). The m1n1ma1
;inhibi;orygconcent;atiensb(ﬁlc)‘of.aptibiotics used in‘heny

—--—-n——-———---——-

'A version of this chapter has been pub11shed by g, L.- K.,
M. E. Stiles, and D, E. Taylor. 1985. J. Clln. M1crob1ol
22:510-514- - | o

(o~
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of the selective media have also been reported for C. Jjejunl
(Ahonkai et al. 1981, Dekeyser et al., 1972; Karmali. et

al., 1980; Karmalx et al., 1981; Michel et al., 1983; §
- : . SRR

Ringertz et al., 1981; Walder, 1979; Vanhoof 1978) o
A

However, there are far fewer reports of antxbxograms for C.
.coll. This is probably due to the lower 1solatxon {requency
of this organism from patxents (Karma11 and Skirrow, 1984) |
"In -the past C Jejunl and C. coll were not differentlaﬁed

but were classxfled as C. fetus subsp. Je!unl (Karma11 And‘

' 1
Skirrow, 1984). Informatxon on ant1b10t1c §r§cept1b111ty for

deve;opment of media was based primarily on antibiotic \

Ve
)

resistance of C. jejun/. Selective media for the isolation °*
. . . N N ‘

of Campylobacter may be more inhibitory to C. coll than C.
- Jjejuni. This\inhibitory effect against C. coli might be even

more significant where media are used for enumeration . °
purposes, for example 1n foods (Sternw 1982).

€
%ﬁ thzs study, the inhibition of C. col't by ant1b1ot1cs
used in medla selective for Campylobacter Spp. was compared "
: C LT
with the inhibition of select strains of C. jejun/. Thig was

done by determining the MICs for a raage‘of antibiotics used
in selectige media, as well as bj comparingrthe”effect-of‘
the various antibiotic~combinations used in CéﬁbylobaCteP
.med1a. Ant1b1ot1c comb1natxons were evaluated by comparxng ’
plate counts on a standard basal ‘medium thh and without

antzblotlcs.'
BN



5.2 Materials and methods f "
5.2.1 Cultures - . - | : 5@
A total of 24 C coII stralns was selected from. our
‘collectxon for comparxson of the1r ant1bxot1c resxstance

“with that of 6 C. jejunl strazns Xll of these straxns were
e

T from human and animal sources. Reference stra1ns vere

b A

83

1nc1uded from type culture collectxons. C COII CIP 7077 anH‘

('IP 7080 C Jejunl NC'I’C 11353 and NCTC 113g2 In addition,
Escherlch(a ooll ATCC 25922, Staphylococcus aureus (Oxford

' stram) Str-eptooooqys faecal Is ATCC 29212, Pseudomonas

B

*aeruglnosa ATCC 27853 Campylobacter feuus subsp. Fetus ﬁch

27374, and Campylobacteﬁ laridis NCTC 11352 were used as

stralnadwere stored at -70 C 1n a preservat1on medium

containing glycerol (40%) and trxsodxum'gﬂtrate (3%). They

L
were subcultured on Mueller Hinton (MH) agar before MIC

.determlnatlon Other spec1es wé?e subcultured in a 51m1lar

manner on nutrlent agar. ‘
i

i . .
. ,-f"-‘ - » . Ui \

‘”'reference cultures for MIC determxnat1ons. All Campylobactenf

¢
K7

Qy‘

- 5.2, 2 Minxmal Inhxb1tory~Con€hntrat1on (HIC) determxnatxon .

’ A colony of Campylobacter was selected from a 48- h MH
<Tplate and 1noculated 1nto 2 mL of MH broth. The, 1noculated

broth vas 1ncubated overnxght at 37 C 1n an atmosphere

= N ‘
':contaxnxng 7% coz. Cultures were d1luted w1th PenaSSay broth

;f{(szco Laboratories, Detroxt MN U.S.A, ) to g1ve |
_-approxxmately 107 cru/mr., s0 that 108 105 cFu would be

'*f;&f‘?‘”
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- | : oy Lo g
. 1noculated onto ant1b10t1c platés (Barry, 1980) w1th a
Steers replxcator (Steers et al. ,\1959) Reference cultures,
other than‘the Campylobacten referénce stralns, vere grown
in nutrxent broth at 37 c, 'dxluted and treated in the same

) manner as’ the Campf?obacter stralns. ‘

Ant1bxot1cs 1ncluded in the MIC determ1natxons were '
bacxtrac1n, cephalothln colzstxnf\polymyxln B sulfate,d
novob1oc1n r1famp1c1n trzmethoprlm and vancomyc1n (all
’ supplied by ngma Chemxcals, St LOulS, MO U.S.A. ) MICs ‘\
were determ1ned on MH agar contaxnxng two fold fhcreases in
concentrat;ons of ant1b1ot1cs. all ant1b10t1c plates -were
used th1n 2 days of preparat1on. Plates contaxnlng
rzfampxczn and novobxoc1n Were stored in the dark The MIC
"-was deflned as the lowest concentratxon of the antxbxotlc‘atl
‘whlch there was complete 1nh1b1txon of, growth j'd S f |

e I e |
5.2.3'E£fect ot.antihidtic combinationsmused jn‘seleCtiVng;“

.

media . o L .

“ . . ' t

Campylobacter stra1ns were selected fromsthe cultures
used in the MIC determ1natlons to. provxde a range of C. coll
stralns with d1fferent ant1b10t1c res1stance patterns.vln ;ff‘u
f addition,. three C jejunl stra1ns were also 1ncluded as a e
‘reference for the C;‘coll results. The stralns were -

: 1ncubated in brucella broth, 1ncubated at 42°C 1n/anaerobic
jars contalnzng a, modaf1ed atmOSphere of 5% 02;.10% €O, and

85% Nz.,The 24 h brucella broth cultures were exam1ned by

phase contrast m1croscopy to ensure that the the cells were

N
R
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predomlnantly in the sp1ra1 form, as opposed to the

' [

; cocco1d form. MH agar was ‘used as the basal med1um for thxs

' ' e H

study, because of our prev1ous observatxon that thls medxum/

)
A
»

supported maximum recovery of Campylobacter cells in the A
absence of blood or g owth supplements (Ng et al. 1985 ‘'see

Chapter 4)..The antzblotxc comb1nat1ons llsted in Table 5 1

h

: Q
- were added to MH agar. The 24- h cultures were dxluted thh
0.85% sal;ne bacause Campylobacter cells suspended rn th1s

diluent for up to 60 min retazned the1r v1ab1l1ty when
plated onto MH agar. Approprxate dilutions were 1nocu1ated
‘1n trip11cate onto each agar med1um and spread over the agar

y ]

Jsurface w1th g sterxle glass\"hockey st1ck". Plateswwzth 30

\

to’ 300 col%n;es were counted \The dlfferences in’ counts
‘represented dlfferences 1n 1nglbxtory effect of the‘

'antibzotlc combxnatxon. InoculLted plates were 1ncubated at o

e

T42° C for’48 h 1n mod1f1ed atmosphere conta1n1ng 5% 02, 10%' .
‘coz and 85% N2 in plast1e~bags conta1n1ng glycerol (Stern
-1982)*iPlates thh no colon1es or colonzes that were too‘ 7

'”small to count after 48 h 1ncubatzon were relncubated forxan

. adgftxonal 48 h.-di‘.- f 'y? ‘5,' '; ‘h, DT S ‘j‘ ;f'

1

-;g; Initzdﬁly, nexther blood nor growth.supplements°were
}g added except to medza M5 and M6 These medla were prepared
i:vw1th a?d w:thout hlood because they contakned novob1oc1n

| whxch 1s known to be bound by serum prote1n (Barry, 1980)

- Therefore, the add:tlon of blood may,reduce the 1nh1bitory

effectf'f'novobzocxn 1n these med1a. Furtgermore, the agar
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“ngable 5.1 Antlbxotxc composxtlon of selectxve media used for

' quantitative comparisons of -effects of @meibiotics on
the fgrowth of C col i and C _]ejuni S o

A

‘ Ant1 ot ies? concentrations '
‘ per liter of medxum
' Media® TMP Van PB . CL . RA AC CF AmB B NB
- . mg . mg IU IU g mg mg mg IU mg
MI© 5 10 2,500 St g
SoM2 . 5 10 5,000 T
M3 5. 10 2,500 . o3 2 '///
L , ‘ . ‘{\ . ,‘ ) : /
M& . 10 5,000 101100 -
M5 - 10,000 ... 50 . 25,000 5
M6 .. 10,000 ' 50 1S | 25,000 5
M7 '~ 20,000 . 29\"‘\ 6. 25 .
M8 . 10,000 104 15 2
M9 o ~ 10,000 » 15 1

o

a TMpP tr1me€hopr1m, Van vancomycin; PB polymyx1n B sulfate,
CL colistinj RA r1famp1c1n' AC actidione; CF cephalothin;
AmB amphoteric1n B‘ B’ bac:tracxn- NB- novob10c1n.‘ A

b M7 5k1rrow, 1977; M2 Karmala and Fleming;, 1979; M3 Blaser
et al., 1979; M4 Bolton and Robertson, 1982; M5 Dekeyser et
al., 1972; Me Lauwers et al., 1978; M7 Wesley et al., 1983; .
" M8 GoosSens et al., 1983 M9 Rosef et’ al., 1983 .

R
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swarmlng of the cells. Subsequently, med1a that were

Vo l. Q‘"

1nh1b1tory to. C coll or C Jejunl were retested thh growth

supplements (Wesley et al 1983) or. sheep or lysed horse
blood added at recommended levels (Blaser et al 1979
Bolton and Robertsony 1982 Dekeysér e%‘%ﬂ "1972; Goossens

- et al., 1983, Karmalx,and Flemxng, 1979 Rosef et al. , 1983,

~.Skirrow, 1977).

5.3 Results
' 4

»

5. 3 1 MlC“determxnatlons
| All cultures grew well on MH agar without ant1b1ot1cs
w"MICs for E. coll S aureus, 5 faecalls and P. aenuglnosa ‘
were within the ranges for cephalothln, collst1n, polymyxln
tr1methopr1m and vancomycin- (Gavan and Barry, 1980-
-Washington and Sutter, 1980), and gave con51stent results
between tr1als MICs for the reference Campylobacter stralns
: Hused 1n this . study were w1th1n the range of expected values
B (Vanhoof?>1984) The MIC data shown in Table 5.2 répresent

5 ‘the ranges for 30 stra1ns of Campylopacten. The results are

baSed on data obtaxned after 24 h of 1ncubatlon After 48 h

of 1ncubatxon, MICs were 1 to 2 d11ut1ons h1gher for some o

‘ujantxbzotxcs, notably cephaloth1n collst1n, polymyx1n and
h}rifampxcin. All test stralns offC' Jejunl were res1stant to
f;the antzblotics at levels used 1n select1ve medla. The MICsf
'fdof bacitrac1n, tr1methopr1m and vancomyc1n for test and

:}freference straxns of C coli were szmxlar to those for C

2y
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Table 5. 2 MIC of ezght'antxbxotlcs agaxnst 24 straxns of C
colf and 6 stralns of C. j?/Unl

é‘. AT ‘c:‘je}uh'f‘
Ant'i‘bilotli'és ' ‘IRarvxge ‘/Mécsoa ,‘MIC;Ob r | Range
. /y ~ kg/mL :

Bacitracin®  >512 //  >512 >512 >‘s‘12 |

c®phalothin - ,8—>25§/ ' 256 . >256 '_128 >256 :
" colistind . 2~3é/ R L 16 Ca-32

INO\V"obi‘ociny“ 41 128 . - 64 128 | - 3264

polymyxin'ac S 2 8~ - 2.8

Rifampicin 18 2 " e 32-128

Trimethoprim / 128-256 .. 256 256 . 256
‘Vancomycin ;/‘  >128; ﬂ‘ >128 o C >128 ;128“

5

- a MIC50 - The concentratxon ‘of antibiotic that ihhibited 50%
of the cultﬁres. ' . o ‘ M

[

b MICg, -./The concentratxon of aﬁt1bxot1c that 1nh1b1ted 90%
of the cultures. ‘ ‘ :
901%7 xin B -- 1 ug/mL = 8 1 o ‘ B t;
co/}st1n R ug/mL = 13.6‘1ﬁ_ B B
e bac1trac1n “== 1 mg/mL = 65:2‘10 |

[
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'Jejuni. The resistance of C. colf to other .antibiotics

‘varied dbver a greater Trange than that of C. jejuni strains . .

tested. '/V‘

Based on the MIC data,’a total o(\seven C colf stra1ns .
dwas selected for further study The MICs are shown 1n Table

5.3, except for bac1trac1n‘ tr1methopr1m,‘and vancomyc1n,
thxch had MICs equivalent to those for C Jejunl Three C.
Jejuni stra1ns were’ alfo selected for comparlson w;th.the
‘the C colf straxns. Thexr antxbrot res1stance was as, ?‘
‘Afollows. trlmethoprzm 256 ué/mL vancomyc1n >128 ug/mL |
polymyxlh B sulfate 4 to 8 ug/mL col1st1n 8 to 16 ug/mL <
_r1famp1c1n 32‘to,128 ug/mL cephalothln 128 ug/mL

”«bacztrac1n >512 ug/mL and novob1oc1n 16 to-32 pg/mL o
““, n o . ' } ) . ' . v‘ I t . \ ' L'

. ‘ . : N ' ‘- N “ , ' " '° Yooy
5. 3 2 Effect of antxbxotxc comblnatxons Lo

' v
The res1stance of . the selected Campylobacter stralns to
.qthe combr\a@1ons of antxbxotzcs ‘used in selectlve medla was.
“compared 1njﬁ§ agar. The number of colon;es (CFU/mL) grow1ng
"on MH agar was compared thh the number of colonles growlng
‘:'on MH w1th added ant1b1ot1c comb1nat1ons. The d1fferences 1n.f

“.

,loglo CFU/mL on MH and*MH w1th ant1b1ot1cs for each test

0

‘”fculture w1th each ant1blot1c comb1nat1on are shown in Table

;.ﬁS 4 The three C jeJunI stralns grew well in the presence
i,fof the antlblotlc comb1nat1ons, except on med1a MS MG and

ime7. The greatest level of 1nh1b1t1on Was a 5 log cyclev~

/

itfdecrease 1n count for C jejunl UASZéion med1um M5 The
'f add1tion of blood to medxa M5 and-MB reduced but d1d not
o ChA LRI cn - ““T:”'“‘(_ R
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‘Table 5. 3 Susceptzbilxty (MIC) of selected straxns of C

‘coll to polymyxin, colxstxn rxfﬁmp1c1n1|c¢phalothan‘

‘and novobxocxn."

Lo

\ .
[

)

 Antibiotic®

Cultures PR L RA- CF . 'NB
" v .oMIC (wg/mn) . S
UA37 ‘ 8 -  8-16 , 64-128 >256 128
UA40 2B o2-8 6 2
UAss 0.5-2 4. " 16-32 1280 32764
' UA100 8 '8 16732 1286 - 64 .
UA420 2-4  16-32 ‘ >256 64
UAL21' 2-4 16 RS S S
UA530 '8 s B-16  32-64 128 256 64 _
éB:‘polymyxln B sulfate,
CL: colistin; . : C
' RA: rifampicin;
CF: cephalothin; ‘
NB: novobiocin. vy '
SO
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Table 5.4 Inhibitory effect of antibiotic . combinations added
fo Mueller-Hinton agar against C. colf and C. jejuni.

~

Differences in log,, CFU/mL on
selective media compared with MH

Cultures M1 M2 M3 M4 M5 M5B M6 M6B M7 M8 M9

C. coll

. o . A
UA37 . <1 <1 <1 <1 S <1 <1 <1 >7 <1 <1
UA40 <1 <1 <1 -7 >6 >6.  >6 >6 >6 >6 >1
UA44 ‘ <1~ 4 K1 >7 >7 <1 1 <1 >7 3 <1
UA100 <t <1 <1 5 5 <1 <1 <1 »7° 2 <
UA420 <1 <1 <1 2 1 <1 <Y < 7

- UA421 <1 . <1 »7 6 >7 >7 >7  >7 >7 =7 ">7
UAS30 <1 <1 <1 <1 <1 <1 <1 <1 =<1 .<1 <1

e

C. Jjejuni )

UA1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
UA124 <1 <1. <1 <1- <1 <1t ., 2 <1| 1 <1 <1

UAS26 <1 <1 <1 <1 5 3 2 1t 3 <1 <1

r

(.
1 Log,, count on MH minus log,, ‘count on selectxve medium,
cortec&ed to the nearest log é&ffetence.

Abbreviatxons for selective medla. M1 Serrow, 1977 M2 .
Karmali and Fleming, 1979; M3 Blaser et al., 1979; M4 Bolton
and Robertson, 1982; M5 Dekeyser et al. 1972 MSB M5 with
sheep blood; M6 Lauwers et al.,'1978-*MSB M6 with sheep
blood; M7 Wesley et al. 1983 M8 Goossens et al., 1983; M9
., Rosef et al., 1983. . .

,“-‘\

-
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eliminate the inhibitory effect.

The C. col| strains érew'well on medium M1. In
comparison with C. fejun/, however, they were inhibited by
some antibiotic combinations. Medium_M? caused the greatest‘
inhibition. Counts for 6 of the 7 strains were reduced by
more than 7 log c&cles. The\céphalothin~susceptible strain
(UA421) was inhibited by most antibiotic combinations. The
Addition of 10X sheep blood to media M5 and M6 reduced the
inhibitory effect for some strains, but failed to do so for
others. For example, the virtual elimination of the
inhibitory effect of mediuM M5 on strains UA37 and UA44
compared with no reduction in effect on UA40 and UA421.

As medium M7 was so inhibitory fo the test strains, the
effect of 10% sheep blood added to the méﬁium was stggied.
For those strains that exhibited intermediate to low}levels
of inhibition (1 to 4 log cycles), the addition of 10% sheep
blood markedly reduced tﬁe inhibitory effect. For those
strains that showed high levels of ‘inhibition (7 log |
cycles), the addition of blood reduced the. level of
iqhibition by 1'&0.2 log cycles ior strains UA37 and UA429V
but there was less than one log cycle reduction of
inhibition for other strains.'Medium M7 was originally
formulated withlhem{n (2 mg/L) and 0.025% of each of ferrous
sulfate, sodium metabisulfite, and sodium pyruVaté*(FBP)‘
(Wesley et al., 1983). Medium M7 was retested with thesel
grOWth supplements instead of 10%)§heep blood. Even though

P ' : . : '
the counts were improved with the addition of hemin de FBP,
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five of the seven C. .coll stréins_still had counts that were
3 to 5 log cycles less than\QH._The antibiotic combination
used in medium M7 was more inhibitory to C.-colf than C.
Jejuni. |
Strains that were inhibited by the anﬁibiotic
. ) .

combinations (see Table 5.4) were plated onto supplemented

. media for furghéf evaluation using sheep blood or lysed

horse.blood in accordance with recommendations for the
selective media (Blaser et a/,., 1979; Bolton and Robertson,
1982; Goossens et al., 1983; Karmali and Fleming, 1979;

Rosef et al., 1983; Skirrow, 1977). The addition of blood to.
media M3, M4, M8'ané~M9 did.not change the inhibitory effect'
of the antﬁbiotic combinations in these\@edia againSt.UA421.
However, for other strains of C. colf, the addition ovalood
to média that caused reduced recovery of C. céll strains
reSulted in impfoved recovery of 2 to 5 log cycles. The
addition of bloogd ﬁo.medium M4 yielded variable results'with
strains UA40, UA44, and UA100. Up to seveﬁ replicates were
done with these strains on M& to study ‘this variability.‘Thé
mean log,o CFU/mL and the standard‘deviations for strains
UA40, UA44 and UA1OO are shown in Table 5.5. . The standard
deviations of counts on medium M4 with blood were higher
than either MH agar orbmedium M4 Tﬁa_batcheslof'bioéd were.
not as effectiyé asnthe others in improving the count on
medium M4, St;ain UA40 showed great variation in_growth

response on medium M4 with énd without blood.



Table 5.5 Mean log,, CFU of C. col ! strains UA40, UA44 and
UA100 plated onto MH, M4 and M4 with blood.

94

Strains of Mean log,, CFU/mL t SD? ‘

C. coll . MHP M4C M4+Blood
UA40 8.26 + 0.28 _  3.66 % 2.98 5.14 1 2.85
UA44 8.21 ¢ 0.12  2.05 % 0.42  6.44 t 1.86

UA 100 9.14 £ 0.07 © 3.52 1 1.01 7.33 ¢ 1.58

8 gD: standard deviation
b MH: Mueller-Hinton agar

€ M4: Bolton and Robertson, 1982
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5.4 Discussion

Primary isdlation média should not‘bé excessively
inhibitory. However, for isolation as opposed ro‘enumeration
of bacterza, greater degrees of inhibition can be tolerated
‘ Medxa used for the 1solat1on of Campylobacter spp depend on.
a range of ant1b19t1cs for their selective effect. Thls is! )
' necessary to control the competingwmicroorganisms ih‘stdol_
specimens. In water ahd foods, in whicﬁ Campy lobacter spp.
are likély\to be present in low nUmbers'compared with other
organisms, a similar if not more critical selection process-
is necessary. _

The MICs of eight antibiotics used id tﬁe selective:
media (see Table 5.1) were determined. Amphbtericin~B and
actidione (cyclohexﬁmide) were excluded because they are
added for their fungicidal effect, -and are not expected to
have an effect on bacteria (Berger, 1982; Whiffin, 1948).
Cephalothin was substituted for other cephalosporins used in
the original formulations (Goossens et a] , 1983; Wesley et

7.,%4983). The susceptxbxlxty of Campylobacter to the
bcephalosporlns used in select1ve medxa is similar (Ahonkai *

O

‘et al:, 1981; Karmali et al. 1981; Waldér, 1979), hence

”?fthls subst1tut10n should not affect the results. ‘Saku et al.

(1983) observed no d1fference between MH with and w1thout )
" blood when the suscept1b111ty of Campylobacten stralns to 12
antib;otlcs vas tested. However, serum protelns bxnd to some
' antlbxotxcsr-such as novob1oc1n (Barry, 1980- Gebhart et

'f al., 1Q85, Karma11‘et al.,. 1981).—Th1s a ccount.for the
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lower MICs for novobiocin observed on MH agar in' this study.‘
The MICs for trxmethoSEzm determxned on hlood free MH in
this study were similar.to other. reports (Karnalx et al
1981; Michel et al., 1983; Rlngertz et al. ' 1981) g‘r
MICs for C Jejunl are generally detsgnlned ;fter 48 h
of 1ncubat10n (Aho\Rax et al. 1981; Walder, 1979 Vanhoof
et al. 1978). In fact 'MICs are’ genera&}y recommended to be
read as soon as adequate growth is observed dh\cOntrol '
plates (Waterworth, 1978; Williams and Leung, 1978).
Incubation for 48 h gave‘higher'MIC's for‘cephalothin,
coiistiﬁ and polymyxin. Prolonged incubation is‘not'r
recOmmended‘for colistin, polymyxin and rifampigin (WiiliamsW
and Leung, 1978). Using 24 h of incuhation results for the'
‘ reference strains generally fell within the range of MICs
reported in the review by Vanhoof (1984). Even though most.
stra1ns of C. coll were resistant to the 1nd1v1dua1 |
’ ant1b1dt1cs used in the selective medxa, the1r comb1ned
effect often reduced the recovery of v1ab1e cells. The MICs
of novobiocin and r1famp1c1n for the. cephalothxn-suscept1b1e
- strain of C. coII used in this study (UA421) were also lower:
~ than the parent stra1n (UA420) . About 2% of C. COII are
freported to be cephaiothln susceptlble (Karma11 and Skirrow,
198%).

The comb1nat1on of ant1b10t1cs used in Sklrrow s med1um

(Ml) polymyx1n B sulfate, tr1methopr1m and vancomycin had

’W-the least 1nh1b1tory effect on the C. coll and C. jejunl

;stra1ns. In contrast the most 1nh1b1tory medium (M7)



T

- contained cephalothln“polymyxian‘sulfate'and rifampicin;
‘The concentration of polymyxxn in. medxum,M7 is elght t1mes'
that used in Mi. Lovett et al (1983) reported that hxgh
levels of polymyxzn were 1nh1b1tory to ‘many C. jejunf
‘straxnslxn their collectzon. Med1a‘that use, colzst1n 1n |
place of polymyxin‘B espec1ally medlum M6 in which a hxgh )
'concentrat1on of bac1trac1n (25, 000 ;U/L) was also used
1nh1b1ted\growth of C. coll strains. Thls mlght be expected
since polymyx1n B and colxstzn are related ant1b1ot1cs with -
-‘s1m1lar modes of action (Kucer and Bennett 1975). Other
'ant1blot1cbcomb1natxons had anvxntermedxate effectyagainst,

C. coll, betweeén that observed for media»Mlland‘M7{ v

Addéd blood or gronth Supplements did’not'eliminate the

inhibitory effect on the C. col strains;‘This‘supported the

' hypotheSis'that growth of 'C. éolfumay he inhdbited on media
”select1ve for Campylobacter spp. This could account for the
lower 1nc1dence of 1soLat1on of C coll from- stool specimens
obtalned from patxents with gastroenter1t1s. Alth0ugh the
addltxon of blood to some media reduced or e11m1nated the
1nh151tory effect of the ant1b1ot1c combznatlons, blood can
‘ cause var1aﬂle and mlslead1ng results. Th1s was seen thh

' ,med1um M4 in wh1ch unaccountably poor recovery of cells was

‘d‘observed w1th two batches of blood used. ThlS effect 1s

l}conv1nc1ng ev1dence for the desxrab111ty of develop1ng or;;
ﬁi]adaptzng a select;ve med1um for Campylobacter spp. that does

.f‘not rely on blood as an 1ngred1ent. .



 ———
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- This study has indicated the possibiiity\that‘some‘h
'med1a used for detectzon of Campylobacter Spp.. might 1nh1b1t"
the growth of 'C. coll. The antxblotxc combxnatlons used to

‘ suppress growth of compet1ng mxcroorganxsms in cl1n1cal
spec1mens 1nh1b1t up to- 107 C.’ coll cells that have been “‘

N

~grown in synthetlc medla. Although the stra1ns used in tth'

‘study mlght not represent isolates from cl1n1c5§ spec1mens,¥

L

. it is 11ke1y that they xnd1cate a problem for enumeratzng or

isolating C. coll from the extra~entesal envxronMent, such3

. ‘ .- N
as water and foods. _ SUARIRN
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6. Isolation‘and”CharACterization of Animal Strains of .

Campylobéctennspecies

Gildlntroductionv ‘ “"“ g L

| A bacterlal culture orxg1nally derlved from a sxngle ‘
cell produces varxants durxng prolonged subculturxng on
laboratory medla Among these changes are alteratlons Jin
drug resxstance patterns. It has been wldely documented that -
most of these changes are due to the loss of drug resistance -
o plasmlds (R factors) whlch occurs wiren . the selectzve B
lpressure 15 removed froq the culture medium (Davxes and
‘Smith 1978) Spontaneous chromosomal mutatlon\to antlbxotlc‘
‘.'resxstance has also been observed ‘Several mechanlsms of
v‘imutatzonal re51stance have been detérm1ned' 1nclud1ng.

 (a) alterat1on of the target s1te of the antibiotic
(Benven1ste and Davzes,‘1973 Brak1er Gingras, .1974;

Slnotnak 1976) (b) alteratlon of permeab111ty to the
‘ant1b1ot1c (Sparlxng et a] 1975 Gllleland et al.,‘1984-
-g[Moore et al 1984)‘ (c) 1ncreased product1on of ant1b1ot1c ;'
o 1nact1vat1ng enzymes (Sykes and Matthew 1976)' and (d) ’
‘;1ncreased productxon of a metabol1te wh1ch competes wzth the'
w'ant1b1ot1c for the target sxte (Landy et al '1943) | A
o Mutatxonal cbanges in C." jejunl and C colf that d”

o

resulted 1n afchange from na11d1x1c ac1d-suscept1ble to‘j‘2~

E

resistant straxns have been observed (Taylor et al., 1985)

Th:s phenomenon has also been observed for other DNA gyrase {

1nh1bitors, such as enoxac1n (Taylor et aI

Ty vt e o ot I WL e et ' o o .
Sy ' “ DR L )
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such examples it is’ reasonable to assume thae»the
- antxbxotxc susceptlbx1,;x€s~ogll;boratory straxns oﬁ
K bac@@gia may d\ffef/grom fresh 1solates.
The straxns 1ncluded in: the earlxer study of the
o lnhlbltory effect of antxbxotlcs used in’ selectxve medxa (Ng:
‘”et al . 1985 descrlbed in Chapter S) were laboratofy strains
that had been subcultured on synthetzc laboratory medza for;‘
unknown perxods of time. Although some stralns of C coll
l‘were more susceptlble than C Jejunl to antlbiotlcs used in
select1ve medxa “this could be a laboratory phenomenon and
‘not typlcal of fresh 1solates ’In this study,‘fresh 1solatesdf“‘
of C Je]unl and C col i’ from colons of cattle and swlne =
were isolated by two methods. an antxb;otzccconta1n1ng

A N

“ .
medlum and a letratlon technxque that does not use,

antxbxotlcs in, the selectlve process. ‘The dxffeceﬁtiatlon of
]ejunf and C. coli is equlvocal relylng solely on. the IA‘
hlppurate hydroly51s test. The fresh 1solates/were |
"1dent1f1ed based on thelr phenotyplc characterlst1cs and if,
necessary, by DNA homology determ1natzon. The ant1b1ot1c
) suscept1b111t1es of thp 1solates, espec1a11y to ant1b1ot1cs K
A used 1n selective medla,yls descr1bed separately (see

Chapter 8). o ‘u‘,; '“ﬂ-

@
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6.2.1 R&ferance cultures a - |
Th;igererence straxns of Campylobacten used for

) 1dentxf1c§£hﬁn brotypxng and DNA homology studies included:
C. coll NCTC 11353 (UhSéé?»"C Jjejunl NCTC 11392 (UAS579), C
Jejunl NCTC 11168, (UAS80), C fetus subsp fetus ATCC 27374
(UA60), . Ianldls NCTC 11352 (uas577), C. hyofntestinalls
(UA564 supplxed by J. H. Bryner, National Anlmal Disease
Center, Ames, Iowa, U. S ﬂ ), -and C. pylorfdis (supplied by

H.‘onr Laboratory Centre for stease Control Ottawa,

Canada). . ° - .
R " . l’ R ‘,/'.ﬁ LA . n l
Ca ' Co

O <
6.2.2 Sources and xsolatxon of Campylobacter Spp.-

Sections of the spiral colon of cattle and sw1ne were
obtained from the ovxnczal Veterxnary Laboratory,

Edmonton, Alberta° a local slaughter house; and the

‘\},‘ . "

Agrxculture @4nada Research Statién at Lacombe, Albe The
r

anlmals raised at'the Lacombe Research Station had a kgown
ad}1b10t1c h1story “Trimethoprim had been used to treat
cases of.scohrs durlng weaning, otherwise ‘antibiotics had
not been used for therapeutlc or growth purposes.

Approxzmately exghteen 1nches of the sp1ral colon was
teken from the 1ntest1ne of cattle and swine at the time of
slaughter. In theflgboqatory, the sections of colon were cut
_open aseptically, and the gut contents removed without

scraping 5he¢ignerjiining. Approximately six inches of the’

-
£ ol
Y
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5emi~cleaned colon was placed.in a plastic bag with 50 mL of
sterile 0.85% saline, énd mixed in a Stogachef blender
(Model 400, Colworth, London, England).

Procedufes usgd for isolation of Campylobécter spp.
included: (a) streéking unfiltered Suspgﬁsions of the‘ooloh
lining (érepared in the Stomacher blender, as described '
abovef onto Mueller-Hinton (MH) (Oxoid, Basingstoke,
England) agaf and MH agar with polymyxin (2,500 IU/L),
trimethoprim (5 mg/L) and vancomycin (10 mg/L) (SK)
(Skirrow, 1972); (b) streaking the suspension filtrate from
a‘Millipore filter of 0.65 um pore size (MillipofE‘Corp.;
ﬁississauga, Ontario) onto MH and SK media; and (c)
enrichment of 1 mL of unfiltered suspension or the filtrate
in 10 mL of brucella brothl(Difco Laboratories, Detroit; MN,
U.S.A.). Skir}ow's‘combination of antibiotics was selected
because it had previously been shown to be the least
inhibitory to strains of C. colf and C. jejunf (Ng et al.,
1985) . .‘ -

Plates were examin%d after 24 and 48 h of incubation
and typical Campylobacfér colonies’ were selected for
examination under phaselcont;aét microscopy. Colonies with
small spiral—shéped cehls demonstrating a darting mftility.
were streaked onto MH égar t§ obtain isolated colonies.
Isolated colonies wére seleCted‘and stored at -70°C iﬁ a
sterile preservatioh'medium‘containing glycerol (40%) and
- trisodium citrate (3%). If Cambylobacter colonies vere not

detected onkthe‘solid media after 48 h of incubation, the
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brucella broth enrichments were examined for the presence of

(:§pxral shaped cells, and streaked onto‘MH agar if

appropriate. ’ R

o
(

6.2.3 Selection of C. col/ /! and-C. jejunl isolates
'Typical Campylobacter colonies were randomly selected
from the plates..U?ually more than one'colpny and up to 25
colonies was selected from MH plates and one colony was
selected from SK_plates. The 1solates vere. transferred
aseptically to MH plates conta}nxng one of the following
f‘antibiotics:‘tetrscycline (8 wug/mL), cephaiothin (64 ug/mL)
and kanamycin (8 ug/mL) and also onto MH containing the
antibiotic'combinations proposed by Skirrow (1977), Wesley
et al. (1983), Dekeyser et al. (1972) and Goossens et al.
(1983).‘The latter four antibiotic combxnatxons were chosen
based en differences in 1nh1b1t1on of C Jejuni and C. coll
observed incan earlier study by Ng et al. (1985). From the
different antibiotic piates, a representative group -of

‘Campylobacter cultures was selected which differed i;

antibiotic susceptibility.

6.2.4 Identification and,biotyping of isolates

The isolates from cattle and swine vere screened for
the ability to produce oxxdase and catarase and vere
1deﬂ&¥£*eé—531ng the tests listed in Table 6.1. The tests
were done accord1ng to the descrxpt1ons of Morris and Patton

(1986) except the for the suscept1b111ty to na11d1x1c ac1d

-
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Table 6.1 Differential characteristics of catalase pdéitive‘

Campylobacter species.

hyointestinal is; cci, C. cinaedi; Cfe, C. fennell lae; Cp,
pyloridis; and AC, Aerotolerant Campylobacter -
b.v = variable; ND = not determided

L '

Species?
TestsP ' Cj Cc C1 Cff Cfv Cf Ch Cci Cfe Cp AC
Growth
25°C -~ = -4 ~ V. ~ - ND
37°C + 4+ o+ + + o+ + + +
42°C + 4+ + Vv - 4 'V - - - -
1% glycine + 4 4 4 -~ 4 4 4+ + ND V
3.5% NaCl = T P
0.04% TTC : '+ 4 - .- -~ -~ ~ ND ND ND ND
- Biochemical -
nitrate reduction R S T N S S
H,S in TSI ~ - - - -~ -~ 47+ - - ND -
alkaline phosphatase V V ND ~ - 'ND ND ND ND + ND
urease ' i S S R S I S
Others’
Nalidixic acid S S R R V V R s S R S
Cephalothin ~ R R RS S S R S S ND R
' i i
8 Abbreviations for Campylobacter species: Cj, C. jejuni;
Cc, C. coli; C1, C. laridis; Cff, C. fetus subsp. fetus;
Cfv, C. fetus subsp. venereal is; Cfc, C. faecalis; ch, C. c
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(40 ug/mL) and cephalouhin‘(64 ugme) in MH agar (Karmali
and Sk1rrow 1984). In add1t1on the tolerance to

2,3,5- trlphenyltetrazolxum chlor1de (TTC) (400 ug/mL) in

'nutrzent agar (Leaper and Owen, 1981) , and the hlkallne

phosphatase test (Lewls, 1961) were 1ncluded

C. jefunl and C. coll isolates were also dxfferentlated
usxng the biotyping system proposed by onr (1984)
1nclud1ng DNA hydrolysxs, and HZS productlon in "FBP"
medium, a semi-solid brucella broth contaxnxng 0. 23% aéar
and 0. 025% of each of ferrous sulfate, sodxum metab1sul£1te

and sodium pyruvate (see ‘Table 6.2).

o
'
1

3

6.2.5 Total genomic DNA isolation and preparation

Campylobacter strains were inoculated onto ten MH- agar
plates (100 mm) to obtain confluent growth at 37°C for 24 or
48 h in an atmosphere containing 7% CO,. Cells were

harves;edffrom the plates with 25 mL of saline-EDTA (0.15 M

'NaCl in 0.1 M EDTA, pH Q).,The DNA was isolated from the -

cell suspensign using the method described by Marmur (1961).
The purity of the DNA was determined by absorbance reaaings

at 260 nm, and 280 nm 1n a spectrophotometer (DU-8, Beckman

Instruments, Inc., Fullerton, CA, U S A.). DNA was pur1f1ed '

with RNase (bov1ne pancrease, Calblochem, La Jolla, Ca,

u. S.A. ) and. pronase (Boehrxnger Mannhexm, Dorval Quebec) to-

'1obtain Azso.Azao rat1os of at least 1 8, as recommended by

‘ ;Marmur (1961) The 1solated DNA were used for the

“determ1nat10n of guanxne and cyt051ne (G+C) content and

S ;‘ ,. . ) B " f .‘ /
‘,. ">‘." - V . ‘-‘v . - A* ! ' . [ N
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)

Table 6.2 Bivo'txpirp scheme f‘o: C. jejuni, C..colil, and C.

laridis'. .
. C. jejunf  C. coll C. laridis
' I I1 111 IV I 11 ‘T 11
DNA hydrolysis o -4 -t - + - +
‘H,$ in FBP , -~ = s + = -~ e

' Lior, H. 1984. J. Clin. Microbiol. 20:636-640.
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‘ DNA-DNA homology stud1es. The DNA was d1ssolved in 0,1% SSC

X

(1X SSC contains 0. 15 M NaCl in 0.015 M sodxum cxtrate pH

7. 0) to contaxn 1 to 2 mg of DNA/mL o,

6.2.6 64C determination

The base comp081tion of the 1solates was(éetermined by .

_rmeasurxng the ‘Tm, whzch 1s def1ned as the m1d point ‘of. the‘

thermal denaturatzon curve of DNA (Marmur and Doty, 1962)
The Tm was determxned by measurlng the Ay, of DNA in .0, 1x
SSC w1th a temperature programmed spectrophotometer (DU- 8,
Beckman) over a temperature range from 50” to 90°cC. DNA from

MICPOCOCCUS Iysodblktlcus (Slgma Chemical Co., St. Lou1s,

:MO U.S.A. ) thhKe known G+C content of 72 moly% (Marmur and

Doé), 1962) and a Tm in O. 1x SSC of 85 € (Mangdel et al.

1970) was’ used as the standard The relat1onsh1p of base
comp051txon to Tm was determined accord1ng to Sch1ldkraut
and foson (1965) using the . follow1ng equat1on-

Tm = 16, 6 X logM + 0. 41(G+C) + 81, 5

‘where G+C is the mol% of guanlne plus cytos1ne and M is the
| concentratlon of Na 1n solut;on-r‘ ‘ |

‘and accordxng to the equat1on proposed by Mandel et al

t,(1970> - ff, ,~-‘AV“ N

GeC'= [('rmo " ssc/50 z) 99] X 100

- where, Tm° 1% ssc 1s the Tm of DNA d1ssolved in 0 1x SSC. K

et



6 2.7 .DNA homology determxnatxon by slot blot hybrxdxzatxon
; Slot ‘blot hybrldlzatlon was performed usxng the method
proposed by Kafatos et al. (1979) " The concentratxon of
‘total genomic DNA in 0 1X SSC was adjusted to 20 ug/mL by
‘measurxng A260 in a spectrophotometer (Dv-8, Beckman) The
.DNA was denatured for 15 m1n in 0 3 M NaOH at room ‘
temperature. Seri®l five-fold dxlutlons of denatured DNA.
were prepared 1n 1T M ammonzum acetate (Kafatos, 1979 301v1n't
‘vet al., 1985) A nxtrocellulose membrane fxlter (BAS8S,
Schlelcher and Schuell,’ Inc:, Keene, NH, U.S.A.) was.
.equxl;bratedtby soak1ng'ln 1‘M.ammonium‘acetate for 20 min.
‘Samples‘ofgdiluted'DNA‘(SQ nL)‘uere‘applied‘to‘the membrane
filter using a slot blot‘manifold apparatus (Hfbri slot
G1bco/BRL Pac1f1c, Ltd., Burllngton, Ontario) to g1ve 0. 08
- -to 250 pg DNA per slot “The nztrocellulose sheet was soaked
»for 10 min in 4X SSC to remove dust partxcles and then air
drled for 30 min. at room temperature.‘The DNA was f1xed
: onto the membrane by baklng at 65°C for 16 h
| ] The hybrxdlzatlon of the 1mmob1112ed DNA ‘on £1lters
us1ng DNA probes was performed as descrlbed by Portnoy et

’a’u (1981) The f11ter was 1ncubated at 42 c, 1n a heat

l*'sealable plastlc bag (Ph111ps, Scarbgrough Ontarlo)

’ '

'f,xconta1n1ng 5 mL of pre-hybr1d1zatxon solut1on (250 ug
‘viherr1ng sperm DNA- 50% formamzde- 0 1% sod1um dodecyl
jsulfate (SDS),i1 mM EDTA and 1z Denhardt 8 solut1on) thn~.
““Denhardt s solutxon conta1ns 0 02% polyv1nyl-pyrrol1donefdh
g (S1gma) 0 02% F1coll 400 (Slgma) and 0. 02% bOV1ne serum}td‘?l,
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. ‘album1n (Boehr1nger Mannhe1m, Dorval Quebec) After 3 to 4
‘”h of 1ncubat1on the plast1c bag was cut open and the pre—“
.hybrzdxzatlon solutlon was draxned oht and 2.5 mL of
Lhybr1d1zatxon solutxon was added to the’ bag The
“hybrldlzatxon solution was prepared by addxng 250 ug of
denatured herrxng sperm DNA and denatured radxoactlve DNA .
probe to 2. 5 mL of pre- hybr1d1zat10n solutlon. ‘The sperm DNAI‘
;and DNA probe was denatured by boxllng at 100° C for 10 m1n.
 For each blot 2 to 5 X 106 cpm of 32p. labelled DNA probe
' was used Hybr1d12at1on was done at 42 C for 16 h After
hybr1d1zat1on the fllter was washed for 1 h at 65 C w1th a
.'solut1on conta1n1ng 5& SéC 0. 1% SDS and 1 mM EDTA, followed
by 2 washes (2 min each) ‘at room temperature With 2% SSC.I‘ |
The f1lter was air dr1ed and exposed to X- ray f11m (Kodak
Xar, Eastman Kodak Co., Rochester, NY., U.S.A. ) for 8 to .16
‘b at -70° C. | g“'
" The degree of homology was determ1ned by. ‘
_(a) vzsual exam1nat1on of the 1ntens1ty of the slots WIth
\~fd1fferent concentrat1ons of DNA on:' the autorad1ograms for
‘:heterdlogous and homologous DNA hybrldlzat1on° and (b)
‘cuttlng out the n1trocellulose f1lter str1ps conta1n1ng
9;41nd1v1dual slots and determxnlng the radloact1V1ty in a 'f
v;fsc;nt1lat10n counter (LSGBOO Beckmanlr The percentage DNA
hi”homology was calculated us1ng the followlng equatzon (Seldln',"
;f’and Dubnau, 1985) = ‘-'..‘ﬂ;“}' :"“'.a‘ \A'j Jf S
_ h‘:‘”d % homology = 953595?2§§§§%%353§§5%§5 X 100




'6.2.8 Prqparatxon of 32P labelled DNA '.

The total genom1c DNA from Campy]obacten refeeence
‘stralns was labelled in vitro w1th [a-3ZP]dCTP (New England
Nuclear Corp., Boston "MA, U. S A.) by a n1ck translatxon .
method descrlbed by Manxatls et al (1975) The labelled DNA.
‘,: had spec1£1c actxvxtxes of. 07 to 108 cpm/ug of DNA

6.2.9, Plasmid analysxs

Selected Campylobacter stralns were‘sereened for

)
-~ '
"

plasm1d(DNA us1ng a method based on that deserlbed’bY'
1Blrnbom and Doly (1979) The crude plasmid'sanples were
,'analyzed by electrophoresxs in 0. 7% agaroee at‘GOV for 5 h
:1n Trxs borate EDTA buffer (90 mM Trxs, 90 mM bor1c acxd 25:
"mM Na2 EDTA pH 8.3) or at 35V in 0 7% agarose in -

" Tris- ace;ate bufferw(40‘mM Trls-HCl, 20 mM sodium acerate: 2
M EDTA, pH 8 0). C. . jejurii UA466 which cantains a 45 kb
plasm1d (Taylor, J986) and 1ts plasmld free der1vat1ve
(Ua650) were ‘used as pos1t1ve and negatlve controls,‘~b
respect1vely.‘E coll plasm1ds of known/molecular size (1n
k1lobases, kb) were used as standards, 1nclud1ng~ pUC8 ‘7}tf
.pBR322 4. 0 RSR1030 .8. 55 s- a,_35 45 R4776 50. 8 RP4 -
:58 5; RIPGQ 72 4 LT2,,92-4 RA 1 132 4 R40 a, 147 8
R27, 172.5; Rts-' 1194.0; R478, 255 6. Gels were. stamed
ul,w1th ethldzum bromzde (0 'y ug/mL for 15 m1n) and DNA bands ;fd;

7,‘ were vxsua11zed on a UV 11ght box at 256 nm.,
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A
‘ A total of 92 colons (40 from\cattle and 52 from swine)

“was obta1ned for 1solatxon of Campylobacter Spp. Most of the
colons from cattle (38 out of. 40) wvere from an1mals of known

Yy

ant1b1ot1c hzstory Of the 52 colons from sw1ne,.24 were of
known ant1b1ot1c hxstory A summary of the frequency of Vlt
1solat10n of Campylobacter straxns is shown in ‘Table 6. 3.

Campylobacter stralns were 1solated from 65 (71%) of
'v,the 92 colons analyzed Of the 65 colons y1e1d1ng
Campylobacter strains, 17. (26%) were from cattle and 48
(74%) ‘were from swine, g1v1ng an: 1solatxon rate of 43% and
j92%, respectxvely. ‘The 1solatxon rate from the bovzne colons
,us1ng the f11trat1on method was 14 out of 40- (35%) and |
- wlthout flltratlon 1t was 12 out of 40 (30%) The 1solation
rate from the porcxne colons us1ng the fxltrat1on method was
a4 out of 52 (85%) and w1thout letratxon was 40 out of 52
:(77%)./A total . of 108 1solates ~was obtaxned from the
‘.tf1ltrat10n method of wh1ch 40 were from cattle and 68 from
7usw1ne. Uszng select1ve medla (SK) a total of 67 1solates
| -ﬂcwas selected 19 from cattle and 48 from sw1ne " fThe 1solates»
S —

cwere des1gnated by colon number,'and w1th an- (a) 1f they
“eﬁwere 1solated us1ng MH agar or a {b)- 1f they were ftom MH

\

”agar W1th ant1b1ot1cs (SK) ‘h‘;“773'

jfﬁvigs 1 Ideﬁtxfxcatxon and b:otgp;ng of 1solates |
By b_ The 1§p;ates were 1dent1f1ed accord1ng to the Y:df ‘ﬁl"
o?ffphenotyp1c character1st1cs lxsted 1n Table 6 1 The results Qf*
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;Table 6.3 Frequency of 1solat1on of Campylobacter stra1ns
C ' from colons of 40 cattle and 52 swine.

S | no. (%)fcattﬂé . no. (%) swine
Isolation technique®  positive coldns p051t1ve colons
'~ Filtrate S T L
mi | 9 . a0
' S e ‘(22q5)f ‘ - (76.9)
M‘MH + Sk1rrow s . ‘,' " 13 o . . 20
antlbxotlcs ' (32 5)' .. . (38.5)
MBrucella\broth B 9. | 29
: I i Co (22.5) ~ (61.7)
o - >, N
Unfiltered . n
‘MH S ' o o o ‘ 3 ., | “H 13  .;}$f
| S S (7.8) (25.0) A
MH + Skirrow's At | 36 ~
antibiotics : . (27.5) - (69.2)
Brucella broth P 2 . 0 .

- (5.0)'\ - (0.0)

~

a The suspen51ons of colon samples were 1nocu1ated onto MH
agar, MH agar with Skirrow's antibiotic combination (SK) and
brucella broth before and. after flltratlon through a 0.65 um
,pore size membrane. . :

b MH,: Muel1er~H1nton'aQAr.'
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are summarlzed in Table 6.4. The maJorxty of the 1solates
from cattle colons ‘were, C Jejuni b1otype I, only 6 1solates ‘

';were b1otype II. Sxm1larly, 95% of. 1solates from swine

colons were C coll bxotype I,:and only 5% were b1otype II.

. "Only one C jejunl 1solate was: obtaxned frqm sw:ne, and C

col | was not 1solated from cattle.g S
| All lsolates from cattle and/swxne were ox1dase and

'oatalase pos1t1ve; able to. grow at 37 and 42° C. Only 3 V'WH
‘isoiates from swzne grew at 25 C. One oﬁ these 1solates grew
.better at 37° than at’ 42 .C and possessed blochemxcal |

/aracterzstics wh1ch made 1t most probably a straln of C
fetus' subsp. venerealjs. The other two 1solate5~that grew at
25°C. had phenotyplc characterxstlcs 51m11ar to C Colf They
.d1d not correspond with ‘any of the 1dent1f1ed Campylobactep '
spp., and they were probably atyplcal C coll.
| A total of 10 na11d1x1c ‘acid re51stan(g (NalR) strams
“was 1solated E1ght of the NalR stra1ns could not be
"characterlzed at the spec1es level based on the1r
"phenotyplc characterlstlcs. Some 1501};25 were suscept1ble
‘?to 16 to 64 ug cephalothzn per mL 1nclud1ng 5 1solates from

Lcattle and 10 from 5w1ne. Elght of the cephaloth1n-v o
'Tususcept1ble straxns were alsoﬂsuscept1ble to na11d1x1c ac1d
ﬁjand based on other phenotyp1c characterlstles; they were
‘t-xdentifxed as C COII blotype I or C. Jejunl blotype II.;..'";.W

Based onlthe phenotyplc character1st1cs of the f‘v ;t ffé;h




.Table 6.4'The~identification:andxciassification of
' Campy]obacten isolates from cattle and swine.'

‘11‘8' .

‘”17 N N
s Numbgr‘of(}solates
Species . . cattle Swine
c. jejunf =~ B
biotype I o . 83 . 0o
.biotypevil T B o 1
C. coll
‘,biotype I ; AR . 0 'n  '. 95
blotype 1 - S - 5
. ' ' g IR . IA ! - . ‘Q
C. poli/C _lejunf1 S . .0 ) 1
C. fetus subsp. venereal s o0, Ty T
not’ identifiable . oo 13 0

! Based on phenotyp1c character1st1cs thls is elther a C.
‘col f+or C. Jjejunft, but the hxppurate hydrolysxs tests gave
an . 1ntermed1atg reactlon. ‘ , .
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‘bmotypes I and I1 were obtaxned from one cattle colon.

'Dxfferent Campylobacter spp. were also isolated from the

'same colpn, for example, one swine colon contained typical .

and atfbical C. coll as»&ell,as other unidentifiable

Camp}lobacter strains.

— A total of 27 tetracycline-resistant 1solates was
isolated from 12 colons. Both cattle and swine yielded
teFrqSycline~resistant strﬂins. The tetracyclineQreslstant

_isolates will be discussed in more detail in Chapter 9. High

rlevel kanaqxcxn resxstant strains were ‘not enc0untered in

this study, however, the Minimal Inhlbltlon Concentratxons

(MICs) for kanamycin of‘some C. coll strains were 16 to 32

- ug/mL.

. ‘ It
6. 3 2 Genetxc characterlzatzon of cultures -
- @ ' To confzrm the identlfxcatxon of some of the—antmal

)teg, the G+C content of r\tkkotal gepomic DNA of

ﬁlSOl

1veleéted 1solates was determined, followed by DNA-DNA "

fih?poTOgy studxes. | .
y el ‘ A R
B V! G+Cldetermination . L

~ The G+C content of selected 1solates was calculated,
from Tm values using the Schlldkraut and Lifson (1965) and
 Mandel et al Qﬁﬁ?O) equatlons. The results are shown in
mable 6.5, The results calcglated us1ng the Sch1ldkraut agé |
Lifson (1965) equatlon vere higher than those obtalned using’
’ the Mandel et al. (1970) equation However, the G+C value?

for the Campylobacter reference stralns calculated by e1ther

e .
w‘t’ »
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Table 6.5 The G+C composition of total genomxc DNA of
isolates from cattle and swine.

+£

unidentifiable 51a3

G+C (mol%)f /
Published
, . (A) (B) data
Referenge strains ) ’
'C. coli NCTC 11353 (UAS78) 29.8 28.7 ' 29-34
C. jejuni NCTC 11168 (UA580) 32.7 31.1 29-34 -
.C. fetus subsp. fetus : :
ATCC 27374 (UA60) 36.0 33.9 33-36
C. laridis NCTC 11352 (UAS577) 31.5 . 30.0 32
C.- hyointestinal is UAS64 35.1 33.1 35-36
. Fresh isolates?®

Typ{cal strains
C. jejuni 1 6a 34.0 31.7
C. coli 1 4a 34.0 . 31.7
C. coll 1 25b, 32.0 ,30.5
C. coli 1 51b . 32.0 30.5
C. coli 1 59 ' 35.1 33.1
C. coli 11 59bP 33.2 31.5
Atypical strains
C. coli/C. jejuni la ) 32.0 30.5
C. coll 2pd 32.0 30.5
C. coli 51a2 33.2 31.5
unidentifiable 51a] 41.7 37.6

32.0 34.5

o n

Cephalothin- susceptible
Growth at 25°C.

"'«Q

Classification based on phenotypxc characterlst1cs
Tetracycline-resistant strain
Hippurate hydrolysis intermediate

'G+C (mol%) was calculated from Tm values using equatxons.

(A) Schildkraut and Lifson, 1965; and. (B) Mandel et al.,

1970
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method, except for C. hyolﬁtestlnalls, were within the
reported range of values (Karmali and Skirrow, 1984;
\Gebhart, 1985). The C. hyointestinalls strain used in' this
study haa a lower G+C value than the stroin (ATCC 35217)
used by‘Gebhart (1985)

Typical and atypxcal fresh 1solates whxch had been
classified as C. colf and C. jejuni had G+C contents within
the range reported in the literature (see Table 6.5).
Atypical C. jejunf and C. cof? strains included the
cephalothin-susceptible strains, the‘strain with an
intermediate’hippprate hydrolysis reaction,‘and the strain
that grew at 25°C. Isolates which could not be classified
based on their phenotypic oharacterist;cs generallf had
higher G+C cohtent‘(37 to 42 mol%) than C. jejuni and C.

~

| colfl.
" B. DNA homology studies -t

fhe extracted DNA for the G+C determihation wae aiso
used for DNA homologybstudies using the slot blot
'hybr1dlzatxon technlque. The DNA from twelve stralns was
hybrldlzed w1th o 32? labelled DNA probe prepared from the
total genom1c DNA of C. jejuni NCTC 11168 (UASSO). A
representatlve sample o£ the autoradlograms obtaxned from
the hybr1d1zat1ons 1s shown in Fzgure 6.1.

Vlgual exam1nat1on of the 1ntens1ty of the slots on the
autoradxograms showed ;hmt of the isolates tested, ~only \
straln Sa had good homology WIth the reference C Jejunl

'probe° the C. coll fresh 1solates 1a, 2b 4a and 25b1



F1gure 6.1 Autoradxogram prepar‘d u51ng the slot blot ‘

hybt1dlzat1on of DNA from Campylobacter isolates from
abelled DNA probe prepared
£ C. jejunl UA580.

‘cattle and sw1ne with 32?-
. from the. total genomlc DNA

The concentratlons of the DNA (pg/s ot)’ are 1ndxcated on thf»

iéft marg1n.
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r - | ST
showed\approximately 20% homology (about one‘dildtion

dxfference), whlle the unclassxfxed straxns 51a and 51a3 .
hhad little or no homology at the max imum concentratxon of
. DNA used The amount of hybr1d1zatlon was measured by
qFtermxnlng the'leyel of radzoact1v1ty of the 1ndlv1dual
' slots in a.seintlllatlon counter;‘Straih‘Ga‘had 100%..
: homology eith-thefC Jjejuni probe; the C. coll strains had
11 to 40% homology, wh1le the unclassified strains shared
less than 5% hOmology
| The DNA from ‘the 1solate? (except C Jjejuni 6a) was |
also hybr1dlzed w1th a DNA probe prepared from the total
' genomic DNA of C. colf NCTC 11353 (UA578). The autoradio-
grams obtalned from the hybr1d1zatzons are shown in Fxgure
6.2. All of the typ1cal and atypxcal C. coll strains,
1nclud1ng_stra1n la which had an‘1ntermed1ate hlppurate 1‘
reaction, had 74:to‘88% homology with rhe'C.jcoll DNA probe..-
The.isolates with unknownmidentiry showed <5% homology with
the C. coll DNA probe., : | ,2 o N .
‘When'the”three uhclassifiable'isolates (26aé; Sfa,‘and
: 51a3) were hybrldlzed separately w1th DNA, probes prepared
;from the’ total genom1c DNA of C laridls NCTC 11352 (UA577)‘ph
¢ hyointestinal fs (UA564) and C. fetus subsp. fetus (UA60),"",‘
.ythere was lzttle or no homology w1th these spec1es (see -
'F1gure 6. 3). However, there was a h1gh degree of homology
| among these 1solates as 111ustrated by the hybrld1zat1on of‘y
.?DNA from these 1solates w1th a DNA probe prepared from the

'Atotal genomlc DNA of stra1n 51a3 (see Fzgure 6 3, left



-“Fxgure 6 Z Autoradzogram of the slot blot hybrld1zat1on lf ;V“
‘ DNA from Campylobacter 1solates w1th 32P-labelled DNA
probe ftom C coli UA578. “ f .. “. ¥

:}[EThe concentrat1ons of DNA (pg/slot) are 1nd1cated on the'y‘

vfiﬂieft margzn.ﬁ,,v"

RIS
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L‘Flgure 6 3 The autorad»ograms of DNA from un1dent1f1ab1e

‘a 1solates hybrld1zed w:th DNA probes prepared from

c. Iar'ldls UA577 C hyolntestlnal fs UA564, ‘and>
‘ C 'fetus subsp. f-‘etus UA60. ‘ S
nfThe concentrat1ons of DNA (pg/slot) are 1nd1cated on the
1;'E:f;:‘left marg:m. - B ) )
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s 3.3 plasmid prolees . “"‘“ - 4‘,ll .ig
x Plasmxd profiles of selected Campylobacteﬁfstralns vere
) determzned as an add1t1onal paréheter for- straln d1ffer-
“entxation. V o |
Af Isolates from cattle w‘

P’y

A total of 25 1solates was selected for plasmld

ki ;}SJ ten were plasm1d—free the

1ng the tetracyc11ne res1stant

. analys1s. Of these‘:"
‘ other 15 1solates,,?
| straxns, all carrled one plasmld of approxxmately 87 kb C
Jejunl 1solates from the same colon had the same plasm1d |
prof:le. For example, the three C. Je]unf 1solates from L
colon 6 and the two c. Je]uni 1solates from colon 10 werel‘,
‘\~pl\sm free ‘whereas, all of the tetracycllne re51stant C. |
jejunl 1solates from colon 9 carr:ed the 87 kb plasm1d
f‘B. Isolates from swxne-*lﬁ' o | o i
,”ny;~lsolates from f1ve porc1ne colons (24 25 2q 29 and
"51) and a few tandomly selected stra1ns were analyzed for‘
,;thelr plasm1d contents. The/results are summarlzed 1n Table h
ggs s The plasmld proflles of C. Je]uni 24a1 and c coli 24b,rff
oiwere the same, but C coll 24b2 was m1551ng the plasm1d bandunr

fipf approxlmately 26 kb The C coll 1solates from colon 25

fjconta1ned only one plasm:d but the plasmld 1n 25b1 appeared"{‘

Q;the“'nxdentrfxable YSolate 2682 was plasm1d-free. All of thﬁllﬂ
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Table 6.6 The. plasmxd prof11es of 1solates from swine ’ o
C determ1ned by gel" electrophore51s. 7’A . ! oo

Strains

Species

Estlmated - -

1‘plasm1d sxze (kb)

1a,” lb
Zzﬁér
24é1
_24b}:
24,

25a,, 25a,,
25b;, 25b,

‘25a1;
" 25a,,

25b;

263T,]26ag,
26a2 -

‘2§31,f RROERRE

"29?1?73932f'29?3'\?951f»
295, T
S1ay, Slag

'51b,

| ‘“7531 L
 '175bjtj7g*‘“”fAt’”“*
g“;zsa”‘Q“*'3~“V“

- C. colt 12

C.coli 12 ',
C.coll 1.

 Cocolt 11t
“Cleolt 1

C. coli1® .
C.coll 1,

C. jejunf 11

i 1
: '
R

C. coli’1

~C. coli i};

to

C. ol

.

C. coli

~unknown -

C. coli b ™~

L

3 unknown',
- C. colif.
AN o colf I

. 126

"*93-3
93,3, 53 o 1oﬂ3

"§f169 2 3 ’;*T,,];ﬁ

Léé,'iJi ‘; ) |
70, 0.3, 8% f ,m
wplasmzd free “f:le,m
‘54;7; 3.0, 2.4 - 1ﬁ’;
'?‘TZB‘M.Jﬂ‘f ~“ : 'j‘g ;Kﬁf

72, 8.3, 4 i;;“f”

f;B 16 4 5
'gjplasmzd free
.83, 25.7,

[

53‘0‘ 10 3‘ ;

- a Tetracycllne-res1stant

b ‘Cephalothin=- susceptzble (MIC 32 to 64 ug/mL)

Grows at: 25 c

b o
I
L !

¢




tetracycl ne re91stant straxns from colon 29 had a plasmld
\
of approxrmately 123 kb but the tetracyclxne suscept1ble'

isolate (29b2) had a, very dxfferent plasmxd proflle. There

were also differences 1n plasm1d prof les among the 1solates»

o

from colon 51. mhe two strazns qof C‘ col | from colon 75
f

\

;were of dxfferent biotypes, but they ha\hfhe same plasmxd

prof1les.fThé sxzes of the plasmuds dep ds on the o

\ ' :
electrophoxests condxtlons and will be further d1scussed in

;J' Chapter 94 In summary, C colf cultures from\d1£ferent colon‘

A g
£ samples had d1fferent plasmld profxles. The C\\coli cultures

r.’y‘ , . \

I

from the same colon may or may not have the samé plasm\d

profxle. *b ' Z'v R S, Ny
. L ! I”, L i“ " ' /‘ ' ) ! ' ! } . ' t "\
RIS ‘> ".‘ Y I"‘:, . ‘ "“ / 3 I‘ . L ! . ) , : K \\ ' K
‘ 6.4 Discussion e o : c \ \
‘]'l/ oo ' / L /' FEOR ' T T . ' »‘\\
6 4 1 Isolatxon of cnltures B o \f

| The surface of the spxral colon was used as the source
of Campylobacter straxns 1nstead of feces. Earl1er stud1es [
on the 1ntest1nal coion1zatzon of. Campylobacfer spp. (F1e1d o
et al.;‘1981- Lee/et al.,.1986 Yr1os and Balish 1986) |

, ‘r“demﬁ“Strate that these organzsms vere' closely assoc1ated

“_thellal cell brush border and the mucosal crypts

_'glands;lf the 1ntest1nes of an1mals. ThlS study showed .“'
L that both the fxltratlon method and the SK med1um (MH agar o
at\f;”;tQ;Skzrrow s antibhotzc comb1natzons) were sxm11arly | J
. efficxent rn 1sofat1ng Campylobacter organ1sms. Th1s is -

because SK medium 1s not 1nh1b1tory to Campylobacter stra1ns

Vg 8
* “ . e N . . ' : "nv

T
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”

”(Ng‘etlaf 1985 Chapter 5) For | the: 1solat10n of low

‘.Hnumbers of Campylobacter in samples it was shown that‘large
‘volumes of flltrate from the fxltratxon met hod can be |
,1noculated 1nto enrlchment broth to xncrease the xsolatzon

) rate. A less laborlqus modlfled flltratlon method descrlbed

h by Steele and McDermott (1984) in whxchckhe fxlter membranelf‘
‘ 1s placed dlrectly on nOn select1ve agar. The llmltatlon of
the mod%fAed method was the small volume wh1ch could be

< applled on the membrane, therefore, thls method was not

I'h1ncluded in this study o

C. coll and C. jejunf are usually consxdered to be“

P
‘e

)Aresistant to.cephalothln &f4 ug/dL),‘and thlS‘ls’used for
' d1fferentxon and Select1on purposes. In thlS study, 8 out of

.161 C colf and C. Je]und stra1ns had MICs for cephalothln :

\

N 'between 32 ‘to 64 ug/mL, and showed 1nh1b1txon by a 30 ug

.,cephalothln dlSk They were therefore, con51dered to be

-

~

cephalothln suscept1ble. Fresh 1solates w1th very low MICs"
- for cephaloth1n were not encountdred 1n this study, although
g other—workers (Brooks et al.,;1986 Karmali and Sk1rrow
'*.1984 Megraud and Elharrlf 1985) have 1solated
iiCampylobacter strazns suscept1ble to collst1n (50 ug dxsk)
»yand cephalothln (4 to 16 ug/mL) Two C coll strazns,
ﬁhflncludlng the reference stra1n C coll NCTC 11353 and afvh
L" fresh 1solate, became susceptlble (MIC 4 ug/mL) after L

f

”,subculturlng on MH agar. The other characterxstlcs of these

PR

[

.‘Vtwo var1ants that were tested rema1ned unchanged Therefore,ﬁ‘

the rel1abil1ty of cepholoth1n resxstance as‘%szerentlal

Lo
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:and selection characteristics should be .re- evaluated , \

: Plasmzd medxated kanamycxn resistance bas been reported \\
in C. col! (Lambert et al. 1985 Kotarski et al., 1986) and '"\
Campylobacterﬁlike organisms (Ouellette et al., 1986). In
tﬁis‘stuQX,vnope ef the isolates,ggsmresistant te high
leveis Ofn(>16 ug}mL) kanamycin. In*the Alberta Laboratory
for Public’ ﬁealth only orne kanamycin~reeistanr C. coll
s;raxn was 'detected in the period from 1984 to 1986 (L.
Mueller, pereonal cehmunication). It apbeared ﬁﬂat |
~kanamycin-resistence is not.as prevalent in Campylabacter
strains, fn'Alberta ae'retracycline-resistance, which agrees
vith the results of Taylor‘et'ai, (1986)# Therefore, only

tetracycline-resistance was useful as anm antibiotic .

resistance marker for strain differentiation in this study.

-~
LS
LI

6.4.2 Identification of isoLates from animals

At present " there are only limited phenotypic
character1st1cs ava11able for the: 1dent1f1cat1on and
taxonomzc cLa351ficat10n of~CamponbaCteP species. The
d1fferent1at1on of Ca'JejunI and C. col i relies solely oh
' the hippurate hydrolvs1s test. Atyp1ca1 character1st1cs of
some - Campyloba¢ter strains makes their class1f1cat1on
N dzftxcult. In thls\study, an 1ntermedlate color reactzon in
the hxppurate hydrolys;s test was encountered for one’
.stra1n, so it could not be cla551f1ed as either C. coli or
:C jejuni 'Using DNA homology study,{fhls culture was

, 1dent1f1ed as a C coll_straln. Although no false posztxve

-’
L3
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hippurate hydrolysis strains have;been reported in the
literature, hippgrate—negative C. jejuni strains‘havé been
encountered and their identi%y éqnfirmed by DNA homology
studies (Roop et al., 1985; Totten et al., 1985).

A<§emi~quant1tative‘method was used to study the DNA
homology of some isolates to confirm their taxonomic
classification. Recently,'semijquantitative‘me£hods have
been used to determine the taxohomicrciassificatibn of other ;l
bacteria, Aquaspirfl] fum spp. (Boivin et al.,'19855, '
Bacillus spp., (Seldin gnd Dubnau, 1985) and Mycobacter fum
spp. (Athwal et al., 1984). The reliability of this
semi-quantitative method was tested against a
spectrophotometric DNA hybridization assay (Athwal ef al.,b
1984). This method is Qjmbler to perform than either the S~1
nuclease (Crosa et ak.;M1973) or the hydroxyapatite‘(Brenner 
et al., 1969) methods@ Tpe ilot blot method wili be more
aanntageous than other methods for routine use, especially
" when non-radioacti;e probes become available for visualizing
the "slots". ’ .

The é+C content of some 6f/the unidentifiable isolates
was rélative;yipigﬁ’(3? to 42 mol%) ¢owpared with the - \\
.réferencevstrains which had G+C contents of 30 to 36 mol%.
Although an aspa;agiheLfgrmenting Campylobaéter spp. ffom an.
anaerobic digéstér waé<f6und to Have an undSually high G+C
contenf (41.6 mol%); fhe.taxonémic position of the
unidentifiable isblates‘iﬁ thisxffudngemaiﬁ uncertain,

) . Nt ,

R
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6.4.3 Biotyping of isolates A

” The Lior (1984) biotyping system which includes DNA.
hydrolyeis and production of Hés in FBP medium, was used to
charécterize C;'qul and C. jejuni strains. The majority of H
the C. coII;and C.‘jejunllstrains belonged to biotype I.
This is similar to findingé in other reports {Karmeli and
Skirrow, 1984; Lior, 1984) _None of the C. colf or C. jejunt.
‘1solates produced alkalxne phosphatase, although alkalxne
phosphatase posxtxve straxns have frequently beenl«
encountered in other etudxes (Smibert, 1974; Roop et él.,
11984). Therefore, the alhalinehphosphatase testiﬁes not
useful for differentiating C. coll and C.hjejunl strains in
this study. However, some oflthe umidentifiable#iteates
produced alkaline phosphatase, which made them distinguish-’

able from other isolates from'the same colon samples.

G.G.Q Plasmi profilee
The‘plaSmid profiles oﬁkCuﬂjejunI‘isolates in this“
':'studj differed'markediyufrom those for C. ‘cbll C Jejunl

| bxotypes 1 and II were e1ther plasmldless or carrled a
""plasmld of approx1mately the same size (87 kb): Therefore;
plasmxd profxles were not useful for stra1n d1fferent1at1on
among‘C jejuni 1solates in this study. On the other hand,
xsolates from thelporc1ne colons had a w1der spectrum of
t‘plasm1d prof1les, and many stralns carr1ed several plasmxds.

Therefore, plasmld proflles can be used to drfferentlate

straxns thh the same. b1otype. Some straxns of C colf
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biotype I from the same colon shoved different plasnidl‘
profxles,‘as a result for epldemxoldélcal purposes it would
be necessary to select more than one xsolate from a sxngle' )
sample- _ | |
"In<summary, this study showed that both the filtration
method and selective medium (with Skirrow's comhinatlon Cf“
| antiblotics)"were suitable for the isolation of
‘Campylobacter strains from animal ‘sources. Sone of these
isolates were cephalothin~susceptible and may not be
fsolated with selective 'media contalning‘cephalothin. The
effect” of antibiotics used 'in selectiye media on some of
these fresh isolstes will be furéher studied (see Chapter'
8). From thlS study' it 1s ‘apparent. that bxotype alone is not
sufficient for straxn differentiation, since the majorxty'of
the strains belong to Biotype l.'Antibiotic susceptibility,
_may be a -useful marker. Plasmid profiles alone may not be;'
useful for ep1demlolog1cal stud1es 1nvolv1ng C: jejuni. On
the other hand, the C. col i 1solates had a much wider'
- spectrum of plasm1d proflles and many stra1ns carrxed more-
than one plaSmld As a result plasm1d proflles may be a -
more useful‘pa:ameter“for‘dxfferentlatxng stralns of C. |
coli..sinde~several sbecies or‘strainsicsn bé found‘invone

an1ma1 th1s may further compl1cate the 1dent1f1catzon of

“the source of cl1n1cal 1solates in ep1dem1ologlcal stud1es.
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7. Determxnatxon of DNA homology among Campylobacter straxns“
o a
usxng chromosomal DNA probes

[y ‘ . .
. KR

r

7. 1 Introductxon .:h o R | hdj‘( r“m“,‘ " ‘fh

Molecular genet1c technzques ha;e been applzed 1n’i”:
tsystematxc bacterxology for the classxfxcat1on of bacterla.‘
.Wxth 1nformat10n on base ratxo compo51tlon (G+C mol%) of DNA |
and DNA homology determ1natzons, some bacter1a Wthh were |
‘prev1ously grouped accordlng to phenotyplc data have been
nrecla551f1ed (Johnson, 1985) Members of the genus‘w
Campylobactep have guan1ne plus cytos1ne (G+C) content

»jrang1ng from 29 to 38 mol% (Smlbert 1935). Thzs enabled

.. them to be d1st1ngu1shed from the genus VibPlo whlch has G+C

rang1ng from 38 to 51 mol% (Baumann et al. 1985)
‘Furthermore, u51ng DNA homology studles, C. Jejunl and C
,colf are now recogn1zed as dlstlnct spec1es (Hebert et al

'1984 Owen and Leaper, 1981), and in the’ current edxtzon of

. Béngey S Manual of . Systematlc Bacteriology (Sm1bert 1985)

\f they are no longer con51dered as subspec1es of C fetus.'. ﬁ?p‘

'“1Recent1y, Totten ef al (1985) used G+C ﬁnd DNA homology

'a~{cinaedi and C Fennelliae, were proposed

o ,determ%natxons, 1n add1tlon to blochemlcal tests,/to ;_w
drst1ngu1sh Campylobacter—llke organxsms from other QdJ

?Campylobacter spec1es; As a result, two new spec1es, C;“‘”

S vIn the prevxous study (Chapter 6), some atyplcak ‘
uffcampylobacter strazns were conf1rmed as C coll or C jejunli;ﬁf
~"r‘u51ng the slot blot hybr1dzzatlon method descr1bed by l
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' nKafatos et al (1979) Thls sem1—quant1tat1ve method for the‘%

ladetermznat1on of DNA homology between bacterxa requ1res the .

i

‘“wxsoQatxon of pure DNA In thls study, an' attempt ‘was made to,;

hl‘fmodxfy the slot blot\technlque by, elxmznat1ng the nece551ty o

iifor DNA 1solat1on. Whole cells were applxed to

}n1trocellulose fxlter membranes for ln sltu hybrldxzat1on.

. .\n

o . N 1 N : —_—

" 7.2 Materials and-methods

i - 4 . . . '
N N + v »
LI o 3

”.‘7 2 1 Bacterzal straxns .“ﬁ'vj

Reference strazns were 1ncluded from type culture

collectlons..C Colf NCTC 11353 (UA578), C. Jejunf blotype 1

Do

'NCTC 11168 (UA580) C JeJunI blotype 11 NCTC 11392 (UA579)
C Fetus subsp. fetus ATCC 27374 (UA60) In add1t10n, C.
‘;Iaﬁldls UA487 (supplzed by H onr, Laboratory Centre for'
‘dDisease Control Ottawa,ICanada) and C coll stra1n 29a1
‘1solated from a porc1ne colon 1n the prev1ous study (Chapter
lf ) were uSed as test organzsms All cultures were ma1nta1dlhf
s‘”by subcultur1ng weekly on Mueller*H1nton (MH) agar (Ox01d |
"uLtd ; Basangstoke, England) For dot blot hybr1d12at1cn,‘a,{
':?24 h culture 1n MH broth was used All cultures were o
?iflncubated at 37 C 1n an atmosphere of 7% coz.‘;‘

L v v

’Vf7 2 2 Dot blot hybr:d:zatxon

'"'X(ﬁdye ight'cultures of Campylobacten stra1ns grown 1n MHQTf

:ifbroth we_e'adjusted w1th sterzle*MH broth to szm11ar

; fturb;dxty by measur1ng the Asoo 1n a spectrophotometer
BECRF " G R e e o R
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(DU 8 Beckman Instruments, Inc., Fullertonﬁ,CA U S A )
Serlal 4 fold d11ut1ons of the cell suspen51ons were
prepared and a 100 uL sample of eachldllutxon was’ loaded
wwﬁohto a n1trocellulose membrane f1lter (0.2 um ‘Schle1cher
jand Schuell Inc.,»Keene, NH U.S. A ) us1ng a. dot blot
H‘apparatus 6810 Dot ,. B1o Rad Laboratorxes Rlchmond CA
'1fU S‘A ) The concentratlon of the cell suspensxons (about
108 CFU/mL) was determxned by platxng onto MH agar’ and
- 1ncubat1ng at 37fC for 48 h. The cells on the nxtrocellulose
’fllter membrane were lysed and thexr DNA denatured by -
plac1ng the nltrocellulose fxlter on a Whatman #3 f1lter
‘;Fpaper saturated with 0 5 M NaOH for 10 min. After lysxng the
}cells, the NaOH was neutrallzed by three sequentlal 1 m1n“
washlngs‘wlth I»M-Trls, pH 7.0, followed by a 10 m1n wash in
1.5 M NaCl in 1.0 M Tris, pH 7 0. The fllter was treated
w1th pronase (10 ug/mL) (Boehr1nger Mannhe1m, Dorval
Quebec) for 30 m1n°'dr1ed at room temperature for 15 miny;
-and g1ven two chloroform washes (1 min per wash) The _N”
‘\prepared f1lter was a1r dr1ed for 15 m1n andrsoaked.ln,

A Jv‘ .

'iNaCl Tr1s {1 %%M NaCl 1.0.M Tris, pH 7 0) solut1on for 0 .

‘drmzn. The DNA was flxed onto ‘the f1lter by bakzng at 65~C=
‘;}overn1ghty The baked n1troceldulose membrane f11ter wasld
vldplaced 1n a heat sealable plast1c bag w1th 10 mL . off”ﬁj.
v'fpre hybr1d12at1on solutzon’/onta1n1ng 50% formam1de, 1%
_Aglyc1ne, 50 mM sodzum\bhosphate buffer at pH 6 5, sx SSPE |
TLrand sx Denhardt s solutzon (1x SSPE contalns 0 15 M NaCl O’T
ifﬁmu Nanzpo4 and R mM Na2 EDTA, pH .75 1% Denhart s solutlon

\.
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. ‘ A ' : o : ‘ ‘ C . ‘
contaxns 0. 02% polyv1ny1 pyrrolzdone 0. 02% F1coll 400, and

"

‘fO 02% bovine serum albumxn) The fllter was ancubated ‘at’ |

52°C for 4 h R S o

The pre br1d1zat10n solutaon was poured out and 2 5
y

-u‘mL ot hybrzdxzat1on solutxon vas added to the fxlter. The

]hybrldxzat1on solutxon contaxned\3§9 labelled DNA probe (106

f'cpm/blot) prepared from total genPmic DNA of C. ool | UA578

‘Chemical Co., St.‘Louls MO, U.S. A.), 50% formamxde,,*x .

or C jejunl UASBO 100 ug/mL herf/ng sperm DNA. (Slgma / %

B

v

| glyc1ne, 20 mM sod1um phosphate, sx SSPE X Denhardt s

*solution, and 10% dextran sulfate. The DNA' probe and herrang

sperm DNA were denatured by heatxng in the hybrxdxzatxon

solutlon at 100 Cc for 10 m1n before use. Hybr1d1zat10n was'

.done at 37° C and 42° C for 16 h At the end of the

7‘hybr1dlzat1on perlod the nxtrocedluiose f11ter was washed

plus 0.1% sps. . TR PR

fleters..T

o n e S Ceiet
AP

:three t:mes at room temperature w1th 2X SSPE plus 0.1% SDS

(5 m1n per wash) and once at 58 C for 30 m1n w1th 0 1X SSPE

i
1

L I . ‘ .‘v" X . v . ." . v

f? 2 3 DNA-DNA homology determxnatlon ‘ ;tﬁ‘ } r; DEEE

Tp Autorad1ogr3ms of th{ a1rrdr1ed £1lters were prepared

by exposure to x-ray f1lm kaodak Xar, Eastman Kodak Co.,

}Roohester,‘NY U S A ) for 5 h to 2 days at ~70 C The 'I“f ‘

5autorad1ograms were compared v1sually to determzne the

' Ead -f—

*exten;_of hybrxdxzatlon A serxal four-fold d1 utlon of eachg:jj_

?Campylobacter straxn was spotted onto n1troce11ulose

,'efore, one d1lutlon dlfference 1n the 1nten51tyf'“
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}"of the dots between the heterologous hybrldlzatxon and the
homologous hybr1d1zat10n represents 25% homology w1th the

".DNA probe

7.2, 'y Preparatxon of 32p-labelled DNA. |

. The total genomic DNA from C. coll (UA578) and C.
Jejunl (UASBO) reference straxns was labelled In vItPO thh
‘[a~32P]dCTP (New England Nuclear. Corp., Boston ‘MA, U S.A.)
iby the nmck translatxon method descrlbed by‘Manxatxs et a]
(1975) The - labelled DNA had specxi;c act1v1t1es of 107 to

| cpm/ug of DNA. The sonzcated DNA ﬁ om C COII (UA578)
was prepared shearxng the DNA w1th an ultrason1c |
'D1smembrator (Model 300 Artek Systems Corp , Farmxngdale,
NY; U.S.A. ) for 10 mlng The- fragment sxzes of the sonlcated

- DNA were determzned by electrophoresxs in. 5% pqﬁ&acrylamxde.

Four Stralns of Campylobacten 1nclud1ng C Jejunl )
L8]

UA580 C ’fetus subsp. fetus UA60 C. Iaridls UA487, and C.
were hybrldlzed w1th a: 32P Iabelled DNA probe

[\

_the’ total genomlc DNA 1solated from C. jeJunl‘f

. .A,..{ :L,-—:,:./—‘—‘, o

| cg'j~1 i UA”S?
v'prepared’fr‘

5(UA580). The results are Jllustrabed 1n the autorad1ograms o

f}; shown in F1gure 7 1. The results presented 1n the upper

“frjpanel were hybr1d1zed at 42 C and those 1n the lower panelldf

:fwere hybr1dlzed at 37°C represent1ng two levels of

'Vlstrxngency cond1tzons ,ﬂhe dots 1n column 1 were spotted"\‘ \

[ o o .



L“?igureﬁ7.1‘Autoradiogram of dot blot hybridization of

Campylobacter strains with total genom1c DNA from c. .

ot

jejuwf (UASBO) as DNA probe aE/A2°C. ©

amso C fetus subsp..fetus ATCC 27374; UA4&1, C. laridis;
; UASBO c. jejunl NC'Dﬁ: 11168-'@nd U578, C. col i NCTC 11353.
Columns 1 to 7 reprg;ent 4 fold ‘serial dllutlons of cell

suspensions.. S o ‘



42°C
UA60

®
UA487 Q o
UAS580 . . L
e

UAS78 o

37°C
UAB0 *
" UA4BT o
. UA§80 .
e

"UAST8
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i ‘with 2.5 fo 5.0 x 107 cso/ogt. Columns 2 to 6 were spotted
with four-fold ngiol‘dilotions of the cell suspensions used
in colomn 1. The iesylts showed that there was no difference
between hybridi;ation'at the t;o stringency conditions.
visuél‘eXaﬁinafTon of the intensity‘of the dots oompéred'
with: the C‘-jejuhf (UASBO) control ;howed that C. fetus
(UA60), C. laridis (UA478) and C. coll (UAS78) showed little
homology <5% (or at least 2 dilutions. dlfference 1n»
1ntens1ty of dots) with the C. Je]unf'DNA'probe.

When the total genomic DNA from C. coll’ (UA578) was
hybridized w1th C fetus (UAa60), C. laridis (UA487), and C.
jejunl (UASBO and UA579) at h1ghrstringenc§ oonditions; <5
to 25%’hoﬁology was observed- between the different strains
l(seefFigure 772). The C. col | strain 29&31 sﬁowed 100%
homology with the C. col/ DNA probe. In contrast, when
sonicated DNA (fragmenf sizes‘SOO to 1000 basé*pairs) from
C. COII (UA578) vas used as the DNA probe, the spec1f1c1ty

of the probe was greatly educed (see Flgure 7.3). The

difference between C. coll (UA578) and C. jejdnl (UA580) was

dlfflcult to d1st1ngu1sh v1sually The degree of

‘hybr;d1zat10n of C. laridis (UA487) and C. fetus (UAGO) with

C.-jejunl UA578 increased when sonicated DNA was used as a

probe'(Figure 7.3) instead of unsheared DNA (Figure 7.2);



Figﬁre 7.2 Autoradiograms of dot blot hybridizétions with C. 5
colf (UA578)’using the total genomic DNA as probe at
42 . : ST . , ‘ .

_ .UA60, C. fetus subsp. fetus ATCC 27374 UA487 C. fanid_ls;

‘29a,, C. coli 1solated from sw1ne;‘UA580 C jejunI'NCTC S

11168; UA579, C. Jejuni NCTC 11392; UA578 E. colf NCTC

11353. Columns 1 to 7 represent‘#—fold ser1a1 d11utxons of‘;"

cell suspensions. . S
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,F1gure~7 3 Autoradlograms of dot blot hybr1dlzatxons w1th
DNA. probe prepared from son1cated total genomlc DNA .
from C. coll (UA578) at 42 Cu VJ:.*'V ’ o |

UAGO, C fetus ‘subsp.’ Fetus ATCC 27374 UA487 C larldls,v_

UA580 C JeJunl NCTC 11168' UA578 C CO” NCTC 11353.

vaolumns 1 to 7 rep;esent 4 fold ser1a1 dllutxons of cell

fsuspen51ons.n>
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" 7.4 Discussion
. The dot blot hybrldxzatlon procedure has an advantage
over, the slot blot hybr1dlzatlon descrlbed and used 1n
' Chapter 6 because it does not requxre the 1solatxon oflpure -
- DNA. The 1solat10n of pure DNA from bacter1a requlres at

A\
least one day, therefore, the dot blot procedure 1s much

less time consumxng The method‘used in this study 1s
'suff1c1ently sen51t1ve to d1st1ngu1shmbetween C coli and C.
| Jejunf prov1ded the DNA was not sheared for example by
bsonlcatlon. Both C coll and C. Jejunf can be easxly
: d1st1ngu1shed from other Campylobacter species, such. ﬁs C
cfetus and C. laridls. In compar1son w1th the slot bﬁo;'
‘techn1que, both methods d1fferent1ate between Campylobacter
J‘spp., and the degree of homology between the four speczesf"
‘ftested 'was s1m1lar. Therefore,‘the dot blot: hybr1d1zat1on
‘can be used as a rel1ab1e method for dlfferentxatxng between'
,Campylobacten spp Totten et al (1985) used a dot’ blot
procedure to d1fferent1ate Campylobacter é}naedl and C
-"fennel]lae. In the1r procedure, only one cell concentrat1on\
Y{was used so that more than one hybrldlzatlon at’ d1fferent
str1ngency cond1t1ons was necessary to d1fferent1ate closely;j;h
»m—re%ated stralns. In thzs study, the spec1f1c1ty of the DNA |
f,fprobes was s1m1lar when hybrldlzatlon was carrled out at

'ﬁ§e1ther 37 or 42 C Therefore, us1ng a ser1a1 d11ut10n, the

"results~are easy to 1nterpret and only one strzngency

‘fjcond1t1on is requxred for hybr1d12at1on.,The serxal

w‘d11ut10ns used can be adjusted for organzsms w1th dszerent};ﬂ_

(SN .‘ ',



R P
Cem 185 -
. S , - ) . ) ) e . e R
- o e . . o Y "
. . N -

‘degrees of homology. Because the spec1{1c1ty of DNA\probe is -
l;‘reduced when sonxcated DNA is used as the probe,‘ the '
:i1solat1on of DNA and n1ck translatxon procedures should be
Wcontrolled to obtaxn con51stent results ' ‘
In th1s study, c. colf and C. jejunl had hlgher
r‘homology wlth each other Ehan with C IaPIdIs and C. Fetus.‘»
' This agrees w1th other DNA homology studres (Hebert et al

1984 Owen and Leaper, 1981- Roop et al., 1984 Urs1ng et

al., 1983) in which C. coll and C Jejunl demonstrated 25 to' .

49% 1nterspec1es DNA homology. These two spec1es had a%out
'510% homology‘w1th C. IaPIdls and about’ 5% homology with C
Fetus (Owen and Leaper, 1981-'Roop et al 1984, Urs1ng et’

al., 1983).
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o 8. Comparxson of the sustept1b111t1es ‘of Campylobacter coli X

.and Campylobacten jeJunI to antxbxotxcs

-—’* Cooy

8.1 Introductxon

" The 1solat10n methods developed by Butzler et al.

(1972) and Sklrrow (13@7) led to the recognitlon of

7campylobacter JeJunI and Campylobacter col| as 1mportant

“enter1c pathogens. Subsequently, other selective. medza have

’

"been developed (Blaser et al. 1979;;Bolton et a[;,'1984;

. Bolton and’ Robertson, 1982; Goossens’et al., 1983; Karmal1

and Flem1ng, 1979 Karma11 et al 1986 Lauwers et al

h1978 Rosef et al - 1983; Waterman gt al. 1984 Wesley et

‘h al., 1983) The med1a have been‘developed to overcome the

problem of overgrowth by contam1nat1ng bacter1a,jsuch as :

members of the famxly Enterqbacterlaceae, Pseudomonas spp.,

‘_Stneptococcus spp., and yeasts (Bolton et al 1983) "Most of

these medla contazn blood whlch is of var1ab1e quallty and

‘T‘relatzvely expens1ve (Bolton et al 1984) The recent

*.'development of blood-free med1a may be more economlcal and

ff{may lead to medza that g1ve more cons1stent growth of

ﬁrcampylobacter stra1ns (Bolton et al., 1984~ Karmal1 et al

qa5198§)5*1n the blood—free select1ve medla (Hutchxnson and
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A prev1ous study (Ng et al., 1985° see Chapter 5) on

‘the 1nh1b1tory effect of ant1b1ot1cs to Campylobacten

species showed that some laboratory stra1ns of C. coll were

- more suscept1ble to ant1b10t1cs used in selectzve medxa than

‘BZ?Cultures Lo ' oo

'stra1ns of C. Jejunf Thxs may,‘xn part, account ‘for the

lower 1solatlon of C. COII compared with C Jejunl from

. stool specxmens from patxents with gastroenterxtls. To test

this hypothes1s, the effects of ant1b10t1cs on fresh

‘1solates of C. coll and C. Jejunl were determlned . This was

done by determxnlng the M1n1ma1 Inhxbxtory Concentratxons.
(MICs) of a range of ant1b1ot1cs used in select1ve medxa as

well as by comparing the counts on non- selectlve and

3select1ve medla. : o

8.2‘Materials‘and‘methods A
N 0 . - " 1

The follow1ng type %'Htures were used as reference

s _stralns for MIC determ1nat1ons~ C coll NCTC 11353 é

“JeJunf NCTC 11168, Escherichfa colf ATCC §5922 and
"‘Staphylococcus aureus (Oxford straln) All of the'

'fCamponbacter reference stra1ns were stored as prev1ously

er‘descrlbed (see Chapter 5) They were subcultured on?§,~

Mueller-H1nton (MH) agar (Oxo1d Ltd., Baslngstoke, England)

"-‘thcé before MICs were determ1ned The Campylobacteﬁ .:T]’“

»mcultures were 1ncubated for 24 h at 37°C 1n an mtmosphere

”:h?% coz. Other specles were subcultured 1n a



o

gszmrlar manner on nutrxent‘agar and 1ncubated aerobxcally at:
137 °c. For comparlson of growth on dlfferent selectxve med1a,*
laboratory straxns of C. Jejunl UAl C. JeJunI UA526 C -
?fcoll UA421 and C OOII UA530 from our prevxous study (Ng et
“all 1985' see Chapter 5) were also 1ncluded for cross
“reference of the data for fresh 1solates and laboratory ‘
‘strains. | | | |

“ The fresh 1solates of C. coII and C JeJunI used in
'thzs study were from an1mals w1th ezther known or unknown
ant1b1dt;c hxstory (see Chapter 6) Altogether, there were
‘53 C. jejunl blotype I and six C. je]unl blotype I1 1solates'
‘from cattle, as well as one C.. Jejunf blotype 11, 96 C coli
b1otype 1 and f1ve C. coll b1otype II‘1solates from swxne.
After purxfzcatlon by m1n1mal subcultur1ng on, Mueller ~Hinton .
‘(MH) agar (0xo1d Ltd., Bas1ngstoke, England) these 1solates"’

1 were used 1mmed1ately for MIC.determ1natlons or stored at

-70° C 1n ster1le preservatzon medzum unt1l use.

;j8 2 2 Antxbzot:cs S A S TP E EE -
Ant1b1ot1cs added to seleqtlve med1a and 1nc1yded 1n

| ”the MIC determxnat1ons were ba01trac1n cephaloth1n,‘g;

_—
d

Qfamp1c1n,_;mi

]hﬁtr1methopr1m, vancomyc1n (all purchased from S1gma, Stg .

'*,collstln: polmeXIU B sulfate, novo 1oc1

.J?Lou15 MO, U S A ) and cefoperazone (Cefob1de, Pflzer Canadane]ﬂ
‘5gInc.. xlrkland, Quebec) Cyclohex1m1de and amphoter1c1n B
"Qused as aptx fungal agents 1n some seleCtLve med1a were also-

f%fpurchased from §;gma.:@1“””



w?blottlng paperﬂtouprevent condensatlon of m018ture on the

t"f,exper1ment'was conducted—1n tr1p11cate.;;}Hﬁthw,};“”

\

" al., 1985; see Chapte: 5) R & EE
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B “8 2. 3 MIC. determxnatxons - ‘ X N ‘rf“

4}

The MICs were determxned as descrlbed prev;ously (Ng et
¢ .

e P

A
,8.2 4 Effectvof selective media“

Selected C colf and C Jejunl stralns were chosen ﬁrom
the 161 cultures used in. the MIC determxnatlpns to provlde a'f

”range of organ1sms w1th d1fferent antxbiotlc resxstance ,

" patterns-‘The straxns were grown 1n MH broth (Ox%id) at 37“C'l

for 24 h Jn a: CO2 Jncubator contalnlng 7% CO2 Serxal

‘dxlutlons of the cultures ranglng from 10"‘ to 10 6 were

'prepared with 0. 85% salxne. A 0.3, mL alxquot ofqeach

dilution, ‘1nclud1ng the undlluted 24 h culture, was“?*kiH

‘approx1mately S uL of each dzlutzon on27/the selectxve

o

A ;

transferred to a weIl of Steers replxcauor The Stéi’s

-~

replxcator w1th 3 mm dlamet p1ns was used to 1nocu1ate
S P ‘

medxa. Inoculated plates were xncubate at 42 C 1n Jars fl

iy

‘s fconta;nxng an atmosphere of 5% COZ, 10% CO2 and 85% Hz' Each

‘_)

Fjar conta“ned an opened petr1 dlsh'w1th 3 mL of glycerol on

"mfgsurface of the agar (Stern, 1982) The plates were examlneddAV‘
“V?after 20 and 40 h of 1ncubatxon, and spots contaxn;ng 15 toh“d

h”1200 COlOﬂleS were counted under a stereo—mlcroscope. The 1W~Y“

ﬂ" The seleCtlvs medza Used 1" thls Study are 11stedarn\lf B

Table 8 1 Each medium wqi‘prepared—{\ilowxng the procedure?f}

N

descr1bed by the authors, unless othe 1se stated The'f;

o L
) Vo
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‘ P .
" Media (ﬁefetences)‘ ' Antibiotics .
.v' D J"l :\\ ) = - .
oo e T . .
‘ay&t lSRerow 1977), ‘ ~ vancomycin, polymyxin B,
"‘ - , . trimethoprim R
‘ .' (Rarmalx and Flemxng,v vancomycxn, polymyxin B
. ‘1979) S - trimethoprim -
T M3, (Blaser,et'alﬁ, f979) vancom cxn, po}ymyxln B, )
: a7 trimethoprim, cephalothxn
v H amphotericin B
‘MA' (Dekéyseg et al., 1972) polymyxin B, bacitracin, °
1 S / novobiocin, actidione
M5 ,'*Lauwers et al., 19;8) colistin, “cephalothin,
- o ’ novobiocin, actidione
M6 KﬁeSléy et al., ﬁgaj) . bolmexih B, rifampicin,
. r' ST - - cefsylodin '
. M7 - (Goossens et al., 1983) cefoperazone, rifampicin, .
T . S = aamphoter1¢1n B .
. ' MB  (Rosef et al., 1983) colxsbxn, cephalothln,
' ‘ L T amphoterlczn B :
. M9 (Patton et al., 1981) - collst1n, cephaloth;n,
- v -Dl R ‘ - bacitracin,- .novobiocin, |
- T L © Y actidione - . '
) ,ydo. (K&rmali et al., 1986) zcefoperazone,‘vancomyc1n, RN
! . P ~+ ., actidiong SR
«.TMTf (Hutch1nson and . cefope;azone
s Bolton, 1984) EETE Laen ‘V;Vfu

" [

Table 8. | The selective \medxﬂsed for quantitative 93
comparisons Of the in itory effects of antihiotfcs
“on the growth of C. coll and C. jejuni

.

’”\(Waterman et al., 1984) polymyxxn By tr1ﬁethopr1m,
B S _ r1famp1c1n, actzdxone

7 T '«:_'.“!"
N .

. ¢ - v 4
""z W
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medium devéloped by Lauwers et -al. '(1978) was prepared
without blood or w1th 10% sheep blood MH agar was used as

"the reference medium.\
8.3 Results . .

8.3.1 MIC determinations
The MICs of antibiotics for 101 C. coll and 60 C.
jé]unl strains are shmmarized in Taﬁlé 8.2. The MICs of
bacxtracxn, tr1methopr1m and vancomycxn were sxm1lar for all
‘of the strains tested. A greater range in susceptibility to
oﬁhef"antibiotics was noted fo(_béth-C:.jejunf and C. coll.
All of the strains ﬁested were ;ééistaht to the levels of
antibiotics used in selectxve media. The stra1ns w1th MICs
of cephalothxn from 32 to 64 ug/mL were further tested for
.suscept;b1l1;y to cefoperazone. All of these strains haQ
MIC$ of céfogprazbne ;128'ug/mL. Strains with MICs of
cephalothin of 8 ug/mL had MICs of'cefoperazqne_gf;eéltb 128

)
. ' \ ) ; ey o qts Coe T I
ug/mL. Therefore, modetate susceptibility to cepholothin in

p—

. certain sttains did not cbfrelaté with the susceptibility-to

cefoperazone. 1In €6ntrast, cephalothzn suscept1ble C COIV N

+

UA421 from our prev1ous study (ﬁg et al., 1985) and e
cephaloth1n susceptlble der1vat1vp of C jejunl strazn from
Ath :E:tudy ‘both had MICs of 4 ug/mL to-bephaloth1n‘and ‘32 "<,

, ug/ to cefoperazone. Therefore,,these 2 strains were o

: suscept:ble to the level of cefoperazone added to some

'( ‘ ..

”select1ve med1a (Goossens et al.,‘1983 Bolton et al., 1984°



‘AnFibiotics Rangeh 50% 90% ‘Range 50% 90% -
Baéitracinb_ ~é56->512 512 >512  256->512 512  >512

Cephalothin 32->256 256 256 64-128 128 128
AColistinC‘ , <1-16 2' 4 =16 B 8 .
Novobiocin | 8-128 6 64 16- 128 32 32

Polymyxin B4  <1-8 <1 2 <1-é <1 4

_Rifampicin .16->128 128 - 128 4-128 | fs 32
ﬂTrimethoprim X 256—>§56 >256 5256 256->256 256 >256
>128

9 1 ug =810 "

163

Table 8.2 Range of MICs for 101 strains of C. coll and 60
strains of C. jejunl to eight antibiotics used in
selective media for isolation of Campylobacter spp.

s

MIC (ug/mL)?

C. coli C. jejuni

o . ' 7 * ‘s " ‘ -
Vancomycin ¢ 128-»128 “3128. >128 128->128 ' >128

B

——l, - "‘ )
. . “ ‘
a 50% and 90%,-MICs for 50 and 90% of the strazns,~
respectlvely

b 1 ug = 65.2 1U
€1 ug =13.6 1U"
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Karmall et al., 1986).

Based on the MIC data, six‘pair@‘of strains of C. Coll

‘(six isolates from the filtration'method and six isolates

~ from selectlve media isolation method) and three paxrs of °'C.

jejuni strains were’ selected for further study. The MICs of

polymyxin, colistin, rxfampxn, cephalothin and novobxocxn.of

these 12 strains of C. col | and 6 strains of C.,jejunlrare
shown in Tables 8.3 and 8.4. MICs‘offlaboratorf‘stralns~of
two C. coll and two C. jejuni used in a previous study (Ng
et al., 1985, see _Chapter 5) were also 1ncluded for cross
reference of the data for fresh 1solates and laboratory
Strains. : )
8.3.2 Effect of antibiotic combinations

The'resistance of the selected Campylobacter strains to
the combinations of ant1b1ot1cs used in se1ect1ve med:a vas.-
compared on MH agar. The number -of colonies (CFU/mL) 9row1ng
on MH agar was’ compared w1th the number of colonxes of
growth on MH with ant1b1ot1c comb1natzons. The dxfferences
in the log10 CFU/mL on MH ag and each selective med1um are
shown 1n Table 8 5. All of the C lejuni stra1ns grew well |
on all of the selective med1a, except on med1um MS w1thout

blood and medlum §Q§ The greatest level of 1nh1b1t10n was a’

5 log cycle decrease in. count for C. jejunl stra1ns UA1 and

‘ UA526 The addztlon of blood to med1um MS el1m1nated the »
"T71nh1b1tory effect' Medzum M9 only 1nh1b1ted C jejunl UA526. f

;.,



Table 8 3 The range ‘of MIOs of 14 C. coll strains to £1ve
' antibiotics used in 'selective media for the 1solatxon

of Campylobacter spp.

———
-

AntibioticP *

Straind PB . CL RA CF NB -

165f-'

- -MIC (ug/mL)

C. coli ‘ | .
- ) . . /.

UAS21 . 2-4 16 S 2 8 <1
UA530 . 8 8-16 32-64  128-256 — 64

C. coll biotype I

5ta, . s1, s, T 256 - u32
51b, . <1 4 128 256 " 32
65a, st <1 64 256 32
65b, -~ . - s1 2’ 128 /. 256 . . 16
74a, 4 8 128 256 64
74b | 14 : 128 - 256 64
76a - 1 1 . 128 +16-32 . 64
76k - <1 1 128 - 32 64
81 . 2 2, >128 >256 128
81b  ~-"51, 1 >126 128 ° 128
' b . L Wt ‘ : " .
C m’f b:lot:ype I_L E , _'~ _ " ‘ “-. ' : \v‘
448a ;gﬁ,‘tw‘sx._, .4, 64 ' .'256 . .32
48b. 4 <1t .4 64 . 256 .32 |

o B ‘ ' . . Lt
’4 . N -

IBolat§P¢from MH agar us1ng the flltratlon techn1que
Dekeyse et al., 1972) are indicated by "a" in the strain
number, thpse isolates "b" are 1solated from MH agar with
trimethopf m’ polymyxxn B and vancomyc1n (Serrow, 1977) :

b PB, pol” ixln B sulfate, CL, eollstzn' RA, r1famp1c1n, CF
cephaloth;n- NB, novobxoczn.‘~ L . Lo

el G
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Table 8.4 The range of MICs of 8 C. jejuni stra1ns to five
antibiotics used in selectxve medru for the isolation
of Campylobacter spp.

Straina‘l,' BB

AntibioticP

W

cc ' RA . CF 'NB
. MIC (ug/mL) t
ejuni : | 5
','( B " ‘!. ," .
AT 8 ' 16-32 32 " 64-128 128
UA526 8 16 '.128 . 128-256 32
C. Jjejunl biotype 1 AT
15a, "8 16 128 128 32
15b, " 4 8 ' 128 128 32
16a, . <1 4 4 64 32
16b, -4 4 16 64 ©16
-lejejuni biotype II. | )
. 9a, st 8 4 ea-128 . 32
_ 9b, 3 4 . . B 64-128 32
— =

8 Isolates from MH agar usxng the f1ltrat1on technlque

';‘(Dekeyser et al., 1972) are indicated by

" number, those 1solates "b".are isolated .from MH

» tr1methopr1m, polymyxxn B and vancomyc1n (Sk1rrow,

uﬂlb PB polymyxzn ‘B sulfate, CL, col1st1n, RA
. acephalothln, NB, novob1001n. ~ g

- ) se - P

"a" in the str ld N

th

A1977) .

rlfemplciQ} CF,
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‘ Table 8 SxInh1b1tory effect of select1ve media on C. coll
' and C Jejunl o | , | R

~

— :
‘ o D1fferences in. log,d CFU/mLa'
Strains M1 M2 M3 M4 M5 M5B M6 M7 . M8 . M9 MIO MI1 M12

6. cob |
482 - <1 1 1
48b B 1 1
- 51a, ©o<1 <1 <1
51b, 43 <1 <1 <1
$65a, . <17 1 <1 25
65b, . <1 2 2 25
743, ' <1 <1 <1

- 74b <1 <1 <1
76a <1 <t1. <1
76b <1 <1 <1
81a2 1 3 <1

81b, . - <1 2 1
UAg21 - <1 . <1
+ 'UAS30 .- <1 <1° <1

A
v -
w

<1
<1.
<1

<1
<1 25
<1 25
<1" 3
<1 3 -
<1. <1
<1 <1 <

<1 <1
‘<1 <1’
<1 <1
<1. <1
<1 , <1
<t <1
<1 <1
<1 <1
<1 . <1
<1 <1
<t N
.<1 ~1_
25 <1

A

—t

m
B

[~ -3, -8
A AA -
— —
v
(8,3
—_ N N

L~

[
u)_._.w....l l

A
- ek

T

AN A

w
N
[§4]

35 25
. <1 <1

N,
.

. v .

N B BN D - N
A
—

=N U W W
A
o
A
-—

w
AN
-9
w
N

ANV §
S0 N
AN

A

"C.Ejejunf - v'i_!ff

-\9a§:‘; o<1 ;<1' <1ffk1,- 1;€<1‘ 1< <1‘ﬁ§nc‘<1 ]_1ﬁ <1
9byrt <1 ,<1 <1 <1l <1 <1t <1<l <1 ND 1 1e<iv
15a1’¥‘ _’11'1<ﬁﬂ”éif} 1 <1 o<1 <11 <1 vND ;€1}y§j;‘<1:ﬁ
GABby 1 <P aiver <l 1<t ND <l T e
B PO ~<1%ﬁ%j§_<1ﬁg$f»1§1{;<1L3§1. <1 <1 %] <l <1
16b115-f‘j<1‘ 13'<1;{<15;-1-_<1*} <1 <17 %11 <t o<1 <t
UAI*%;:~ﬂ<1 <t 21‘:&1;2;5(2<1vf<1f‘g3‘ <1 <1<t .<io<l

‘ 9’0 count on: MH agarAm1nus log 10. count on Select1ve ‘ :j fff
medium, corrected‘to“the_nearest lcr:g,0 d1fference SRR S
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The C coli straxns grew well on medxum MI and M12
,'Only the cephalothxn susceptlble stra1n UA421 was 1nh1b1ted
by medlum M11 " This straxn was 1nh1b1ted by most medla.
"Medlum M6 vas the most 1nh1b1tory to the C coll 1solates,
counts for te%’out of the twelve stra1ns were reduced by at
' least 5 log cycles. Growth of all of the C. coli strains waS‘
1nh1b1ted on at least one of the culture med1a. Medlum MS
1nh1b1ted all of the C col i stra1ns tested Wlth the
“add1t1on of blood, the 1nh1b1tory effect aga;nst ‘some
‘stralns was reduced Only C. coli straxns 76a and 76b were |
;not 1nh1b1ted by medium ‘M9, the counts of all other C. coll oy
.stra1ns were reched by at’ least 3 log cycles on. th1s ‘“ﬁhV
medlum. When the 1nh1b1tory effects of the select1ve med1a

uon the' 1solates obtalned by the f1ltrat10n method and the ;
select1ve medla.method ﬁere compared no s1gn1f1cant : |

, d1fference was observed -as a result of the method of
J1solat1on (Table 8 5) For example, the growth response of

C qpll stra1ns 48a and 48b were 51m1lar on’ all of the'

. medla,'exeept med1um M10 S e ,e.!‘_‘
e ‘ ' I ‘ ,1 } ». ‘_ R ] o . ‘I-:y'._‘.-_ . ‘-?.,‘.‘H"'v"

PN L"_“A .‘,. et R

',8 4 stcussxon

flexamlned;'all the 1solates tested ﬁhowed a h1gh level of
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‘,;obtalned 1n the prev1ous study. For example, the IV
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L parallelled those found for laboratory stra1ns of C coll

(Ng et al.,i 1985 Chapter 5) Some of the ftesh 1solates of“f_f

C jejunf were more susceptible to cephalothln (MIC 64 o
ug/mL) ahd t1famp1c1n (MIC 4 ug/mL) than the laboratory
stralns (Ng et al 1985- Chapter 5) f:.‘,“ww_jl;,_gfﬁ}

For the eValuatxon of the 1nh1b1tory effects of

selectlve med1a, laboratory stra1ns of . C coll (UA421 and

UA530) and C. jejunl (UA1 and UA526) from the prevxous study

,(Ng et al., 1985 Chapter 5) were 1ncluded The results

' ' Ad

'obtalned in th1s study were comparable to the results

)

i-fcephalothxn susceptlble Cm COII stra1n UA421 d1d not grow on

ffCamponbacter stralns 1s comparable to the plate count

[7most of the select1ve medla tested 1n e1ther study whereas_,

°C Jejunl UA1 grew well on-most of the med1a tested Thzs.

hel

1nd1cated that the method used in: th1s study fon the Lo
R

: evaluatxon of: the 1nh1b1tory effect of selectlveﬂmedla for ~w';

T L

e

:ﬂ;method used prev1ously (Chapter 5). ThlS method is: less

“feount method

'fjlabor1ous and more econom1cal than the conVentzonal platel,;i~°

Medzum M1 wh:ch contalned polymyx1n § sulfate,
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"‘;'cephalothln susceptlble c. coli UA421 “altm“gh t*“s S“a”‘

vfpwgrew well on M12 The MIC of cefopérazone for UA421 was 32

f"susceptlble stra1n. Subst

*‘cefoperazone may reduce théﬁ

‘ifor cefoperazone..-~

.....

H f}ug/mL Therefore, beszdes the antlbxotxds added to M1W and

IR Lo V’

1fM12 ohher const1tuents 1n the medla may affect the growth

lf”dof C coli UA421 Both M11 a7d M12 contaxn charcoal and

| [}

"3sod1um pyruvate, but only M12 conta1ns hemln (Hutchlnson and

Hb“:Bolton, Karmall et al 1986) The basal med1a used\1n M11‘rﬂ

‘r,

kand M12 are dlfferent (Hutchlnson and Bolton*‘larmall et

hih'al 1986) Therefore hemln and other components 1n med1a',

\contamlqants (Hutchlnson and

1'Bolton: ]984 Karmall.et al J986) but it may stxll 1nh1b1t@-\

/P\

fthe growth of ngpylobacter straxns %ﬁ;ph were susceptxble,'

;;td cephalothln becauserthese stralns.have‘MrC of 532 ug/mL

ot Ny
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fffour stra1ns of C JeJunI was also 1nh1b1ted Th1s mxght 7E
' b

"“expe ted as polymyx1n B and col1$t1n ‘have 51m11ar modes f

‘ﬁefaction and 1nh1b1tory effects on Campylobacter stra%ps//

| The effects of selectxve med1a on cultures\réoiated
~"eJ.t:her u51ng the f11Qratxon method (Dekeyser et al 1972)
h]L”or from apt1b1ot1c plates (Sklrrow, 1921) were szm1lar. Th1s .
*ffvindxqated that use of the selectlve med1um (MH w1;h

Sk1:row 5 ant1b1ot1cs) for 1solat10n d1d not select for

' LI

*stra1ns w1th 1ncreased tesxstance to ant1b1ot1cs. Based on

the resultsvof th:s study and the prev1ous study (Ng et al

‘1985 Chapter 5) fresh isolates of C coif were szmzlar to.

A ! ‘v*‘.

laboratory strazﬁs 1n suscept1b111ty to select1ve med1a used .
\

for 1solat1ng Campylobacten Spp- Some of the selectlve medla

‘\:,would be too 1nh1b1tory forienUmérat1ng or 1solat1ng C Coll
from the extra enteral e1v1ronment, such\as water andxfoods.‘,
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9" Use of DNA probes to study/tetracyclxne-resxstance 1n o

, . | .
Campylobacter*fromzizxne and cattle .

T

9.1 Introm B L o /’
prdemxologxcal studxes of Campylobacten Jejunl and o
‘t”CampylobaCteP COFf have used plasmld Proflles as a pa(ameter‘
'rfor strazn dxfferentlatxon (Austen and Trust 1980 Bradbury

et al., 1983 Bradbury and Munroe, 1985 Taylor et aI
‘x1983b Tenover et al 1983 1985) Tne funct1on of most of

”these plasmlds i's unknown. In’ contﬁbst pgasmlds whxch /”‘ .
‘ ¢ . oo ey
»encode tetracycd;ne resistance (TcR) have been extensxvely

. (\

1stud1ed Taylor et al (1983a) reported that Tc was encoded
‘loon a 38 Mdal plasmld 1n both C coll and C. Jejunl More'
nﬁmrecently, these plasmlds have’ been shown to be about 45"

QTZleobases (h\7 (Taylor et al.,61986) Lambert et al (1985)

reported a 47 2 kb plasmxd, pIP1433 1n C coll wh1ch

. '.:,-;' O
encodes both Tc and kanamyc1n~resmstance. >"ﬁ 3 =;*“yg N

e

Con3ugat1ve plasmlds encodtrg Tc 4n s1x 1solates~of'

ampylobacter from Canada, Belg1um and Un;ted States haveaa,

\"l" o

igh degree of homology (Taylor et a?., 1983a)‘ However

vt

a‘hthese same plasmlds d1d not share DNA\homology w1th the fdpr f<

PR

'h classes of Tc
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1986). The plasmid pUA649 in which thg 4.2 kb Accl fragment
‘ !

\ was deleted from pUA466 resulted in a tetracyclxne~

', spsceptxble (Tcs) strain (Taylor, 1986). The TcR determinant

\

/from pUA466 was cloned and expressed 1ncijpherlchla col |
e

o (Taylor, 1986) Moreover, the Campylobaoter TcR determinant

U
‘*was ghown to have homology with a# kb fragment containing
. the tetM determxnant in the plasmid pJI3 from Streptococcus
‘agalactlae B109 (Taylor, 1986)_(§ee Figure 9.1). This tetM
‘d%Fefminent.has also been found in a number of unrelated
organxsms, such as Ureaplasma unealytlcum, Mycoplasma Spp.
and Gardnerella vaglnalls (Roberts and Kenny, 3@6). . ‘
Classification of TeR determinants in gram~§oeitive and
gram-negative bacteria was based on DNA hybridization
studies using TcR DNA probes (Burdett et al,;,l982; Levy,
‘1984; Mendez ét al., 1980). In.this study, p}obes from the
Tc? determinant in pUA466, namely a 1.8 kb Hincll fragment,
~as well as the 5 kb fragment which encodes TcR from the
plasmid pJI3 in S. agalaCtIae‘(Roberts and Kenny, 1986) were
used to study the heterogeneity of TcR isolates from swine

and cattle.
9.2 Materials and methods ' -

9.2.1 Bacterial strains
The TcR strains of C. Jejunl and C. coll isolated from
colons of cattle and swine (described in Chapter 6) were

selected, including 9 strains of C. jejuni and 18 strains of ’



Figure 9.1 The restriction map of C. jejuni TcR region of
the plasmid pUA466. |

The deletion Tc-derivative of pUA466 is named pUA649.

=
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Restriction Map of Tetracycline Resist’ance Region of pUA 466
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with tet M
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C. coli. All of’ the nine C. . jejunli stra1ns and threeQbf the
C. coll Tc® strains were from four animals which had not.
been exposed to antibiotics, either in their feed or for
therapeutic.purboses. Iﬁ aa tion, 15 Tc¥ C. coli and C.
jejqnf straihs-isolated froM cattle and swine were selected
for comparison with~the ’I‘cR strains. Cémpylobacter strains

‘used as controls or as recxplents for mating experxments are

o

listed in Table 9.1. \

9.2.2 Restriction endonucleases

Accl, Xbal, Xhol, qudIII Hinc1i and Kpnl were
obtained from'poehringer Mannhexm Canada Ltd. (Dorval,
Quebe;). Enzyme'digestions'were performed\according‘po the
manufactuq*r;sLinstructions?m :f | |
9.2.3 piasmiq'nnX isolation |

A modif%ed Birnboim and DQly procedufé (1979) was used
to prepare pur1f1ed plasmid DNA An overnlght culture of
Campylobacter test organsxsm was grown on 15 Mueller-Hinton
(MH) agar plates and harvested by scrap1ng the,cells off the
plates into 50 mL of TE~buffeg (50 mﬁ Tris and 10 mM EDTA,
pH 8.0). The péilet_df‘cells obtained by centrifugation at &
10,000 rpm for- 10 min (Rotor JAZO,‘Beékman Instruments, -
Inc., Fﬁllerton,ACA U.S.A. ) was ;esuspended in 1.7 mL of
‘solutlon I (50 mM glucose,vIO mM . EDTA 0,25 M Trls, pH 8. 0
. and 2 mg/mL lysozyme) and held on ice for 30 minutes..

Solution I wag'prepared fresh from stock solutions. The Q
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Table 9.1 Straxns of Campylobacten used in mating and

hybrxdlzatxon experlments.
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coli

'44b

PR

B Strain " Antibiotic N
Organism " no. ' ‘resistance Source : M
: — —
L . © R
Mating . S
experiment: . N
Donor
C. jejuni’ UA466 Te human ™
C. colf LK25b, To swane | (thxs snudy\)‘
o
_ Recipient ‘3‘ g
C. jejuni SD2 Nal human® "
C. fetus ATCC 27374 Nal ATCC ’
C. laridis UA487 " Nal human€ ) |
Hybridization
experiment:
‘C. jejuni '(N50A466 Tc human® .~ ™
C. Jjejuni 17 un649 None deletion mutant -
of. UA466
C. jejuni UA650 None plasmidless derivative -
_ of UA466 . '
C. jejuni ua1 Tc human®
C.'jejuﬁf ‘UA124 none plasmidless derlvat1ve
, ‘ . of UA1
C. jejuni 34b - Tc human?
C. ' Tc human?

. 2 Lee, E., Naval Research Inst1tute, Bethesda, MD, U.S.A.
Karmali, M. A., The Hospital for S1ck Ch1ldren, Toronto,

Ontario.

€ L1or, H., Laboratory Centre for D1sease Conttol Ottawva,

8ntar1o‘

Mueller, L., Provincial Laboratory of Pub11c Health
Edmonton, Alberta.
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cells were lysed by add1ng 3. % mL of solution T (0 2 N NaOHl\
containing 1% sodium dodecyl silfate) After 5 mxn on 1ce,
2 5 mL-of solution III (3M ‘soditm acetate,’ pH 4. 8) was added
to preclpltate the denatured chromosome and protexnsf The

lysate was held on ice for oné hour, and then centrxfﬂged

l

-

for 15 m1n at 12,500 rpm (Rotor JA20 Beckman) 'DNA 1n the
supernatant was precxpxtated by addxng twoﬁgolumeé of ice

cold 95% ethanol and held at —20 C ﬁon 18 h The DNA was

\\Mjrecovered by centrxfugatxon at 10, 000 rpm (Rotor JA20,

‘ Beckman) for 10 m1n. The resultxng DNA peilet was ‘dissolved

in TE buffer and centrlfuged on a Cesxum chloritde gradient
for 22, to 24 h attss 000 rpm in a Beckman L8 ultracentrxfuge

(Rotor 70.1Ti). ‘ . 4',"/ o ”

| 38

'9.2.4 Plasmxd analys1s

]

‘» Organisms were screened for plasmid DNA usxng the

. &
method described in Chapter 6. Fragments of plasmzds“fromQ
. g ! \ . 4

T restriction endonuclease digestions vere subjected to "t

Q

AN

»

~ electrophoresis for 18 h- in: %orlzontal 0.6% agarose gels in -

" Tris: borate EDTA buffer thh digests of phage A and plasmzd

R27 (Taylor And Brose, 1985) as molecular we1ght standards.

,Plasm1d pUA466 in C Je]unl UA466 and plasmxd pMAK175 in C.

,jejunl UAI were 1ncluded as post1ve controls. SR e

: .
A \ R . ) R . N

. v\‘ !

9, 2 5 Prepara%}on of 32?-1abelled DNA ' -4<9*

- The 1. 8 kb HIncII fragment from pUA466 was cloned 1nto

'pUC8 to g1ve plasmxd pUOAl 1n E co7l JM105 (Taylor, 1986)



81

\

Plasm1d pJf3 (pACYC177 WIth the 5 kb fragment contaxnxng the

tetM determxnant from S. agalactiae) was - supplied by V.

Burdett (Duke Unlver51ty Medlcal Center, NC U S. A ). The
1.8 kb‘HIncII fragment from pUA466 and the 5 kb fragment
from pJI3 were prepared by(electroelutxon from.agarose gel ’
onto DEAE paper (Dretzen et al 1981) . The bNA‘fragments '
and plasmxd 'PUA649 were labelled in vftPo wzth [a-32P]dCT

(New England Nuclear" ‘Corp. Bostep MA, U. 'S.A.) by nick

'y

translatlon (Manxatxs et al., 1975) . The labelled DNA ad

‘ spec1f1c actlvxtxes of 107 to 108 cpm/ug

Dot blot protedure. The dot .blot procedure used was

.‘descrlbed in Chapter 7. The sens1t1v1ty and Spec1 icity of

-

‘hybrldlzatlon for each probe to represent two trxngenCYv

‘condltlgns. ‘The strxngency of hybrldxzctlon qas determ1ned :
" using ‘the formula by Sch1ldkraut and LlfSOﬂ (1965) and

McConaughy et al (1969). . “ R ?'/. :

w

" Tmo= 81. s * 16 6logM + 0.41(G+C) —/o 72(% formamxde),
N\ : - , / '

.where Tm is the melt1ng temperature oquNA and M is the p'
concentrat1on of Na* 1n.solut10n.,~ ,/ T A

Pl ) ) I A
BT : ’ 4
,‘ . Y oa R (

a:.The rate of reassocuat1on of denatured DNA 1sﬂ%t maximum at.

N

j“za tb.25°C below the Tm (Marmur and Doty, 1961) Therefore;7

mfhybr1dzzatlon at 37.C was used to represent standard

IR APEPEL R (R

4



““'strxngency (Tm - 20° C) of hybrldxzatlon and 42° C was used to

.

‘represent h1gher strlngency (Tm 15 C) of hybrldxzat1on

I

Overnight broth oultures/1n MH brqth were concentrated

ten fold to give about 109 to 010 CFU/mL The actual number

i S

of cells in these koncentrated cultures was determxned by a .
{4

plate courit method\ S0 that the number of cells loaded on
. .
‘ each dot was knownm A range ‘of sample s1zes was loaded onto
nltrocellulosequlters to glve 105 to 107 CFU per do€ The

membrane ﬁllters were then processed and hybrzdlzed thh DNA

‘L" 3 ! . A . .
A . L ) .
probes. C o o : ‘ .
9.2.6 Southern transfer)hybridization" B D

DNA was transferred from els to nitrocellulose v

~

fxlter membranes (@ABS' Schl 'er and. Schuell Inc., Keene,

'NH, U.S. A.) by the method of Southern (1975) Hybridizations
were performed, as descrlbéd by Portnoy et al. (1981) at r,w”“
42 C?for 76 h.: For each blot 2 to 5 x 10° cpm 32P labelled

. DNA probe was used.

’o—

9 2 7 M1n1ma1 Inh1b1t1on Concentratxon (MIC) determxnatxon

2 The MICs of tetracyclxne for the Campylobacter 1solates
. vere carr1ed out by the ‘agar d1lut10n method desq;xbed |

1
~

prevrously‘(Ng et1a7.,‘1985, see Chapter‘S).' . ..

s e

L2

9 .8 uatzng experzments B -f
A plate matlng method was used—tor transfdr of TcR .

plasmzds, as descr1bed by Taylor (198?5 Ant1bxot1c plates

“"‘n L
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conta1n1ng na11d1x1c acxd (48 ug/mL) and tetracyclxne (8

;n
5

ug/mL) ‘'were used to select for transconjugants. Control

"

plates were monxtored for spontaneous mutatien of exther the

‘donor or the rec1p1ent strains.

// ‘ ) ‘

" - :

;9.?.9.Plasmid curing‘experinent“ o o S .

Cultures were'growh in MH broth at 37°C'in'an

_atmosphere of 7% CO,. A 0.5 mL alxquot of ‘an overnxght

culture was 1noculated into a se es of MH broth tubes

vcontalnxng 0.5 to 7 ug of eth1d1u bromlde per mL and

lncubated at 37°C for 48 h The gpbe Wlth the highest

k concentratlon of ethxdlum bromxde which showed growth of the

cells was plated onto MH agar plates.‘After 48 'h of

V \

ncubatxon, the colonles weee repllca plated onto fresh MH

‘plateS‘tonta1n1ng tetracyclxne éb ug/mL) uszng sterzle t

velvet. Tc colon1es vere . selected for plasmid analy51s.
When no T¢ ,colon1es were detected after treat1ng with “,

ethldlmﬂ bromlde, 48 colon1es were randomly selected and
8 ‘

! screened for the absence of plasmxds. 0

5.48a, 48b, and 59b1 were 16 ug/mL and for the other

\d4MICs were >32 ug/ml

9.3 Results L ‘ o

0 o

9. 3 1 MIC dpterm1nat1on

v The MICs of tetracyc11ne for the ' 23 1solates ranged

from 16 to >64 ug/mL (see Table 9. 2). The MICs,ior 1solates

—

.solates4
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Table 9.2 The MIC and plasmid content of tetracycline-

re51stant isolates from'the colon of cattle and
' swine. . | .

te

o - L o ‘ WMI ' Number of -
Isolates? IR Sour&g " s (ug/ : plasmid bands . -
ejunl - s
7a ' - cattle r 327 1
9, to 9a,, 9 cattle S oes Y
C.coll - ™
.~.la, 1b | Sy cattle 64 7
.+ 25b, - o ‘ "~ swine ‘ 64 2 
29a,, a2, as,'b . swine . = >64 1
48a ¢ 48b '~ . swine . 16 1
59b, . - ' ' .  swine 16 1
75a,, 75a; .+ swine 64 8
' 82a,, B82a; L swine . >64 1

8 Cultures from the sdme colon sample have the sdithe number. -
"a" and "b" 1nd1cate that the isolate was obtaineéd from MH
"or MH with Skirrow's antibiotics, respectively, e .
subscripts: indicate the lsolate number from the s agar
plate. - " ‘
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9 3. 2 Cond1txons of dot b}o& hybr;drzatxon . .
The sen51t1v1ty of the 1.8 kb’ HlncII fragment pand the 5

’kb tetM probes for the detectxon of Tc was compared u51ng 4

'
,-

Campylobacten strains (UA466, 649, UA650. and 48a) The
results are 1llustrated in Frﬂére 9.2. The dots 1n rows a to
4 were hybrldlzed w1th the v 8 kb fragment at 42° C (Fxgure’
,9,2 left panel) or 37 C (F xgure 9.2, «rxght panel). Row e to
h were Slmllarly hybrldrﬁed with the tetM‘probe} Little |
difference was observed/between hybridization at 42?0 and .

P

37°C with this probe. /stng the 1.8 kb probe,7the minimum
£

ired. for the hybrldlzatxon to be

®

number of cells requ
detected by aﬁforadlography was 105 cells per dot. When the
tetM probe was u;ed for: hybrldlzatxon at 42°C, lxttle
»hybr:dlzatlon was detected however at 37 c, hybrzdlzatxon

. was detected./Plasmld pUA649 a TcS deletlon derivative of
‘pUA466 also/hybr;g;zed Although the pUA649 plasm1d 1s
m1551ng the majorlty of the TcR determ1nant (see_Fxgure
9. 1); 1t/stxll retains approx1mately 400 base pairs from the
tetracycllne res1stance dEtermlnant. The lowest detectableﬁ
leveL/was 106 CFU per dot. Therefore, the sen51t1v1ty and
spe 1f1c1ty of the 1.8 kb HlncII fragment is h1gher than
Shat oﬁ the tetM probe for detectzng Tc determlnant 1n'
Campylobacter For subsequent dot blot exper1ments, u51ng

;/ 1.8 kb HlncII fragment as the probe, hybr1dlzat1on was‘ o

//. conducted at 42°C w1th about 105 to 105 cells per dot.s

. [ . S . . 'w
. v M - '
. ) .
.



'Flgure 9 2 Compar1son of the sens1t1v1ty and spec1f1c1ty of

two DNA probes~ the 1 8 kb,HIncII fragment from

pUA466 and the 5 kb tetM probe from pJI3.

/

In rows a to—d—~the—probe*was the 1.8 kb HIncII fragment and
inm rows e to h, the probe was the 5 kb tetM. The '
temperatures of hybr1dzzatlon were 42 C (left panels) and
37°C (r1ght panels) The concentrat1on of cells loaded per
dot (105 to 107) are 1nd1cated above the panels. UA466,‘rows
a and e, Uk649' rows b an f' UA650 rows c and g,\48a, rows

‘\
L

a and h. - o
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9.3.3 Dot blo; hybridization with 1.8 kb Hingllfragment and
‘tetﬂ probes |
The 23 TcR isolates listed in Table 9.2 were hybridized
separately with the 1.8 kb H/fnclI }ragment and the 5 kb tetM
. probe. The autoradiograms obtained by'hybridizatioh of these
isolates with t%e 1.8 kb probe are shown in Figure 9.3; The
TcS controls UA124, UA649, UA650 and C. coli 2b dxd not
hybridize with the 1.8 kb MinclI fragment. There was no
difference betﬁeen the TcR~élinical isolates C. col! 34b and
44b (obtained”f:om L. Mue;ler, Alberta Provinﬁial Léboratof}f
of PubliclHealth) and the TcR isolates from anima®s, except
for C. coll strein 25b,, ;hich gave a weak hybridization.
When the hybridizations were repeated with 8 x 107 to 2 x
108 cells of C. coll strain'25§] per dot, a strong positive
reaction was obée;ved. In contrast, TcS isolates of C. colf
from the same colon, for example C., coll 25a;, did not
hybridize with the 1.8 kb Hifc11 Eragment using the dot
blot procedure- However, G. -coll strain 25a1 also contained
a plasmxd The S kb tetM probe hybrxdxzed with all of the
'I‘cR stra1ns however, because of ' the 1ower sensxt1v1ty of
the probe, a longer exposure t;me of X-ray film was
requxred | ; |

b e
9.3.4 Plasmxd analysxs and SOuthern transfer hybr:dxzatxon

-

Most of the TcRk strains conta1ned a single plasmzd of

l

approx1mately the same mobdlzty in agarose ‘gel as the 45 kb

glasmlds pUA466 from C Je]unf UA465 and pMAK175 from C.

Lo



Figure 9.3 Dot blot hybridization with 1.8 kb HIncII
ffaément from pUA466._

Upper panel shows the autoradiogram; lbwer panel indicates

the identity of fhe cultures. Thg TcS strains are indicated

as TS i the grid.
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Jejuni UAl. C, coll strain 25b, showed two plasmid bands in
agarose gels, one appafently larger than pUA466 and one
apparently smaller (Figurel9.4, lane F). quéver,'whenithe
plasmids were purified on CsCl gradients, éel
'electrOphoreSis‘showed that ohly one plasmid pLK25b, vas.
recovered. The band below tﬁe chromosome band probably
represents the linear form of the large plasmid. C. col/
strains 1a and 1b (Figuré 9.4, lane.A and B) contained 5 to
8 plasmi@ bands besides the 45 kb band.

A Thé sizes of two TcR plasmids pLK25b, and pLK29a, were
determined usiné gel electrophoresie and the standard curves
obtained from E. Colf plasmids of‘known molecular size. When
TB buffer was used in éel‘electrophoresis, plasmids pPLK25Db,
and pLK29a, appeared to have relative molecular si;es of 155
ana‘123 kb{ respectively. When TA buffer wasmusea, the

~relative sizes were 58 kb for pLK25b, and 45 kb for pLK29%9a,.

‘ To determine the homogeneity and location of the Tc®

determinant in the TcR isolates, the plasmids from all of
thé TcR isolates were hybridized separately Qith'the 1.8 kb
Hincl1 fragment and the tetM probe. Some of the
.hybridization results with the 1.8 kb HincIl probe_Are shown
in F1gure 9.4. Plasmlds from TcR isolates which are of
51m1lar size to pUA466 hybrxdlzed with the 1. 8 kb HlncII
fragment, For example, more than one plasmid is present in ’
C. coll strains 1la and‘lb (Figure 9.4, lanes A and B), but
only one large plasmld hybridized with the 1.8 kb probe

(Figure 9.4, lanes J and K). One of the plasm1ds in C. Colr



Figure 9.4 Southern blot of plasmids from CaMpylobacteP
isolates hybridized with the 1.8 kb HincIl fragment

e O

from pUA466 | . o R
Lanes A to I show the plasmid prolee of Campylobacter
‘stra1ns. Lane A (1a) and B (1b) are TcR isolates from the
' same ‘colon sample' lane C is Tcs (2b) 1solate, lane D (7a),
E (9a‘) and F (25b, ) are TcR 1solates from different colons;
lane G is UA650, H is. UA466 and I is: 'UA649. The |

.correspondzng autoradlogram of lanes ‘A to I with the 1. 8 kb

probe is shown on the right panel (lanes J to R)



193 .

-

@

N . .M
‘\ '- —- ~- - —_— —— = == -

HDJdONWIMNT I HD43 008V




‘ 194
v

2b (Figure 9.4;‘iane C) is ef eimiiar‘siZe to nUA466, but ft.
did not hybridize with the 1.8 kb probe. The plasmid in TcR |
(C.‘COII\ZSb, (ffgure 9.4,lane F) dié“not‘hybridize with the
1.8 kb probe (Fignre 9.4, lane 0). The.hybriQizatibns with
the tetM pfebe gane similar results. Only the‘nlasmidsvwhich'

hybridized thh the 1. 8 kb HIncII fragment hybr1d1zed with

o

.the tetM probe A

X
‘9.3.5‘Reetri¢tion.endonuclease analysis and Southern
trensier;hyb:idization' |
Further characterization ot the plasmide pLK25a,. (from

TS C. co]l 25e,); pLK25b1 (from Tc C col | 25b, ) and
pLK29a, (frem Tcﬁ C. coll 29a,) was done by restrlctlon
'digeetions with endonucleases ACQI'and'HInCII. pUA466 nas
incluéfd as a control. Thé average moleeular sizes.of the
fragments obtained after ;igestion are eummarized'in Table -
9.3. By adding un the sizes of the restrictjon fragments,
pLK25a; (76 kb) is'larger than pLK?SS,A(64 kb). The plasmid
pLK29a, has a molecular size.of'53 kb which is slightly'

latger tnan pUA46$ (a5 kb) The reetriction aigest'patterns

of pLK25a, and pLKZSb dszered from that of pUA466 The 4. 2
ACCI ft;gment was absent in pLKZSa1 and pLKZSb1 (see F1gure‘
9, 5) Moreover, the 1. 8 kb HIncII fragment vas absent in .v‘ ;
a both plasmxds (see F1gure 9. 6). The reitélct1on d1gest1on

patterns of pLK29a1 with Ach and Hincll are shown in Fzgure

&

9 5 (lane D) and Figure 9 6 (lane E), respect1ve1y.'When )

- o L

pLK29a, was azgested with ACCI, there was. a 4. 4 kb fragmen%
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Table 943 The restriction fragment sizes of plasmids in
‘Campy labacter strains Ua466, 25a,, 25b, and. 29a,..

s - ‘ 2 ‘ “Total

Restriction ST S ~plasmid
Plasmid 'endonuclease . Average fragment size size
¢ C g "kb ‘ kb
: o . | e é
o - - o
'pUA466  Accl . | 14.2, 13.8, 8.2, 4.2, 3.6 44.0
. Himgiz. . 19.0, 19.0,'6.2, 1.8 . 46.0
prkZsa, Accl: K . 26.6, .26.6, 13.1, 9.7 . 76.0
Id R A f . K
: . ¢ ‘ | ' .
" Hinglls . 45.0, 31.0 , '~ 76.0
| pLK25b, Accl | 41.0, 14.5, 10.0 65.5
\ : : . ' _
Hincl1 - . 45.0, 16.5, 1.4 62.9
“pLK29a, Accl | 34.0, 10.0, 4.4, 3.6 52.0
Hinc1l , | 31.0, 21.5, 2.0 ' 54.5 .




Figure 9'_,5 The rfestrié;ioni fragment pé:ﬁérnS‘of
Campyloba'ct'er' plasmids‘digestedwith Accl and their

-, Southern hybrxdlzata.on with the 1.8 kb Hincll |

| | fragment probet '

The gel electrophores1s of ACCI digest of pUA466 (A)

*pLKZSa,,‘(B), pLKZSb,, (¢c), and pLK29a1 (D) are shown on ‘the

;left panel and the correspond1ng autoradlogram of pUA466 |

*(E), pLKZSa,»{E), pLKZSbf (G), gpd pLI_<29a1 (H).1s shown.onf‘

‘} thg right panel.
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Flgure 9 6 The restrlctxon fragment pattern of Campylobacter
plasm'a**d1gested with HincIl and their Southern
hybr1dlzatzon w1th the 1. 8 kb Hinclp’fragment probe.

-~ The gel electrophores1s of. pUA466 (a), whole plasm1d 1n 25b1

(B ), pLKZSa1 (C), pLK25b, (d) and pLK29a1 (E) is shown on
 ¥the left panel The correspond1ng autoradlogram of pUA466

\(((F),.whole plasmxd in 25b1 (G) pLK25a1 (H), pLK25b1 (I)

'f_and pLK29a1 (J) 1s shown on the rzght panel.
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present that was’ 51m11ar in sxze to the 4.2 kb ACCI fragment

‘of pUA466 A small fragment abqyt 1 8 to 2. 0 kb was present

in pLK29a1 when dugested with HlncII
Southern transfer hybridlzatlon oﬁ the ACCI fragments

of pLx25a,, pLK25b and pLK29a1 w1th the 1. 8 kb Hipcll |
fragment is shown in Flgure 9.5. The 1. 8 kb ancII fragment
hybr1dized to the 4.2 kb ACCI fragment of pUA466 and the 4.4
“kb Accl tragment of pLK29a,, but" there was no hybrldxzat:on
.to any fragments of - pLKZSa and pnxzsb,. The 1.8 kb ancII
'fragment d1d not hybrxd1ze w1th the HlncII fragments of
plasmid%pLKZSa1 and pL{(ZSb1 {Elgure 9.6, lanes G .and H).
'This confirms, the resultsrof‘earlier'experiments‘that there
1s no homology between\the 1.8 kb HlncII fragment and

pLK25a1 and pLK25b1.

Sznce the DNA from C. COII 25b, hybr1d1zed with the 1.8

A

.. kb HIncII fragment wath the dot blot experrment but not in
(the plasmxd the probable location of the TcR determ1nant in
_'thxs straln 1s on the chromosome. The chromosomal locatxon

of Tc in C. Colf 25b1 was conf1rmed by hybrzdlzat1on of, the

HIncII dxgest of the chromosomal DNA. of C colf 25b1 w1th

the 1. 8 kb HlncII probe (see Flgure 9.7). The 1. 8 kb HinclI

‘f~probe was homologous w1th a 1. 8 kb HInoII fragment present

‘j1n the chromosome of C coll 25b1. Therefore, c. Coll 25b1'

contaxns the TcR determxnant at a chromosomal s1te rather o

/_ than on a plasmld

-



Flgure ‘9. .7 The Southern blot hybrldlzat1on of the total

genomlc DNA from 25b, with the 1.8 kb Hincll probe.

’ The gel electrophore31s of the HIncII digests- of the, plasmld

' -pUA466 (lane B) and the total genomic DNA of 25b1 (lane C)

is shown on the left panel The correspondzng autoradzogram
of phage R (D),-pUA466 (E), ‘and . the total genom1c“DNA of

i25b, tF) 1s shown on the r1ght panel The molecular s1ze |
‘;standards of phage 2 HIndIII dxgesﬁ is shown in Iase A and j *

“‘the sizes 1n kb are 1nd1cated in the left marg1n. =
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 9.3.6 Southern blot hybridization of plasmids with pUA649

Since pUA649 (the TcS deletion derivative of pUA466)

lacks most of the TcR determinant, it was used to assess the

homology of plasmids present in Campylobacter strains. A
series of plasmids from both TcS and Tc® Campylobacter

¢ strains was hybridized with pUA649. The results are
summarized in Table 9.4 and jllustrated in Figure 9.8. In
this study, all of the plasmids which hybridized with the
pPUA649 probe had sizes similar to pUA466 (see Figure'9.é).
For example, one of the plasmids in C, col/ strains la apd
75a, was of similar size to.pUA466 and it hybridized with
pUA649 (Figure 9.8, lanes L énd R). Plasmids }n some of the
TcS Campy lobacter sfrains also showed positiQe hybridization
with pUA649. For example, one of the threé plasmids in TcS
C. col i strain 64a (Figure 9.8, lane D) was similar in size
to pUA466 and it hybridized with pUA649 (Figure 9.8, lane
o). - |
9.3.7 Southérn blot and dot blot hybridization of total

.- genomic DNA wifh'pUA649 probe

To determine if homology exists between the vector

component of TcR plasmids and the chromosomal DNA, pUA649

_ was hybridized to the chromosome of C. jejunl UA650, a
élasmidlesé'derivative of C. jejunf UA466. The results are
illustrated in the autoradiogram shown in Figure 9.9.
Several chromosomal fragments of C. jejubl'UASSO hybridized

with pUA64S9. Therefore, apart from the ' TcR determinant,
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Table 9.4 Southerg transfer hybridization of plasmids from
TcR and Tc Campylobacter‘ isolates w1th pUA649.

Tetracycline Plasmid
~ Hybridization ' susceptibility source
positive TcR UA466, la, 48a,, 75a,
TcS UA649, 16b, 21a, 64a '
negative ‘ , TcR S . 25b,
’\5‘7"\ .
‘( TS UA650, 12a,, 72b*,
N 73b*, 78b, 76a, 82b
\ ’ '

3

3

* C. coll strains 72b and 73b are clinical isolates obtained
from L. Mueller, Alberta Provxncxal Baboratory of Publxc
Health. :



- Figure 9.8 Southern blot hybridization of total plasmids:
from Campylobacter strains Qith pUA649.

The plasmid profiles of UA466 (A), 1a (B), 2b (C), 28a, (D),

64a, (E), 72b (F), 73b (G), 75a, (H), 76a (I) and UA580 (J)

E are.shown on the left panelh'The corresﬁonding aptofadiogram

‘of‘plasmids in UA466 (K), 1a (L), 2b (M), 28a, (0), 64a, | 7

(P), 72b (Q), 73b (R), 75a1 (s) and 76a (T) as shown on the

[+

right panel.
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F1gure 9.9 Hybrldlzanon of chromosomal DNA of Campylobacter'
d1gested thh HincII to plasm1d pUA649.

Lane A is HindIlll dagest of . k,standard- lane B is HIncII

d1gest of pUA649 and lane C is HIncII d1gest of chromosomal |

DNA of UA650 Lanes D, E and F shows the autorad1ogram of

~ lane A, B and < hybrldlzed with 32P-labe11ed pUA649
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‘ theredis homoiogy between the plasmid,and chromosomal DNA.
‘ : Homology between the plasmxd pUA649 and 'some TcS and
TcR Campylobacter strains was determlned usxng dot blot
hybr1d1zatxon The autoradxogram of the hybrxdxzatxon 1s
shown in the left panel in Fzgure 9. 10, and the
1dent1f1cat10n grid. of the autoradxogram is shown in the
rxght panel C. jejuni straxns UA466 and UA649 (A3 and AJ)
as expected hybrldlzed with the pUA649 probe. UA650 (AS5)
and UA124 (A2), Whlch are plasmldless derxvatxves of UA4 6%
and UA1 also showed hybrldlzatlon ‘Some other TS C. Jjejunt
stralns (20a, 21a, 38b NCTC11392 (UA579) NCTC 11168 : |
(UA580) and UA67), and C colf stralns (28a and UABS) were
also posxtxve. C. colli NCTC 11353 (UA578) C fetus subsp
| fetus ATCC 27374 (UA60) and C. ]aridis UA487 dzd not
hybridize with pUA649 Among the TcR 1solates only C. colll
25b1land Campylobacter-1like strain 74a].did not.hybridize

’ 3 "

with the pUA649 probe. . .
9.3.8 Matxng experxments

Matlng experzments were conducted to conflrm the Tc

——

determ1nant is located on . the chrOmosome and that 1t is not
| transferable from C. coli 25b1 to other. Campylobacter~’N
stra1ns. C coli 25b1 was mated wzth C fetus subsp fetus v
"uas0, C. JeJuni UA67 and C. laridis UA487. No o 'N
transconjugants vere obtalned 0ccas1onally,.25b‘ mutated to
na11d1x1c ac1d—re51stant and colon1es appeared on ‘the \

select1ve plates when C fetus subsp. fefus UAGO or



 F1gure 9 10 Autorad1ogram prepared from dot blot

o hybr1d12atlon of Campylobacten stra1ns 'with pUA649
'hThe autorad1ogram is shown on the 1eft panel and the
‘tcorrespondlng gp1d w:th the cufture number is on the r1ght
panel Tetracycllne susceptlble straxns were 1nd1cated as Tsr

e
”gand*the unmarked numbers are Tc..
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nalidix;e acid-resistant C,djejunl UA67 were used as
recipients, These colonies were shown to be the donore by.
"testinghfor hippurate hydrolysis when'UAo7 was used as the‘
recxplent and for cephalothln resxstance when ‘UA60 was used
j

as the recipient. C colf 25b1 xs cephalothxn susceptible
And hlppurate negat1ve and it can therefore, be L
dxst1nguxshed from UA60 and UA67
9.3, 9‘Curing.experiment/r |
' Attempts to elxmxnate plasmlds from C coli 25b usxng

ethxdxum brom1de vwere unsuccessful, although curing

exper1ments were repeated three times. Moreover, no Tc

N,

~colonies were obtaxned A total of 144 TcR colonies was 'w
checked forlplasm1d‘content,‘and all of them had ‘the same

plasmid profile as the parent strain.

9.4'biscussion |
- In this study, some (6.7%) of the colons tested yielded
TR Campylobacfeh strains.'Four of these oolong were from

anxmals that had not been exposed to ant1b10t1cs. The

N

»/

anlmals probably acqu1red the Tc 'stra1ns from the

env1ronment In studles conducted on ch1cken farms, 1t was

7,shown that res1stant enteric stralns could spread from

'1ch1ckens fed w1th ant1b1ot1c-conta1n1ng feeds, to chxckens

f1984) In fact, ever 51nce ‘the. 1ntroduct1on of the

_:Lw1thout antlbiotlcs, and-then to human ha\dlers (Levy,

2l (

;gftétracycllne ant1baot1cs 1n 1947 Tc stra1ns of bacter1a

;:.’ B

Y i - .
T4 I O
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.have been encountered at an lncrea51ng rate and they have

o traversed many genera (Levy, 1976). Thxs is probably due ‘to

the use - of t§tracyc11ne as a growth promotant in anxmal

\

‘feeds‘and also 1ts frequent use for treatment of bacterqal

-

1nfect10ns (Levy, 1984)

C co]l 48a, 48b.and 59b were less resxstant to

‘tetracyclxne than other reported strains with plasgmid

encoded‘TcR (Taylor et al. '1986) However, MICs‘below 16

Y

: ug/mL were not observed Low levels of TcR in CampylobaCteP

stramns are often not plasm1d medlated (Taylor, 1981)
Prevlous studxes on Campylobacter plasmzds have demonstrated‘
(Taylor et‘al 1983a; Tenover et al 1985) that there xs a

hlgh degree of DNA homology among the plasm1ds 1n

‘Campylobacter spp. In th;s study, the pcR plasm1d pUA466 wasl

related to plasm1ds of s1m;lar sxzes (about 40-50 kb).wgaﬁe

of these plasmxds do not encode TcR , and it is’ poss1ble that',
these plasm1ds lost the Tck determ1nant Cas. observed with
) pUA649 (Taylor, 1986) . Alternately, Campylobacter strains

may carry an 1ndlgenous plasmxd of 40 50 kb ‘which

subsequently acquired the tetracyclxne resxstance

“determlnant from another source.

Although a w1de rangJ,of 51zes (42 to 100 kb) have been

‘reported- for Campylobacter Tc plasmxds (Tenover et al
.“‘1985) plasmzds greater than 60 Kb, were not observed 1n ‘]
.‘th1s study.‘Compar1son of plasm1d s1zes studled in- d1£ferent .-
: laborator1es is d1ff1cult because of the use of dxfferent |

‘ cond1t1ons of plasm1d 1solat1on and gel electrophores1s

ny
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“(Taylor et al , 1981; Teaover‘et‘ali 11983). Debendihg of , %1
the condltxons of plasmxd 1solat10n and ‘gel electrophore51s
~the relative ‘sizd of plasmxds may not be accurate,
3especxally if plasmlds in E COII were used as molecular\ ’
‘szze standards.‘Thms‘may due to.dlﬁferent degrees qf

" supercoiling ﬁGei1ert, 1981) qnd the‘bending of DNA (Koo etf
.‘al,, 1986; Wdﬁand.Crbthers; 1984).;Piasmids may aiso exist
idudifferent forms‘ linear, Open er closed circles‘

| '(Hxntermenn et al 1981) In this study, three plasmids
pLKZSa,, pLK25b, and pLK29a1 were sized usxng both whole

. plasmld and restrxctxon d1gest10n gel electrophores:s The

| s1zes estxmated from standard curves using plasmlds of known
51ze, obta1ned by gel electrophores;s in TB buffer, appeared
to be much larger than estlmates obtalned ‘using TA buffer.
Based ‘on our unpubl1shed data ~on 51zxng of plasm1ds usxng
electron microscopy and gel electrophoresxs, plasmxd sizes
obta1ned by gel‘electrophore51s of restrxctlon d1gests would
be accurate. The size estimated from standard curves u51ng
vgel electrophore51s of whole plasmids 1n TA buffer was .

: closer to the est1mates obtalned from electron m1croscopy

- than TB buffer. The Tc plasmid pMAK175 was f1rst est1mated

" to be 38 Mdal or 58, 5 kb (Taylor et al 1981) usmg E. colf

\.z

‘r'plasmlds of known s1zes as standards 1n gel electrophore81s.

Subsequently,_thxs plasm1d was estlmated to be 29 Mdal or’45'3

>' ‘kb uszng electron m1croscopy and by add1ng the szzes of

dfrestrlctlon fragments (Taxlor et al., ?983a) K JT



© 7R, but rather‘due‘to-the.interchange of DNA between

~

‘ kb.Hinc1l fragment, the homology .is probably not due to the’

Based on' the hybrldxzatxon study u91n9 the pUA649 probe
and total genomic DNA from Tc and Tc straxns, the TcR
plasmxd (pUA466) showed’ homology to chromosomal DNA

Therefore, it,is not apprOprxaée to use the entlre pIasmxd

as a DNA ppobe to detect Tck straxns pr to study the *_,

‘ dxver51ty‘of'TcR‘1n this genus. Slnce pUA649 lacks the 1.8

.~

i

chromosome and plasmxds he G+C content of the TcR plasmrd
pMAK175 1s 32. 5% and. was szmxlar to that found in the C.
,Jejuni chromosome (Taylor et a),, 1983a). Th;s suggests that .

\

‘the tetracycllne vector plasmxd may hqve arisen in thrs

specxes

The 1.8 kb ancllfragment'from;pUA466 is highly -
specific~for the Tc® in CampYIobaCtef‘and"Can bé‘used as a
probe with sens1t1v1ty similar to E. coll DNA probes for
heat—labrle and heat“vtable toxxns (Moseley et al , 1982)
only 10° to 108 cells are requlred to detect TéR, In this 3

study, no false posxt1ves or negatlves were encountered The.

.8 kb Hincll fragment is located w1th1n the tetracycllnea‘

.~ resistant determlnant (Taylor, 1986) . ‘Th1s cloned fragment

is useful for study1ng Campylobacten TcR. The 5 kb tetM DNA -

probe from pJIB 1n 'S. agalactfae has homology w1th the 1. 8
kb HIncII fragmeﬁt from pUA466 (Taylor, 1986) When' the 5 kb
tetM probe is; used, TcR strazns can also be\detected
However, the tetM probe has a much lower sens1t1v1ty and

requ1res a lower str1ngenCy of hybr1d12at1on (37°C w1th 50% '

. o v .
Y f - " o : /
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‘formamide). This is possibly due to the larger size of the
probe and also the lower degree of homology between :he
“Campylobacter and ‘streptococcal ‘TR deteriminants. The tetM
probe showed hybrldxzatzon with the 'I‘cS deletion derivative
UA649, indicating that false' posxtxves may be encountered if
deletion mutants'are found in the natural envxronment.

_Although the streptococcal tetM determinant has been

sequenced (Martin et al., 1986), the sequence of the

"Campylobécter TeR determinants is not yet available, so that

i

r‘,% Vv

. the degree of.homology and the function of the homologous

region(s)‘is not clear. Therefore, it is not possible to
decide unequxvocally :if the Campylobacter TcR determinant

was acquired from a gram- posxﬂxve coccus. For detection’
purposes, "both probes may be used. However, for | ”t_””“
‘classification or study of the dxversxty of the TcR in the |
genus Campylobacteﬂ 1t\W€th be more appropriate to use the
1.8 kb .Hincll fragment in hybrxdlzatlon experiments. ﬁfdp&'

In this study, all the TcR C. coli end C. jejuni |

?strafns hybridized with the 1.8 kb'HIncII fragment,

therefore, they probably havé "the same mechanism of
‘re51stance. Although the Tc determxnant is usually encoded
on a pl%fmld occas?onally 1t could be chromosomally—

mediated- fas. shown in C colf 25b,. ChromosOmally m%&1ated

‘,hzgh levels of TcR 1n-CamponbacteP-have not been reported

.prev1ously - o R
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10 Discussion and Conclusxons
Electron mlcroscopxc studies of Campylobacter Colf and

Campylobacter Jejuni showed that cells from both species are
_ morphologlcally similar and that they undergo morphologxcal
changes as the cells age. The young or actxvely grow1ng
;cells are spiral- shaped and older cells are coccoldnshaped
ThlS phenomenon has been documented elsewhere.(Smlbert,
,1978). In addition, 'a "donut" form, not previonsly described
was shown to be a possxble 1ntermed1ate between the sp1ral
and the coccus- shaped cells. The correlation between the |
mxoroscop;c‘count and the plate c@unt~of cell spspens1onsx
’ denonstrated that the pOCcﬁs formslare‘not vlable. When C.
coli and C. jejuni were grown in broth medium for 24 to 48
h,‘the cells werevmainly_spiral-shaped,‘as a result, 24 to
48—h broth cultures were used for quantitative studies.
\ With the_disoovery of'CémpylobaCteP and their
signifieencelin.human infections, many new medla were
 proposed for their’%Folation from clinical specimens.
Different basal media were used in the selective media for
~isolation and growth of C. jejuni and C. coll,fMost‘of‘the
basal media reqUire growth supplements suchvas animal blood
fand/or FBP (a comblnatlon of ferrous sulfate, sodium ;ﬂ‘c‘
'metablsulflte and sod1um pyruvate) "Animal blood.1s not a
‘»well de£1ned supplement therefore, it would be advantageoushh
~ to use a blood freé medium for the growth of C. jejuni and
'T?C coli By. comparzng ‘the growth characterzstlcs of- C colf

l and C jejunf on e1ght basal med;a, three medxa w1thout y

1
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added supplements (brucella agar, campylobacter agar base
and Mueller Hlnton (agar) were shown to be su1table for the‘
growth of Campylobacter cells in pure culture.
Mueller-Hinton agar is recommended and wldely used for
ant1brot1ctsusceptlbrllty testing (Barry, 1980),,therefore,
‘tlt was chosen as a basal.medium‘for\the growth of C. col i
“and C. Jejuni ln these.studies;" | _ - |
The development of media for the'isolagionof-v-‘lzlﬁ
lCampylobacteP assocxated w1th oastroenteritis\was based on
the ant1b10t1c susceptlbllxty'of "thjejdni", It was assumed
: that these medxa are suitable for the growth of C. cbll.
There are many reports of the“antlbiograms of C.‘jejuhi (see
‘ review by Vanhoof, 1984), however, there\is less information
on the ant1b1ot1c suscept1b111ty for C. coli. As a result,
the MIC of the ant1bxot1cs used in selectxve media for‘ |
'laboratory éh fresh‘xsolates of C. coli and C. Jejunl, as
well as tlfe inh?BTror effect of the selective media on
these sthains, were determ;\ed ‘of the C. coll’ stra1ns |

i)

' MICs of tr1methopr1m, vancomyc1n and bac1trac1n

\
s those obta1n d for C Je]unf however, the

tested rt

l'were the same
MICs ' of r1famp1c;n, cephalot'1n, novobloc1n and col1st1n
var1ed over a greate ran than C.. JeJunI stra1ns tested
i, r Suscept1b1lity of three C jejunl and seven C coll
'laboratory stralns to comb1nat1ons of antibxot1cs used 1n.
electlve med1a was compared u51ng a plate count method C
1jejunl grew well in the presence of s1x out of the n1ne )

-t7ant1b1ot1c comb1natxons tested The other three comb1nat1ons. )
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‘caused a 1. 5- to 5- log cycle reductlon of C ]ejunl ‘counts.
In contrast only one out of the nine antxbxotxc‘
'combxnatlons showed no sxgnzfxcant 1nh1b1tory effect for the
seven c. COII straxns tested The other six C. coll stralns
'were 1nh1b1ted by two to sxx of the ant1b10t1c comblnatxons.
Hence, the 'C. coll stralns tested were more susceptlble to
,antxbxotlcs in selectﬂve media than the C. Jejunl straxns.

The antxblotlc susceptxbxlltles of laboratory strains may

‘d1ff r from organisms in their natural habitat (Davies and

- t ) , \

Sm1th 1978) To confirm that'C colf”strains are indeed

more susceptible than_to C. JeJunI antlbxotlcs used in.
's¢lective media, fresh 1solates of C col i and C Je]unl

were 1solated from swine and cattle colons. o ""C : ;
‘Based on . the MICs of fresh isolates to a range of
antlblotlcs used in select1ve media, twelve C. coll and s1x i
Cfﬁjéjaﬁ_‘stra1ns vere selected and the inhibitory - effect’ of'
‘ antibiotic comb1nat1ons on these 1solates was compared Of

the 12 stra1ns of C. coll tested 10 stra1ns were 1nh1b1ted
vby at least three of the eleven med1a 1ncluded in the study.ub
Only one stra1n of C. jejuni was 1nh1b1ted on one medzum. .
hTherefore, £resh 1solates of C coli gave s1m1lar results to*iﬁ
'those found in, laboratory adapted stralns, that 1s, they o

l‘

:;were more suscept1ble than C. JeJunI to ant1b1ot1c select1ve
,:medla. Although medxa conta1n1ng cefoperazone (Hutch1nson o
' and Bolton, 1984 Karmal1 et al., 1986) had no 1nh1b1tory
"effect on most C colf and C jeJunI strazns, the“;'_ﬁir;;up“'

7’3 cephaloth1n-suscept1ble C coll stra1ns were 1nh1b1ted on fﬁ}_

L
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these media. In 'these stud1es of- the 1nh1b1tory effects of

/

“”select1ve medxa, actlvely growxng Campylobacter cells were

)

used In food and env1ronmental samples, C. COII may be

| A

stressed or 1njured therefore, the 1solat1on of these
‘organ1sms us1ng antlbzotxos as select1 e agents would be
:even more dlffxcult (Hann1nen, 1982 Hum hrey and

'mCru1ckshank,‘1985 Ray and Johnson ‘1983) If low numbers of

(o coII are presént in stool samples,/1t has been reported

t

'that C coll may not be detected (Hodge and Terro, 1984)

l § ¢

In add1t10n to the occurrence of cephalothln suscep—‘

v

_table stralns of C. colf (Brooks et al , 1986; Karmal1 and
'Sk1rrow 1984) other atyplcal character1st1cs of C coli

.and C. Jejunf have been reported These 1nc1ude ‘the

\

T‘occurrence of nalid1x1c ac1d resmstant strains (Taylor et
'a[., 1985) and hlppurate-negat1Ve Stralns (Roop et al.

"1984 Totten et al 1985) In; our studx, Campylobacter

D

\

,stra1ns w1th MICs of 564 ug of cephar bQ%: per. nL were

!‘encountered. Sdme of these stra1ns were c nf1rmed to be C
”“coll usxng DNA homology determ1nat10ns._At preSent there

p(are very few phenotyp1c characterlstlcs for~d1fferent1at1ng '

&

;tfcampylobacter spp. DNA homology stud1es g1ve a def1n1t1ve
”xnmethod of conf1rm1ng Campylobactem organ1sms at ‘the spec1es

-ngevel To 31mplify the procedure for DNA homology




For strain d1fferent1at1on of C. COII and C Je]unl for

4

epxdem;ologxcal studies, b1otyp1ng (Hébert, et al | 1982;
“\onr, 1984; Sklrrow and Benjamxn, 1980); antxbxograms (Bopp
'det al‘ 1985), and plasmid profiles‘(Bopp et al. 1985) haveﬂ
vbeen used.’ These parameters were used in this study to |
‘hdlfferentlate the Campylobacten stralns from swine and |
cattle. Most of the C coll and C. Jejunl straxns belong to‘r
. blotype I therefore, blotypxng (onr,v1984) alone 1svnot, /ﬁ

;l

adequate to. dlfferentxate these stralns. However, with the

-

' ‘addxtlonal 1nformatlon on ant1b1ot1c re51stance, especially

'tetracycllne resxstance (TcR) and plasmxd profxles, the

: Campylobacter strains could be. 1dent1f1ed more effect1vely

B 2

"Tetracyol1ne-re51stant;stralns of C. colf and C. Jejunl
were.isolated from animals that‘had.not been‘previously‘”‘
exposed'to antibiotics., Therefore, the Tc strains were
selected for further study to determlne the homogenelty of
the TcR mechanlsms among these stralns and the c11n1ca1
‘isolates. To-study theuTc in_these Strains{”DNA probes‘vere
nsed The‘resnlts indlcated'that the TCR‘mechdnisms among

the Campylobacter stra1ns were s1m1lar. Us1ng a DNA probe,~

[P
s 3

“the chromosomal locatlon of the TcR determ1nant was

1dent1f1ed In the past TcR determlnants were’ only £pund onfh'

P

“tplasm1ds (Taylor et al., 1986) The method used 1n our study,‘
' serves as a model for the development and hybr1dlzatzon of

‘other DNA probes for d1agnost1c or detect1on purposes.x.

These stud1es showed that C coli and C jejunl are

, 51m11ar morpholog1cally and b1ochem1cally,'but d1f£erent 1n

. ,“\\.',’,
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suscept1b111t1es tofant1b1ot1cs usea 1n selectlve med1 .

.

Th;s probably accounts fox the lower 1nc1dence of .

Y

gastroenterxtls caused by C coll The dxfferentlatxon of C..

jejunl qnd C. coII relles solely on the hxppurate hydroly51s

: test,'and DNA homology is the only deffhit1ve method for

confxrmlng thelr 1dent1ty The\fazlure qg dxfferent;ate

r,

these two specxes may also affect the ep1dem1ologlca1 ‘data.

The development of more rellable methods of detect1on or .

[l

v o

'1solat1qn of C COII are neeaed xhe use of DNA probes or

monoclonal antxbody techniques that could ellmlnate the
be advantageous.'e
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