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TRANSMISSION OF INFRCIIOUS RESISTARCE TO PASTEURELLA

Path Microbiol W, Knspp and G, Lebek
{Puthological Mierobiology)
30: 1967, pp 103-121

The transferability of the Episoma F-Lac’ from E. coli to P, pestis
{(Martin, 1962; Mertin and Jakob, 1962) and of Refactors to P, pestis and P,
psevdotuberculosis (Ginoza and Matney, 1963) as part of the investigatione
on the system involved 4in these two species led to the question as to
vhe.her P, pestie and P. pseudotubsrculosis, because of their close rela-
tionship, differ from other Fasteuralla species, such as for instance, P,
miltocida dn P. haemolytica, in terms of the absorption and transmission of
infectious resistance.

As & result of the close relationship between P, pestis and P,
pseudotuberculosis, whick does not exist with respect to P, multocida amd
P, bhaemolytica and other Pusteurella species, it had beem suggested on vari-
ous occasions that both species be assigned to & new genus called "Yersinis"
(van loghem, 1945, 1546, ot al) under the family of the Entorcbscteriaceas
(Thal, 595‘*. sdditional bibldograpby in Xnepp, 1965), Thess suggestions
are supported Ly the commen oultural and serologiosl relstdonships, the
partdal antipen community of P, peeidotubepsulosis Type 1T and IV with
Salmonella of the B., D=, and E-subgroups, respectively, of P, pssudotubern=
culosis Type IV with respect ¢ E, ooli strains with O-antigen 77 (Knapp)
and the lysability of various P, pseudotubsrouleosis, P, pestis, E. cold,
and Sh, dysenteriae strains through the same phage strains {bibliography in
¥napp, 1965). All of these factors have besn established for both species.
Furthermore, it was necessary to establish the presence of the identical
phage- and also common pesticin-receptors for svme of the pseudotuberculosis,
pest, and coll strains (Brubaker and Surgalls, 1961; Smdth and Burrows, 1962
Burrows, 1963; Knapp ard Zwillenberg, 1964; Hertman, 196l4; Brubaker and
assoc, 1965). The results of the data svaluation which was performed with
various methods finglly made it possible to oategorige P. pestis in the
family of the Enterobacteriacsas between the gomuses of Escherichia and
Klebsiells (Telbot and Sneath, 1960; Sneath, 1962; Smith and Thal, 1965),

With a few exceptions (Kwwabara and assoc, 1963; Ginosa and Matney,

1963; Lebek, 1963) most of the information published so far oconcerned the
transmission of the R-factors between bactwria strains of the various gemuses
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in the femily of Baterobsoterisceae (bibliography in Wetsnabe, 1963; lobek,
1965), Except for the observation by Ginosa end Matney (19633 for P, pestis
and P, pseudotuberculesis, thers are no reports on the hehavier of the
various pasteureila species with respect to R.infections,

In our article here today we want to roport on investigations deals
ing with the following questions:

i, Are Reinfestions possible in B, pocudetubereulesis ef ths vamie
ous serological types and in the only avirulent strains of P, pestis as
wall g3 Pasteurells “X" available to us?

(This type of bacteria is lmown under various species designations,
such as Bact. enterccolitioum (Schleifstein and Coleman, 199, 1943),
P, pseudotuberculcsis “Type B" (Dickinson ami Mooquot, 1961), Pastewrella
®xr (Danlels, 1963, Strwsre, 1963, Knapp and Thal, 1953), or Yersinia entere
ocolitics (Frederiksen, 1963; Mollare* snd Chevalier, 1964, 1965, et al);
thie {ype of baoteria has not yet been completely and defiritively categome
ized in the system of bacteria, It seems to bs closer te P, pestis and
P. pseudotuberculozis than to the other Pastourella species,)

2, Can we rrsduce an Reinfeotion also in strains of thoss Pasteun-
rella species, such as P, multocida, P, haemolytioa, P, pneumotropica and
P, anatipestifer, which are noct alosely related to P, preudotuberculosis
and P, pectis?

3. Can we establish any differences in the transmission frequency
between the various species?

4, Can R-‘nfected Pasteurella strains act as R-donors?

5. Do the resistance qualities, which sre transmitted th-dugh Re
infection, remain stable when the straine are stored for & longer timet

6, Can i detexmine any special festurss in comnection with the Be
infection of Pssrewrella =trainst

RAQIE AR

A Iutrient Vedls -
The strains were kept snd pascaged in proteose solution (protsose E
peptone Difko No 3, 20,0, gluoose 0.5, NaCl 5.0, sec discdium phoophete E
5.0, aq dest 1,000,0 ml) respestively, on blood agar plates with the addi. g
tion of 5% wether blood or in the ocase of P, miltocdda on YPC-nedium with
and without the sddition of 5% sheep blood (Maxicka and Marats, 1962)., We

. used mmmondium citrate agar (Simons Citratagar) to establish the R-infeotion

of Klebslella-Asrobactar by R-infected Pastewurella strains and we used

endoager plates to comt the (cli colonies,




B, Bacteris 3 2
I, ReDonors

For the Redonors we s~lected Coli strains whoss transmission free
quency onto strains of a wide wisty of ba 2 spacies within the flamily
of the Bnteorobacteriacsas was about 103 to 10~¥, In preliminary suxperie
ments, the donor strains were not supposed te grow amymors on the blood
agar plates which had been inoculated with 0.1 ml of an overnight sulture
apd wWith the additions of antibietics whleh Woere mam for the sedoes
tion of the R-infscted acceptor strains,

We might note here that we did not perform Reinfection experiments
with each and every donor strain, using a«ll of the scceptor strains listed

below,
Baktorienart und R-Fahler Herkunit der Sthmae
Btammbessichnung Isotiert av. ew,
(8) (b) bk -3 b
E.col  4018/63 TCSKNSa Suuglingsstunl (d)
E. coll 312884 TCSSa Patientenurin (2}
E, colt 36764 TCSSu Patlentenurin
E, cofl od8/84 TCS3a Pailenteriurin
E. ecli 11343/64 TS Patientenurin
E. coil 10283/64 TSa Patientenurin ®
E.col  14394/64 T Vaginalabstried (£)
E. colt JE 51 TCSSu Prof. Watansbe, Teltfs, leeltert (g)
von Sugino
E.cof 424384  TCSSu Patientenurin
E. coll 22%4/05 TCSSuA Patientanurin

Kay: a, bacteria species and strsin designation
b, F.factor
€. Origin of streins isolated from or left by
H ’ d, Infant stool
1 e, Patient wrine
L £, Veginal amear
g. Professor Watanabs, Tolye, isolated frem Sugins
o Tetragyelin; C we Chlorarpheniocl) 8 == Streptouyoing K o= Xanes
; nyoins N «« Neottyedn; A == Amplolllin; Su == Sulfonamide

; L. _B-Acceptors

In the Pastevrella strains used as acoeptors we were working mostly
with freshly isolated strains and partly with strains taken from strein
cclloctions: the latter wers repeetedly inoocnlated into serum or ascites
bouillon and on hlood agsr plates prior to the start of the experiment,
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Keay to folloring Tables

a, Pastew-ellia species, Mumber, Serologlcal Type

b, Chromosous resistance

c. Isolation, man (M); animsl (P), Fiezs (F)
d, Origin of initial streins
8, sgainst antiblotics listed below

£, prisary (p), selocted

in vitro (s)

g, Our own strain sollestion in Bern

bew == pespectively

The acceptor strains marked with * were tested, aftsw R.imfection,
against Klebsialla-Aernbecter (Strain No 8970/62) es acceptors, in thedr

capacity as donors,

—~ e

Tastenrelinort

| (b)cn o Rest fankerung | Horkualt dor
H Nammer . Monneh (H) Avegangeeliimmie -
| gecker pemet e ] (@
L (&) (e) ()
s \e Y
; 1. a) P. peendolwberciiss's
| e Polymyxin B3 baw. P M Elgere Stamm-
| Cottstin sammiung Bern (8)
L W Birepiomyein ] "M Figens Stamm-
; _ " sammiung Rern (s)
1 Paiymyxia libsw.  p T Prél. Thal, Stock- |
Coetin fhoim ' ;
4 b ponin 1 o v 1] L :
asys Polymyxin I3 baw. p M Dr. Danilols, i
Colistin . i Rotterdam ’
43m Polymyxin 1B baw. P T  Prof. Thal, Stock- |
Colistin ' holm f
s Polymyxin B bsw, p ¥ Prof. K. F. Meysr,
- ' Colletin San Franciece o
o Streptomycin s T Prof. Thal, Stock- '
- i
b garve Kanamycin baw. . T Prof. Ths), Stock-
A Neomycin : hotm .
- . 38V Pelymyxin B baw, P T Prof. Thal, Stock-
i Colistin - - halm '
. Pelymyxin B baw. P M Eigene Stamm-
Colistin sammiung Ben(6)
i
) P. pestie - ;
. TWIe Polymyxin B baw. p Pred. K. F. Meysr, !
Collstin : San Francisco ’
“TW Kansmycin bsw. . Prat. K. P. Meyer, |
: Neomydw Sam Pranchecs |
. BI4se Kananyeln bsw. . r Prel. K. 7. Moyer,
' Nesmxyein Han Framsiscw

n.-
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i
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Prntewseiloart (b} Chenmeasamate Sirsistome Innlicrung  Meriundl der
Nxmmer , Menark { 8) Avrgungatimma
Rernlogischor gegen u. g ar (p) Ther 11§
Typ Antibiotika i viteon aeleke  Fliche (¥F) (d)
i) {a) “‘m"’ e
D388 Kanamyein bzw. s ¥ 7 Prol. K. F. Meyer,
Neomycid ) San Franclsco
F7703 Polymyxin 1 bzw. ' p ¥ Prof. K. ¢. Meyer,
Coliatin Sen Franclico
B2764 Polymyxin (3 baw. P ¥ Prof. K. F. Meyer,
Colistin San Francisco
i EV2 Polymyxin B bzw. P M Pret. X. P. Myyer,
i Colistin Ssn Franclsco
¢) Pasieurelic oXo
L I Streptomycin ] T Dr. Frederitison,
Kopenhagen
28 Streplomyecin s T Dr. Siegmann,
Callo
1100 Streptomyein $ T Dt. Slegmann,
Celle
j 1] Slreplomyein . T Dr. Bocht,
LZérich
L4, ) Straptomyein ] Pr. Danltle,
Rotterdam
1088 Kensmyeinbsw. ° & T Dr. Denidls,
i Neomyceln Rotterdam
L ame Kanamycin bsw. ’ T Prol. Thal, Stoek-
Neoinycin holm
e Kanamycin bxw. ] T Dr. Frederiken,
Neomycin Kopenhagen
e Kanamyecin baw. L] T Dr. Slegrans,
T Neomyein Celle
R Ke~amycin baw. ] T Dr. Beeht,
; . Neumycin Ztrich
3. a) P. maltecidu
s117°¢ Kanamyein baw. -8 T Prol. Fey, Dern
Necinycin
D4t17084¢ Kanamycein baw, s T Prel. Foy, Demn
Neomycin .
D299 00 Kanamycin bzw. s T Prel. Fay, Bern
Neomycin .

e e e e e e Ay < T
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(b) Chromasamale Kevstosz Inolicrung Horkunlt der

Pantearelinart
Nummer Vienark (M) Avegaigeatimme -

| Typ

[B==S

505 iCanamycin bzw.
Neomyein
Wie4/60° Kanamycin haw.
4 Neomyein
D2011)50  Kanamycin hzw.
Neomyecin
. D19960* Kanamycin haw.
Neomyeln
- D193/60° Kansmyein baw.
Neomyein
8507365 Kanamyein bsw.
‘; Noomycin
; 3503/65 Kanamyelin bgw.
‘ Neemycin
¢ 13131765 Kanamyein bew.
! Neomycin
| as1em8 Polymyxin B baw.
' Coftstin
: ») P. hoenelylize
Di2508* Kanamycin bsw.
' Neomytin
? D126/88 ¢ Kanamycin baw,
! Neomyein
‘ 443481 Kanamycin baw.
| Neomycin
; ) P. prrumelrepicn
, , i e Kanamycin baw.
; ‘ Neomycin
. b1os® Kansmycin baw.
‘ - Heomyeln
° € P. anatipestifer
11048 Kanamyen bow.
Neoutyeln

S

e Ribmitia Fa vtk leke  Fiabe 171 (d) I
M—“—%ﬁ—:———:—_

* Prof. Fey, Bern

T

T

Prof. Pey, e
M. Fey, Dern
Prof. Fey, Dern
Prol. Fey, Bern’

?rol. Fey, Bern

cammteng Bey8)

Elgene sums)
Elgeas Staram-,
sammlang Berk8)
Pref. Fov, Bamn

Prol. Fay, Berns

Prol. Pey, Bern

Prel. ey, Barn

Prol. Fuy, Born

Typs suitere
oolloetion,
Washbuglen
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The approximate germ or virus conteat in every ml of the overnight
cultures of donor and acceptor Mrecipient? strains was determined prior to
the preparation of the mixed cultures by plating in each case 0,1 ml of the

culturss which had been diluted down to .‘O"u and 10"6 and by oounting the
colordes after the plates Mdishes had besn incubated for 48 hours at 37° C,

Ws selected strains of the varicus Pastemrella species with & pri~
mary resistance against polymyxin B or with & selertad resistance which
would increase in vitro against doses of antibiotics- (200 gamma/ml strepto=
mycin, respsctively, kanamycin/meomycin), In the transmission experinments
we used only the resistant strains which would reveal a growth rate ocrres-
ponding to the control cultures, without the addition of antibdotics, on
blood agar plates with the addition of antibdotic required for .slection
against the donor strain, after we had spresd 0,1 ml of an overnight oul-
ture in proteoss solution,

C, R-Infections and Selection of ReInfected Recipients

Overnight cultures ox the donor (E, coli) and recipient strains
(Pestaurells) were mixed in & ratio of 1:10 and the xmixed cultures were
incubsted at 370 C, After & and 2¢ hours we plated 0,1 ml of the mixed
cultures and as oontrols we plated the pure cultures of the particular done
op and recipiont 3 on kleod Mcgu plates, adding antibtiotios against

n

b sbentbvonentol vt Fauganta ' ha depnn wara seasditdva Tn adddbinn,
which the rocip&cn r map‘ar’ and the AONOr Wars sem:m’.vo. in waon,

these blood agsr plates contained one of the antiblotics against which the

N-factor of the donor revealed resistance factors Mdeterwinants’, In other
controls, we plated the vure cultures on blood agar plates. each time add-

ing only one of these t0 entibiotics,.

As a funotion of tho resistance markers and the R-factors, we added
to the nutrient medis together B0 gamma/ml polymyxin B and 10 garsma/ml
ohlorampheniool or 50 gammafml streptomycin and 10 geamsa/ml tetracyelin,
respeciivsly, 100 gamma/ml kanamycin and 10 gamma/ml chloraspheninol,

The antibdotic which is mentioned first hers, in each case, was used to
inhibtdt the domor and the second-named antitdotic was used for the seleo-
tion of the R-infected recipients.

The trancmission experiments oould be evaluated if there was no
bacteria growth in the pure cultures of the partner strains on the blood
agar plates, when both antibiotics were added and when the recipient, re-
spectively, donor strein would grow only on the plates when we added thal
antidotic sgainst which the recipient was resistant and against which the
donor was sensitive, or vice versa,

If we Wwere able to observe colony growth on the selecticon plates
containing both of the antibtdotics, within & days, then we inocu..ted and
investigated up to 10 colonies (clones), We tested the purity of the ol.nes
and their identity with the recipient strain Yy means of oultural-bdiocchemiocal
and, as amch as possibls, also bty means of serclogioal investigations and
we Also sxaminsd the resistance spectrum in the ring Yest,
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We determined the resistance of the germs Tvirusa.? quantitetively
by inoculating soclid nutrient medis ~*th the corresponding addition of
entibiotics or we determined it quaiitatively in the ring test with tooth-
wheel-shaped test ring~ (according to Linvenmeier), The free ends of the
teotn contained the following: 10 gamss streptomycin, 20 gamma tetracyclim,
12 gamma chloremphemicol, 20 gammt lanamycin, 1600 gamss sulfisoxazol,

50 garma pol;myxin B, and 40 zasmma furavolidon,

The resistance was re-transmitted from the P=infect:d Pasteurells
strains to the Xlsbsiells-aerchacter s¢~ain No 8970/62. Ve took owr overw
night cuitures and we mixed 0.1 ml of the Klsbsiella cultures, esch, and
0.9 nl of Pasteurells cultures with these overnight cultures and these
sixed cultures (0,1 ml) were them ted on Simons Citratagar plates
after 4 and 24 hours of incubation at C. By wsy of additiun, these
plates contained one of the antibdotics against which the R-factor cone
tained resistance detearsinants,

The purity of the colonies wirdch had grown within 2 days and thedr
identicy with the recipient strain were tested by sesding on

plates (single-colomy techmique), by preparing a varied series, and by
determining the resistance spectrum,

For a rowgh calculation of the tranamission frequency, we started
with the mwber of recipient gearms per ml at the time of the wixture of the
partner strains and fyom the mmber of the Bvinfected gayms fourd in the
mmmumtm.

O inrestigation Tesults oan be romerised 4 fellgwr)
1, (s) F-Infections of P, peewlotuberonlosis

We Reinfected two strains, each, of the serologiosl types 1.V of
P. predotuberculosis, The R-infection did not ocome out suocessful in
each and every P. psenlotuberculcsis strain with the sane donor strain,
respsctively, in the same high frequency. We transf (‘r)lym
donor strain 189%/6% to P. pseudotubsrenlosis Bo /1

s’m.rrqumo:16‘3eo 10““r(mu)mmdmam
Mo 10285/6k amt 11W5/68 to F, pseniotuberoulosis Mo 35/1720 I in & fre-

Goency of 10"6, respectively, 10'5; R (TC380) from the dono. straine

o 9667, SO49; JESI and #2%2/6h on P, peeudotmberculosis Mo 257°T, s3LY,
851, 2K/, oY, am 25", amd the R(TCS3WA), respectively, R(TCSK/MBu)
from donor straine ¥o 22%/65 and 5018/62 to P, pssulotubarculesis streine

327V oF, respectivaly 2* and 25 1n & frequanay of about 10°°,

P. pescdotaberculosis strain 161 could mot be R-infected by say of
the related donor streins, DBecattse of the tremendous smount of work ine
volved, it was impossihls to perform trensfer experiments with esch of the
mmwm«anmmmmmumu
site therefore do nut eable ue {0 maks sy namerical cosparisons between

-8
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the donor streins, on the one hand, and the fxsquency, respsotivaly, the
differences in the receptivity of the various Pasteurells streins with me-
spect to R-infoctions, on the ether hand, On the basis of our observa-
tions we can certainly say that the Coli strains 14394/64 R(T), JESi R
(1CSSu), and 96849/64 R (TCSSu) wers perticularly suited as domors,

1. (b) BeInfoctions of P, pestis

Amony, the five, respsstively, six donor and recipient strains, we
Were suocessful in transferring the R-factors R {TCSK/MSu and R (TCSSu)
with donor streins Mo 4018, respectively, 9567, ont. the P, pestis strain

TWJ in a frequency of 10'6, respectively, 10"5. and using the donmor sirein
JES1 we were able to transfer the R-factor R (1CSSu) onto the strains

F7793, respectively, Mmaﬁaqmmyofiﬁaxdontns&dnmm

thofrqnmcyoflo’s. The othar two pest strains could not be R-infected
with thase Coli strains and by means of the axperimen.l tecimique selocted
heze.

1, {c) R-Infections of Pasteurells "X*

The R-factors of the 5 donor strains selected, that is, 14394/64
R (T), 11%5/68 R (TSu), JESL R{TCSSu), 4242/64 R(TCSSu) and 223%/65
R{1TCSSud) cculd be transferred to 9 out of the 10 strains tested in fre.

quencies between 10" and 1070, The cest donors, with the kighest trense
fer frequency, proved to be donor strains Mo 18%93/6h, JES1, and 113h5/6k,
R-infection ‘led only in strain Mo %,

11 GO0 '
4 A ne

4 % A DAY &
AT b DR X g [A I SN
. - bt B N o -

W resilts of Yhess aperlionts 4is shoun in Bills 1, below, Ut
gizm u; used the strains Mo JE 51, R(TCSSu), 4242/64 R(TCSSu and 22M/6h

(333

o

As wa can 3ee, the R-infections came out successful in most of the
Pasteurella styeins of ths four different species showm in Teble I, It is
intaresting to mots bere that the three strains of P, mitocida which we
had freshly isolated and which were of human origin could not be R-infected
with the axperimental tecihiigue employed hers, although the transwission
of the B-factors was acoomplished with Mgh frequency in wost of the ~trains
of amimsl origin ¥idch had been partly freshly isolated or which had been
taken from the ccllection, Rmrth<w investigations are baing versuncd with
these streins,

The spoaial festures noted {n the B-iufeotions of the Pastewralla
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Tabla I, Resulis of the R.Infeationz of Various Prstienrella
Specles (With the Exseption of F, psendotcheroulozin,
P, peatis, and Pactewrelis "IV)

T T @ TN K51t
M t . ‘el d £-
AR NeTesser A ) RiTiSBeA} ) arrcEse R N r-
L) — T _(a i
D, nustiecide &, muliocida . ‘
ESTRIT Y +4 + + 3316/66 - - -
; Dit7/64 s - - 13131765 - - =
I D299j60 ++ + o+ 35037165 » o = ;
i DZ5964 - - - o .
505 ++ 4 + P. heemaligiea - !
| Wi64/60 ++ + + D12385 4 + !
. D2011/59 ++ - - DIFMS +4 - -
D193/60 ++ - - . 443488 - - - 5
Siid/ig a - - R :
$575/65 - - - D89 0+ -
D163 ++4+ + + i
P. anclipedifer
18848 ++4+ o+ +

Kay: a. Recipient strains
b, Donor .trains a3 4l 5 o6
Note: transfer frequency +++ = 107 7lC™ ¢ 4+ = $0773 & 107 %
= = pegative axperizent; o * repeated negative axperiments,

3. Differences in Trensfer Frequency

Our experimorits ars not comprahensive enough to enable us to make
rellabls statements as to the diffarences in the frequency of acceptance
of the various R-factors in the various Pasteurslla aspeclies, But we think
that we can ssay this: among all of the strains of the varions Pasteuralls
types which we tested, the highest frequency in terms of Reinfection was
achieved in the strains of Pasteureila "XW, Hext cime the strains of
P. pseulotubsrculosis, P, smliscida, and P. pestis, - Becaurs ¢f the 3mall
monber of avedlable etraine thare is reslly nothing we san ssy about the
differoncss in the tvansfer ireqnanay in the uase of the nther Pasteurella
typeo, In thie swriss of investigation: we were conowrnel primarily with
ths questicn as to whothar R-infsctions are poesible only in the Pestewre
ella species P. pseudotnderoniosis and P, peetis, inelwling Pastouralls
"X"y which might possibdly be categorised within the femily of the Entero-
bacteriaceae, or whether these infections wight not also be possibhle in
othar strains vhich are not related %o P, pseuiotuberculosis and P, pestis
and vidoik do not baleng to the Pastatrella types that are under the Enterae
bactericscecs, Az owr investigations revesled, R-fastors could be transe
ferred to the streins of all of the Pusteurells species tested,

=10 »
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b, Testing the R.Infected Pastsurells Strains as R-Donors

Out of the ztrains ¢f each Pasteurelias species. st least one B-
infectsl clone was tasted for its aldlity to transfer the absorbed Refactor
further upon KlebsiszllaeAerobsster (strein No 5070/62). As we esn see in
Tabls 2, below, this could be eatablishad in ell strains. 43 doner, Pase
teursila "3" rovealed & transfer freauenay that #was bty e powers of i0
graatar then the straing of the other Pasteursila snecias, With pespoot
to this property, Pasteouralis "I" coprosporded to most of ths (ol staains.

Clones of Pssieurslla strains of the various spectes, which had bgan
tested for their purity and which had been Reinfected, wers kept in the
refrigerator; in sizbd culturss sealed with rubber stoppers, with ths exe
coption of P, multocida, The omltures of F, mmliocida, which sccording to
cur sxperiesnces cculd withstand lmgaromrage parixis more 2sfely and re-
lisbly at 37° € and «279 ¢ than at & 2° C, on the othar hand, ware kept in
thermostats at 27° C. After § months we tosted the incculations -- which
at the same time had been transferred to blood and endoagar plates anmd in
proteose solution «= for their purily, and their culturalebiochemical as
wall as, to t'. extent possibls, thelr serclogisil behavier, The resistanse
determination was made on the basis of the overmight cuitnres in protesse
sclution, Table II, below, tells us abeut the loss of the R-factors, re-
spectively, R-detsrminants,

Those experimental resulis indicate that P, pssudotuberculosis and
P, pestis strains, like Salwonells strains can lese most of their R-factors
in cuse of longer storage of stab cultures, although those same factors did
remain stable in most of the strains of the other Pasteurella spaciss which
we examined.

It was interesting to note here that, among the P, multocida sitrsins,
the strain 199/60 lost the resistancs determirants only of for7 the R-
factor of E, cold 227%/64 R(TCSSuA) but mot of the Refactors of E. coli
JES1 R(7TCSSu) and E, cold 4242/84 R(TCSSu) (Teble ITI), This seems to
indicats that the cbility to lose R.factors or R-determinsnts depends not
only on the host cell but alsoc on the Refactor,

Ths control of the cultural propertiss of Reinfected Pasteurella
strsins <vpecially of P, muitocida, was rendered very difficult becauss the
rogistance mutanta, which bad Decn selected in vitro, with and without Re
fastors, revealed poor growth properties, We will report on these observa.
ticns slsewhaere,




Tabls If, Sxperimentally Re-Infeoted Pasteurslls Strains as
Meanssd tters of R-Factors Upon Klebsie)lla-Asrobacter {Strain No £970/62)

;t
r

Donatox (b) ! Obrrivagengs  Sadd dop gopetds  Obertragens
T stamm Ne, :ﬂ de:““ ?«h. " frequoxs ten Kelowien R-Delsrminzaten
{ “ t Ny,
(&) éa) g1 {e) (@ (2)
. P, pseudotudsreiosis o
2 TCSiI/NSe 4018/62 16~ 4 TCSK/NSa
v TCSSu JE 81 104 10 . TCSSu
2s¥ TCSKINSa 4018/62 104 4 TCSK/F S
P. pestiz :
FOTWY TCRK MBS 4018/04 10 4 TCSK/N8e
Tt LA LT Lok nepRa n N LRSIV L
TWI TtEYe “67}63 jg-4 3 Tesan
Pesleurella X
1088 TCSSa JE 5t 10-4 10 TCSSu
73 TCSS$u 4242784 19 10 _ TCSSu
7 TCSSs JBEL 1ot 10 TCSSu
i m TC38a JE b1 10-% 10 TCS36
| P, multoctda .
| S117 TCSSn 4244/84 10~ i/ CSS5a.
i D417/84 TCSSa JE 51 10-4 10 . TCSSa
| D290 TCSSm JE 51 104 1 | TCSSx
| sS85 TCSSa JE 51 164 1 TCSSu
Wi16480  TCSSs JE 51 10~ 10 TCSSa
D199/60 TC3Sa JE 51 10~ i0 TCSSu
D19360 TCSSu JE 5¢ 10~ 10 TCSSa
P, heesaclptics
D135 TC5Sn I3 51 10 10 ¢
D126 TCSSu JE 51 10~ 10 TCSSu
4 B, pneusstrepies
D103 TCSSu T JE B 10~ 5 TCSSu
Do TCS3w Qa8 100 10 1 Kol, w C,
j, § Kot. = C3n,
‘ ‘ -1 Kel. = Su,
8 Koi. = TCSu
Xey: a. Donor strein No. o, R-~determinants transferred
b, Infected f. with R-factors
s¢ Transwiccion frequency g. By B, oold Fo
d, Mo, of colonies tested Kol == ocolony
L] 12 [ _J




Table III, ZIoss of KeFactors, Respectiveily, Re
Determirants in Steb Cultures Stored 6 lonths

Pastesrella- et (h) ledsiert LMt 2o ‘
| ame-HNe, ) Reurlellung dor Regebpims '
e durch K, estt il dem "g:‘“
: "m""" ) Preone (£) & o) {d) : i
Ii P, pmsduubawluh.
oo 401862 TCSK/NSu 1 <05% Verlust des A-Fakiers (R )
L} O IR 5. TGESu 1 ol %, Yorlust des 'l“m' f
2a¥ 4018/a8 FELX /N 1 <H89%, v.mm s AP (1)
b P, pestis
[oTwl 4018162 TCSK/NSa 1 <85% Vertmst des RF (1)
9607164 TCSSa 1 <95% Verlust dos RF (1)
% Pastevrella « Xo
. 1035 JE 51 TCSSu B Kein Verlust des &7 {J)
| am 424304 TCSSn 2 . 1 Kion keln Verius\ dee RP (k)
] 1 Klon Verlust dev 'M-Resistens (1)
boom JE 81 TCSSu 7 Keln Veriust des 1Y { j)
oo J& 51 “TC8Su L Keln Verlust des i {3)
1 .
i P. mullocida
1
i DiB9sso 2234/64 . TCSSuA 4 2 Kione kein Verlust 1)

1 Xlon Verlust der T+, G- wad A-Reslotons n)
1 Kion Verlust der To, Goy §» and As 0)
7 Sthmme versch. TCSSu oder 2 Kein Vartust des RP (§)
Stimme TCSSuA

P, haemolpiica

{» Dizses JE Bt TCSSa 1 Kain Verlust des RF
I 4242/84 TCSSu 3 Keii. Verlust des RF (j)
! 2334/08 TCSSuA. 4 Keln Verlust des RF
! D126/63 JE 84 TCSSy 2 Keln Veruat des RF
" P. pheumciroplea
z D103 Ju st TCHou 1 Hoin Verlust des R
2534/00 TCESuA 1 Kuin Verlust des RF (’)
bes AMEN4 ' TCOBw 2 Kein Verlual des RF
P. anatipeslifer
18843 JR 61 TCi8w - i Keln Verlust des RF (J) !
2434/88 TCSSeA 4 Kein Verluat des RP .
a, Pasteurella species, strain No, serclogiocal type
b, infected 1. One oloi.., loss of T.resist-
¢, No of clones tested ance
d, Evaluation of result a, 2 clones, no loss
e, By E Coli No n. { clone, loss of T, C, & A=
£, With R-facter resistance
g. Loss of R=factor(RF)(loss of all o, 1 oone, loss of T,C,5, & A

resistance properties obtained through R- resistance

infection in more than 95 of viruses of

the clone tested

Ioss of T-resistance (loss of some individusl resistance properiies)
loss of RF

No loss of RF

One alone, no loss of RF
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It is interesting to mote that, in various Pasteurells strains, only
some individual and not &ll resistance determinants turn up in the phasnce
type. A few exarn, les are given in Tuble IV, below, In these experiments,
the colomies, grown on seiection medis, were tested for their purity in
the nurber indicated, ¢+ & bleed plate mot containing ery antibloilc, and
their resistance was then determined: The results show that only very few
Pasteursila strains could be fornd to absorb the Refastor incompletaly.

It is interesting to note that & out of the 9 strains of Pasteurella "X"
tested hers expressed only a pert of the resistance determinants of the
Refactor ir phaence-typloal terms, Investigations are now in progress in
oonnection with the queetion as to whether the incomplete absorpticn here
is oniy appavent axd whether it might perhaps consist in the fsot that the
doterminants of the wissing resistance property are not expressed phaence
typically (Lebek).

Table 4, Pasteurells Strains With Incomplete
] .gbqo_rption of R-Fsctor

; Akzopior (b) Denater Anuahtder  (iherivegone i
Art wad om Hesintgnn~

! Stamm Nr. B. coll R-Paktown B on  eigrnachalien :
! {a) Hr. {e) Kione (o) {d) !
' P. pseudeinberenicals : i
' 25 9887/64  TCSSu (%) &
ax) !
9849/84  TC3Su @x) !

(tx)

(1x)

i

o - -

(tx)
(¢x)
(¥ x)
(i) {

{
6x) |
(h‘)!i
Ax}) !
Axy:
{tx):
{(10x)

184/60 V33 TCSSe (I1x)
(.85a (1x)

P. anotipealifer .
BRTT Y 485 TCSSWA 4 TCSSeA (3X)
TCSSe  (1%)

Key: a, Rexipient, species and strain mmber d, Resistamos proparties
b. Domor transferred
0. Namber of R-i7fected clones testsd ¢. R=fuotors
Inoculations of individual colomiss of the primary sslection plates wars
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Discussion of Findings

The observation that, among the experimental corditions selscted Yy
us, R=infections were possible in the strains of all s;icles tested under
what has so far been called ths genus Pasteurella constitutes further preof
that R.infections can occur also in strains from various gemuses which do
not belong to the family of the Entercbacteriaceae. Thls was supported by
the observations on Vibrio cholerae {Kuwabers, and assoc, 1963) ard Ps,
soruginosa (Lebek, 1963), It is interesting to mote that our experiments
involving P, pseudotuberculosis and P, pestis strains .revealed the same
inclination toward the spontaneous bss of the Refactors as had been reported
for the Sslmonella strains (Lsbek, 1964)., It was not to be observed in the
streins of other Pastesurslla species which we investigated, The strains of
the various Pasteurella species thms differed in terms of their inclinawion
to 10se Refactors and not in terms of their capatdlity of receiving them
and transferring them,

Our investigation results bring up various questions which we cannot
answer at this time, For instance, it was interesting to note that some
Coli strains proved ts be good donors with respect to the recipient
Klebsiells-Aerobacter but not wich respect to numerous Fasteurellas strains
which, for their part, sasily sccepted the R.factor from the othei Coli
strains, There Was thus no imability to express the resistance determine
ants phasno=-typically. Here is another question which we canmot answer
right now: we do not know vhy the Coll strains differ from esch cther in
terms of the frequency with which they transfer their R-factors to the same
recipient strains, The cauze for these differences might perhaps te found
in the type of the R-factor or in some of the as yot unknown properiies of
the acceptor Mrecipient? cells, It is entirely conceivable that further
episomas or plasmides, in the domor or recipient cell, might inhibit the
transfer or acceptance of the R.factors,

Similarly, we do mot know why only P, pseudotuberculosis ard P,
pestis strains, respectively, strains of various Salmonslla spocles, dure
ing longer storage time, again spontaneously lose thedr Refactors or some
individual rosistance determinants, in ocortrast vt the strains of the other
Pasteurells spacies and strains of other gemuses from the famlily of Entero-
bacteriacecs. THis might parbaps be due to ths fact that the mwmber of
R-factors in the individual becterium cell differs for the varicus specles,

Sy

Investigatione on the R.infoction of strains of various Pastevrelia
spocies made it possible to astablish the Reinfection of all species
torted., One difference betwssn the Pusteuralla cpecies, such as P, pseuio.
taberculosis, P. pestis, arnd Pasteurella "X*, respectively, the other
Pasteurella species wiich are not reiated to thex, such as P, multocida,

P. haemolytioca, P. pnemwotropics, and P, anatipestifer — which might be
oategorised among the fawlily of the Enterobacteriacens, oonsisted in the
faot that the two first-named species amxd Pasteurells "I™ acceplad the
Refactors with a higher frequency than the oths: Pasteurella species
R.infooted strains of all Pasteurella species transferred mmmw
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an accoptor Mreciplont” stxrain. As ve knew for the ease of the Saimonellia
the R-factors or individual Redefgivdnants, the case of P, pseudotubeorcuw
losis and P, postis, were not stab% when the cultures were stored for 6
months, whereas, in the othar Pas species, a spontaneous loss of
the R-factor could be established only in some imdividual cases,
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