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Th e genus Past eurella , a t present included in Bergey's Manual (Breed, 

Murray & Smith 1957) as a m ember of th e fami ly Brucellaceae, is listed 

as containing nine spcci.es , mu.llocida , seplicaemiae, haem olylica, anati

peslifer, pes tis, pfaj'fi, pseudotuberculosis, tularensis and novicida. 

Since publication of th e current edition of th e Manual th e las t two 

spec ies on this lis t have on account of their special cu ltural require

ments been re-classifi ed as Francisella lularensis ( 0 /sufiev, Em elya

noua & Danayum 1959, Philips & Owen 1961 ) and F. novicicla (O w en 

et a/ . 1963 ), usin g lh c generic na me orig in a ll y sugges ted by Dorofeev 

(194 7). Three others, Pnsl. pj'affi1 , septicaemiae and ana lipes lifer arc 

of dubiou s s tatu s : lh c fir s t is a lmost indi s tin guish abl e fronJ Past. 

fJseudotub erculosis whil e th e latter two , holh gclatinc- liqucfi crs, arc 

excluded if on ly by th e Manual's own definition of th e genus which 

un equivoca lly s tates that gelat ine is not liqu efi ed. 

The grouping of th e remainder, Pasl. mullocida , haemolylica, pes /is 

and pseudotuberclllos is, and of ce rtain more r ecentl y desc ribed form s, 

presents further difficulti es. Past. mullocida (syn . Past. septica) wh ich 

includes the organi sms of bov ine hacmorrhagic septi caemia , a common 

form of pneumonia in pigs, fowl chol era and a variety of other di sease 

co nditions in mammals and birds, though bioch emica ll y (S mith 1958) 

and se rologi call y (R oberts 194 7, Carter 1955, Na miolw '~ Murata 1961 ) 

hete rogeneous , is u suall y rega rded as a single species. lls rela tion ship 

with Past, Jw em olutica (Newsom & Cross 1932) , a group of bac teria 

associa ted with som e form s of pneumonia in cattl e and sh eep, is how

ever not clear, a lthough th ere a z·e some resembl ances between the two. 

The qu es tion of th e sys tematic position and species rank of Past . 

haem olytica h as been furth er co mplica ted by th e isolation from sheep 

of two· dis tinct types, A and T (Smith 1961 ) and, from th e human 

respira tory tract, of another group of superfi cially simil a r stra ins 

1 
.Th e Amer ican Type Cultur·e Coll ec ti on h as n o Pas t . pfaffi on it s li s t s . Th e 

~a tr o n a l Coll ecti on of Type Culture of Grea t Brita in h as on e culture, l a bell ed 11 02, 
: ~o l ated by Dr. F. Pfaff fr om an un st a ted sour·ce; it was rece ived in 192 1 and is a 

a s t . pse ud otub ercul os is g roup I. · 
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termed Past . lwemolytica var. ureae (Henriksen & Jyssum 1960, 1961). 

Past. pneumotropica, firs t obtained from the lungs of mice (.Jawetz 

1950) and later from humans (Henriksen 1962) is also of uncertain 

s tatu s but resembl es in m any respects Past. mullocida. 

The close relationship of the plaque bacillus, Past. pestis, with Past . 

pseudotuberculosis, causal agent of pseudotuberculosis in rodents, 

birds and other animals, has been well auU1enticated (Girard 1953, 

Pollilzer 1954, Thal 1956, Parnas 1961) but many properties of these 

two- species tend to se t them apart from th e o-ther members of the genus. 

A furth er type isolated from various sources including pseudotuberculo

sis in chinchillas and lympadcnitis m esenterica in man and temporarily 

n amed " Pasteurella X" (Daniels&: Goudzwaard 1963) appears to be re

la ted to but distinct from Past pseudotuberculosis (Knapp&: Thal1963 , 

M ollaret &: Chevalier 1964) . 

The classification techniques revi ewed by Sneath (1962) and various

ly term ed numerical, arithmetical, computer or Adansonian taxonomy 

have been widely applied in bacterial systematics and arc of particular 

va lue in the s tudy of hete rogen eou s and closely related groups. On one 

occasion a collection of Past. multocida strains was analysed ( Talbot &: 

Sneath 1960) but th e genus Pas teurella has otherwise been n eglected. 

The present communication describes an attempt to elucidate the re

la tionships between Past. mullocida , haemolylica, haemolytica var. 

ureae, pneumotropica, pseudotuberculosis , pes tis and "X" by th e u sc 

of a numerical technique. 

MATERIALS AND METHODS 
Cullures. 

25 s tra in s we1·e u sed a nd fo1· th e purpose o f the s tudy were tempor a l'ily labelled 
a to y; deta il s o f th eir so urces a rc given below: 

Pas/. pseudotub erculos is 

a. Turkey, p seud otuberc ul os is. E. 1'hal, Stockholm, 

b. Hare 
c. Mini(, 

d. Hare, 
e. Hare, 

Past haemolylica 

(14/I) 
(30/II) 
(43/ITI) 
(32/ IV) 
(25/V) 

f. Sheep, pneumonia, G. Smith, Edinburgh, 97, type A) 
g. Sheep, pneumonia. J . Smith, London , (RVC. 1057, type A) 
h . La mb, septicaemia . G. Smith, Edinburgh, (1190/1, type T) 
i. (121, type T) 
j. (158, type A) 

"Past . X" 

k. Hum a n, m esenteri c ly mph aden iti s. S. Winblad, r.Ialmii , (89 7) 
1. Dog, abdomin al cy st. 11. Decllt, ZUrich , (200) 
m. Chin chill a, pseud otubercu los is. 11. Becht, Ziirich , (18 ) 
n. Human h epatic abscesses. A. llii ssig, ZUrich, (2533) 
o. Chi nchilla , pseudotubercul os is. 0. S iegmann , Celie, (268) 
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Past . mulloc ida 

p . BufJalo, h acm oJ-rh ag ic septicaemi a . E. Wij ewanla, Pcradiniya, (561) 
q . Buffalo, h aemonhag ic septi caemi a. G. Sharma, Muktcswar, (S. 138 ). 
r. Pig, pn eumonia. J. Smith, London , (RVC. 518) 
s. Cat, condition unlm own. N. Slamalin , Buca r es t, ( 4118 ) 
t. Sheep, pn eumonia. L . /Jadiali, Perugia, (5) 

Pas t. pn eumolropica 

u. Hum a n, nose. S. li1<nriksen , Oslo, (953/60') 
v. Human, th1·oa l. S. Henriksen , Oslo, (4225/60) 
w. Human, d og-bite . .J. Talb ot, Lond on, {12/Venn ) 

Past. pes tis 

x. Hum a n, plague vaccine s t1· ai n. G. Girard, P a ri s, (EV. 76 ) 
Past. haemolylica var. ureae 

y. Hum a n, ozaena. S. Henriksen, Oslo, (320/59) 
No cultures of Past. p{a{{i, .~e pti cae mia e or analipes li{cr were ava ilable for s tudy. 

T es ts . 

All cultuJ·cs w ere examined by the foll owing tes t s, th e m eth ods employed b eing 
th ose described by Kau/'{mann 11 !J54) , R1.ving (1960 ) and Edwards & Ewing (1962 ) 
unl ess o th cnvi se s ta ted: 

Motility (Gard swa rm-pl a tes incuba ted a t 22° C) ; di am eter o f giant colonies on 
fi ve pe1· cent ox blood agar (Ox o id , CM 55) plates, 3 mm thick, afte1· 24 hours a t 
37 o C (chat·acte1·-states: 1.5 mm or less, 1.6- 2.0 mm, 2.1 - 2.5 mm, 2.6 mm or m or e) ; 
inc1·ease in giant colony s ize after a furth er 24 h ours in cub a ti on (character sl a tes : 
X 1.80 or less, X 1.81- 2.10, X 2.11 01· mo1·e) ; h aem olys is on th e sa m e m edium; 
growth on Ma cConkey's agar, in amm onium citrate m edium ( fluid ) a nd in th e 

presence o f KCN ; ac ti on on litmus milk; l\!.R. lest; production o f ind ole, acetoin , 
ca talase, ox id ase (using 0.5 per cent aqueous t. e tJ·a m eth yl-p-ph cny lcnc-d iamin ehy dJ·o
chloride), urease. gcl a tin asc and m·geninc, lysin e a nti ornithine dccaJ'boxy lase; 
Jli'Oduction of ac id within 10 days f1·om aesculin , adonitol , a mygda lin , 1-a t·ahtu osc, 
cellobiose, dcxt1·in , dulcitol , fru ctose, ga la cto se, glucose, glycerol , glycogen, in os itol , 

inulin , lactose, m altose, m a nnitol, m a nn ose, m elezitose, J'affin osc, 1·hamnose, sali cin , 
so1·bitol, s tar ch , suc,·ose, t1·eh a lose and xylose; ·width o f inhibition zones a round 
Oxo id Multodi sks containing ha cit1·acin 5 u , chl ortc tJ·acyclin e 10 1"!(, ery thromycin 
10 1"!(, fu1·azolidon c 50 1"!(, neomycin 10 1-'g, nitro fm·a nlo in 10 1-'g, novobi ocin 5 I-'ll• 
oleand omycin 51"!(, oxyt etra cyclin e 10 Ill(, p eni cillin 1.5 u , polymyxin B 100-u, s trept o
m ycin 10 1-'g, sulph a furazolc 100 1-'g a nd lclrucyclin e 10 1-'g (chnract e1· s tates : 0.5 mm 
less, 0'.6- 3:0 mm, 3.1 mm or m ore). 

Num erical A nalysis. 

Th e r eacti ons of th e s t1·a in s were sco red in columns on s trips of paper , u s in g 
scoring m eth od III o f /Jee rs cl a/. (1962); fm· each les t a + sign w as enter ed t o 
indi ca te th e r esult, any preceding ch aracter -s la tes bein g scor ed- a nd a ny subsequ ent 
ones 0. P ercentage simil arity coeffi cients (S) were calcul a ted m entally for each 
poss ible pa il· o f s tra in s by laying th e I'CCO I'd s trip s s ide hy sid e, countin g n , th e 
numbe1· of tim es + signs co incid ed and n', th e uumbci' o f times + and - s igns 
co incided , and substitutin g in th e for·mul a 

100 n 
S = -

n + u' 

0 sign s were igno1·ed. 
Th e s t1·ai ns we1·e so rted manually by accumulative p a i1·ing at f alling simila rity 

level s, th e s imples t o f th e m eth ods o f clu s ter analysi s described b y Sneath (1962 ), 
a nd. th e r esultant groupings depi c ted di agi·amatically, Elect1·onic or o th er computing 
d cv1ccs were not u sed a t a n y s tage in processing. 
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Fig. 1. 

Sim il a i·ity matrix: 25 Pasteu rell a stra in s. 

RESULTS 

S :-

• 90% + 

1m! 85-89% 

ffi3 80-84% 

EB 75- 79% 

0 70-74% 

0 69%-

]

pseudo -
tubercul-

0515 

The calcul a ted valu es of S ranged from 51 per cent (strains d and i ) 

to 97 per cent (b and d). In acco rdance w ith the u sual practice in 

publications of this nature the cumbersome table of simil arity values 

has been omitted but, u sing these valu es, the stra ins were re-arranged 

into fi nal order v u "" y t q r s p j f g hi I m knox c b a c. Fig . 1, based 

on th e rea rranged lis t, is a sim il arity matrix giving in symbol form 

app roximation s of a ll S va lues and thus showing cross relat ionships 

between s tra ins and clusters of stra ins. F ig. 2, a dendrogram, is also 

based on this li st. 

Two main groups may be discerned, Group 1 conta inin g a ll s tra ins 

of Past. mullocida, haemolylica, Jw em olylica var. ureae and pneumo

lropica, and Group 2, composed of Past. pseudotubeJ·ctzlosis, "X" and 

pes tis. This is bes t seen in Fig. 2 which sh ows the two groups linking 

at 65 per cent similarity. Fig. 1 gives th e add ilio_nal inform ati on tha t 

th ere was little cruss rela tionship between the two groups : th e rectangu

lar area lv, li , ci. cv, conta ins only three entri es indicating simil arities 

grea ter than 75 per cen t, and mos t are less than 70 per cent. 

\Vi thin the two main groups, the clusters representing different spe-
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X - pes ti s 

n pseudotuberculos is 

S :-

60 70 80 90 100% 

F ig. 2. 

Dendrogram: 25 Pasteurella strain s. 

cies linked at 75 to 85 per cent similarity (Fig. 2). All strains of a given 

spec ies appeared in the same cluster in the re-arranged list and, excep t 

for those of Past haemolytica, were linked by S va lu es ranging from 

78 per cent (mullocida) to as high as 93- 97 per cent (pseudotuberculo

sis). In genera l th e Group 2 species were th e more homogen eous, as 

shown in F ig. 1 by the denser shad ing of the triangular areas delineating 

clusters, and were the more sh arply def in ecl.vVithin Group 1, the two 

strains of Past. lw emolylica type T formed a sma ll , homogeneou s sub

group (S = 92 per cent) bu t were linked to type A only at th e J'elatively 

low level of 76 per cent. 

Although the principal object of the s tudy was not to examine the 

differential reactions of th e various Pasteurella species, a summary of 

the properties of the strains may be of value and is given in Tables 
1, 2 and 3. 

Table 1 shows the resu lts of a variety of biochem ical and other tests . 
Past pseudotuberculosis and "Pas t. X" reacted to these in a s imilar 
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TABLE 1 

Biocll emical and olll er R eactions . 

Charac te r 

Motility, 22 • C ....... . ...... . 
Hacm olys is .......... . ......... . 
MacCo nlwy, growth ...... .. . 
Ind ole ... .. . ... . ................ . 
V.P . ... ....... . .... ....... . ... . ... . 

M.R. ··· ············· · ·· ···· ··· ··· · 
Urea .. . ............... .... ...•.... 
KCN ..... .............. .... ..... .. 
Oxidase ......... . . .... ..... ...... . 
Litmus milk .. .. .. ........ .. .. 
Lys in e deca rboxyl ase .... .. 
Argenine deca rboxylase .. . 
Or·nithin e deca rb xylasc .. . 

Strains examin ed ......... .. . 

., 
b "' b 

., 
E5 ... 
:::0·~ E"" .,c. 41 . ~ ~ 
" 0 .. - .. 
c..!: :t.!:>> 

+ 

+ + 
+ 
+ 

+ + 
- 2 

+ + 
A II<. 

3 

"' "0 
·c:; 
0 

:; 
:;::; 

+ 

+4 
+ 

+ 
5 

b 
E"< 
~~ ~ 
:t:~ .b 

+ 
+ 

+ 

3 

~co~ 
"" "' ~ ·= c. 

::c ;;..,;;.... 

+ 
+ 

+ 

2 

b 
"' "0 ""'~ 

"' 
u; ~~.9 

;.-: ., 
"' "" "' 

0... 0...-u 

+ + 

+ + 

+ + + 
+ + 
.-3 

Clot Alk. 

+3 
+ 
5 1 5 

Ca tal ase : a ll s tra in s + ex cept Pa.~l. llaem olulica var. ureae ( trace +) ; gelatine, 
c itr·a te: a ll s tr·a in s - .Where r esults vari ed , th e m a j ority r encli on is given foll owed 
by th e number· o f stl'llin s which r·eaeted thu s. Aile: litmus milk all<nline. ' 

TABLE 2 

Fermenlalioe R eacl ions. 

" b 
b 

"0 
b b 

6~ 
·c:; 0 ' t~~ 

Suustmt c :o·- 8" £ E.,< E 5~ . ~ -c L·-
., c. (o.),~ :; cu.~~ cu ._ c. 

"' 
u; ~~£ 

c o 
,_ 

&;_E. f. c..!: :::J::.!:l ;;;; ~~~ ;.-: ., 
"'" " "' 

0... 0...-u 

Aesculin ·· ·· ···· ·· ······ ·· ·· + 
Adonitol .. ..... ... ..... ... .. - 2 + 
Amygda lin ······· ·· ········ - 2 - 2 + 
Arabinose ··· ···· ······· ···· + + + + 
Cellobiose ·· ······· ······ ·· · + + 
Dex trin + + - ' ~ +2 + + ······ ········· ·· ···· 
Galactos ··· ··· ········· ·· ·· + + + + + + + 
Glycerol ... ..... ... ....... ... _ 2 +3 + + + + 
Glycogen .... ... ... .......... + 
In os itol ····· ··· ···· ········· 

+2 +1 
Ma lt ose + + _ 4, + + + + + ··· ·· ······· ········· 
Mannitol ·· ····· ············· + + + + + + + 
Man n ose .. .. ........ ..... .... + + + +2 + + + 
R a ffin ose ··· ·· ····· ········ +2 
flhamn ose ...... ............ + 
Sa licin .. ...... ..... ..... .... . + + + 
Sorbi tol + - 3 + + +3 

················ ·· ··· 
Starch + 

- 2 +3 .. ..... .... .. ........... 
Suc1·ose ·········· ········ ··· + + + + + + 
Treh alose ··· ······ ······ ··· + +!! + + + + 
Xylose .. .... ... ........ .... .. +4 + + + + 

Stra in s examin ed ........ '1 1 5 3 2 5 1 5 

Gluco se, fru ctose : all s train s t ; m elezitose, inulin , dulcitol , la cto se : nll s tra in s - . 
'Wh ere results vari ed. th e m aj ority r eacti on i s given , foll ow ed h y the number of 

s train s which r eacted thu s. 
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mann er except for the decarboxylase tes ts and litmus milk. Past. mullo

cida was distinguished from Past. pneumolropica only by the ornithine 

decarboxylase and urea tes ts ru1d the two types of Pasl haem olytica gave 

identical reactions. The oxidase tes t was uniformly positive with Group 
1 s tra ins and negative with Group 2. 

Antibiotic 

Bacitr·aci n . ..... .. . .. . . .... . 
Chl ort et r·acycline ..... .. . . 
E r·ythromycin .. . ........ . 
Fur·azolidone .. .. .... . ... . . 
Neomycin ... . ..... . . . . . . .. . 
Nitrofuran toi n .......... . . 
Novob ioc in ..... . .. . .... ... . 
Oleandomycin ........... . 
Oxyt etr·acycline ......... . 
P eni cillin ... . .. .. ......... . 
Polymyxin B ............. . 
Streptomycin ...... .. .... .. 
Su lph aftrr·azole .......... . 
Tetracycline .. .. ......... .. 
Str·ain s exam in ed .. .... .. 

TABLE 3 

Antibiotic Sensitivity Tests. 

+ 
+ 
+ 
+ 
+ 
+2 
+2 
+ 
+ 
+ 
+ 

+ 
3 

± 
+ 
+ 
+ 

+ 
± 

+ 
+ 
+ 
+ 
+ 
+ 
1 

±2 

+ 
+ 
+ 
±2 

+ 

+ 
+ 

v 
+ 
+ 
+ 
± 
+ 
- 1 

± 

+ 
+ 
± 

+ 
+ 
+ 
2 

+ 

+ 
+ 

+ 
f> 

+ 

+ 
+ 
+ 

+ 

+ 

+ 
1 

+ 
- 4 

+ 
+4 
+ 

+ 
±4 
v 
+ 

+ 
5 

\Vh ere results varied, th e m ajority r·esult is given, followed by th e numbe r· of 
s tr·ains which reacted thu s. V: result s too va r·iable for summ ary. 

Inhibiti on zo ne 0.5 mm wide, or· less. 
± : Inhibiti on zone 0.6 to 3.0 mm wide. 
+ : Inhibiti on zo ne 3.1 mm wid e, or· more. 

No comment on the reactions of Past. pestis and Past. haemolylica 

var. ureae is made since only one strain of each wa exa min ed. 

Fermentation reactions arc summarized in Table 2. Past. pseudo

tub erculosis and "Past. X" differed consistently in their action on 

aesculin, adonitol, cellobiose, rhamnose, salicin and sucrose and less 

con sis tentl y with sorbitol and sta rch , while Past. mullocida and pneu

motropica were dis tinguishable by their t·cactions with dextrin, maltose, 

mannitol, s ta1·ch and xylose. Cellobiose, ga lactose, glycogen, salicin and 

trehalose fermentation tes ts were among those for which types A and 

T of Past. haemolylica gave different results. 

Certain of the antibioti c sensiti vity tes ts (Table 3) arc: also of interest. 

Past. pseudotuberculosis and "X" for example tended to be erythro

mycin and novob iocin resistant, in contrast to mullocida and pneumo

tropica, while Past. mullocida and pneumotropica showed differences 

in their sensitivity to sulphafurazole, oleandomycin and bacitracin. 
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DISC USS ION 

The major findin g of interes t was the clear divis ion into Group 1 

(oxidase positive) and Group 2 oxidase n egative). The low overall 

similarity between the two groups gives justifi cation for van Loghem 's 

(1945, 1946) proposal of a sepa rate Yersinia, to accomodate the cau sa l 

organisms of plague and pseudotuberculosis, and in subsequ ent di scu s

s ion these two species will be referred to as Yersinia pestis and Y. pseu

dotuberculosis respectively . Thai (1954) considered that Yersinia might 

well be classified within the family Enterobacteriaceae and though the 

present work offers no help on thi s point it is noteworthy that Sneath 

& Cowan (1958), in a more general com puter study of bacteria, placed 

Y. pestis between Escherichia and Klebsiella. 

The results confirm Frederiksen's (1964) ass ignment of the so-call ed 

"Pasteurella X" to the same genus, Yersinia; they also afford valuable 

supportive evidence for its species statu s since the stra ins examined 

formed a g roup whose homogeneity equall ed that of Y. pseudotub ercu

losis but which ·was as clea rl y differentiated from Y. pestis and Y. 

pseudotub erculos is as th ese two species were from each other (Figs. 

1 and 2). On ground s of prior description (Schleifslein & Coleman 

1943) Frederiksen favoured th e specifi c epithet enl erocoliticum for the 

"X" group but as the two enterocolilicum strains avail able to him were 

atypical in producing indol e, a character of som e weight in conventional 

taxonomy, this question might perhaps be left open for further study; 

mean·whil e "Ycrsinia X" would serve as a conveni en t label. 

The residue, Group 1 (oxidase positive), m ay be regarded as con

s tituting th e genus Pasteurella. Here th e differentia tion of the sub

groups is less sh arp tha n in Group 2 ( Yersinia), peripheral stra ins 

tending to possess intermedia te properties and thus cau sing the sub

groups to blend (See Fig. 1). Past. mullocida appears as a somewhat 

heterogeneous cluster of s trains all showing about 85 per cent similarity 

with each other and probably therefore acceptable as a species. Talbot 

& Sneath ( 1960) in a computer study of Past. nwllocida found no reason 

to subdivide the g roup but th eir coll ection of strains was by no m eans 

representative and several authors h ave noted biochemical and sero

logical variations between strain s isolated from the different host 

species (Roberts 1947, Cart er 1955, Smith 1958, Namioka & Murata 

1961 ) . Further work in the form of a detailed, comparative study of 

strains from a wide variety of mam m alian and avian hosts is still 

needed to investi gate the validity of the formae speciales r ecognized by 

earlier authors under such specific ep·ithets as bovis eptica, suis.eptica, 

aviseplica and others. 

The similarity Qlatrix, Fig. 1, gives the better indication of the affini

ties of Past mzzltocida within Group 1 and shows its main cross relation

ships to be with Past. pneumotropica. (The impression given by Fig. 2 

may be mi slead ing h ere, since the dendrogram depends on simil arities 
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of adjacent strains and clusters only. ) The single strain of Past. haemo

lylica var. JLI"eac appeared between pneumolropica and multocida, not 

with th e Past. haemolytica group; .Jones (1962) who examined 18 s trains 

of this bacterium also found its affinities with Past. lwcm olytica to be 

slight and chose to call it Past. ureae, a decis ion justified by the present 
results . 

The other finding of inter es t concern s Past. haemolylica. Smith 

(1961) recognized two types , A (ambinosc positive) and T (trehalose 

positive) distingui shed by co lonial, ferm entative and other properti es . 

In this study, although the two types appeared side by side in the final 

classification , they differed m a rkedly from each other, linking at as low 

as 75 per cent similarity (Fig. 2). The differences were largely fer

m entative (Table 2) but a more detail ed taxonomic investiga tion of this 

group might well furni sh grounds for r ega rding A and T as sepa rate 

species rather than types of Past. hacriwlylica. 

The s tudy reported, like others of its kind, illu strates the value of 

the numerical technique in bacteri a l sys tem a tics as an adjunct to more 

conventional taxonomic procedures. Though time-consumin g, the 

m ethod had severa l valu able features : it is objective (at leas t to the 

extent tha t selec tion of material and characters fot· examin a tion can be 

rendered obj ective), it enabl es th e sys tem atis t to utilize, if h e wishes, 

all ava ilable data concerning his material rath er th an a few empirica lly 

chosen properties, and the a ffiniti es of the microorganism s s tudi ed can 

be exp ressed in a quantitative form. Provided U1e number of . strain s 

is kep t r easo nably low, mu ch u seful work can be accompli shed without 

recourse to calcul a tin g dev ices . The m aximum number of stra ins which 

might conveniently be h andl ed in thi s way would seem to be about 25, 

invo lving calculation of som e 300 values for S; for larger problems elec

tronic computation is essential. l\fost work in thi s fi eld has so far been 

confin ed to cultura l and bioch emical characteristics but there is no 

fundam enta l reason why serologica l, phage-typing and pathogenicity 

t es ts should not also be u sed; although there are difficulties in pre

senting the results of su ch t es ts in a form suitabl e for analysis, their 

inclusion would greatly increase the u sefuln ess of the technique. 

SUM MARY 

25 cultures, originally identified as Pasteurella species , were class i

fi ed by a numeri cal (Adan sonian ) m ethod , and fell into two m ain 

groups. Group 1 (oxidase positive) comprised Pas t. mullocida a.nd 

pneumotropica, which were related , the two types of Past. haemolylica, 

A and T, which differed markedly from each other, and Past. hacmo

lytica var. ureae; the latter resembled Past. pncumolropica rather than 

Past haemolytica and the n am e Past urcae seem s m ore appropriate. 

It is suggest ed that Group 1 should be regarded as constituting the 

genus Pasteurella and that Gmup 2 (oxidase negative), conta ining 
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species form erly des ignated Past. pseudotuberculosis, pestis and "X", 

should form the genus Yersinia. 
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