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INTRODUCT ION.

At 1ts outset, this thesils is concerned with
gerological methods of typing coagulase-producing

staphylococal.

Ceding, of the University of Bergen, Norway,
elaborated a method of typing to be used in epidemio-
logical surveys; Brodie, of the University of 3%, Andrews,
Scotland, modified this method to suit his own purposes.
When the latter used hig modiflication to type a standard
gseries of staphylooocci, the results were not similar
t0o those obtained by the former, In Bection 1 of the
thesis, the historical background 4o sorological methods
of typing coagulase~producing staphylococeci is reviewed.
In Sections 2 and 3, the work of Oeding and of Brodie
18 repeated, and suggestions are drawn as to the cause

of the discrepancy.

During the course of this part of the work, the
questlon avrose as to the functions of the antigens.
At this time it was thought that the antigens uncovered
serologically might be the counterparts of haemolysin,
goagulase, enterotoxin, ete., and one of these, coagulase,

was selsated for further study.



In Section L is investigated the possible identity
of coagulase and severazl of the various antlgens uncovered
by the use of the sysbtem oi Brodie. dhen 1t was
found that coagulase was reprasented by several antigens,
the problem then arose of defining the numbee of

coagulases produced by the staphylococali.

To gonelude the thesis, investigaitlons were made
as to the possglihle value of antibodies t0 coagulase in
the animal, and the posslibility of using comgulasc for

the prophylaxis of staphylococcal inrectlon,
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SEGTION  I.

HISTORICAL INTRODUCTION,

The serologlcal relationships of the coagulase
producing staphylocogcli are prehahiy-natural auhj@cta,
to be studied in Aberdesn, as this city was the home of
Sip Alexanﬂer‘Ogston who was anong the first to appreciate
tha pathogeniclity of these miero-organiama, (18806u,
188199, 188208, )

Since that time, vigorous studies have bheen prosccuted
on this micro-organism towards the establishment of some
system or systems which would allow of pmtaﬂtially‘
pathogenic staphylococci heing subdivided into groups
or types in the hope that epidemioclogical studies might
be undertaken, At the moment, most invaatigatcrs'prefey
bacteriophage typing, but nevertheless, both before and
subsequent to the dlscovery mf‘auch 'phages, many attempts
have heen made 10 establish systems of identification
hased on antigenic analysis. Sarologicul typing has
been investligated and reviewed by Hobhs (19n83§),

Blek (195926) and Oeding {196057).-



First in the field were Kolle and Otto (190,&2);
and 0tto (190361), but the more important investigations
and results are those of Hine (19223E), Julianelle and
Wieghard (1922%%anda 193577), cosan (195819 ana 1939%°),
Christie and Keogh (194017), Hobbs (19487%), and Osaing

(195254, 195395, 195750 ana 196057),

A concise account of the work of these and other
workers 1s now given so that the position of studies

based on antigenic analysls to date may be reasvhably cleap.

Kolle and Otto (1902“2) and 0ito (190561) by ped
staphylococel by aggzlutination techniques using antisera
produced in dogs, and found that pathogenic staphylocoocci
belong to0 one serological type and non-pathogenic staphylo-

cogel to a different type.

Hine (?92233) -~ the first British dinvestigator in
this fleld -~ studied the serology of staphylocogel in
the hope of {inding a system of classification that
would permit advances Iin the therapy of staphylococcal
infeations simlilar to the progress that had been made
in the instuonces of infection due to meningococoi,

atreptococci, and pneumococai. Ha lnoculated rabbits
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intravenously with phenoluted staphylococcei, and estimated
the titres of the antisera by agglutination tests with
heat-killed, phenolated organisms. As a resuli, ha
divided (1) the pathogenic staphylococci into three types,
and the (2) non-pathogenic staphylococci into two types.
He also typed serologlcally the staphylococci recovered
from boils in a female patient, and cured the conditlion

by means Of an autogenous vacaing,

Fext in prominence came the atudies of Julianelle

and Wieghard (492236

and 193537). These investigators
prepared thelr antisera by injaaﬁiﬁg rabolts intravenous—
ly with heat-killed staphylocogel, and conlirmed the work
of Hine {192253) that there were three serologlcal groups
of pathogenic staphylocoecl. In nddltion, they uncovered
a fourth group in which cross-ruactions suggested at

least the possesasion of common antigens. Turning to

the work of Avery and Heildelberger (492§3), who showed
that type speciflcity of pneumococci depended on saro-
logically distinct capsular carbohydrates, they attempted
to apply such a classification to gtaphylocogel using
polysaccharide extracts as antigens, and antlsera praepared
in rabbits to precipitate these (i9§§38). They

thus demonstrated that, by thess precipitation



testa; two large Qrﬁﬁpa of stm@éylocacei ¢0u1d he
diatinguisheﬂ,ibﬁt'aa one aeﬁtaiﬁad only pathogénic
organisme, and ﬁhencﬁhsr cnly'ﬂ&ﬂ&pgﬁhcgenﬁ, the
information, although ef'mcaé@ﬁic inﬁeréat, wag of

little valus in fleld work,

In i938 Gow&nfg‘rawexaminﬁé tha ¢ lansification
proposed by Jullanelle znd ﬁiagh&rd. Uaing antissra
produced in rabbits by intravenous injection of heat-
killed staphylococei, and the use of aleoohol precipitated

antigens, he confirmed the ewxistencs of the two principal

groups of staphylococci. His findings, however, were
complicated by ﬁhe fact that he found fiitesn strains |
which could not he adenuately typed, and he thervefore
sugsested that the classification would have to he
axtendsd. Thompson and Khorazo (193?7?),-w0ykimg on

the pame lines, were forvced to draw a slmilsy conclusion.

&

20

In 1939, Cowan raturned to the problem, but

now employed slide agglutinatlion ftechaniques with antisers
produced in rabbits injected with h@atwkilled'mmd Lop-
molinised ataphylococel. With such antisera, oross -
agglutinatlon reaults were so troublesome that he was
compellad to try abvaorption teshniques oOn his antlsera.

His procedure was successful in that he was able now {0
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divide the coagulase producing staphylococcei into thres
types which he designated I, 11, and IIi. Neveriheless
he found that somewhat less than a third of his strains
still did not fall into any of these three types.

These he placed Iin a fourth group. He «ls0 concluded
that as the two groups which could hs separated hy
precipitation technigues dld not balong to one type

each as shown by the agglutlination tests, the antizens
utilised were therefore dissimilar. About this time,
Blair and Hallman (19365), working in America, confirmed
that the bulk of pathogenic staphylococail could be

divided into three groups serologically.

In 1940, Christie and Yeogh'! entered the £ield.
working in Kelbourna, Australia, they introduced silx
new types which they named 4,5,5,7,8, and 9. These
were identified by slide agglutination tests using
ahsorbed sera prepared in the first instance with
heat-killed sitrainsg of the three Cowan types of staphylo-
gogcl. It ig8 worth noting that they dld not utilise
Cowan's own straing, but strains 1lsoldted locally
and identified with antisera supplied by Cowan, They
also pointed out that all their coagulase positive
stuphylococel could be agglutinated by combining the

antisera of types 1 and 2, thus confirming the existenee



6
of common antigens.

In 1948, Betty ﬁebbsﬁﬁ pariormad an extensive series
of slide agglutinatiﬂn experimenis in which she re-sstab-
lished the vallidity of the thres types of Cowan and the
8lx types of Christle and Heogh, and to these she added
four new types, 10, 11, 12, and 13, “he prepared her
antisera in rabovlts by injecting them with heat~killed
staphylococel, and like the others, she re ulred to use
absorption technigues to overcome crosg-reéactions. With
her antisera, she attempted to place these thirteen types
in'graups, of whlch she established seven. Having gone
a0 far, she leaves open the questlon that she ralsed,
namely, is there a large number of serologically distinct
types, or a small number of types sround which are
grouped many stralna showing only minor variatiouns

from the main type ¢

The present phase of serological typing is based on
the work of Oeding, who published his first findings in
1952§h. His work differs from his predecessors in that
he investigated not only the hest-stable antigens, but also
the heat-lablle antigens., In injeoting his rabhits, he
used formalin-~killed ovpanlisms reather than heat-killed.
Also, instesd of enumerating types, he attempted to prepare

"factor antisera" t0 react wlth one antigen only, and to make
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an analysls of the antigenic putterns of staphylococel

with these monovalent antisera,

In 1952 he investigated an outbreuk of bhreast
abseesses in a maternity hospital. #ith formalin-
killed snapensions of the mastitis-producing staphylo-
coccl he injected rabblts, and absorbed the antisera
with strains of staphylococel not isolataed from breust
absgoasas. In this way he produced a Tfactor serum
which he called "e", and, by its use, he iraced the
course off the epldemic. In s further paper in the same
year, Osding made known the finding of a series of
ataphylococel from which he could prepare factor anti-
gora whioh he named "a", "b", Ye%, “"a%", "e", i, g,
"h'', "i", and "k". To these he ascrived the lfollowing

characteristics.

Ua" was found to be a widely distributed anti-
gen.

"p" was a weak but Lrequent antigen.

"4" was common to all strainsg examined.

e YR, M1, and "k" were apparvently specific
antigens, found t0 give antisera of good
titre.

Yg' was 00 weak 10 give usseiul antisera.



With these antisera, he studied the antigenia
content ol his avallable staphylococei, and vliced them
into major groups according to the preseace in each
strain of antigens rescting with the factor antlsera
at, "h", "e", and """, On this basis, he found Cowan's
type 1 belonged to the group "ahe": typse II belonged to
the group "ab'"; and type ITII belonged to the group
"aboe'. Otheyr strains he pluced in groups "abe™, ",
and "hag'. Theae major groups were further divided
according %o thelr reactions with the remaining antisera

N:ﬁ'ﬂ v "h" ’ “i” , ﬂ(‘ld 'H;S.H.

Later sork by Hauknes and Oeding (19605u) showed,
by gel-diffusion techniques, that factor antiserum "e"
was polyvalent, and contained three antinodies, dns of
which they continued to designate “"e", while the others
were now nwmed "m" and "n". Alao, at this tihe, thay
concluded that factor antisera "V and “g" were too

weak t0 bs of practical uae.

At this stage 1t seemed necessary for the sake of
specificity to type staphylococel accordlng to theiwr
antigenic content of b:th heat~lablle as well as heut-

stable antigens. To study the heat-8%ahlie: antigens

o



he prefeorred to autoclave the staphylococci at 12006

for 2% hours instead of boiling them as Cowan, Hobbs,

and othersa, had done.

511 of Ceding's work thus far had besn done with
staphylococcl harvested off natrlient agar after 24 hours
incubation at B?OC‘ This lnvestigator now bszan to study-
the effeet of time and temperature on the vrate of the

development of the antiboldies. Heo found in 195756thaﬁ

(a) at BTOC, with incuwbation for 3 -« 9 nours,
the cultures yieldsed a wide range of
antigens. ‘

(o) at 37°C, with incubation for 2L hours, the
cultures (1) arreared to lose some of their
antigens which vere revealed by (a). and

(i1) gained untigens "i" and
sometimesh'".

(e) at ﬁ?QC, with incubation for 2L hours,
and after autoelaving for 2% hours at
12000, the antigens found by (a), and

lost by (b)), now revealed themselves again.

Thus, the uwse of 5 hour and 24 hour cultures

grown at E?OC and sxamlned in the live state obviates
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the need for autoclaving the suspenslons, the combined
findings being accepted as the antigenic structure of

the staphylococcus undey analysis.

At first, Ceding (195355) thought that the heat-
stable antigens were carbohydrate in naturs, while the
heat-labile antigens were protein. lLater, he consid-
erad that some antigens consist of poth heat-stable and
heat~labile components. When he found that antiserunm
""" was polyvalent, he thought that the heat-atable
and heat-labile componenta poasibly represeanted
distinet antlgens, It 18 now thought that in fact all
the antigens are protelan in nature. (Pillet 8t_al.,

1955°2),

In 1957, Grﬁn51found that animal strains often
contained a further antigen that he termed "1", and that

some human setrains also gontained this frastion.

Other workers in this fileld have lnvestigated
Oeding's system and have elaborated systems of their
oW Among these, Brodie (19577), Goetin (195731),
Lofkviat (1957“3), Stern and Elek (195772); and Vischer

(195978) have all published resulis.
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@rﬁﬂj1, using Oeding's technique and straina,

confirmed Veding's results.

Vischer?g, although finding the results consiatent.

was not impressed with the usefulness of the method.

Lofkvisﬁhﬁ, devised a method of typing in which he
used antisers made Ffrom Veding's straine and his own
strains. He confirmned the presence of Deding's |
factor “e' in all hig mastitis-producing strains, and
drew up a aysatem ol classification comparavle to

Ceding' s.

Stern and Blek's warkTE stomned Lron the guestion
of whether the antisenic complexities of ths stapliyloe
coccus might be due to complete bualt unequal sharing
of the various antlgoens. By disruptling the orrandsms
and examining the ¢sll walls and endoplasmic contents,
they concluded, "examination of the cell walls offers
no advantage over the whole cells from a serological
point of view", and "..... 80 far aa the Cowan bypes
are concerned, the major antigens awve group apscifllc.
The minor antigens are of two kinds, type specilic and

ahared.
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The question of whether the various types really
differ in the composition of the antigens, or whethor
they all share the same antlgens in unegual proportlions
was also posed by Hercler et al.,(195079), and by

3
anderson and Heilesen (19%517),

They concluded that they found no avidence of
more than thrae types among the heat-killed international
strains, and considered further division to depend

exclusively on quantitative difierences.

Brodle (1957?) decided to use Oeding's method
for typing staphylococci, but with two modifications:
he preserved his strains in 8% sodium chloride broth
instead of agar stabs as Oeding recommends, and,
ingtead of using G@ding's atrains to produce the anti-
sera he used the thirteen internstional types [of
which Ceding had published formulae. His resulits
were not similar to those obtulnad by Ceding, and this

is discussed fully in section 2.



VALUE OfF SEROLOGICAL TYPING,

There are three atiractive faatures of serologioal
typing of staphylococei as opposed to 'phags typing.
Firat, there is the high proportion of strains of
staphylocooci that can be typed by the use ol antlsera.
Deding and Vogelsang (1954°7) state that Oli. 6% of
staphylococci in the live atate can be typed by the use
of antlsera. In strains that do not agglutinate with
antisara, autoclafing often accomplishes this and raises
the proportion of strains typeable with antlssra to 977.
Only 63% of strains of staphylocooel can he typsd by
'phages. Becondly, serologlesl typing mokes use of

antigenic fractlons of the cell that may be important

metabolically; {(the evidence for this is presented on page

99), The 'phage receptors ars unknown. Thirdly, in
the hands of those who utilise 'phages, i1t 1s recognisaed
that the 'phages may loss their specificity unless app-
ropriate rrecautions are taken, and the enormous number
of" typss disclosed may make the final recognition of a

atraln dependant on additlonsl criteria. Thess latiter

may be, that the organism wase previously isolated f{rom the

13

gsame patlent, or that a patient develops a lesion following

axposure to infection by a person carrylng a rather

similar 'phage type of staphylococcus.
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ERIDEMTOLOCTCAL VALDS OF SEROLOGICAYL, TYPRPING,

Qeding (196057) states, "the number of patierns,
types or groups which & method is able to distinguish
must not be too small or the certainty with which an
epidemic atrain can be pleked out in patients and carriers
will suffer. On the other hand, it should be considered
a disadvantage 1f a sysiem registers a great number of
patterns unless they are well-characterised and not
influenced by technical consideratlions. Fnrth&rmara,
the number of untypeable strains must nol be too large.
A method must not be too complicated or it will be of limit-
ed practical value." I have aommént@d on these points
already, and It remaing now to consider to what extent
investigators have found serological methods of typlng
to0 be of wvalue. Deding 6196@57) has suggested that the
hesat possible results arve obtained if one uses gerologiesl
typing, 'phage fyping, and antibiotic senaliivity patterns
("antibiograms" as‘Qeding calls them). Ag, however, thils
is time consuming, he has added th&t_one aan plek out suspect
atrains by their antibiograms, then type them elther

serologically or by 'phages.

Field investigations have been performed by Prodie,
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Sommerville, and Wilson (195611), Brodie, Jamiesgon,

and Sommerville (19559)g Greiin (19_’-’5832)g Kikuth and

Gritn (1957“0), Lofkvist (195?“3), Oeding and Sompolw
insky (1958°%) . Oeding ang Willizms (1958%9), and
Sompolinsky, Herman, Yeding and Rippon (195773). In
all these iInvestigations, consistent results were
obtained. "Antibiograma" were aompared with serologlic:l
results, and On occasion sercolozical results were

compared with results obtained by 'phage typing methods,

RafTerence has already bheen wmade to the work of
Griin who used Oeding's atrains and meéhods, and
Lofkvist who used his own methoda, and to the results
obtaiﬁed. The two mosat important investigations
in this connection, however, are those of Sompolinasky,
Herman, Oeding and Rippon (195?73), and Oeding and
Sompolinaky (495858),

In the first of these the authors descrive the
investigationa in a thoracic surgery unii in whigh the
incidence of staphylocoecal aepsis in post-operative
cases waa 37%. The majority of strains of staphylococci
recovered belonged to one type, well defined by 'phage

pattern, (6, 47, 5%, 77), serotype, (in the live stata,
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abc, in the autoclaved state, beh), and by the
"antiblograml ( resistant to penicillin, streptomyoin,
and sulphonamides). "The source of the infection
was clearly established to be two nurses of the
operating team". After simple precautions, such as
wearlng double masks, seaing that the nose was properly
covered, and always wearlag gloves in the theatre,
only two further aasés of sepsis were found, and in
neither case was the original strain of staphylococcus

identified.

In the second paper, an outbrezk of gastro-
anteritis due 1o the presence of ataphylogogel in a
potato salad 1s described. The resulis are gompared
with findings when ordinary "Street" straing of
staphylocoeeil and the previously discussed stralns
from the thoracic unilt were all typed by “antlbiograms!,
antisera, and 'phages. It is pointed out by the
anthors that the mixed batch of street strains,
lsolated in a paediatric unit, were gsensitive to
penicilllin and best identilied serologically as they
were resistant to 'phages, whereas the hospital strains
were best pleked oub by the "antiblograme" and typed

with 'phages.



Bredielggmg;.g(195611) demonstrated that the types
of staphylococeld found in the noses of nurses in a
preliminary training school gradually changed when the
nurses took up ward duties, so that the types which
they designated "ac/~", and "ac/h' rose (rom 17% of
all isolates to Lh%, while autoagplutinable types and
typea named "acei” fell from 5u% t0 2p%, indicating
that some types seem to h:ve potential for epidemic
apread. In a furthsr paper. Brodie gt gl. . (1956d1)
found that in addition to uncovering a foupfold
increase in the nasal carrliage rate of Staphylacocci
of serotype “se/-" after one week's atay in hospital,
the Caecal carriage rate rose sevenfold in the case of
type “ae/-", and that as this was the strain commonly
asgoclated with antibhiotic resistance, .the authors stress
that the faecal carrier msy be an important agent

in hospltal cross infection.

+
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SECTION TT.

CHAPTER 1.

Griin (195751) prepared factor antisera to staphylo-
coccl according to the methods developed by Oeding.
and using Ceding'a strains (QCeding, 1955559 195756).
Brodie (19577) also attenmpted to produce factor antisera
but accepting as his standard gtralns the thirteen inter-
national types as deseribed hy Hobbs (19483°), and with
certain modifications in Oeding's techniques. (3riin
was able to reproduce the factor antisera of Ceding, yet
Brodie, employing the international tyrses of stapnylo-
cocei énd ageepting Oeding's antigenic formulae for
them di1d not have the same success. Tuble 1 gives the
antigenic formulae for thess types as ohtaine&‘by Grodis

and by Osding.



19

TADLE 1.
The formulae obtained by Brodie and by Qeding for the

international types of staphylococaci.

Type of Formula of Formuls of
Staphylococcus Oeding brodie
1. abe/1 acei/~
2. abh/hi -/h
e aba/abehi aa) -
Ly abehk/abhi ac/ -
5 abef/k g8/ -
6. -/ (h) 8/~
7 vof/ol Sy
3 (a)be/ci acae/h
De abafk/1 ac/h
10, ab/abi f
11. auboaig. autoh
12. (a)be/c ac/ -
1 3. (a)be/ci aga/ -

avto. or auvtoagg. means that the organiam is
auntoagglutiranle.

a/~ means that the organism reacts with antiserum "a?
in the live state, and wlth none when autoclaved.

a/h means that an organism reacts in a similar manner
to the above, but also with serum "h" when

autoclavad.



It ssewmed that it might be a worthwhlle projisct
to investigate the possible reasons for those discrep-

ancies, It was decided, therefore, to attempt

(1) to reproduce the faetor untisera of Brodie.
(2) t0 reproduce the fector antisera of Ceding.
(%) to review the results of (1) and (2) in the
light of the mora recent Lindings of Ceding
(1960° 7).
(L) t0 institute further investipations whieh
might sugprest themselves as a result of

(1), (2,, and (3).

This seation deals with (1) above, 2nd in it is
discussed the strains of slaphyloeocccl used, the media

employed, the methods adoplted, and the resulis.

Further sectlons are directed towards sebtling out
the methods and in carrying out the investigations in

(2)y (3), and (4,



METHODS AT'D NHATERTALS,

(1) Staphylococci used.

The thirteen types of staphylocogel were resceived

from the National Collection of Type Cultures, London.

TABLE 2.
List of the types of staphylocoecl used and thely

numbers in the SNational Collection of Type Cultures.

Type of Staphylococcus satalogue ndmﬁar
1, Cowan'sa type 1 8530
2. Cowan's type II 851531
3. Cowan's type III 85%2
L. Christie and Xeogh's type kL 61 %
5 aitto type 5 6434
6o ditto type 6. ' 64 34
Te ditto type 7 6135
8. ditto type 8 61 36
9. ditto type © 6137

10. Hobbha type 10 8722

11. Vohba type 11 8723

12. Hobbs type 12 B72%

13, Hobbs type 13 8726
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Before they were used for the preparation of anti-
gera they had to fulfil the following oriteria as

sugrested by Srodie (19577).

1e They had to be coagulase positive by the tube method,
(Mackie and MGCartnay, 1$6D51).

2 They had to hasmolyse horse blood agap.

3 They had to ferment mannitel in 1% peptone water.

Lie They had to be able to grow in 8% sodium ehloride-

heart extract broth.

They were then carried in 8° godium chloride
heart extract broth, subcultures veing made every two
Wasks. At the same tims, saome of the sumple o sach
staphylococcus wag preserved on Dorset's egs mediam

which has no added sodium chloride.

(2) Heart extract azap.

This was preparad as follows.

As (1) Tat-free minced ox heart. 1,500 .
(i1) Distilled water. 2,000 ml.
#ix these and heat 0 60°C for 1 hour.



B. (1) Bacto Difco Peptone 303,
(i1) Bacto Difeo Agar 60,
(1ii) Distilled water. 1,000 ml.

The agar and peptone were dissolved in the watew, then

auntoclaved.
The white of 6 eggs was added to A, then B was added.
After filtering through paper pulp under npressure,
acld was added to reduce tha pH to 7.6. Finally, the
following were added, -
0.3 ¢ of calcium chlorlde.
0.3 G of potassium chloride.

7.5 G of sodium chloride.

The completed agar was stored in 1 oz. bottles

and melted before use as required.

(3) Heart extract broth.

This was prepared in a similar manner to (2) above,

but agar was omitted.
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(4) Preparation of antisera.

The antisera were prepared according to the method
of DBrodie (19577); that is, organisms were transferrved
from the salt broth to heart extract agar and grown
overnight at 37°C. The resulting growth was auspended
in physiologlecal saline to which formalin had béen added
to bring the final concentration of formalin to 0" 5%.
The susgpension was then diluted till its opacity

12). These

matched Brown's tube no. 4 (Brown, 1919
suspensions were then injected intravenously into healthy
adult rabbits twice a week, atarting with a dose of 0.1
ml. , and increasing to 0,2 ml., O.4 ml., 0.8 ml., then
continuing with 0.8 ml., till nine injections in all

had been given. After the final Injection, the animals
were rested for a week and then bled out under pento~
barbitons anaesthesia. The serum obtained from eagh

was separated by céwtrifugation, then carbolic acid was

added to give a final concentratlon of phenol of 0. 5%.

The strains of stapliylococcl used were types 1,2,

3,447, and 10,



(5) Agglutination exveriments

the antisers were tested against sitaphylococcl which
had been preserved in the B% sodium chloride heart extract
broth, 3hen transferred t0 the heaprt extruct agar for
growth overnight. The suspensions tested consisted of
1 living organiams.
2e Qrganisma killed by 0.5% formalin.

S organismg avtoelavad for 24 hrs. at 12006.

All suspensions were diluted to the opacity of
Brown'a tuhse no. L. Doubling dilutions of the antisera
were maée, 4and to 0.5 mls amounts of these were added
0.5 ml, of each bacterial-suapenﬁioﬁ. All tube agglutin-
ations were carried oubt at 5SOQ in a water bath, then lelt
to stand overnight at room temperature bofors heling read.

(6)

The absorbing strain of staphylocoecus was in each
case grown overnight on heart exitract agar, then suspended
in physiological saline. The suspensions were packed by
centrifugation, and the resulting deposit was added

t0 the antiserum which was diluted 4 10 with normal sdlinse.



Absorption waa carrisad out at 5700 for half an hour,

then the antiserum was centrifuged. It was next tested
againat the homologous and heterologous (absorbiag) types
by slide agglutination performed at room temperature for
10 minutes. I€ mosorption was complete, carbolle acld
was added o a final concentration of 0, 5%, Tn thz event
of its being incomplete, absorption with a further aliguot
of concentrated suspenslions of staphylococel was repeated
for half an hour until there was no longer any reaction

with the heteroclogous type of staphylococcus.

26
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In this chapter, the results of the tube aggluti-

nation experiments are set out and discussed.

TABLE _ 3.
Egpgﬂégglutinatlon regults obtained after Lhours at 5500

then standing overnight at room temp., using ithe anti-

gera t0 types 1,2,3,4,7, and 10, against formolinised

and live suspensions of all thirteen types of organismsa.

f

Type of Type of Antiserum
Suspension | Serum 1 Serum 2 serum 3 Serum 4 Serun 7 Serum 10
Form Live llorm Live VForm bLive Iorm Live Form Live Form Live
b 6400 6400 1600 1000 €00 3.00 200 10600 €00 50 6400 &0
2. 6400 400 12600 0400 1600 3200 400 W0 800 4.0 100 W
3. 126800 0400 12600 3200 25500 400 &5600 400 12800 3200 1600 1600
4. 3200 3200 1600 3200 O 400 400 100 X0 W 0 %
5. 00 1000 3200 1600 1600 20 1600 &0 200 1600 1600 &0
&, &80 100 200 0O 12800 0 OD B0 3200 300 65400 3200
7. 400 " 200 200 200 &0 0 20 0 320 6400 400 100
8. 400 6400 400 6400 IO 300 400 1600 1400 6400 400 3200
9. 1600 6400 1600 1600 100 1600 1600 ©400 1000 3200 £400 €00
0. auto suto auto auto auto auto aulbo auto auto auto auto auto
(N auto auto aulo uuto wuto auto auto aultc auto auto autc auto
12. 3200 J200 1500 SO0 400 80 400 8O0 H400 100 400 800
13, 100 1600 {00 1E00 100 B0 1600 €00 G400 1600 800 1000
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TABLE L.

Results obtained in tube agglutination experiments

after‘h houra at 5500 followed by standing overnight at
room temperature, using the antisefa to types 1,2,35,4,
7, and 10, against suspensions of the thirtesn intepr-~
national types of staphylococeil which have been

0

autoolaved at 120°C for 2% hours.

Type of Typo of sntiserum

Sugpension. |serum | Serwn 2 Serum_ 3 Serum 4 werum 7 cerum 10
1. 130 400 0 40 Y py)
2. 10 1000 0 Py 20 0
3. 400 100 0 200 20 0
4. 0 0 0 200 0 0
De Py 59 Py &0 100 10U
6. 100 pe 20 100 50
7. 100 | 100 0 20 QU 0
8. 20 400 Py X 400 20
9 0 200 50 5 W0 0
10, 100 200 by 400 400 200
Tia U 2.0 100 0 400 O
124 0 450 0 0 400 0
13. 0 400 0 20 400 0
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Bxamination of the results sst forth in Tables
3 and 4 shows that agglutination of living or formolin-~
ised orgenisms by unabsorbed antisera produces such a
degrea of cross-agulutination ag to make the method use-
less for identification, The agelutination resulis
using autoclaved organisms 4o net help t0 glarify the pilature
although these suggest a reduction in the number of antigené
avallable. Theée findings are ln agreement with the

ungublished data of Brodies

Dr. Bulien of the Rowett Institute, Bucksburn,
Aberdeenahir@, had become interested in the typing of
staphylococcl by serelogical metheds at thig tims. In
the inltial stages of hils investigations, he prepared
antisera to the international types using as his test
animals rabblts and hens. He kindly supplied gquantities
ol the antisera prepared in hens 80 that cross-agglutination
tegts might be dons on them. The results of these
experiments are set forth in Tables %, 6, and 7.

ke

& ;
The vesults shown in Tables 5, 6, and 7 show that

gsubstitution of hen antisera for rabblt antisera in no
way lsads to clear results. Cross-~reactlons are still

marked.
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TABLE 5.

Results obtained in tube agglutination tests aflfter

Iy hours at 5500 followed by standing overnight at room
temperature, using antisera to twelve of the international
types of staphylococci prepared in hens againgt all

thirteen types of staphylococoi in the live state.

Type of Type of sntiserum

|Suspension. | 1 2 3 4 5 6 Ji g Y 10 1113
Te 0 10 100 0 0O 20 5 00 % 100 0 0
2. 0 20 % O WO L0 0 100 0 92 0 0
3. 00 0 0 0 100 % H 0 20 o 0
4, 100 1600 % 100 50 80 N 0 1WO0 O 100 400
Se 100 200 100 O 0 40 % H 1.0 D0 KN KD
0. O 1000 %0 0 0 400 0 0 0 0 0 0
7. 0 0 0 0 0 50 0 0 0 0 0 0
G 0200 200 0 200 40 0 400 %0 400 0 0
Ge 0 100 D N 100 40 100 WO 5 400 O 0

10. sutcagglutinuble

11, autoagglutinable
12. 0 0 %0 0 0 0O 100 200 0 100 0 100
3. 0O 20 1100 O 1o N N LHu N AU 0 100




31

TABLE 6.

'Results obtained in jube agglutination experiments
after L4 hours at 5500 followed by standing overnight at
room temperature, using antisera prepared in hens to
twelve of the international types of staphyloeocci’
against formolinised suspensions of all thirteen types

of staphylococai.

Type of Type of iAntiseruw

Sueepensicn 1, 2 3 4 9 6 7 & 9 10 113
is 400 200 2)0 200 D0 400 400 400 WO L0 0 W
2. 800 1600 200 200 1600 1600 1€00 1600 400 O 0 200
3. 400 400 100 400 100 100 1600 160 1600 1600 100 100
4, 0O N N 0 o0 % 0 0 0 D 0 0
5. 500200 100 O 400 80 40, &0 20 0 L 0
Yie 200 403 100 80 20 00 W00 ADC W00 D0 D P
7. O % 100 0 100 0 €00 O 400 &0 PN &0
8. 0O &0 % W0 WO v ) 0O 200 &0 5 100
9. 0 400 0 100 0 0 0 O M H 0 D
10. autougglutinalle
11. autoagglutinable
12. 580 00 WO 200 100 400 &00 100 N 0 0
i3, 90400 400 100 1.0 800 0 WO 0 0 0 00




TABLE 7.

Results obtained in tube agelutination experiments

using antisera to twelve of the thirteen Intermational

types of staphylococci, prepared in hens, against all

thirteen types of staphylocoeccl which were autoclaved

at 120°C for 2% houra.

Type of Type of antisera

Suspension i Z 3 4 ) ) Vi 5 g.W 11 13
1. 90100 00 100 D 400 0 100 400 O 100 W
24 O 200 100 0 200 20 0 400 400 &0 0 P
3. 1000 200 mu. 100 200 400 200 200 200 O W 100
4. H 0 H W0 W0 0 0 WM R
e 100 200 20 N X0 40 100 0 A0 400 P N
6. 100 400 200 1004 400 8O0 0 200 X0 O 5 100
7. 50 400 p O % 400 100 400 400 &0 0 100
8. 100 400 0 100 400 200 0 &0 400 HO0 0 100
G 100 200 200 200 400 40 0 400 0 B0 0 W0
10. W00 20 40 100 AU B0 2.0 0 400 400 R0 A0
1. 100 4001 00 200 20 4.0 400 2,0 800 0 400
12, 0 20 20 %N 0 W0 400 40 200 400 50 400
13, 100 1400 400 200 400 800 200 400 200 1600 0 200




GHAUTER 5,
s A T S e ]

A 14 has been sstablished by vrevicss Investigat-
o and in the prapent ilanvestigation thatl wnabusried
antisera b0 staphyloconcl ary useless for typo diflep-
antiation, fcehemes of prepaviag factor antisara have
een Arawit ap, This ochapter is concerned with the
Investicatldng perforead according to the araten of
Lrodle (iQBY?)t ¥radle studiad the formulae sivan by
Cedilng for the thirvtesn internailonal types and deducad
from them the antlsera and sescrptions regulesd to
produce Iactor antloara, His eoheme is shown in Table

Ba



TABLE 8.

Table i1llustruating the production of factor antisera

by absorption of staphylococcal antisera by various

members of the international {ypes.

Antiserum apsorbvsd Absoyhing types ixpec.
International Oeding's International Oeding's | Factor
type formulas type formulas
10 ab/abi 7 pof/ai a
3 abe/abaehi 2 abh/hi e
1 abe/1 2 abh/hi e
7 betl/cd 8) | abve/cl f
j) abe/ sbehl
2 abh/hi 1 abe/i h
1 abe/1 © 5 abel/
i anehk/aohi ?‘ abh/hi i
1§ abs/ i
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Brodle performed slide agglutination tests on the
thirteen international types using these factor antisers,
employing a dilution of 1/100 for living orguanisms,

and 1/10 for organisms in the autoclaved state.

The formulae which he obtained were expressed in
the same fashion as that c¢reated by Qeding; thus, a
strain identified serologlcally as "ae/h" is so called
because slide agglutinations were obhtained in the live
state with factor antisera "a'" and "e" only, and after
autoclaving,yith factor antiserum "h" only. Again,
a strain identified as "ac/-" means that the same reaction
was found as8 previously with the living organism, buih
when autoclaved it failed to react with any of the

factor antlsera.

In the present worlk, factor antisera of satisfactory
titre were obtained using the scheme in Table 8 for all
factor antisera except "h'. This is nowmally prepared
by absorbing the antiseruam to type 2 with organisms of
type 1 in the live state. Ag the type 1 organisma

completely absorbed the type 2 antiserum, 1t was thought
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that in the strain of type 1 available there may be

an antigen "h".

fdgeordinply, factor antiserum "h™ wvais

prepared by absorbing the antiserum to type 2 with

organisms of types 9 and 10 in the live stalte, and the

fiotor antlsera so obtalned were used to determine if

type 1 organisme in this instance contained antigen "h".

This is shown in Table 9.

B

Results expected when the antlserum fto type 2 is

absorbed by organisms of types 9 and 10,

Antiserum sbsorbed

Absorbing types.

—

International Oeding's

.f ] 3 A
nternational Ooding's

Tactor

type formulae type formalae EXDac.
2 abh/hi 9 abafk/ 1
2 abh/hi 10 ab/abi

These factor antisers agglutinated orpanism type 1

in bhe live state.

Hence,

it was concluded that the

abrain of type 1 available contalned antigen "h",
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The lnvestigations of Brodie (195??) ware now
repeated using the factor antisera prepared as desaribed
for slide agglutination tests on (a) live staphylocoaci
and (b)) autoclaved staphylococci of the thirteen inter-

national types.

ETRODS.

Lach strain of staphylococcus was tranaferred {from
the 8% aodium chloride -~ heart extract broth to a heart
extract nutrient agar plate, and grown tor 2L hours at
5TOCL The growth in each case was suspended in
physiological saline. Slide apglutinations tests were
now performed, using the antisera diluted 1/100 with
physiologlecal sallne. All suspensilons were now auto-
claved at 12000 for 2% hours, and similar slide

agzlutination tests were performed, but now the anti-

gera were diluted 1/10,

The results arve shown in Table 10, where also is
shown the efiect of various concentrations of antiserum.
These are compared with the resulits obtained by Oeding

and by Brodie.



TABLE_10.

rormulae obtained by Oeding, Brodle, and in the present

investigation for the thirteen international types of

staphylocoaei.

Yormulas found at present

Type of Formulae of Formulae ol
Strain., Oeding. Brodis. antisera diiuted as below
1/10 1/50 1/8C0

1. abe/ 1 agai,/ - acaelih/ - adeih/w acaih/~
24 abh/hi -/ R hi/ - 1/~ 5./ -
5e abe/abohi ac/ - acl/~- aci/~ f
L, abehk/abhi  ac/~ aceik/- ac(e)ik/- /-
B abef/k g/ - ag/ - ) ~f -
5e ~/{h} o/ o acik/ - aci/ - a/ -
7 bef/ei ~/ = £3/- i - T/ -
8. (a)be/ci ace/h acel/ - (a)eai/~ oi/-
9. abefk/1i ac/h 4G Ll - acik/ - if -
10, ab/abi f ag/ - ) e f e
11. auto. auto/h auto/ ~ ato/ - auto/ -
12, (a)be/c ac/ - a/ - af - e/ -
13. (a)be/oi ace/ - acik/~- = (aje/- g/ -
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It was now declded to repeant the slide agglutination
éxperim@nts using, rirst, the same Lhiriteen types of
staphylococci, maintained in 8% salt heart extr:ot broth
and groyn for 2 hours on heart extruet nutrient agure,
and secondly, the thirtecn types of stuphylococcl which

had been miintained on Dorset's agar since receipt with

out exposure to added salt.

Tn this case all the antigera were used in a dilu-

tion of 1/10 for voth live and autoclaved organisms.

The resulis are shown in Table 11,
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TABLE 11.

Results obtained by typing the thirteen inter-
national types of ataphylococel by the method of Brodie,
and after similar procedures, bul uwsing organisms

maintained on Dorset's mediunm.

Type of Formulae found Formulae found when tne
Strain. by Brodie's method. orgunisns were not expog-

ad 10 added salt.

1. acehi/ - acahi/ ~
24 hi/~- ni/ -

S aci/— agi/ -
L. acaik/~ aceli/~
50 ac/ ~ ac/ ~

6. | acik/ - agi/ -
7. i/~ il
8. acei/ - acel,/~
e a¢ik/ - acl/-
10 - ac/ = ag/ =

11. auto/ - ‘ auto/ -~
12, a/ - ' ‘ acol/

13 acik/ ~ aaik/~
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CHAPTER L,

DISCUSSTON,

The differences between the formulae given oy
Oedlng (195355) and by Brodie (19577) for the thip-
teen international types of staphylococcei may be due

peasibly to one or more of the following.

1. Acoordinﬁ to Oeding, each of the thiriteen
types eontained the antigen "W, hence Brodie
was unable to prepare a factor antiserum specific
for "b" when only the internatlonal types were
used, as any ghamrption procedures would have

rasulted in the complete absorption of "“hY,

2. DProdie utilised antisera diluted 1/4100 when
testing live organlsms, and 1t is shown in Table
10 (page 38) that as the antisera are diluted from
1/10 to 1/100, there 1s failure to demonstrate
certain antigens. Thus, dilution causes
failure to detect "a' in typ@a ho& 1%, MYe!' in
tyres 5 & 10, "e" in typub & 8, "iY in types
3, by & 6, and "k" in types b, 9, & 13
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. 57
Oeding (1960°') has suggested that when
examining for the presence of weal antipgens,
the antisera ahould not be dlluted further

than 1/10

Oeding discovered that the antigen originally

denoted "e" by him in fact represented threas anti-

gong which he subsequently named "e', "m", and
"', As Brodie did not utilise Ceding's
atraing to produce factor antisera, “e" may

be undetected in some instances, ( as in types

L and 5 )ao

O@ding.pointed out in his review of sero-
loglcal methods of typing staphylocoaci (1960°7)
that an organlism may conitain an antigen which
is not detected by direst agglutination tests,
but which may nevertheless sxhaust the antiserum
gpecific ior that antigen, flence, antigens may
be present in the international itypes which are

not revealed by Brodie's technique.
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He Qeding used antisera prepared agalnst his own
strains ol staphylococci in typing the inter-
national types, whereas Brodle used the inter-
national types for the preparation of the anti-
BEra, If any antigen in the internatiocnal
tyras proved a weak antigen, antissra of aultable
atrength might not contain specific agglutining

in a sulficiently high titre.

Brodie himeelf suguested (195?7) that exposure of
the staphylococcl to high concentrations of salt befors

1]
use in the preparation of the aniiscra might exercise

some peculiar selectivity on the stralnsg -~ a secleabivity
which was reflected in the antigenic formulae obtmin@d",

The results in Table 11 tend to suggest that exposure to

salt appears to have altered the antigenie formmulae huth
8lightly 1in actual fact. It is aegen, however, that the

salt appears to have supressed the antigen "e¢" 1in fype 7,
"a', "e'", and "1" in type 12, while revealing "k' in types

6 and 9, On the other hand, "k" is a weak antigen and fails
t0 be detected not only when there ls no added salt in the
medium, (Table 11), but also when the gpecilic antiserum

is diluted from 1/10 to 1/100. (Table 10, page 38).
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In pursuing the present investigation, it was expect-
ed that if Brodie's technique was followed exactly,
results comparable with Brodie's would be obtained.

In general, the results were rather similar. The

dif'fere~cas are discussed below.

Type 1. Brodie's formula. acel/~

Pound-at present. aaeih/ -

Brodie prepared his factor ssgrum "h" on the hasia
of Ceding's formulae, l.@.. by absorbing the antiserum
prepared againat staphylococcus type 2 (abh/hi accord-
ing to Qeding) with staphylocoocus type 1. (abe/i).

In the present instancs, ataphylococci of type 1 were
found to absorb the sntiserum to typs 2 completely
(see Table‘9, page 36), and faoctor antiserum "h" had
to be prepared by absorbing the antisarum prepared
againet staphylococcus type2 (abh/hi) with staphylo-
coccus type 9 (abafk/i). This repressents a dopart-
ure from brodie's technigue. Horeover, il instead of

Oeding's foraulue we substitute the formulae of Zrodie,



we find that an antiserum prepared aiinat staphylo-
coccus type 2 (~/h} ab orbed with staphylococeus type
9 (ac/h) would not be expected to yield any factor
antiserum, but would be exhausted. It 1is possibvle,
then, that the fictor antiserum "h" prepared in the
present investigyation is not similar to Breéig's

factor "hY antiserum.

Type. 2. Brodie's formula. -/

Found at present. hi/1

We find that in this instance that antigen "h"
was found without the necesslty of auvtoclaving, and

that antigen "i" was not uncovered.

Type_ 3. Brodie's formmula. ace/-

¥ound st present., aci/-

an extra antigen "i" was found in the present

Investigation.
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Type L. Brodie's formula. ae/ -
A¥pe 4

Found at present. aceik/ -

Antilgens "e', "i", and “k" were found in addition
t0 those found by Brodie. Brodie used staphylocoacus
type L in the preparation of factor antiserum "%, yot
from Brodie's results this antiserum doos not seam to
have reacted with the homologous organism. It is
posasivle that excessive dilution may account for this.

(See types 7 and 10 tor comparison. )

Type 5. Brodie's formula. a/
Yound at present. ac/ -

An extra antigen "e! was found in the present

investigation.

Type. 6. Brodie's formuls. a/ -

Found at present. acik/~

In this instance, extra antigens "e'" Mi', -=nd

k" waere (Tound.
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Type 7. Brodie's lormula. o ff e

Found at present. i/~

In this case, Brodie found that staphylococci of
type 7 4id not react with any of his factor antisera
desplite the fact that factor antiserum "L was pre~
pared from the antiserum : reparsd against staphylo-
agoceus type 7. It ig possivle that dilution of the

antissrum was agaln the cause.

Type 8. Brodie's formula.  ace/h,

Found at praesent. acal/-

In the present investigatlon, "i'" has heen gained

while "h" has been lost,

Type 9. Brodie's formula.  ag/h

Found at preseat. acik/-

antizgens "i" and "k" have bheen gained. vut "h" lo
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Type 10. Brodie's formula.  =-/-

Found at present. ac/ ~

Artigens "a" and "o have bean galnsd in the present
investigation. Brodie used the aantiscerum to starhvlo-
coccus type 10 to prepared factor antigserum "a', and with
its use he was able to show the presence of factor "a'
in 9 of the 13 international typses. yet not in the
homologous tyvpe. In table 10, page 38, it is shown
that in this instance dilution of the factor anbtlsera
causes "a'" and "o" to wvanish, aand a formula similae

$0 that of Brodle is obtained,

Type_11. Brodie's formula.  auto/h

Found at presont. aunto/ -

Antigen "h" has been dropped.

Type 12, frodie's formula.  ac/-

Found at prosent. o/~

mtigen "a" has been loat.



Type_13. Brodie's formula.  ace/-

sound at present. acli,” -

Antigens "i" and ")" have been gained, but "e! losi.
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CONCLUSIONS,

In the present investigation, the pattern of the
major antigens "a', "o", and "e" and the minor antigen
"i" has followed that found by Brodie fairly closely;
the differences in the minor antigens "I and "k" are
thought to be the result of excessive dilution of the
factor antlisera. The differences in the distreibution
of antigen "h" have been dilscussed, and appear to be due
to the fact that the antigen named "h" in the presant
investigation may be unrelated to that so named by

Brodic,

Tt was now decided that before furiher comparisons
‘could be made, antisera should be prepared according to
the methods of Oeding. Even then, however, one might

at1ll expect differences, since Ceding

(a) no longer autoclaves his test orpanisms.

(o) doag not include antigen "' in his
preasnt schena.

(c) might now regard an antigen previcusly

named '"e" as heilng "e", "m", or "n".



g1

CHAPTER 1..

Tn section 2, the necessity for applying Ooding's
methods to typing the international types of staphylo~-
cgoccl was dliacussed.

MITTHODS,

(1) Staphylocooci used.

Prof, Oeding sent a set of his own iype strains
for the prepuration of antisera. These lyophilised
cultures were grown on "Difco" tryptons soy agar before
use, and were subseguently maintiined on Dorset's egg
medium. Prom the latter, they were grown on tryptons

g0y agar or nuitrient agar bvefore use.

(2) Preparation of antisera.

The method followed was that published by
Oeding in 195756 and 196057, supplemented by the instrue-
tions sent by Prof. Oeding with the sets of organisms.
The hacteria were grown on itryptone soy azar foe 18

hours, then suspended in 0.5% formalin. Adult rabbits



were Inoculated intravenously in the doses

0.1 ml., 0.2 ml., 0,4 ml,,
Culy mlae, Cub ml., 0.8 ml.,
0.8 ml., 1.0 ml., 1.0 ml.

giving an injection on each of three successive days
ol three successive weeks, 80 that Live days rest was -
allowed beflore each set of injections. After the
final injection, five daya rest were allowed before
the animals were bled out under psntobarbitons anaes-
thesia. The stock seva were inactlivated at §600 for
twenty minutes, then merthiolate was added to a final

concentration of 1/10,000 bhefore storayge in the rvefrig-

arator.

(3) Preparation of the factor antisera.

The type strains of staphylococci were grown on
tryptone soy agar for 18 hours, then suspendsd in
galine and centrifuged. The deposits were then sus-
pended in the appropriate antisera and incu.ated at
5700 for two hours. They were naext allowed to stand

overnight at hOC, then centrifuged, and the supernatant
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antisora saved. When alide agglutination tests
indicated that absorption was complete, the resultant
factor antisera wers heated to 6000 for twenty minutesn,
merthliolate was added to & final concentratlon of
1/10,000, and they were then stored in the rvelrigerator.
Before use, completion of absorptlion was checked apgain
by performing slide agglutination tests against {five
hour nutrient agar cultures of homologous and helbero-

logous strains in the live state.

(L) Scheme of absorption.

Factor serum| Antiseram to Absoroing Botrainsg of
expeacted. be absorbad. staphylococei.

a 3647 21 and 1503

b 20§5 2253

a 3647 1503 and 3189

5} - 1503 3647 and Cowan I

h 17A 2095 and 1503

i 21 1503 and 2095

I 8365 1503 and 21

m 2 Wood U6 and Cowvan 111

n . Cowan IIX 2095 and 21




Belore using these antisera, the degres of oross
reaction between the straina was examined by slide
agglutination tests. The results are shown in Tabhle
12,

Table illustrating the oross reaction batwaen
Oeding's strains el staphylococai when examined by

glide agglutination tests.

Type Unabsorbed antisera to Osding's typesi
Strain 2095 1503 17 21 365  IIT 3647
2095 4 + + ; + 4 +
1503 + ¥ T + 4
17 autoagglutinable
21 3 + Lo % v
365 + + + + + +
ITI ¥ e+ e PO
3647 + + N v + +
28 & + + 4 + + +
3189 + & + | & " o+ "
146 (+) (+) (+)  (+) (+) + 4
| 2253 + ¢ + + o+ + ¥
I N + + 4 o+ ot +




Next, the absorbed antisera (factor antisera) were

examined for specificity (Table 13).

TABLE 13,

Results of using slide agglutination technigues
with Oeding's'strainﬂ of gtaphylococei and factor anti-

gera preparad according to the method of Oeding.

Type

Factor antisera (Oeding's)
Strain. a b ¢ G} h i k m n
Cowan 1 + + - - + + -
Cowan II - + v - - - - " .

Cowan ITI + + & - - e - - +

3647 o4 e e e e g
- 2095 + + + - - e
1503 e T S SR &
rai S A - ~ -
S365 - w e e m e e
28 -t - + - - - +
3489 4 + - - - w - + -
Wood L6 - - - - - - - -

2 2 55 [ s -y a“w [ e - .ﬁ. .;—
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DISCUSHTON,

The results set out in Table 135, page 55 are in

close agreement with those of Oeding, but show dis-

agreemsnt in the following.

(1)

(2)

(3)

()
(!

(9]

)

Type Cowan I has gained "o'. Caeding found
an "e" present, but in this investigation

"m" was noted, and this was {ormerly regarded
as "e" by Oedlng as previously described.
Type Cowan IT has lost "ab,

Type $365 has dropped "e'", i, and "n", ont
Oeding (195??6) raeports that thls atrain
reacts with antisera "e" and "n" weakly,

and thelr ahsence 1In this case does not
interfere with the production of factor

antiseryy vy,

Type 28 has dropped "m",

Since type 2095 contains antigens a', "bY,
and "¢", and since type 2253 does not contain
these three antigens, aibsorptlon of the anti-
gserwn to 2095 with type 2253 does not result

in o pure factor antiserum ‘b,
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The factor antlaera prepared accowmliing to the
maethods of OCeding were now employed (o type the

thirteen international types of staphylococci.

This was done by means of slide agglutination

tests using the fdllowing ¢~

(1) Strains preserved in 8% salt heart exirict wroth
were used after belng grown on heart extract

agar for 5 and for 24 hours bhefore examination.

(2) Strains malntained on Lorset's egs mediwn.
without exposupre to added salt, were grovan on
natrient agar and examined after ) hours growth

and after 24 hours growih.

(3) Strains maintained on Dorset's ezz medium

were grown overnight on heart extract agar,

0

then autoclaved for 2% hours at 120°C before

gxaminition.
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TABLE 16.

Results oblained using antisera prepared according
t0 the method of Oeding to type the thirtean types

ol staphylocoecci which have besn autoclavad.

Type of Type of factor anbiserun
Suapension. a b e a h i Kk m n
1e + ¥ & - - - ~- + -
2. - - - - ~ - - - -
3' - + - - o - - wee -
b - e e e e e 4 e
5 - - o - - - e - -
5. - o . - - . + - -
e ~ - - - - * - - -
8. ~ - . - - - -~ -~ -
9. - - - - - - - - -
10. e e e e o .
1. - - - - - - - - -
12. - - - - - - ~ - -
15 - - - ~ - - - - -

+ neans that there was agglutination in 10 mins.
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Three sets of results are set against each othep
for comparison in Table 17, page 62. This table gives
the results when the thirteen international types are

examined by

(1) Brodie's msthod.

(2) Oeding's method, using organisms maintained
in 8% salt broth.

(3) Ceding's method using organisms maintained

on Dorset's egeg medium slopes.

Following Oeding's scheme, the results obtained
when the organisms were autoclaved are not shown sep-
arately, but it ie noteworthy that no antlgens werse re-
vaaled by autoclaving that were undetected in the unauto-
claved organisms when the satrains maintained on Dorset's
mediun were examined after 5 hours incubation, or the
straina maintained in 8% salt broth were examined atlter

2L hours incubation.
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TABLE 17.

Comparative table of vresults using (1) Brodie's
method, (2) Osding's method, with the org.nisms main-
tained in 87 salt broth, (3) Oeding's mothod. with the
organisms maintained on Dowset's medium, to0 type the

thirtean international types of staphyloccoaal.

(1) (2) (5)
Formulae by rormulae by Formulae by
Brodie's method{ Oeding's method | Oeding's methog

(salt medla) (Dorset's medium)

1. aceih/- abakm abelkm
2. hi/= b b

3. acl/- aba abe

L. acelk/- - abchik
5. 0Q/ = bh bh

6. aclik/=- - bck

7. Ti/- - i

8, acei/- ein aim

9. acik/~ abeceh aheeh
10, ae¢/ = be he

11, auto/- - -

12. ¢of = - 1
13. aclk/- ahcm abon
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SI0OY,

An examination of the reaults in Taole 17, page

62 shows that

(1) staphylococel of types 1, 2, 3, 5, 8, 9, 10,

11, and 13 give similar formulae no matter whether they
gre maintained in 8% aalt broth or in a medlum free of

‘added malt - Dorset's egg medium in this case -~ before

further growth on nutrient agar, but

(2) staphylococel of types L, 6, 7, and 12 show sup-
reasion of their antigens as revealed by Oeding's pro-

cedure (but not by Prodie's).

It is also seen from the results in Table 14, page
58, that when an organlism has been maintained in 8%
salt broth, lts antigens are slow to develop, and in fact
may nobt be reve:led until incubatlon has continued for
2L hours; Few antigens are found to develop promptly =~
these are found in types 2 and 5 whsre antigen "b" is

found after 5 hours incubatlon.

+hen, however, the organlsms are gtored on



Gy

Dorset's egy medium before being harvested from nutreient
agar, 1t 1s found that while sopme antlgens may bhe

slow to develop (antizen '"b" in type 6) in all remalning
cases continued incubatlion for 2 hours doas not

result 1n the antigens rescting more strongly, but on

the contrary reactivity 1s seen to decrease,

This phenomenon 1ls called "0 inagglutinability™.
and apparently salt has the property of slowing wup both

the development of antigens and of 0 inagglubtinability.

The slowing~up of the rate of the appearance of
gome of the antigens may be g0 marked as t0o lead to an
incomplete formula being ascribed 1o a s8train. It is
possible that 1t is this slowing up of the appearance
of antigens that has lead to types h, 6, 7, and 12
being given different formulae when typed accordinz Ho
Oeding's method but using organdsms maintained in medium

gontaining added salt and in moedlum fres of added salt.

The points raised above are diacussed further in

Chapter 2, Section 3.
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SECTION 3,

CHAPTER 2.

In chapter 1, section 3, it was shown that prolonged

preservatlon of gtaphylococgl in salt broth so delayed
the appearance of certain antigens that it might cause
failure to ascribe a Taller formula to certain tyoves.

This difficulty can be overgome if the following pro-

L=

cedures arc used to reveal the antigens

1. 18 hour cultures of the strain on tryptone

g0y agar may be used to inoculate natrisnt agar plates.

The resulting growith can be examined after 5 hours .nd
&

ol hours growth at 37°C; and

2e mitrient agar cultures can be autoclaved, as
thia often enhances the activity of some antigsans
even though blocking antigens are not completely ro-
movead. Oeding (196057} states that auntoclaving is

a method which is of use if the sitrains under examiie

ation are autoagglutinable,

In this chapter, an other technigue is examined,

nazmely agglutinin abvaorption.
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Ogding has pointed out (196057) that often an anti~
gen 18 weak and neot avle t0 he detected by ordinany
slide agglutlnation technigues. Ita presence, however,
might be suspected if tube agglultination experiments
were used, but again, these have the disadvantage of an
endpoint which is inconstant, differing in sach strain
for each antigen. Nevertheless, these anbtigens not
detected by slide agglutlnation can absorb all the homo-
logous antibody from a factor antiserum (ses pape 42,
para. U4). Thus a staphylococcus, falling to agglutinate
with specific antlserum Ya", muy yeot be able, when added
in bulk to a known velume of this factor antiserum, to
exhaust the antibody "a" content of the antiserum. This
can be taken as evidence that the staphylocogeus contains
the antigen "a'. In view of this, 1t scema necessary to
do ageglutination absorption tests in ordsr to be sure
that no antigen was undetected by the simpler tesits so

fay performad.
HMETHOD .

The nine available factor antisera were aexsmlinsd
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for their homologous titra. The staphylococcel used
for absorption were malntailned on Dorset's egz mediunm
and subcultured on to 4" heart extract nutrient agar
plates. They were incubated at 3700 for 18 hours.

The resulting growths were suspended in physiolozlcal
saline and centrifuged. The deposits were added 10

O % ml. amounts of each of the factor antisera, and
absorption was allowed to tale place at room temperature
overnight. The anltlsera were then cleared of staphylo~
cocol by centrifugation, and the titre re-established

by means of tltration in tubes with the homologous

straln,

Comglete or near complete failure to agglutinate
the homologous strain was taken as evidence of the

axhaustion of the antiserum of its antibody.

All factor antisera "a', "u", "e", Ve¥, Miv, Yk,
"t ahd "n" were sulitable, but factor antiserum "h'" was
80 weak that it was decided not t0 use 1t in case falase
or unreliable results might snsue. The other elghi
factor antisera were divided into 13 aliguots, each
aliguot beling absorbed with one strain off the thirteen

international types. After such-absorption, the serun
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was retested agalnst its homologous orpanism, and the

titre, 1L any, recorded.

The results oif this experiment are gathered
together in Table 1§, Any organism completely
gxhausting the antiserum of antibody, or at least
producing a fourfold reduction in tiﬁre, 18 credited
with being in possession of the homologous antigen.
A total of 3l absorptions satisfied these eriteria,
and of these 23 showed complete exhauation of the

antibody content off the factor antisera.



TABLE

18.

Results of absorbing 15 aliquots of each Tactor

antiserum, each with a diflferent type of mitaphylococcus.

Type of Fédtor antisera, with reciprocals of tited
Suspension, a B e e k3 k m 1
640 480 240 320 320 160 960 120
1o C 0 0 320 320 160 960 120
e 6L 60 2410 320 640 8¢ 960 60
Hu 0 0 0 320 6LO 80 L80 60
HR Q G C 320 64O LO 960 120
5 0 0 60 320 320 80 960 120
6. 5L0 0O 60 320 640 L0 LBO 120
I 320 L4180 O BO 30 20 960 60
8, 320 L0 G 320 30 80 0 120
G. 0 0 O LO 640 80 950 120
10. 1280 0O 120 O 500 80 960 120
11, 320 480 120 320 B[O B8O 0 120
12. 6Lo W80 240 320 0 BO 960 120
13 0 60 O- 160 6LO 160 960 120
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This method ol agglutinin absorption is not only
a useful method of confirming results, but it ecan z2lso
be used where it is impossihle to perform direct slide
apglutination tests bhecause of auvtoagzlutinability of
tha strains, e.g., as in type 11. In the case of type
7s 8lide agglutinations performed by Oeding's technique
revealed only antigsen "i" however youn: the cultures
amployed were; as is seen from Table 18, this method
of agglutinin absorptlon and back titratioa with the
homologous organism reveals additional antigens "g" :ad
"eil.

In Table 19 are compared the results obitained

in typing the thirtesn international types using

(1) Oeding's meothod with the orgaanisms maintained in
87 salt broth.
(2) Ceding's method with the orzanisms maintained
on Dorset's medium.
(3) Agglutinin ibsorption technigues with the organisms

maintzined on Dorset's medium.
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TABLE 19,

Comparative table showing ths results obtained in
typing the thirteen international types of staphylo~
cocel by direct slide agglutlnation and by agglutinin

absorption.

Oeding's technique, Oeding's technigue, Using
Organisms maintained Organisms maintained Agzlutinin
In 8% salt broth On Dorset's medium Absorption
1. abokm abeknm abe

2e o b b

3 abe aba abe

Lia -~ abglk abak

B bh bh abe

6 - bok bok

Te - i cel

8. clm aim cim

9. abceh abceh abce
10, bhe be be
11. - - m
12 - i i

13 abem ancm abo
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DISCUSSTON,

Te Certain anﬁigahs which were revealed by Oeding's
technique (using organisms maintained on Doraet's

ege medium) have not been revealed by agglutinin
absorption methods, namely, antigens "k" and "m"

in type 1, "i" in type 4, and "m" in type 13.

2o On the other hand, certaln antligens wers revealed
by agglutinin abgorption technigquea which were not
uncovered uslng only slide agglutination tests, These
are antigens "a" and "e" in type 5, 'e'" and Ye" in

type 7, and "m" in type 11.

3. Agglutinin absorption tests have falled to

find a few of the antigens revealed using O@ding*s
technique on organisms maintained in 8% salt broth;
these are, "k" and "m" in type 1, and "m" in type 13.
It is also seen, however, that Oeding's technique

of slide agzlutination on organisms stored on Dorset's

madlum has revealed these.

L. Antigarwn "h" could not be usad for agglutinin

abgorption experiments as it was too weak,



5e Agglutinin absorption tests are time consuming
and wasteful of antlsera. They have few advantages
over direct slide agzlutinantion tests, but may he

uwsed with benefit in two instances. "These are -

(a) when the strain of Btaphylocdccus undesm
examination is autoagglutinable, as in
type 11,

(b) where s strain contalns blocking antizens

that mask the other antigens, as in type 7

In Table 20, the major antigens found in the
three Cowan types are set oul, showing those

found in the present investigations and by Osding.



TABLE 20,

"Major" antligens found in the three Cowan types,

Th

ag revealed in the presgenlt lavestlpation and hy Oeding.

Type of suspension

"Mojor" antigens.

Osding'a findings in
196027 ana 196034 -

Gowan type I abm + ¢
Cowan type II s}
Cowan type 11T abe
These were obtained

rom the WCTC

Cowan type [ abm 4+ ¢
Cowan type II b

Sowan type 11T ahe
These were obtained from

Prof. Ceding.

Cowan type I ahin
Cowan type IX ahb
Cowan type III abo




CHAPTER 1

In Section 1, Chapter 1, page 13, it was sugzested

that "serological typing makes refsrence to antienic

fractions of the cell that may be important meta-

bolically".

To suprort this claim it was decided

to investigate the following.

(1)

(2)

The relationship, if any, hetween the anti-
geng revesled in coagulase produclng staphylo-
cocel by the use of Brodie's technique, and

a selected metabolle product of the staphylo-
gogacusg, Cozgulase was sclected as being

an lmportant metabolic »produst for this
purpose.

Jince in Sectilons 2 and 3 the inter-relation-~
ahips of the antigens have been studied,

1t was decldsed to make a fresh approach

and investigate the inter-relatlonships

of the coagulascs produced by the various

Saroﬁypes of coagnlase producing staphylocoadi.
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This chapter is devoted t0 a brief outline of the

history of those aspects of the funcetions of coagulase

that are relevant to the present investigation.

Elek (195926) states that Loeb (1903) was the first

to postulate the exlstence oi coagulase when he detected

the action of staphylococei in causing the clotting of

goose plasma,

Since then, the investigations may be sald to have

haen -

(1)
(2)
(3)

(L)

(5)

an appreciation of the relationship betwesen
coagulase production and pathogeniclity.

the confilirmation of the antigenicity of coagulaae.
the hypothesis of distin&t free and bound formns.
the deteotion of smeparate coagulases among
various members of difiervent 'phage groups.

the possible importance of ceagulase in lmmunity.
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(1)  The relationship hetween coagulase production and

pathogenicity.

uach (190855) first drew attention to the relation-
ghip between coagulase production and pathogenigity, a
concept now unguestioned. Burnet (195013) mentionad
that plgmented types ol staphylococcei coagulaite plasma
when incubated in it for three hours, and that some
white struins may do so too 1f cultured overnight in
the plaama, -The relationship between plgmentation,
pathogenicity, and eoagulase production was investi.ated
by Pinner and Voldrich (193265) who demonstruted that
the yellow types caused haemolysis, produced alkali,
liguefied gelatin, and coagulated clitrated plasmo.
Gross (193330) has discussed the acaelerated clottling
of the blood in patlents treisted surgically for ostao-
mycelitis and carbuncles. In a Jong and thorough work
Chapman, Berens, Peters, and Curacio (193&16) raeported
the investigation of a series of 5,000 strailns of staph-—
vlococci. They showed that coapulase produetion,
plgmentation and haemolysis were more or less parallel
phenomena, and that plgmented cosgulase producing
strains were pathogenle for rabbits. and that coagulase-
producing types which were non-pipmented were equally
pathogenic, while haemolytic but non-~coasgulase producing

types were of low virulence, They alsc showed that,
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among these non-coagulase producing types, thse haemo~
lytic types were only slightly more puthogenic than

the non~haemolytlic types, wnd that the latter were hard-
ly pathogenle at all. It was also noted by these in-
vegtigators that if a strain produced a positiva tubs
coagulase test, the spesd of c¢lot formation bore no
relationship to the degree of virulence, i.e., all
coagulase producing strains have equal potentialitiles

for pathogenicity in the rabbit.

The most important paper in this field was that of

Cruickshank (195718),

a Glasgow worker. Among the
subjects which he investigated, he mentions coagulase
production by "albus' types. As most "albus" atrains
ware non«pathogens, and as non-pathogenicity is related
$0 the inability t0 produce coagulase, iavestigators
such as Pinner and Voldrich were puzzled by the occasion-
al ocourrence oi non-pigmented coagulase producing

1y ped. This wyus clarcliiled when Crulckahank descrilved
the production of coagulass by pigmented strains which
gradually became non-picsmented as a result of long
incubation, and he polnts out that these white strainas

were s8till coagulase producers and pathogenic. Ag &
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result of this work, he recommended that coagulase
production should bve tuken as an indication of patho-
genlcity because of 1ts ease of demonstration and the
constancy of the relationship. Cruickahank guoted
that Gross believed coagulase 10 be non-antigenic, and
gtated that hls own experience agresd also with that of
Sudhues and Schimrigk (1935?“) in considering it non-
antlgenic, He attempted to produce anticecagulases

in rabbits and failed, or thought that he had failed,

-

put,

(1) ‘ he teated the coagulabllity of bhlcood taken f'rom
normal people and people inoculated with commercial
staphylocogeal toxoid. After staphylococel had been
added to the plasma samples, he was uanable to show any
alteration in clotting times, de admitted, however,
that he was unaware of the presence or absence ol coag-

ulase in the commercial toxoid used.

(2) -when comparing the coagulavllity of plaama taken
from normal people and patients suflfering from staphylo-
coccal osteomyslitis and empyoma, he found that when

he added staphylococcli to the plasma, there were again

no differences in clotting times. More recently,
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however, Lominski and Roberts (1%46) found that patients
sulfering from desep seated staphylococeal infections
have, in fact, low titres of anticoagulase: and theae
latter inveétigators have polnted out that a fixed
amount of anticoagulase added 1o a sugpenslon of
staphylococel in plasma could nsutralise a cartain
amount of coagulase, but the living staphylococcl would
continue 10 produce coagulase (ill all the anticoagulase
was exhausted, and a coagulum oouid then be produced.
Apparently, this continued production of coagulase was
unknown to Cruickshank, and so led him %o place a false

interpretation on his work.

{2; The conflrmation of the antlgenicity of gnagulase,

As stated sbove, Sudhues and Schimrigk (19557h)
and Cruickshank (193718) doubted the antigenicilty of
goagulase, In addition to thesa, Smith and Hale
(19&071) were unable to produce in rabbite antlibodies
t0 coagulase. At Tirst Gross (1931) believed that

539

antigenicity could not he shown, but in 193 he pre-

pared in rabbiis anticoagulases with a titre of 1/3.
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That antisera t0 coagulase can be produced has bheen
confirmed by the invaatigafions of Lomingkl and
Roherts (19&0“7)g Tager and Hales (19&876), Rammelkamp,
Hezebicks and Dingle (1950°7), Duthie and Lovenz (195229),
Duthie (1952°2), and Barber and wildy (1958th),

(3) The distinction between bound and free coapulascs.

Duthle (195u2M) produced freoe coagulase in fluid
media, and, by rupturing the cell walls of staphylococel,
liverated the bound coagulase. He postulated tha
dlssimilarity betwsen these on the following grounds

that 1~

(a) plasma, treated by heat, zave u positive slide
test when coagulase producing staphylococeid
were added, but plasma so-trsated gave a
negative tube test,

(b) free coagulase seemed t0 act on prothrombin,
but bound coagulasa on fibrlinogen.

() ghaeep and gulnea pig plusma were unsultable
for the slide test, whils dog, mouse, human
and rabbit plasma reacted by the slide tech-

nigue: and that
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(d) antibodies to free cospulusge had bheen noted
on many ocousions by different investigators,
that these were specific for free coaguluase,
that they did not resct with bound coagulase,
and, on the other hand, antlsera prepared
againat the Wood L6 strain of staphylococcus

inhibited bhound but not free coagulase.

(4) The detection of the existence of aantigenically

distinct coapulasgs.

Rammelkamp et al. (195069) found antibodies to-
wards two types of free coagulase in the serum gumples
from medical students, and g0 argued that there might
be at least two antigenically distinet frae tyves of

and Lorenz (195225) found three anbigenically distinct
coagulase. Lo ‘addlsion, putnle (iubhz ~ ) and uashle
and Lorenz (195225) found three antigenically distinet
tyres of coagulases in staphylocogel from human sources.
Nearly all the samples of human sera examined by Duthle
and Lorenz reacted with one type of coaguluase and not
usually with more than one type, and they rulsaed the
question ~ to the present not finally answered - of
the importance of antibodies Lo coagulase in promoiting

raglstance to staphylococeal infections in humans.
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Barber and Wildy (1958“) prepared in rabbits anti-
gera to coagulases, using staphylococci of 'phage groups
I, I1, ITT, 3A, and 428, and reported that the coagulases
produced by staphylococcoi from each ol these groups
were antigenically distinct. They also examined 79
strainsg of staphylococci and found that, with two excep-~
tlons, these cach produced a coagulase that reacted
with one only of thelr antisers, and that in each case
aubsequent 'phage typing of the stralns confirmed the
correlation between the coagulase produced énd the 'phage

group of -the ataphylocoacl,

Thus,to date, five distinet ecoagulases have been
gshown to be produced from staphylococcei. These coag-
ulases appear to be spezific aniigeniecally, but their

importance in the field of immunity remains obscure,

-
In addition to these findings, Tager (19u873)

showed that coagulase 18 a non-dialisable protein.

(5) The poasible ilmportance of ccoagulases in inmunity.

Following the successiul prophylaxis agalnst
diphtheria by the parenteral administration of diphitheria
toxold, hopes were railsed that stuphylocoocal human
infections might be influenced similarly hy the use of

staphylocoaccal preparations.



8Y

Panton and Valentine (1929) "by injecting washed
guspenglons intradermally in rabblts und taking ovus
formation as thelr indlcator effect, were able 4o
show that repeated cutaneous infectlions gave risce to
partial immunity to a large dose'. (Elek. 195926),

Forgsman (i9§52f) demonstrated that this type of ilmmun~

1ty could be transmitted passively to normal rabbilts.

At this time, however, interest was centred malnly
on the role of alpha-toxin in infection, and Burnet
(19291j), Kitehing and Farrell (19j6“1), Ramon gt _al.
(195668) and Smith (1937?0) fHond that, in vabbits, the
higher the titve of anti-alpha toxin antibody, the
greater the resistance to experimental staphylococecal
infection. Burnet (192913), Forsaman (195625) and
omith (193770) found, however, that, when a lesion 1
produced, it progresses deapite high levels of cilroulat-
ing anti-alpha toxin antibody.  Downie (1937°%) pointed
out that, in such experiments, the rabbite were usuvally
injected with s broth culture of staphylococeil, and
that this inoculum may contain not only alpha~toxin,

but also othar sgubstances such as coagulase.

In addition to the role of alpha-toxin, interest
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was also rasigsed in the roles of leucoceidin and tilssue
macrophages., Downie had propoundsd the view that, for
the rabbit, alpha~toxin la identical with leucocidin.
Forssman (193527, ﬁ93628) had stressed the role of the
maarophage in reslating infection, Some authorities
doubt the role of toxins at all in infection: for
example, Cowan (193921} founa that although vaccines
gomposaed of live or fOPméliniéed organisme conlerred
gome linmunity 0 experimental infection, a vaccine
prepared from an unrelated ovganism (in this case Pagt-

eurella multocida) caused similar resistance L0 exper

imental infection by staphylococci as the staphylococcal
vacclines conferred. Ag a result, he attributed
resistance brought about by the use of such vacclnes

to be in some measure due Lto non-specific factors.

Nowadays, the role of alpha-toxin is considered
t0 be of little importance in human infections with
staphylococei. It is largely due to the work of
Lominski and his colleagues and to the researches of
Duthie also, that interest has moved to the importance

of coagulase as was origlnally suggested by Downlas.
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The possihle importance of coagulase in bringing
about resistance to infection by staphylococel had
been ralsed, however, by Gross in 195550. Gross noted
that patlents uvndergoing surgical treatment for carbun-
cles and other staphylococcal Infections showed "incroas-
ed coagulahiliiy of the blood". This he interpreted
a8 beling dus to the liberation of coagulase into the
blood straam. Cruickshank (193718) felt that such
patients might have antibodles to coagulase, bhuit wais
unahle to demonstrate this for the reasons discussad

on page 79

Lominskl and Roberts (1946“7) examinsd the saera
of 3L8 patients and found antibodies to coagulase in
212; they alsao noted thut antinoediles 1In the sera of
healthy subjects were in higher titre than in the
sera taken from patients sufllering from such major
staphylocogcal infections as ogsteomyelltia, They
suggested that it ls when the titre of anticoagulase
falls that the patient is more liable to staphylo-

cocecal infsction.
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i 6 b .

In 1956, Boake , ubtllising this observation,
found that when rabbits were immunisad with coagulagsc-
containing preparvations, their 1life was prolonged alter

experimental infection with staphylococei.

In a recent and extensive investigation, Lominski,
Smith, Scott, Arbuthnott, Gray, Wulr, Burner and Hedges
(1962“9) investigated the "proteoctive values of
staphylococeal products and cell coﬁpoaents" 2ith the
alm of producing a human vacoine. They immunised
rabbits with preparations rich in coagulaass derived
from staphylococol of 'phage groups I and IIT. ‘They
found that "yabbits immunised with coagulzae {from a
'vhage group 111 staphylococcus waere protected against
challenge with group IIT gtrains, but not ag:inst
challenge with group I sirains, Those immunised with
coagulase from ‘phage group I staphylococci were not
protected against challenge with group I or group IIT
gtrains". They proceed to sugeest that the diflerence
in protective action afforded by the two types of
coapgulase may reflect a difference in +the mechuanism
of pathogenicity of these two groups, or that an addi-
tlonal protective antigen was present in the group III

coagulase preparation utilised.
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Tn Seation L, chapter 2, the methods of preparing
frac coagulase, the strains of staphylococci employed,
the maethod of detecting the existence of coagulase in

the preparations, and the productlon of antisera to

the coagulases, are discussed.

Q
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SECTION L.

CHAPTER 2,

2
Duthie (195&“&) has shown that fres voapulase is
produced in the lag phase of stapaylococcal growth and
ls released continunously, but mainly st the {ilrst divi~-

glon, in heavily seeded cultures.

It was formerly difficult on occasion to demonstrate
coagulase production in some strains, but Lominski,
Smith, and Morrison (1955“8), and Lominskl, Morrison,
and Smith (1955M5) have shown that, in addition to pro-
ducling coagulase, some strains produce a substance which

inhibits the action of coagulasse,

Barber and Wildy (1957“) and Huthie (195&2“) have
emphasised the imporitance of albumin for the release
of coagulase, and Barber and Wildy have also indicated
the ussefullness of human serum 1in the medium. How-
ever, Lominski, O'lea. Goudle, and Porter (1950“6)
have produced a chemiocally defined mediuvm which allows

of coagulase production and release.
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PROCEDURSS BMPLOYED TN THE PRESHNT IRVASTICATIONS.

(1) Praparatlon of coagulase.

50 ml, volumes of '"Bacto" heart extraet broth
with the asddition of 10% Seita~Tiltered human serum
were inocuiaﬁéd with each of the thirteen international
types of staphylococci taken from 8% salt heart extract
broth. These cultures were incubated at 3700 for
five daya, bheling frecuently shaken throughout. The
coagulagse produced was concentrated by the method
of Barber and Wildy (1958“), viz., all the proteins
were precipitated with two volumes of saturated
ammonium sulphate, the precipitate radissolved in
distilled water, and again precipitated with two vol-
umes of ammonlium sulphate; Tinally the deposit was

taken up in distilled water.

(2) Deteabion of the presence of coazulage in the

preparatlon.

It w.s necessary to prove the presence of coag-
ulase in the preparation prepared as descreibed in (1)
ahove hefore proceeding further. “his was difticuld
gince, when the crude preparation was added to citrat-

ad human plasma, the clot formed iLmediately and as
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guickly disappeared. ¥hen all further attempts to
gegure é ¢lot with these crude yreparatlons produced

the same type of reaction, it was concluded that a
Flbrin clot had indeed formed but had so quicsly changed
its physlecal state as to be no longer visibla. This
reault was open to Interpretation as an instance of

the phenomenon of coacervation,

Coacervation is that phencoenon which involves
mainly hydrophilie colloids, boing the separation of
microscopic liquid droplets when sols of two hydro-
philic collolds of opposite electric charyes ave
mixed. These droplets may later unlte to form a
new viscous phase, and 1f this phase has the samne
refractive index as that of the suspending medium,

then its presence ls no longer visually detectable.

‘Sinae the simple tests of clot formation on ad-
mixture of coagulagse behaved in such a way that they
regquired explanation on the basis of coacervation,
some other means of confirming the presence of coag-

nlage 1in the preparation was sought.



If the fibrinogen conteont of plasma is reduced
by any means, clotting is delayed in duick's One
Stage Prothrombin Test. (Juick et _al., 193557).
If the fibrinogen content of normal plasma is afiected
by coagulase, then one might expect thut the clotting
time would axaln be affected in the same test. Thus ,
the addition of cosgulase t0 normal pluasma, prior to
the performance of Quick's test, might be expected
to have thils result. This argument w.s put to the
test with results that indicated that the coagulase

preparations did contaln ecoagulasa.

Thias was done as follows. Doubling dilutions.
of the coagulase preparations were made, ranging
from 1/2 to 1/2048, Of wach dilution, 0.1 ml. was
added to 0.1 ml. of human ciitrated pvlasma, and to this
was added C.1 ml. of Stayne's thromboplastin exitract,
The prothrombin time was noted after the addition of
0.1 ml. of 0,277% ecaleium chloride solution. The
results are shown in Table 22, Thass show that the
preparations made from all thirteen types of staphylo-
aoaci contain coaguluse, and that furthen inves@igam

tions wilth these would he worth while.



TABLE 21,

Effect of adding coagulase preparations o human
clirated plasma prior to performing the prothrombin

time by Quick's one stage method.

Dilution of Cougulage prebaved from the staphylocoecal
Coagulage. typres as helow.
1 2 3 L 5 6 7 8 9 10 11 12 13
112 NC NC NWC NG NG NC NG NG WG WG WG NG NG
1:4 NC 175 195 127 NC NC 80 HC NC NC N¢ NWC NC
" 1:8 NC L2 35 36 75 93 29 45 70 BO 90 NC 90
1:16 150 34 30 30 30 32 19 24 L5 60 36 L7 42
1132 57 37 27 30 26 25 19 19 26 50 2% 28 34
1:64 38 33 28 30 28 25 17 17 25 30 23 22 35
1:128 28 34 27 29 LB 25 17 16 30 30 24 21 35
1:256 28 31 28 30 30 25 16 1L 27 30 30 23 30
1:512 31 %2 27 30 30 25 16 1L 25 30 22 25 32
1:102Y 30 31 2B 30 30 30 15 15 25 30 27 23 30
econtrol 1 30 30 30 30 30 30 15 15 25 30 30 25 30

NC means no coagulation.

15= no of seconds t0 achieve coagulation.
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The contols used were samples of human citrated
blood of varying prothrombin time, and it is seen that
these can be used to detect the prssence ol coagulase

over a wide range of prothrombin times.

(%) Proparation of antisera to the coapulase produced

by the thirteen intermational tyuves,

One adult rabblt was injocted with ons of each of
the thirteen ammonium sulphate precipitated coagulases,
malcing thirteen rvabuolts in all. The intravenous rcoute
was avoided for fear of causing intravascular thromboais,
and instead, the injections were given subcutaneously

in the following doses in series (-

861‘168 Ip.doolntob.ﬂnuh.it.voig nl]-. 9y O.)—c!r rﬁln * OQL! lﬂl, bl
S@l"ies IIpcolﬁqaQav-ndnou.cga6 Inlu, U.B mlp’ 0’8 Inl»g

Sel"f.!.OS IIIIQQ!IQQG‘Q«»Q..cOl'lIO Tﬁl., ‘31(} nllo.q Jin() mlg

The injections were given on each of three succesgive
days, allowing five days rest between each series, After_
the ninth injection, £ive days vest were again allowed,
then the rabbits were bled out uader pentobarniione

anagsthesia. Farthiolate was addsad 0 a final concentra-



tion ot 1/10,000. All the antisera were stored in the

refrigerator when not in use.

It was not found possible to prepare an antiserum
to the coagulase of type 4 staphylococcus, as on foux
occagsions 1t caused the death of the rabbits injected.
Autopsies per.ormed showed that death in each case was

due to toxicity and not to sepsis.



9%

CHATTRR 3,

Investizations on the coaguwlases of the thirtean
: _

(2

international tyces of ataphylococel and thely anticoagulases.

Balng now satisfied that comgpulases had been preparsd
from the ammonium sulphate treated broth cultures of all

thirteen staphylococoal types, their relationships to
(a) other antigens, and
(h) each other

gsaemed worth investigating.

(a) Relationship of the coagulage of & staphvlococeal

type to the other antigens of the same typs.

T4 waa‘éttampted now to show the presence of any
identity between the c¢oagulase produced by a staphylococcus
and the other antigens shown 10 ba posgaessed by that type.
Thus, 1f the coagulase of type 1 is the same aé any of itg
antigens “a', "o, "of, or “i", then the prior exposure ol

any of the factor antiscra bto the coagulass should remove
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or diminish the antibody content of the correaponding
antisercun.s These "neuwtrallisation” testas were carvried out
by mlxing factor antigera prepared by the method of Brodie
(195?7) and the ccapulase gréparations made by the method
of Barber and Wildy (1958”).

METEOD.

First, the titres of the six factor antisera were
established, and the extent to which they agglutinated
stundardised suspensions of the thirviteen international

types of staphylococed.

Doubling dilutions of the aix factor antisera "a",
et Me', MM, "iYM, and "k" were made, and to 0.5 ml.
ﬁliqubta of these were added 0.5 ml, aliguots of the
puspansions of the thirteen international types of
staphylococcl, maintained in 8% asalt broth and grown
on heart extract nutrient agar for 24 hours before usae.
The suspensions of staphylococel were diluted to the

opacity of Brown's tube no« N.

Yext, thirteen aliguots of euch of the aix factor
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antisera were placed in tegt-tubes, and to 0.5 ml.

amounts of each were added 0.5 ml. aliquots of the
saturated agueous asolutions of the coapulase preparations.
doubling dilutions of the coagulase -~ antiserum mixtures
were made, and bto these were added livling suspensilons

of each of the thirteen types of staphylococcl, diluted

to the opacity of Brown's tube no. L.

Agrglutination was now allowed to take place in a
water bath at 550 for four hours, then the results were
read after the tubes had been allowed to stand at room
temperature overnight. The wresults are shown in Table

224



FABLE 22.

Results obtained by agglutinating the thirteen inter—

national types of staphylococail with (1) Brodie's factor

antisera, and (2) Brodie's factor antisera t0 which coagulase

had been added.

factor antigera.

Type of a e @ i . i k

organismi A1) 2] T (@ ay ey (e TET ey
1. 160 160 6LO 640] 320 320 120 120 2360 644 © O
2. 320 320 150 1601 0O 0O 0O 0 640324 0 O
3 80 8( 1280 320 160 160 © ol 320 32¢ © O
I 0 0 80 Lol 0O 0} 640 0O 0 0} 80 0O
5 320 320 320 320 O O 0 O] 4O © 0 0
6. 80 0 B0 O 0 0 0 O 4O G6f 160 O
7. 0 O] 320 00 Lo LY 2560 0O LO 4G O O
B. 160 0} 640 160f 80 4O O  O[1280 128¢ O O
9 320 160 1280 128 160 160 0 0} 640 64 O ©
10. auntoaglatinaple.
(A avtgagglutinaple. N
2, 1O 4O 320 KO 0 0 0 0] © 0 0O o0
13, 0 Of 320 0 Lo © 0O 0] 80 © 0 0

A e TETEAMI i Ty




Fxamination of these results indicates that the
coagulase of each of the thirteen intefnational types
appears to he assoclated with the antigens shown in

Table 23, and that the coagulases inter ss are (o some

gxtent antigenically dissimilar.

- IABLE 23
Table showing the relationship hetween the coagulase

of esach type and the antigens recorded according to

Brodie's system.

type of antlgens with which -
‘staphylococcus. the coagulase is relatad.
1. i
2 i
Se o
b £
5. .
du k‘_
7. £
8. a
9. -
10. -
1. -
12, e
13, e

1 WS
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(b) Inter~relationships of the coagulasas.

By various means abttempts were made to ascertaln

whether or not the thirteen types of staphylocoecil produced
1. a fras coagulase common to all 13 types.

24 a coagulase different for easch type.

3 a numbar of coagulases shared amongst the types,

The following investigations were almed ait shedding

some llght on this aspect of coagulase produchtion.

(i) Gel=-diffusion tests.

"Oxold" Ion Ager was prepared in a strength of 4%
and poured into 4" Petri plates. Wells were cut out with
a cork borer and scaled with agar, 80 that each plﬁﬁe had
a central wall into which was placed one or other of the
coagulase preparations, The peripheral wells were filled
each with an antiserum to the range bf coagulase prepar-
ations, 80 that each of the coagulases were tested
agalnst each of the twelve antisera. The plates were
incubated atb 3700 for seven days then kept at 22®G till

lines devaeloped.



The resulis were most difficult to read. Thera was
such fusion and confusion of lines that any attempt to
interpret the results was virtually impossible. Thig is
in agreement with the findings of Oeding (196057) who
indicated that gel-diffusion techniques in this context

are “"ovepr-sensitive'.

(11) Tests Involving neutralisatlion of the coapulase.

It has previovsly been atated thit the addition of
undlluted crude coagulase preparations 0 normal human
citrated plasma produced the phenomenon ot coacervation.
Having glven some thought to the matter, it was now found
that, by adding doubling dilutions of the coagulase pre-
paraticons to a constant amount of citvated plasma, there
was a dllution of plasma at which @ relatively f£irm clot
was obtained, and by this method the "conceantration" of
the coagulase could be egtlimated. This snd point was
obtained with the arude preparation usually in a {iorl
concentration of 1 : 128, Lower concentbrations produced

clots of varying degrees of frilabllity.

This test was performed by making doubling dilutions

of the coagulase preparations and adding 0.25 ml. volumss
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0 0.25 ml. volumes of physiological saline and 0.5 ml.

of human citrated plasma diluted 1/2 wilth physiological

ssline, Incubation was for 18 hours at j?OC.

%ith this information now available, it was decided
10 repeat the same experiment exactly as bvefore, keeping
the coagulase concentration constant at a final dilution

oi 1 5 128, and substituting {for the 0.25 ml. volumes of

physiological saline (as underlined above) the same volume

of dllution of antisera prepared against the coagulases.
It was hoped that 1f the coagulases reacted with the added
antisera, the formatlon of a glot would be inhibited, in
other words, that the coagulase would be "neutralised".
The results of these tests are given in Table 2L, where
the end result quoted 1s the concentration of antlserum
lmmediately prior Lo the tube showing a flem clot, i.e.,

the last dilution of antiserum inhibitlngz clot fomnation.
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Results obutained by inhibitinz the clottling power

of each agoagulase by adding to 1t antisera prepared

againat the coagulases of twelve of the thirteen intopr-

national types of staphylococci.

Figures quoted are

the reciprocals of the highest dilution inhibiting clot

formation,.

10l

antisera prepared against the ceagnlases of itypes

Type of

00ag. 1 2 3 5 6 7 £ 9 10 11 12 13
1 6 16 32 256 256 32 128 64 16 32 428 6k
2 32 32 16 32 6l 8 32 64 64 16 6L 6l
3 6L 128 256 32 6L 128 256 256 64 32 32 128
4 128 516 64 128 128 6L 102h 2048 6L 256 102L 1024
5 128 128 256 256 512 64 512 1024 8 8 512 128}
6 128 128 128 256 1428 128 512 1024 6L 8 6L 6L
7 256 256 128 128 428 G4 64 64 128 128 128 64
8 256 128 6l 2048 2048 128 256 64 512 2048 128 6L
9 6L 64 64 64 256 32 64 52 128 1024 128 128
10 512 256 512 512 512 32 128 64 Hi2 512 128 32
11 | 32 32 64 256 1024 16 64 32 296 512 64 32
12 32 32 64 128 128 46 6h 32 256 256 32 52
13 32 16 6L 256 256 8 64 32 128 512 32 32




Table 24 shows that the antiserum preparsd to any
coagulase inhibits sach of the other coagulases 0 some
extent. At this point, 1t was avbhitrarily declded %o
accept as significant a result in which the coagulase was
inhiblted by an antlserum when the latter was dlluted to
the level of its own tltre or ons tube lLess in order to
make allowance for experimental arror. Table 25 presents
a list of the coagulases and those antlsera propured against

coagulases which inhibit at a signifleant titre.



TABLE 25,
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Table showing the coagulases and their inhibitlon

by various antisera acting at a significant titre.

Coagulase. Antisera to ihoe foilowing coagulases
Inhibliting clotting at a significant titre

1 1,2,5,6,7,8,9,12,13.

2 152,5,6,9,12,13,

3 1,2,5,6,7,8,9,12,13.

L 1924546,7,8,9.11,12,13.

5 1,2,3,5,6,7,8,9,12,13.

6 1,2,3,5,6,7,8,9,12,13.

7 142,3,5,0,7,9,12,13.

8 152,546,7,8,9,10,11,12,13.

9 192,6,7,9,11,12,13.

10 142,3,5,6,7,8,9,10,11,12,13.
11 1,2,5,6,9,10,11,12,13,
12 1,2,5,6,9,10,11,12,13.
13 1,2,5,6,9,12,13.
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It would seem from the results set forth in Table 24
that in every case any coagulase prepared from the thiriteen
internatioconal types is inhibited by aniisera prepared
agalnst the coapulases of types 1,2,9,12,, and 13, Further-
more, oach coagulase 1is inhiblted by the antiscra to coag-
ulases prepared from either types 5 or 6, and generally
both, with few axceptions, (namely, types 3 and 9)., ‘The
results suggest that tha coagulases produced by types 1,2,

9, 12, and 13 have a factor in common with every other

b

type, and that this is closely related to the coupgulases
produced by types 5 and 6. Also, the antisera produced
by types 5 and 6 are related closely to each other, at
leaat in their reactions with the coagulases of types 1,
223,l,5,6,8,9,11,12, and 13, although thepg is some Aif-
farence in thelr reactions with the coagulases prepared
from types 7 and 10, It is therefors decided to regard
the coagulascs produced from types 1,2,5,6,9,12, and 13

as containing a common factor and to designate it “w".

The antisera prepared against coagulases from types
7 and 8 are secn 0 react in a way similar to each other
in that coagulases 1,3,4,5,6,8, and 10 are inhibited by
gither, the cosgulases prepared {rom types 2, 11, 12 and
13 are inhibited by nelther, while the coasgulases prepurad

from types 7 and 9 are inhiblted by the antiserum to type
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7 alone. It 1s therefoe thought that the coagulase
released Trom types 7 and 8 are closely related or identical.
farther examination oy Table 24 shows that in fact the
antisera react simllarly in every case with the exception

of their reactlion with the coagulase produced by type 9,

and 1t is proposed to regard these coagulases produced

by types 7 and 8 as similar, and nume them Vx'M.

The antiserum prepared apgainst the coagulasc pro-~
duced by staphylococcousn type 3 is found to vreact with the
coagulasaes produced by types 3, 5, 6, 7, and 10 only,
so thils is regarded as another posslule entity to he ’

referred to as "y".

It is seen again from Table 24 that, when a cougulase
18 inhibited by the antiserum to coagulase 11, it is also
inhibited by the antigserum produced against the coagulase
0L type 10, except in the ocases of coagulase produced by
types 9 and 133 in these latter cases the coagulagses
produced by types 9 and 13 are inhibited by the antiserum
0 coagulase type 11, but not by the antisarum to coagul-

age type 10, It is consequently thought that the coagulases
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produced by staphylococci of types 10 and 11 are related,
although the rvelationship is not as close ag in the previous
instances. Howevar, 1T we name these coagulases "z',

then each of the thirtoen types of stuphylococci may pro-
duce a free coagulase congisting of one or mors of the
factora Mw", fx", Yy, and "g", as shown in Table 26. Ig
must he remembered, however, that the issue 1s clounded hy
the faet that it was not found pousible Lo prepare an
antiserum to the coagulase derived from staphylococcl of
type 4, because every attempt to Go so resulited in the

death of the rabbita employed.
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AN S 3l
1. !\ Tadash 2‘1’);.

The coagulases produced by vach of the thivteen types

of staphylococeil and the faotora which nay be common to sach,.

coagulaée from
staphylococous type factors.
1, WX
2o W
B WX
Ly WX3
De WKY
O WXY
T WXy
B WXE
94 VX Z
10, UKY S
11, W
124 w3
13, Wi
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As already described, {page 83).in 1958h Barcber and
Wildy prepared coagulases from ataphylocosci of 'phage
groups I, LI, TTI, 34, and 42%, and ifound these distinct.
In Tavle 27, the 'phage patterns of the thirteen internitional
types of staphylococcl employed sre glven along with a
note of the coagulasae type. in the present investigation,
no relationship of ‘'phage pattern to the poagulase type

wug detectsd.



TABLE 27,

Comparison of ‘'phage type and coagulase type among the
Pe th

thirteen international types of staphylovocal.
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International typd

'Phage type Coagulase
of' gtaphylococcus bype.
1, 52/520/80 WH
2. 3B/3C/55/71/ 3A W
34 6/7/47/ 50/ T5/1 2%, wxy
I, 187 WX
Fia 3B/ 38/55/ 71 Xy
6. 187 | WAy
7 6/U7/54/75 wxy
8. 55 | WX
9. 52/6 WX
10. Law LY A
11, 348/ 3B/ 30 W2
12. 38/ 38/30 W32
134 & Wi




Thua, from Table 27, the results indlicate that,

(i) staphylococel of 'phage group I have coagulases
WX
(ii) staphyloaocel of ‘'phage group [I have coagulases

Wy WXY, WXz, and wa,
(1i1) ataphylococei of 'phage group ITI have coagulases
wxy; Wz, and wXyd.
(iv) staphylocogei of ‘phage type 32 have ooagulases wz.
(v) ataphylococel of type L42F have coagulases wxy, and

WXY %



(ii1l) Apglutination Testa.

As tesis involving the neutyalisation of coangulase are
laborious, investigations were now made to find 1f the
antisera to the coagulases could act as agglutinins when

brought into ocontact with the living orvgunisms.

The tests were performad by taklng living slaphylocgocci
of the thirteen international ftypea, malatained in heart
extract broth containing 8% salt, and trenaferrving these to
heart extract agar for 18 hours inocubatlon at E?OC. The
resulting growths were suapended in physiological saline,
and diluted till they matehed the opacity of Brown's tube
N0e M Doubling dilutions of eagh anﬁiserum ware made,
and the suspensions of staphylococal weve set agalnst these.
Agglutination was allowsd 1o take place in a water bath
at 3700 for four hours, then the tubes were allowed to

gtand overnight at room temperature belore being read. -
The results ars shown in Table 28,

These results would seem to indicate that the antibodies
to the coagulases are poor agylutining, and that this method
is unsuitable Tor the typing of staphylocoaci according

to thelr coagulages.



TABLE 28,

Resulds obtained when the thirteen international types

of staphylococeci are agglutinated hy the antisera to the

goagulases.

igures given are the vreciprocals of the highest dlle

ution of antiserum completely agglutlnating the suspensions,

Typae of antisera produced against these coagulases
Suspension. 1 2 3 5 6 7 8 9 10 41 12 13
1 32 6L 0 32 32 32 0O 0 4L 8 8 32
2 16 32 0 32 8 32 0 L 8 8 0 16
3 ¢ 4 16 32 16 16 16 32 8 8 32 6L
L 8 32 0128 128 32 L 16 32 6L 16 64
5 Iy 6L 0 32 8 16 O 4 16 16 32 64
6 O 32 0 64 16 O 0 46 B8 8 16 37
7 o 4 o0 16 8 16 0 0 16 416 0 32
8 32 64 8 64 8 32 8 32 16 064 32 6y
Q L 6L g 64 32 o6 16 6L 64 64 6L 1 2§
10 autoag:lutinable
1 auntoagglutinable
12 L 64 0 4 8 64 16 64 0O 0O 6L 126
13 6L, 128 8 128 128 64 6L 6L 128 128 128 12§
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(iv) Experiments in animalsg.

Two experiments were performed in onimals,

(1) in the first, the rabbits were inoculated with
coagulase, then chailenged with intravenously
gdministered staphylococal,

(2) in the second, the rabbilts were again inoc-
ulated with coagulase, and challengad with
staphylococel administered by the subecutaneous

~

route.

(1) The inoculation of rabbits with coagulase, and

challenge by ataphylocogel administered iIntravenously.

in this experiment, 9 adult vabbits were used,
Three were glven a coagulase preéa?&tion made firom a
gtaphylocoecus of Cowan tyne 1. Thres were given coag-
ulagse from a staphylococcus of Cowan type 2, and three
were given a coagulase preparation derived from a staphylo-
cogcus of Cowan type 3. The injections of coapulase were
given subeutaneously, and consisted of 0,2 ml, of o sat-
uratad aqusous solubtion of the smmonium sulphate precipit-
ated coagulase. Injections were administered on the

In
first three successlive dayas of each ol two 8. ccessilve weeks,

Alter thils course of six injections was completed, a re-

inforcing dose of 0.2 ml. was given seven days later.
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Seven days after this last injectlon, each rabbit recelved
an intravenous incculation of 0,2 ml. of a suspension of
staphylococci in ssline, diluted to the opacity of Brown's
tube no. . These ovganiasms had been previously washed
thrice t0 remove traces of preggrmed haemolyains It was
not, however, anticipated that haemolysin formatlon would
present any problem, as Zlek (19;926) stahes, Yever ITulian-~
glle found that with the methods empléyed in 1922, the
earllegst appearance of haemolysin was aboubt six days in

broth cultures."

By sultably choosing the challenge strains, it was
arvanged that rabblte protected by any of the thres types
of coagulase were challenged by all threc tyves of staphy-

lococel.  The results are shown in Table s,
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Tf antibodics to coagulase are capable of stimulating
resistance t0 experimental infectlon by staphylococci, one
would have expseted that a rabbii, Inoculated with the coag-
ulase derived from a staphylococcus of Cowan type I, would
be immune t0 a challenge from that organlsm: in this ine
gstance it failled, but thls might possibly be attriduted

to the weight of the challenge dose.

If we ignore the above for the moment, we find that
a rabbit, inoculated with either the coapgulase derived
Trom a gstaphylococecus of Cowan type I ox IIl, is relatively
immune to a challenge by staphylococci of Gowan’s type T
or IT, but is not immune to a challenge by stéphylcemcci
of Cowan's type III. On the other hand, a rabbit, inoc-
ulated with the coagulase prepared Lrom a staphylococous
of Cowan's typeIll ia immune 40 a challenge by the homo-
logous organism, but not to a challenpe from staphylococeld

of Cowan's types T uand IT.

Failure to develop immunity to attack hy & partic—
ulae organiam 1s shown by the development of renal abscesses.
It the animal i1s partially immune, such abscesses may

form but fail to progress, and healing ensuas wlith scar
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formatlion,.

| A possih%e objection to the theory that the coapulase
injections exerted a protective elffsct in these experiments
may be raised. It may be argued that in fact the orpaniams
produeed haemolysin, and the rabhits becams immuane to haemb-
lysin carried over 1n the cgoagulase. However, in reply

to these we may state,

(a) Juliasnelle has shown thet haemolysin formation
does not occur before the sixzxth day in broth
cultures (see page 117}, and in the prasent
inveastigations four day cultures werae used.

(b) Burnet (192913), Forasman (195628) and Smith
(193770) have all shown that while high levels
of circulating anti-alpha toxin may partially
protacf agailnst experimental infection, 1L
guch an infection hecomes egtablished, 1t
always progresses desplte the protective effect
§f the antl-alpha toxin. In our dnvestigation,
we could demonstrate heuzling of the renal
lesions,

(e) in the present ilnvestigation, the blood of the
rabbits at death was not found to contain

appreclable anti~-alpha toxin.
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(2) lixperiments in which the rabbita, after prilor

adminlstration of covagulage, were challenwed by

staphylococcei administered subcutansously.

In this experiment, three adullt rabbits, A, B, and ©
were vaccinated with coagulase preparations as in the last
experiment, using coagulage derived from staphylococci of
Cowan's types I, II, and III. Bach was then challenged
by the subcutaneous route, employing in each case, organisms
of all three serotypes. Thesae staphylococel were Injected
into the flank, and the suspensions consisted of 0.2 ml.
of thrice washed organiams in physiologleal saline,

diluted to the opaclty of Brown's tube no, L.

These results are shown in Table 30.
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IABLE 0l

Results obtained when three rabbits are challenged
with ataphylococci of Cowan's types I, II, and ITT given
gubcutaneously, alfter the administration to each of single

coagulase preparations.

Rabblt employed , A B C
Coagulase injeated Cowan type ] Cowan typell}] Cowan type TTT
Result of challenge no sign of | NO 8lgn of no gign of
with Cowan‘type I inflammatior inflammation| inflasmation
Result of challenge no sign of | no sign of pus discharged
with Cowsn type II inflammation inflammation| in 12 days
Result of challenge no gign of | no sign of | no sign of

with Cowan type III inflammation inflammationi inflammation,
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DISCUSSION,

The present investipgation differs from that of

Lominski, Smith, Scott, Arbuthnott, Gray, Mulr, Turner,

and Hedges (1962u9) in that the latter lnvestigators

utilised staphylocoaci of 'phage groups I and IST for

thelr experiments, whereas, in the present investigatlion,

staphylococol of gerotypes [, TI, and ILl were used.

is known, however, that there is a closs relationship
betwebn the three 'phage groups and the corresponding
three groups distingulshed servologically.

The results of the two investlgations differ in

the following respecits.

(a) Lominski et _al. found that the coapulase

from a staphylococous 0f 'phapge group III protected

It

against experimental infectlon by staphylococcl oi 'phage

group ITI, but was ineffeative in afllording peotection
againast infection by stapvhylocoeci of 'phapge group I.
In the present work, we found, as in the example of
Lominskl, that the coagulase of gerotype I1I astaphylo-

gogccel protected against infection hy staphylococci of

gerotype IIIL, but in addition it also protected against

infeation by organisms of gerotypes I and II when these

were lnoculated subcutaneously.
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(b) Lominskl et _al. found that the coagulase from a
gtaphylococcus of 'phage group I was ineffective 1n affording
proteation agalnat infection by staphylovoccil of elther 'phage
groups 1 or IIT, It wae found in thles investigation, however,
~that the coagulase derived from either a ataphylococcus of
gerotypre I or IT protected against subcutaneous infection by
organisms of serotypes I, II, or III, and it was also found
that the coagulase from a staphylococcus of serotype III gave
protection against ataphylococcl of serotypes I and III (but
not II) when the challenge dose was administered aubout meously.
However, although the coagulase of serotype III staphylococcil
did not protect completely against infeatlion by organlems of
serotype 11, infection was delayed t1ill the 12th day, and was

of an indolent nature even then.

In other words, it was found that the administration of
coagulase derived from staphylococei of serotypes I, II, or III
wag at least to some extent protective against the expeclimental
infection by staphylocoeeci of any of ‘these serotypes, when

the ellallenge organisms were given by the subcutaneous route.

(¢) When staphylococei of serotypes I and T1 were

injected lntravenously, however, the protective elfect was only
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evinced by coagulase derived from staphylocogel of mevétyp@s
T and JI, and no protection was given by the coagulase of type ITIL;
similarly, the protective effect of the coagulase of staphylococei
of saerotype 171 was only extended to infection by staphylocoeaei

of seprotype 111, and not to orpanisms of sevotypes I or II.

(a) In view of the above, 1t has not besn found
necesaafy 0 postulate that other fmators beslides coagulase are
necessary to protect against infection by staphylococel of
serotype I when the coagulase from the latier is used prophyl-

aotically.
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SUMMARY.,

2

(1)

(2)

(3)

The major antigens of the thirteen inter-
national types of ataphylococci (Ma%, "oV, and
"@") prepared in the present investigation, and
one of the minor antigens ("3i") are falrly simi-

lar in distribution to those found by Lrodie.

When antisera were used In o dilution
similar to that used by Brodie, the minor anti-~
gens "F£" and "k" were revealed occasionally
only, as was also found by Brodie. When the
antisera wers used Iin a stronger concentration,
these minor antlgens were regularly reveuled,
and found to he frequently in the same strains

aa those recorded by Oeding.

The antlgen deaignated "h" in the present
inveatigation difisrs from that so named by

Brodie and Oeding.



(L)

R
~3

The reasons for the diserepancies bhetwesn
the formulae found by “rodie and by Ceding for
the thirteen international strains of ataphylo-

gocel are in part due to the following ;

i. Owing to the formulae of the stralns
used by Brodie, andantiserum to antigen “h"
could not bhe preparaed.

1d. Brodis used certain antisera in too high
dilution, with consequent fallure to detect

cartaln minor antigens.

While prolonged cxposurse of stapnylococoi
t0 salt in high concentration tends Ho slow
the rate of development of certuin antlgens,
this is only a minor cause of the differences in
the Lormulae of Brodie and Ueding for the thir-

teen lntermational types of staphylococci.
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bl

(1)

(3)

()

Of the nine Tactor antlsera derlved by
Oeding from the use of his own atrains of
staphylococel, elght have heen preparsd aucecesg-
fully.

The remalning factor antiserum "b" was not

prepared successfully, but was polyvalent.

The Lformulae obiilned for the twelve
strains of staphylococcel of Osding are in good
agreement with the Formulae of the latter, with
the excaption of antigen "b" for the reason

gtated in (2) above.

A new methﬂd of typing staphylococci -
agulutinin abaorﬁtian -~ 18 desarihed, Formilae
for the thirteen international types of staphylo-
coccl obtained by the use of slide agglutination
tests were compared with the formulae obtuained
by agulutinin abaorption tests. They were

similar in 6 cases. Tn 4 cases, Oeding's
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technique of slide agglutination revesled antlgens
not revealed by agglutinin absorption. Hence,

it is concluded that there is 1ittle eisk that

the vae of sllde agglutination technigues #ill
cause the presence of antigens 0 be overlooked

and a less fMll formula asagribed to the strain.

Of tne 3 instances In which the technigue of

agglutinin absorption reveéled additional anti-
gens, in one case the sivaln involved (type 11)
was‘autoagglutihable, and in an other case the
straln (type 7) exhiblted unusually.rapid deval—
bpmenﬁ of blocking antigena, In instanc@s
similar to these, the technigue of agglutinin
absorption is useful, hut otherwise 1t is labop-
ious, wasteful of antisera, and only rurely

raveals additional antigens.

Lio

X

(1)

An original method of deteating the presence
of staphylococcal cosgulase 18 desoribed, c¢on-

gisting of the estimation of the prothrombin



(3)

(L)
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time of the plasma aftoer itls exposure to the
action of the ceoapgulaae, The use of fthe meivhod
is illustrated when the intervention off coac—~

egrvation masks clot formatlion.

The antigenicity of coagulase in vabbhits

is conflirmed.

The free coagulases liberated by the thir—
teen international types ol staphylococel corp-
respond to one or other of the antigens “a',
"oty UL, Mi' o and "k" (these being the antigens

described by Brodie), but apparently uot to

antigen "e'.

Thae results of gel-dilfusion technigues
and direct agelutination tesis applied to the
antisera prepared apalnst Lthe coagulases arce

not informative.

The results of tests involving the neut-

ralisation of a coagulase by the antisers
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prepared against the other coagulases suggest
that the "coagulase' liberated by a particular
atrain of staphylococcus may in fact he a com-

bination of coagulases up to fouwe in number,

(6) The pattern of the coagulases 80 revealed
is not reluted to the 'phage group of the
shaphyloeoccus in any of the thirteen instances

studied.

{(7) Rabblts immunised with a cosgulase from a
serotypre I staphylococaus are protected to a
certain extent aguinat challenge by a staphyloe
cocous of sevotype IT, but not ITI, when the
challenge dose 1s administered lntravenously.

The effect of challengs by a serotype I ataphylo-

coccus was masked by the death of the rabbit.

(8) Rabbits immunised with a coapgulase from a
serotype Tl staphylocoocus weras protected againsid
challenge by staphylococal of serotypes I and 11

when these were administered intravenously, but



(9)

(10)

(11)
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not against ahallenge by a staphylococcecus of

serotype 111,

Ravblits immanlsaed wifh goagulase from a
staphylocoacus of serotype IIL wers protecieqd
agalnst challenge by a serotype IIT staphylo-
cogcous when the latter was adminlstered intra~
venousaly, but not againat challenge by staphylo-~

cocei of gerotyves I and II.

When the challenge doses of staphylococci
were administered subcultaneously, the rabbilis,
inoculated with the coagulases from staphylococci
of serotypes I and 1T, were proitected apgalnst
staphylococcl of serotypes I, 1T, and IIIL, when
coagulase from a seratyge ITI staphylococcus was
inoculated, the rabbits were protected aguinst
gtaphylococeci of serotypes I and ITI, and the
lesion arising from the staphylococcus of sero-

type 11 was attenuated.

Consequently, 1t is concluded that the
antlbodies to the coagulases of astaphylococcl

have, in the rabblt at least, a protective valus.
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APPENDIX A,

On page 128, T have stated that all the factor
antigera made with Osding's strains of staphylococci
according to the methods of Ceding were satisfactory
with the exception of factor antiserum "b" which was
polyvalent. As Oeding, up to the date of submisaion
of this thesis, has not published the full formulae for
his strains which I can guote in support of this state-
ment, 1t is now necessary to show how the formulae of
Oeding’a strains of staphylococoi were deduced from
the information available in hils publications and in a

pervsonal comminication.

ANTIGENTIC TFORMULAN,

(a) Based on the_gcheme of factor sera preparation.
1 Strain 36L7.
1a. Factor antigerum "a" is prepared by absorbing

the .ntiserum prepared against type 3647 by Lypes £21
and 1503, Then type 3647 contalns antigen "a', but

types 21 and 1503 do not.



1 b, Fagtor antiserum “c¢" is made by avsorbing the

-

antiserum to type 3647 with types 1503 and 3189, Then,
type 36L7 contains antigen "e", but types 1503 and 3189

do not.

tc. Factor antiserum "e' is made by absorbing the
antiserum to type 1503 with types 36L7 and Cowan I,
Then type 1503 contains antlgen "e", but tyres 3647 and

Cowan I do not.

2o Strain F2q.
28 sactor antiserwm "m" is made by absorbing the

antlserum prepared against type 121 with typea Wood L6
and GCowan III. Then type 21 contains antigen “'m",

but types wWood 46 and Cowan JII do not.

20, Factor antiserwn "1V is made by ahsorbing the
antiserum prepared against type 21 with types 1503

and 2095, Then 21 contalnsg antigen "i", while typos

1503% and 2095 40 noi.

2¢, Factor antiserum “n" is made by absorbing the
antiserum made agalnst type Cowan Y.l with types 2095
and ¥21. Then, Cowan I1T contains antigsen "n" but

types 2095 and F21 do not.



2d. Factor antiserum "k" ia

the antiserum made against type

A3

prepared by absorbing

5365 with typas 1503

and 21, Then, type 5365 contains antigen "kY, but
’ |

O

types 1503 snd F21 do nob.

2€. From 1a, type ¥21 does not contain antigen "a',

3. Strain 1503,

3a. rrom te, type 1503 contains antigen "e'. \

3b. Fpom 1b, type 1503 does not contain antigen‘ﬂ%?.
3C. From 2d, type 1503 does notqgomtaig,aﬂtigenb”ﬁwfﬂ
3d. from ta, Hypé 1503 does nobt contain antigen "a
30, srom 2b, type 1503 does not contaln antigen "i",
At Factor antlserum "h" is vrepared by absorbvbing

the antiserum made against type
1503, Then, type 17A contains

2095 and 1503 de not,

Lie Strain 3189,
Lia. From 1b, type 3139 doesn
5‘ S‘t’ll’a in 209‘50.
B8 Yactor antiserum "b' is

the antiserum made against type
Then type 2095 contains antiren

does not.

174 by types 2005 argd

antigen "h'", but types

not contain antigen "c

prepared by absorbing
2097 with type 2253,

"' and type 2253

i

1

-



9.
9:‘3 .
Q0.

10.
104,

11.
11a.

Al
From 2¢, type 209% does not contain antigen "nv,
From 38, type 2095 does not contain antigen "h".

From 2b, type 209% does not contain antigen "i%,

Btrain 2253,

From Ha, type 2253 does not contain antigon "bY,

"+

Strain Cowan I.

From 1e¢, Cowan 1 does not contain anbtigen "e".

Strain Wood LO.

Trom 2a., type Woodi#it uwoes not contuin antigen "m".

Strain II1,

Feom 2¢, tyce Cowan I.1 contalns antigen "n'.

From 2a, Cowan TiI does not contaln antigen 'm".

Strailn 1747

From 3e, type 17A contains antigen '"h'.

Strain 8365,

ipom 2d, type 95365 contains antigen "k'.
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This inTormation is best gathered together and 1s
so presented in Table A This censtitutes the information
which can be deduced from the schema given for the

praparatsion of factor antisera.

Table A,

A O gy

Type Antigens

(1) present | (2) absent
écwan ty pe T ) @
Cowan type IT Not used in factor jsera preparation.
Cowan type IIj n m
364L7 a, ¢ )
2095 s _ n, h, i
1503 e 4. ¢, b, 1, h.
174 h
re1 Myl By K, N
$36% 1k
%189 @
Wood L6 ‘ | m

225% | b
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(b) Further antigens allocated on the basis of the

-
publications of Oeding (19609/} and Hauknes and

Oeding (1960°4)

Other data have bean published by Csding from time
to time. In 196057, he states that the formulae ior
types Cowan T, IT, and IT1 were “"abe", "ab® and "abe".
Later in the same year (19603“)-he found that the anti-
seruﬁ "e'" was polyvalent, and deocided that type Cowan I

did not possess antigen "e".

The presence of other antiyens in the varlous types
is also racorded in the same publicatilon, and thess are

- gathered 1In Table B,



Tyble B.

A7

Type

Further antigens

(1) present

(2) absent

Cowan type 1
Cowan type IX
Cowan type ITT
36047

2095

1503

17A

Fa1

G565

5189

Wood L&

2253

841,00
a,b
a, by, c, n

n

m

(g). i, m, (n)

fote

&, m, n

Cy
SN
G,
@,

Sy

G

G,

1
m,

In

m,

n

m,

m,

N

n

(8), and (n)

= weak antlgens




AB

(¢) Full antigenic tormulag.

80 far, antigens have been allocasted to the

gstaphylocoecal strains

(1) on the basis of the schema for fagtor sers
prepavation (Table A, puage A%), and

(2) on the basia of the publicatlions of Oeding
(196057) and Haouknes and Osding (196O3u),

(see Table B, page AT7).

The further antigens of the atrains must be
deduced according ito the reactlong of the strains
with the full range of factor anbtisera. These

further components are given in Table C, pags AY.
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Type Further antigens ldentiflied with sera
Cowan type I QLK |
Cowan type IT | none

Cowan type ITI11 none

3647 b

2095 a, &

1503 none

17A none

ra21 b,

8365 nona

3189 ay, B, M

wood 46 none

2253 none




AM1Q

The full antigenic formulae based on all information

80 far available (from Yables A, B, and C) are now

gathered together and presented in Table D.

Table D.
Type Table A . Table B Table C Completq
rormulac

Cowan 1 ayb,m, QLK abokm
Cowan 11 a,h ab
Cowan IIJX n 8,0,C, ahen
3647 8,0, n b aben
2095 b a,o ake

1503 £ B,M, 0 cIpn

174 n h
¥21 m,i b,o beim
8365 k (e),i,m,(n) (e)ikm(n)
3189 a,h,m’ abm
Wood U6 1 i1

2253 @ Myn amn

moans weak antigens,
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There arae three points worthy of mention in thess

antigenic formulae.

(1) Pactor antiserum "b" 1s prepared by absorb-
ing the antliserum prepared asgalnst type 2095
("abe") with type 2253 (M"emn'); 1%t 1s seen that
absorption on this basis would yield a polyvalent

antiserum reactling with antigens "a¥, "h", and "e".

(2) The formula of type 3189 is given as "abm":
in Tables A and B it is stated that "m" 18 sald

to be absent in this type.

(3) Antigens "e", "i" and "n" have not been
found in type $365. "e" and "n" hovever are
known to be vsry weak. Yailure ﬁo detect
these antigens does not alffect the preparation

of antigserum "k,



B1.

APPERNDTIX B,

This appendix consists of microphotographs of
kidneys removed at autopsy from the rabbits inoculated
with coagulase prepared from the various gtaphylococcal
gerotypes, then subjected to challengs by intravenously

administersd stéphylococoi (seo page 116).

Microphotographs of the kidneys from the followlng
rabblts are not shown, as, in sach case, auvtopsy

revealed gross pyelonephritis with abscess formation.

(1) The rabbits inoculated with coagulase from
serotype I staphylococcl, and challenged
with staphylococel of serotypes I and I71.

(2) The rabbits inoculated with coagulase
prepared from a sataphylococceus of serotype
I1I, and challenged wilth sitaphylococel of

gerotypes I and 17,

All microphotographs are enlarged 12 times.



Rabbit Inooulated with ooagulase prepared from a
Btaphylocoocus of serotype II, then challenged with

staphylococci of serotype 1I.

Much of the parenchyma is normal, and no abscess
lormation or round cell infiltration is seen. Infarc
tion of certain glomeruli, however, has led to areas

ol tubular atrophy and dilatation.
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Rabbit Inoculated with coagulaae prepared from a
etaphylococcua of serotype II, and challenged with a

staphylococcus of serotype II.

Parenchymal damage is slight in this instance,

consisting of patchy oedema and round cell iniiltrition.



«

Rabbit inoculated with the coagulaae prepared from
a 8taphylococcua of serotype II, and challenged with a

staphylococcus of serotype III.

Widespread abscess formation is seen.
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Rabbit inoculated with the coagulaae derived from
a staphylococcus of serotype III, and challenged with

a staphylococcus of serotype III,

Parenchymal abnormality is present, and consists
of patchy oedema and loci of round cells, together with
glomerular infarction resulting in tubular dilatation
and atrophy; in contrast to the last example (see page

B5) no suppurative change is found.
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Rabbit Inooulated with the coagulase derived from
a ataphylocooous of serotype I, and challenged with a

staphylocoocus of serotype II.

Parenchymal damage is relatively sli**ht, consisting
of glomerular atrophy in a patchy distribution which

has caused some tubular atrophy and dilatation.



