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ANNOTATION

The current state of the problem of the application of baterio-
phages for the 1ntraspec1es identification of bateria 1is presented in
this monograph. The methods of phage typing of the typhoid, para-
typhoid B, Salmonella Breslau, staphylococcl, dysentery and entero-
pathogenic coliform bacteria are described in decail. The theoretical
aspects of the method of phage identification (specificity of phage
type, adaptation mechanisms of'phages etc.,) are discussed. -

The book 1s destined for scientific workers in the field of micro-
blology, epldemiclogy and for practical physicians.
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PREFACE
Phage typihg is a method of differentiating bacteria within a .
specles or serotype by'means of a bacteriophage. ' |
This method has aséumed the greatest impoftance for improving
'-the accuracy 6f dlagnosing infectious diseases, and the 1mpro¢ement of
the quaiity of epidemioiogical investigations and epidemiol@gical
analysis. By determinirg the phagotype of the bacteria which cause
‘the disease, 1t 1s not only posSible'to recognize the tfue source of‘
infection but also to trace sometimes thé complex pathway of the
pathogenlc agent from the infectlon source to the receiving organism,
and to make a profound aralysis of the epldemic flareup. Epidemiolog-
1cal practice has accumulated sufficient material 1llustrating in
what manner the determination of the phagotype of the pathogenic agent
wag conflirmed by information, obtained by the conventlonal method,
concerning the infectlion source and the pathways of 1te tpansmission
or how 1t'he1péd tb remove cbhtr&diétioﬁs 157théwépidémioiogicaimgﬁn-
clusions dufing Investigation of flareups, forl and sporadic illnesses. -
It should be pointed out that phage typing does ﬁot in any way
replace the method of epidemiological examinatlion: 1t has the purpose
of impfoving and supplementing the epidemiologicél study of diseases.
Phage typing makes it possible to improve the accuracy'of bacteriolog-
lcal diagnosis and the same time to shorten the time required for the
investigation. |
About 25‘years have passéd since it became possible for the first
time to subdlvide typhold bacterla by means of specific hacﬁeriophages.
-1 -
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Since that time, the sphere of application of the method of phage
typing has included a laége number of bacteria. At the present time,
’typhoid bacteria, paratyﬁﬁoid A and B, Salmonella Breslau and other
types of Salmonella, the $lasmacoasu1at1ng types of Staphylococcus

asureus, the enteropathogenic serotypes of Escherichia coll, dysentery

M._bacteria and other microorganisms are identifled by means of phages.

vf The methods or phage typing or typoid bacteria, paratyphoid B and of

-staphylococcus aureus have been standardized by the International

As ociation of Microbiologists.

l'Up to the present time, numerous data have been accumulated with
regard to the theory anrd practice of phage typlng of pathogenlic bac-
teria, which required covtelation and systematization. Monographs on
this»problem,do not exist in the Soviet Unilon or abroad. The absence
of a systematized résuhe of the data on phage typing has a'negative
erfect on the level of scientific investigations concerning these
prgblems in the USSR and %n the successful practical application of
the method in 1aborator1eé. Tha aim of the present monograph is to
fiﬁl 1n, even partly, thi gap and to aid the practical and scientific

workers 1n mastering this valuable method.
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INTRODUCTION

Among the methods of bacteriological dlagnostics those in which
1ntra-specieg typing of microbes, isolated from patients and carriers,
from the environment etc., is carried out, assume evergrouving Ilmpor-

wiEghcé”étufhéwﬁféé;nt/time. The need for.diffebénfiéting éultures of
'the same specles or serotype is dictated atove all by epidemiologlcal
aims. In epidemioldgipally connected cases, the bacteria should belong
to the same types.

As we know, a épécies of bacteria is by no means homogeneous in
its propertlies. The intraspecies nonuniformity may be manifested in
biologicai, blochemical or antigen properties, 1n the sensitivity to
sulfanilamides, antibiotica and bacterlophanges. Corresponding to this,
blotypes, serotypes, etc. are distinguished within a specles of bac-
teria. In some specles of microorganisins, the number of sﬁch types
may be fairly large and serve as a means of additiocnal differentlation
of cultures of different origin. For example, several tens of sero- -
types of hemolytic streptococcl of group A are distinguished. In other

_____species there are only a few antigenic and blochemical variants. Among
‘ the typholc bacteria, for example, the serological types are limilted
to vériations 1n‘the quantitative content of Vi-, O- and H;antigens,
which give 1in all seVeral rarely found and not always stable sero-
types. According to the blochemical characterlstics (behavior to
xylose and arabinose) only the 4 Kristensen types ( I, II, ITI, IV)
are distinguiéhed, with the overwhelming number of cultures belonging

to the blochemical types I and II. Thus, Chonlczewskl (196la) detected

...3..




,Winvestigators turned to the phage method of subdividing,bacteria.

among 2002 typhold bacteria cultures, isolated in Poland, type I 1n %

.
60.8%, type II in 29%, type III in 0.7% and type IV in 0. 5% It is '
obvious that auch a differentiation is of 1little use in an epidemio-

logical sense. This 1s why in recent years an ever growing number of
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The above indicated methods differentiate the microbes 1hto}a'
fairly large number of practically stable types, they are technically
simple and at the same time gilve precise results, which harmonize with
the data of the epidemiblogical investigation. The methods in which
phages are used for differentiation of a specles or serotype, have
been designated in the French and German literature by the term "lyso-
typirz of bacteria", while in'the Russian and English literature, the
term "phage typing of bacteria" which we shall also use in the follow-
ing, has taken root.

SPECIES SPECIFICITY OF PHAGES

The possibility of using a phage for differentiation of bacteria

is primarily due to the specificity of its lytic hiction. Even at the

time of discovery of the bacterlophage phenomenon)| N.F. Gamaleya (1899)v

~_obsesved the specificlty of actlion of the lytic a ent and attrlbuted

considerable signiﬁicance to this. The subsequent study of this pheno— “
menon led to a practical classification of the lytic agent At the g
present time, phages are known for the following genera of bacteria: ‘
Pseudcmonas, Xanthcmonas, Vibrio, Rhizobium, Chromobacterium, Micro—
coccus, Gaffkya; Nelsserla, Streptococcﬁs, Lactobaclllus, Corynebac-
terium, all genera of the family Enterobacterlaceae, Brucella, Pasteu-

rella, Bacillus, Clostridium, Mycobacterium, Streptomyces, Nocardia

(M. Adams, 1961). Only splrochetae and pneumococcl seem to be free of

phages. |
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As we tnuw, the lytic effect of the phage begins with the adsorp-
tion of its particles ¢n the suiface of the microbe cell, Then follows
the penetration of the deoxyribonucleic acid (DNK) of the phage into
the cell, the phase of latent proliferation (latent period) and the
phase of the escape of the particles from the cell.

Even d'Erelles already demonstrated that bacteria 1ncapap1e of
adsorbing phages cannot serve as a host for its reproduction. The ad-
SOrption of the pnage on the bacteria depends on the chemical and '
physical properties of the medium, the nature of the pnage, the phys-~
lological state of the'baqterial cell, but mainly on its antigen
structure. The range of hosts for a phage 18 mostly limited to one
-bacterial specles or type although exceptions from this rule are fre-
quent. Once again fhe lytic activity of the phages with regard to
other specles and types of bacteria 1is correlated primarily with their
antigen structure. Thus, in the experiments of Burnet (1930) the same
phage lysed Salmonella with general O-antigens. The loss of O-antigen
during the tranéit;on from the smooth to the rough from was accompaniled
by a loss of sensitivity of the Salmonella to this phage.

The connection between the specific effect of the bacteriophage
with the antigen structure of the lysed bacteria 1s also confirmed by
immunochemical data. As we know, the specific polysaccharide of the
microbe extracts is capable of inhibiting the lysing activity of a
homologous phage (Levine, Frisch, 1934).

Phages whose action could be entirely connected with the peculi-
arities of the antigen apparatus of the cell, found application for the
more detalled study 6? the antigen structure of some related groups of
microbes. Thus, Levine and Frisch (1936) through testing the phage
sensitivity of gtrains of Salmonella cholerae suis discovergd antigen
differences between them. These differences were confirmed by antigen

5



analysis and helped to detect the 61 and 62 somatic antligens 1in the
C-group of Salmonella.

Phages which specifically lyse a certain specles of microorgan-
isms, are most frequently employed in practice for diagnosis, Even
Sonnenschein (1925, 1928) already made an attempt to utilized the spe-
cles specificity of phages of different groups of m;crobes for differ
entlating one serotype of Salmonella from another (in particular;
Salmonella Breslau frdm pératyphoid_g end typhold bacteria). lLater on,‘
the D phages 6r Sonnenschelin were used with the same aim by other au-
thors (Marcuse 193&, a, b). The concentration of the efforts of re-
searchers in the search for highly specific‘diagnostic phages led to

the discovery of the O-phage, which 1is actlve for bacteria of the ge-
" nus Salmonella (Felix, Callow, 1943), (Cherry DaQis, Edwards, Hogan,
1954), (Wassermann, Saphra, 1955). The same dlagnostically effective
Salmonella O-phage was obtained in the USSR by V.A. Kilesso (1960)
from polyvalent Salmoﬁella Breslau bacteriophage'of the Gor'kly Insti-
tute of Vacclnes and Sera. Both diagnostic O-phages have a wide range
of action on Salmonella and are practically lnactlve with regard to
nonpathogenic representétives of enteric bacteria. At the present time
the reactions with these phages are used as a simple auxiliary method
of 1déntify1ng cultures of the coliform gfoup.

| V.D. Timakov and D.M. Gol'dfarb (1955, 1962) worked out an origl-

nal and specific method of phage diagnostics using the reaction of .
increase in the titer of the phage. This method 1s now wildely used for
dlagnosis of typhold, dysentery, plague, cholera, brucillosis etc.

The advantage of phage dlagnosis consists in the fact that it re-
quires several days less than the conventional biochemical and sero-
logical methods‘and does not always require the 1solatlon of a pure
culture of the bacterla ahd, finally, is techhically very simple and

-6 -
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practicable. It must be pointed out that even 1if highly speciflc phages
are used, phage dlagnostics cannot completely replace the biochemical
and serological mgthods of culture study because the specificity of

the phage 1s notJADsolute;

TYPE SPECIFICITY OF PHAGES .

In addition to observations of a close interrelation between an-
tigen at;ucture and phage sengitivity of bacteria, data have been ac~-
cumulated, indicating that these}characterlstics.do not always fully
coincide. In experiments of Burnet (1930), for example, serologilcally
identical smooth forms of some type of Saimonella differed in thelir
phage sensltivity. These differences were also retained durling the
transition of the cultures to the rough.fonm. The author alab observal,
fhét the appearance of phage resistance did not correspond to changes
in the serological propertlies in all cultures. The absence of a con-
,nectidn between phage sensitivity and serological characteristics was
demonstrated on the Flexner dysentery bacteria by A.G. Leonova {1947),
on typhoid bacteria by Craigie, Ian (1938), on paratyphoid B bacteria

(Felix and Callow, 1943) and others. All these facts gave a new direc-
tion to the research concepts. The study of phages, whose,éctivity .
with respect‘to bacteria identical with regard to antigen characteris-
tics, was different, led to the elaboration of a new method of intra-
species typing of bacteria - the method of phagertyping.

The method of phage ty~ing arose as a purely empirical method,
and its theoretical basis was given only later. The nature of the phe-
nomenon of type specificity proved to be different from the specles
specificity. The latter is based mainly on the speciiic troplsm of the
phage to stralns with a certaln antigen structure and on its capacity
to be adsorbe& on certain receptor regions of the host cell. In most
cases the bacterial antigens are either identical with these regions

..'_7_
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(1n the phage sensitive species) or, conversely, prevent the adsorption
of phage on them purely mechanically (in the phage resistantrspecies).'
Adsorption 1s essential in the phenomenon of type sepcificlty but 1s
not the sole condition of interactlion between the lytic agnet and the
bacteria. Cultures which adsorb a phage, do not always reproduce it
(Craigie, 1939). |

Two causes of the appearance of resistance to phages in bacteria
can be distingulshed: mutation and lysogenization (M. Adams, 1961). As
we know,'mutation is a hereditary change in some properties of a cgll.
Mutations often occur spontaneously. The phage resistant mutants of
bacteria are easily detected when'a culture is 1noculated on agar with
:an excess of phage. The phage plays the role of a sélective agent, by
annlhilating the sensltlve specles. The surviving specimens multiply
and gilve colonies of phage-reslstant mutants. Suéh variability can in

some Instances be accounted for by a loss of the receptor (of an antil-
gen or nonantigen type) which adsorbs the phage, in other cases by the
appearance of a substanée which envelops the reéeptor and prevents
phage adsorption. Sometimes‘the mutants lose the capaclty of synthesiz-
ing the adsorption stimulatbrs (cofactors), for example, tryptophan
~(Anderson, 1946; quoted according to M. Adams, 1961) or proline (Vol'-
man, 1947; quoted according to M. Adams, 1961). Mutations may lead to
a transformatlion of rhage-resistant forms to phage-sensltive ones.

Such mutations have been studled less intensively owing'to the difri-
culty of isolating them (absence of selective agents).

Another way for a culture to acquire phage resistance is a transi-
tion to a lysogenlc state. By a state of lysogenicity must be unden
stood the presence of mild phages in the inactive form, which has been
termed prophage. The lysogenicity 1s detected on the basis of the ca-
pacity cf the microbes to form so-called mild phages, which in contrast

- 8- '




to the virulent types can impart lysngenicity to the cell. This pro- |
cess 1s termed lysogenization. During lysogenization, the nuclelc acid |
of a mild phage penetrates into the cell'and without causing 1t any
harm, goes over into the prophage stete. The prophage 1s bound to the.
genetic material of the cell and is transmitted to its progenies,
‘mHence; evefy cell of a lysogenic culture carries, in the form of non-
infectious units (prophage) the'genetic information essential for phage
formation. It 1s assumed that the p'ophage,isulocalized in a certain
polnt of the bacterial chromosome F 1s the sole determinant of lyéo—‘
genicity. The phage, 1solated from iysogenized bacterla, 18 identical
to the phage which was,nsed for 1ts lysogenization. |

Under normal conditions, a lysogenic bacterium is protected .

A R g i B 6 e e s 0T s

agalnst the iytic action of external phages, which are serologically
identical with or related to its prophage, although it alco may adsorb
them. This phenomenon has been termegd the 1ncompat1bility‘phenomenon
or phenomenon of immunity of the lysogenic bacterium. Not being lysed
by related phages, such a bacterinmvreact to infection witn'a hetero-

geneous mild phage like a nonlysogenic bacterium. In other cases, lyso—

S

genization is accompanied by resistance to certain heterogeneous milld.

phages. This phenomenon has been termed prophage 1nterfereLce. Thus,
Bertani (1953) lysogenized a culture of sh. dysenteriae with mild E.

coll phage P2, which prior to 1ysogenization‘had been sensitive to the
phage P2 and to 7 types of T-coliphages. Following lysogenhZation Witn
P2 phage, the culture acquired resistance not only to the latter, but | ;

also to 3 coliphages (T2, T4 and T5). ' , ‘f : 3

[;
| - i

The mechanism of the appearance of resistance in a ﬂuiture under : a

the 1nf1uence of lysogenization 1s not yet clear, but 1t 18 specific,

because cells, which are 1mmune to some phages, continue to be lysed
by some others. After lysogenization the bacterial cells can retain

-9 -




the abllity of adsorbing mild phage which has penetrated into them,
although this abllity 1s sometimes lost (Uetake and others, 1955).

It must be suppbsed that under natural conditions of formation of
the resistance and sensitivity of cultures, lysogenization as well as
the selectlion of mutants and changes in the antigen strugture are im-
'A portant. The leading role, ﬁowever, 1s played by lysogenization.

Lysogenlcity is an extraordinarily wldespread state in the world
of microbes. Thus, for example, the number of mild phaggs for Salmo-

- nella 1s counted 1nitens and even hundreds and a single bacterium can
separate sevgral different types of phage. A coﬁstanf éxchange of mild
phages takes place between lysogenic bacterié. As a final result, the
cells can acquiré multiple lysbéenicity, replace one phage by another
and free themselves of lysogenlcity (Boyd, 1956). Hence it is compléte—
ly comprehensible that there 1s an unusual diversity of reactions of
Salmonella with phages; and such an abundance of phagofypes within the
serotypes of this genus of coliform bacteirla. Conversely, ih other
species of bacterla, for example choiera vibrios, the number of mild
phages 1s small:'MukerJeé and others (1959) classified several hun-
dred types of cholera phages into 4 main groups. This 1is the reéson

wily typing thils specles of mlcroorganisms 1s less promising than that
of Salmonella.

- 10 -




| Chapter 1 -
PRINCIPLES OF PHAGE TYPING OF BACTERTA

There are two possible approaches to the phage typing of micro-

organisms. In the first case, the microbes are classified 1nto phago-

types on the basis of the qualities of the mild phages 1solated from
them, in the second, on the basis of the sensitivity to specif;c
(standard) bacteriophages in a certain dilution. | |

The first method of typing 1s based . the unusually wldespread
occurrence of 1ysogeh1city among pathogenic bacterla. The‘mild phages %_
are detected on sensitive cultures ﬁhich are called 1lndicator cultures.
Investigations showed that 1in presence of the necessary test series of
indicator strains it 1s possible to detect lysogenicity in 80—100% of
~Salmonella, coliform bacterla and staphylococci. Burnet (1932) and in-
dependently, Boyd (1950) found that mild phages of strains of Salmo- |
nella Breslau of different orig;n differed qualitatively from each |

‘ other'witﬁ”régabd”éé"bﬁéf?éﬁééWSE“i}fié'activity, thermal stability
and serologlcal characteristics. The prophages are transmifted by he-
redity from the parent to the daughtervcells and thus, serve‘as "in- §
dicators" for the bacterium. Boyd proposed to use this fact for typing.
The author termed this method thé direct method of phagé typing, be-

S L R AR e e b e R T

cause by 1ts means the direct identiflication of the phage which exists

in the cell in the form of prophage 1s achleved. Determination of the
peculiarities of the phage "indicator" make it possible to'recbgnize
epidemologicaily related strains of bacterla, and to trace the origin %

and distribution of infectlion flareups, because cultures from connected
—
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cases oi 1llness and baclllus carrlers produce the same mlld phage.
The direct methed of typing bacteria and 1ts modiflcations proved con-
" venlent for the subdivision of Salmonella, some serotypes of entero-
pathogenlc coliform bacteria etc. As will be pointed out later on,
howefer, this method 1s laborious and slow which limits its practical
applicability to a certain extent. o

| ”For thé majority of microorgénisms, the second method 1s used -
the differentiation of cultures on the basis of their phage sensitiv-
ity. The Canadian microbiologlsts Craigle and Ian reported in 1938,
that serologlcally identical typhold cultures were not uniform with
'regard to thelr reactions with Vi-phages (phages which lyse cultures
containing Vi-antigen) (see further on). For subdividing the cultures,
the authors utllized fhe_capacity of one of the Vi—phages (ViQII) to
adapt easlly to a resistant Vi-strain and thus to lose instantly the
activlty to the original Vi-strain. All the phageé derived from the
Vi-II straln in the corresponding dillution lysed, as a rule, only
strains of homologous type (homologous cultures are termed those, on
which ﬁhe glven phage had been bred; heterological abe cultures of
other types).

| The methods of Crgigie and Ian were used for typing many micro-
organiéms of paratyphold A and B bacterla, some species of Salmonella,
plasmacoagulating staphylococel, corynebacteria etc.). The Vi-II phage
proved to be unique in 1ts unusually great adaptive capacity, which
possibly 1s innatc only in Vi-phages and 1s unattalnable by Cbphége,
cdiffering in thelr serological characteristics and the sgectrum of
lytic actlivity are used for typing the above-enumerated speviés of
bacteria. Such phage may lyse several phage types. The phagotypes dif-
fer from each oﬁher‘in these‘schemes by the combinatlions of the phages
which lyse them.

- 12 -




The selcction of phages 1s of great importance for the successful
typihg of microbes. Fbr the purposes of phage dliagnostics, phages
equally active on all representatives of the species or even of an en-
tire genus of bacteria are necessary. These requirements are met by
the highly virulent races of phages. They are normally isolated from
the feces of patients and reconvalescents, from sewerage effluents and
from pseudolysogenic cultures. The virulent phages are not very suit-
able for typing owing to their widerange of lytic acitivity. By means
of the previously mentioned phages, the strains are differentiated in-
to a relatively small number of phagotypes which lowers the epidemio-
logical value of this subdivision. Thus, Marcuse (1934, a, b) differ
entiated by means of virulent Sonnenschein phages only 6 phagotypes of
typhoid bacteria.

Most useful for intraspecies typing proved to be the mild phages,
isolated from true lysogenic cultures. These phages show a high spe-
cificity in their lytic effect, which helps to make aﬁparent a fairly
large number of phagotypes within a speciles or serotype of bacteria.
In some typling schemes, such specificity 1s explained by the interfer-
ence of the prophage, in others by the immunity of the cell to the re-
lated‘prophage. As mentioned previously, different prophages provide
the microbes with unique "indicators", owing to which a multiplicity
of phagotypes 18 revealed within thellimits of the specles or sero-
type. Thus, the modern scheme of phage typing of typhoid bacteria,
where all the typingkphages have'their origin in the mild phage Vi1-1II,
counts up to 72 phagotypes, and the scheme of typing of Salmonella
Breslau, about 90 phagotypes.

Because the method of Crzigle and Ian reveals the differentiating
effect of thé prophage indirectly, in the reactions of the cell with
the typing phages, it may be termed indirect typing (Boyd, 1958).
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Mild phages are not free of disadvantages. Thelr actlvity 1s nor-’
mally not very high and 1is difficult to increase by passing through a
sensitive culture. In the end, even on a homologous type, some prepara=
tions develop a weak lysis and thelr sterlle spots are fdirly rapldly
overgrown by secondary growth. This makes the recording of results
difficult and can lead to dlagnostic errrrs. This 1s why in some typ-
ing schemes, where mild phageé are used, ihe results are recorded
througha magnifying glass at a magnirication of 10-20x or even by
means of the microscope. Anderson (1961) recommends to seleét,'if pos-
sible, the most virulent racec of mild phages for the preparation of
typing phage.

The typing phages 1in the typing systems for microcrganisms accord-
1ng to the method of Cralgie and Ian are used in critical test dilu-

tions (KTR). This 1s at most a tenfold dilution of the phage which
glves a confluenﬁ lysis of a homologous strain on a solid medium. The
necessity for diluting the phages 1is due to the fact that phages in
high concentrétién on é solid medium can lys; heterologous phagotype
nonspecifically (without phage reproduction). Such a type of lysis has
been observed under conditions of high numbers of phage (up to 200
phage particles per bacterium) (Delbriick, 1940 a, b). This reaction 1s
not connected with the function of proliferation of the phage and 1s
evidently caused by the activity of the tail parts of the proteln en-
velopes of the phage (D.M. Gol'dfarb, 1961). Dilution reduces the
numerical preponderance of the phage and the noncpecific lytic effect
disappears. |

A qulite separate method 1s that of typing bacteria on the basils
of the lytic propertles of bacteriocines which are éﬁbstances of the
antiblotlic type; formed by some microorganisms. The bacteriocines were

discovered by the French researchers Grazla and Frederic in the family
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of coliform bacteria and were thus termed colicines (Jakob and Wolman,
1961). Later on fhey were detected in other specles of bacteria: the
pyocines 1in strains of pseudomonas aeruginosa, the megacinee in cul-
tures of Bacililus megatheriqm, the pesticines In P, pestis. The bac-
teriocines are not particulate and are, apparently,.a lipo—carbohy-
drate protein complex. At the same time, many properties of the bac—
terlocines, in particular the specificity of their lytic action, are
reminiscent of the bacteriophage, although direct 1nd1cations of any |
“relationship between these agents are lacking. = ',"'W“”{ -
The phenomenon of colicinogenicity 1s extraordinarily similar to
- the phenomenon of lysogenicity. The capaclty for the formation'oflcoli—
c¢ine 1s a hereditary property of the bacterial strain. As in the cases
6r formation of mild phage, the syﬂthesis of colicine causes the death.
of reproductive cells. Similar to mild phages, the collcines are de-
tected by the formation of spots of lysls when applied the culture
medium on the agar surface, inoculated with the sensitive (indicator)
culture. In contrast to mild phages, an inhibition of growth is obser-
ved during the titration with colicines‘in dilution, but notvisolated
plaquee. The celicines‘do not proliferate on a sensitive cuiture and
their actlon 1is of a bacterlcdal type. i
As in phages the action of the coliciness depends on the presence
or absence of specific receptors nn the bacteria. These can be the
same for both lytlc agents. The actlion of colicines 1s specific. They
act primarily only on some membefs of the famlly Enterobacteriaceae.
Within thils family there exlst colicines which act only their owa
group of bacteria (for example, on Shigella). Finally, every collicine
“has 1ts own typlcal spectrum of lytlic effect on stralns of the same
serotype of different origin, Tﬁis property 1s also used fqr epldemio-
logical purposes. |
- 15 -
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ly typed by means of bacterloclnes,

For the differentlatlion of cultures, the lytlc spectrum of thel
colicines produced by the bacteria or their sensitivity to a test 3
serles of colicines may be studled. The bacteria of Sonne's dysentrﬁ,

entropathogenic ccliform bacteria and other microorganisms are current.

For some specles of bacteria, 2-3 typing schemes have been pro-

posed, based sometimes on different principles. Not all typing systems

are perfectgditq phe same degree and conveniehtrfor practical appli

i

cation. Most widespread recognition recelved the methods of phage J
‘ i

typing of the microbes of typhoid, paratyphoid B and of the plasm—co-

agulating staphylococci. These have been standardized by the InternaL
tional Assoclation of Microblologists. \
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Chapter 2
PHAGE TYPING OF TYPHOID BACTERIA

Of great importance for the decrease in the morﬁidity rate of
typhoid and paratyphoid infections is the method of phage typing which
makes it possible to improve the epidemiological analysis. The method
of phage typing, permitting the subdivision Qf specles into severz:l
tens of phagotypes, helps to trace, confirm or reject epidemidlogical
connections in a flareup, to differentiate one flareup from another
and to connect separate sporadic illnesses. A knowledge of the phago-
type population provides better iInformation on theftyphold epidemology
in a repuﬁlic district or town and helps to distingulish the local cases
from those brought in from other parts of the country or from abroad.

The first attempt at phage typing of typhold bacteria was under-

taken by Marcuse (1934, a, b). The Mafcuse phages have not found prac-

| tical application. Only a detailed study of the antlgen receptors and
the phage typing of typhoid bacteria. '
Vi- AND O-PHAGES

The investigations of Felix and Olitzky (1929) showed that the
tyrhoid microbes possess two antigens: a somatic heatresistant O-anti-
gen and a flagellated thermolabiie H-antigen, each of which, as was
found later, in turn represents a camplex of antigens. Felix and Pitte
in 1934 discovered that strains, freshly 1solated from the organism,
contain Vi-antigen, to whose presence the resistance to O-serum 1is
due, and, as £hey originally proposed, also the high virulence of these
strains. Kauffman (1935) introduced the tarms V-, VWM and W-forms for
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designating stralns, contalnlng different quantities of Vi;antigen and
those which so not contain 1t,

The Vi-antigen 1s extraordinarlly widespread in typhoid cultures.
In the organism of the patlent or bacteria carrier the typhoid microbe

is nearly always present in the form with the highest Vi-antigen con-

PR

tent (R.V. Gordina and V.N. Kuznetsova, 1950, and others)

When Salm. typhl 1is cultured on laboratory media, the Vi-antigen

content decreases owing to the fact that the microbes which gradually

acquire the abil? ty to agglutinate with O—serum, _an g0 over via the ,

VW form into the W-form, which does not contalin any Vi-antigen.

A study of the pecullarities of the antigen structure of typhoild
bacteria revealed the nature of the specificity of action of some ty—‘
phoid phages. The first phage which is specific for Salm. typhl was |
isolated in 1932 (Sertic and Boulgacow). The works of three groups of
authors were published simultaneously in 1936, who laid the basis of .

.the study of speclfic Vi-phages for typhold. The phages of Sertic and

Boulgacow (1936) were divided into 2 groups according tc thelr lytic
activity. The first were strictly specific for typhold bacteria, the
second were not specific. In the experiments of Scholtens (1936) the

”cultures lost the Vi-antigen following treatment “with specific phages.

The nonspecific phages which lyse, 1n addition to Salm. typhi, cul-
tures of Salm. Gidrtnerl and Salm. gallinarum, which haVe the same O-
antigen as Salm. tybhi, were termed O-phages. Craigle and Brandon
(1936) demonstrated convincingly the complete parallelism between the
Vi-agglutinabllity of the culture and 1ts senaitivity'to acspecific
phage, which they temmed Vi-phage. The fact of existence of phages,
speciflic for the Vi-antigen of the typhold microbe was confirmed in
subsequent in#eatigations. It was found that the specific action of
the Vi-phages 1s connected with their capaclty of selective absorption
- 18 -
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on cultures containing the Vi-antigen. »

Craigie and Ian (1937) detected 4 serological types among the
Vi-phages 1solated by them and other authors from cultures of Salm.
typhl: Vi—I, Vi-II, Vi-III, Vi-IV. These differed from each other in
their'lytié capaclity with regard to typhoid,strains, conteining vi-an~-
tigen, in the morphology of the sterile spots and the point of thermal .
inactivation, Phages of fhe serotypes Vi~V and Vi-VI were described
later (Desranleau, Martin;'1950), VL—VII.(Brandis, 1955 ¢) and others.

| Concentrated Vi-I phage showed activity with regard to nearly all
| typhoid cultures, containing VL—antigen. The sensitivity to this phage
‘could be taken as a criterion for the presence of Vi-antigen in the |
culture and, owing to the high specificity of the latter, also of the
typhold nature of the strain. This opened up prospects of using this
phage diagnostically (Craigle and Brandon, 1936). It 1s true, though,
that cultures of E. freundil and Bethesda Ballerup were discovered re-
| cently which interact also with Vi-I phage (Cherfy,’Davis, Edwards,
1954). Because these bacteria do not contailn Vi-antligen, the'authors
propose the presence of some substance in them, which adsorbs Vi—phages
4n the same way as Vl-antigen.. Such pultures are rarely found in the
1htestine of patlents and carriers and thus the Vi-I phage retainé its
Importance as an auxililary diagnostid test.
TYPING PHAGES AND STRAINS

In the experiments of Craigle and Ian, the‘range of hosts for the
phage of serdtype II comprised oﬁly a few cultures. At the same time,
the phage displayed extraordinarily greét flexibllity in 1ts 1yt1¢
propertles during passage through resistant cultures. By adapting to
them, the phage often ceased to dissolve the former primary substrate -
strain. By changing the sﬁbstrate strain, the type of the original
phage could be transformed. By studying a large number of phages and
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strains, Craigle and Ian arrived at the concluslon that types of
| typhold bacteria'exist which differ-from each other in their behavlior
to the derivatives of the Vi-II phage. |

Thece researchers provided the basis for the practical applica- |
tion of phages for 1ntraspeci¢s typing of bacterla. In 1938 Craigile :
and Ian described 11 types and subtypes of Salm. typbl and obtained,
by adaptation of the originallphage of serotype II to them, an equal
number of corresponding typing phages. The phages and strains were
designated by the letters of the Latin alphabet from A to J. The phago-
type of the Strain was established on the basis of lysis by the corre-
sponding typing phage in a criticalltest dilution. Craigie and Ian
demonstrated that phage differentliation of microbes 1soiated from |
pafients and carrlers, helped'iq tracing the connections between them
and to eliminate the contradictions in the epidemiologicallconclusions.

The work of the Canadlan sclentlsts attracted the attentlon of
some microblologlists in the USSR, Great Briltaln, France, Japan and
Belgium. The possibllity of additional subdivision of typhold microbes
seemed tempting from the point of view of an extension of epldemiolog-
ical research, the perfection of phage dlagnostics and the phage ther-
apy of'typhoid. The researchers became convincedAof the valuablé fea-
tures of the typing scheme of Craligle and Iaﬁ. The’simplicity of the
method in combirafion with 1ts reliability and the reproducibility of
results earned 1t internationa; recognition,

At the present time, the standard scheme of phage typlng of Salm.
typhl as worked out by Craigle and Felilx in 1947 has been adopted. It
has been adopted by the International Commlittee for Phage Typing of
Bacteria of the Colifcrm Group, formed at the Copenhagen Congress of
Microblologists. The standard phages are prepared and distributed by
the International Typing Center in London. The technique of typing has
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been standardized. lhe typing of cultures of Salm. typhl 1s now car-
ried out practically in all countrles of the world. Differences 1n the
result of typing in different countries are very rare. |

The list of typing phages and strains increases from year to
year. Twenty-four phagotypes and as many adapted phages or erotype II
(Craigie and Felix, 1947) were known 1in 1947 In 1960, the Interna— |
tional Center for Phape Typing prepared 72 typing phages.vThe_reactions
of the standard Vi-phagotypes of Salm. typhl with these phages are
P esented in Table 1 (Data of the Central Coliform Bacteria Laboratory
a London, from October—November 1960) |

All phages 1in the scheme are serologlcally identical, being vari—
ants of the phage Vi-II of type A. | ' '

The comblnatlon of the eubtypes'into groups B, C, D, E, F etc. 1s
bqsed on the fact that the stralns with ordinal number 1 (E1, D1, C1
e%c ) in critical test dilution (by confluent lvsis) are efficiently
dissolved by the homologous phage and also by the phages of all other

Jbtypes of the given group. The strains of all the other subtypes of
tJis group, as a rule,'ere lysed only by the hamologous phages. Excep-
tfons from this rule are rare. Thus, for example, the type C3 in crit-
1Ja1 test dilution is efficiently lysed not only by the homologous
phage but also by phage C2, and the type D5 by the phage, D6, D8 and
D9 etc. L

The phagotype A 1nteraots with all Vi-II phages. The phagotypes
Bl, B2, C1 and 41 have a similar.sensitivity epecfrum as the type A,
bu% are lysed distinctly and constantly only by the homologous and
group phages and are therefore classified as an Ilndependent phagotype.
The phage 28 was obtained from T-phage and lyses both phagotypes (T
and 28). '
| Completing the description of the typing phages and strains it

.
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should be pointed out that the phage Vi-II 1s not unique 1n its flexi-
Sility. Scholtens, in 1950, isolated 4 Vi-phages from water wells -
whecich had the same adaptive quallties as the phage Vi-II. Anderson
(1961) reported on a similar Vi-phage. Such flexibility is not known
in O-phages. '

DEGRADATED AND NON-TYPABLE STRAINS

The perfection of the method of typing and discerring new phago-
types involved a continuous increase in the number of different strains;
Atdphg present time up to 80—100%~of,typhoid cultures aré typed with
-standard phages. The cultufes whose type could not be established, can
be separated into 3 groups.

The first group are strains devold of Vi-antigen (they are not
lysed by Vi-phage and are not ggglutinated by Vi-serum) and were termed
the W-form. The average frequency of these strainé is 5%. Nearly half
‘the W-forms are isolated from bacillus carriers (Brandis, 1955 c).

The W-forms are normally absent from test cultures. As an exception
we can quote the somewhat unique watern-borne typhoid flareup, de-
scribed by A.Ye. Mkrtchan (1961) in Armenla, where all the cultures
from the patlents were isolated only in the pure W-form.

The second group arercultgrggwgpptaining Viféntigen, which are
fééiéféﬁﬁwfb all Vi-II phage prepérations tried on them. They are al-
so termed "nontypable Vi-strains”.

Part of these cultures cannot be differentiated owing to the ab-
sence of a typing phage homologous to them among the selection of
dlagnostic phages. Completion of the missing phages makes 1t‘possib1e
to subdivide cultures of thils type successfully.

In other cases, the nontypable strains can be'new, hitherto un-

known phagofypes.-In these cases one tries to obtain a diagnostic
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—the literature, dealing with
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phage by adapting Vi-phages of serotype II (type A etc.) to the nontyp-
able culture. The successful attempt often leads to the discovery of |
a new phagotype. In other instances, the propo;tion of untypable Vi~
strains 1s considerably reduced by this method. Thus, in Cambodia,

17.61% of all the cultur=zs, 1solated during the years 1957-1960 could
~not be typed by the 56 standard phages:“FoIlbwing'the discovery o: 4

new phagotypes thgre (Elof J3, M3, 37) this percentage dropped to 7.04
(Nikolle, Diverneau and others, 1960). | |

‘:”””Finally; there are strains to which the phages of serotype II are
noﬁ adapted even after repeated passage. Such types of culture are )
termed true imperfect forms, gamma forms, or group Vi-I - Vi-IV (the
cultures are lysed efficlently by Vi-phages of serotype I and IV)..

This category of stréins accounted for 5% of all cultures typed in 32
countries of the world in 1948-1958 (Nikolle, Diverneau, du Plessis,

- 1959). | | |
- The third group are polylysable Vi-strains, which show high sensi-
tivity to several typing phages. When kept for long periods, they are

often transformed 1lnto type which 1s lysed by all typing phages.

Cultures of this kind are of%Ln termed degradated Vi-phagotypes. In

he problems of phage typing the term
"degradation" of strains, by the way, 1s used in two senses : 1) de-
gradation as a gradual loss of Vi-antigen ty the strain and transfor-
mation into the W-form via the VW-form (according to Kauffman) and 2)
degradation in fhe sense of a loss of the specificity of the strain
and 1ts transformation into a polylysable culture. |

Nicolle, Hamon and Edlinger (quoted according to Rische, 1961) -
recommend terming the degfqdated Vi cultures minus-variants of phago- .
type A. For eiample, a degradated Vi culture, which 1s resigtant to
the phages Bi and D6 1s termel A-minus~-Bl, D6-Lariant. Rische claimed
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TABLE 2

Standard Phagotypes of Typhoid Bacterla

owre | Peprin | roa w e erome S Foad Bt e
a b e - d a b ™ .1¢ .
A | ABation | 1937, Kanana 1| Kpeamu u Men, 1838 22 H O [H@Y |1997, é.nm? Kpeamn u Hew, 1938 22
Bl Bl | 1937 » » n 15105 Tynue ’ »
B2 B2 1937 > 2 ’ > 23 n E58-1092 | 1960, Buersian g | Huxoxs, [u-epua, Bpo, ax,
B3 | B 1938, Wlorasnana | Kpeanu, 1940 29 , 4 Naecen. 1967
a |c 1937, Kanasa] | Kpeamw w Hen, 1938 ol K p.15 199, Karat 10 | Jten, 1939 57
€2-33 | T5081 194 » Jepanao w Maprun, 1960 L LI-PIs 1938 » ’ » 23
"~ C3.30 | T4677 1951, Awrawa3 | Awzepcon, Geamxc (Ander- g | Tj3) 1940, Awrana3 | Geannc, 1943 2
g 1o, Fell;. 1953)(\\/2,0“ MM 1939, Kausaal })gpe:»m. 19"140 23 Bpo
2030- ClIA IIALCOH W JARIPAC ' .87.1%4 1959, B " MKO.Yb, Hrepio, ]
C 4 1964, 4 'Edwards.';ggf 2 p M2 | E-57-1146 PTG | T e Miecen, 1960 2
AOSITENC, uwxt. no Pu- .58-167 1959 > » »
« w2 37 we (Rische, 191)] 6 ,}q‘s E.ﬁofﬁ& 1943, Awraun3 | @emme, 1943 29
cs 1730-88 1955 » Buascon n Sasspac, 195720 P Tun 91) 1941 A M . ‘
C7 | 206857 | 1967 Bumcon n damapac. 19926 9 | Yaro 18b] 1943 deanxc, 1944 26
Y (un. no Pz, 1961) oy | 1879 o Jomioh M- | e L
" C8 2782-81 1951 > 4 20 uxwd) 1 I
c9 1824-51 1951 » . > > 2 T2957s 1948, Mnaonesus | Jht Kuan Jlxo) " 1949 (unr.
i a1 1937, Kanaza i Kpeawu u Hew, 1938 55 129574 12 no Puwe, 1961) >
n2 1m 1936, Anraun 3 | Oun xe 2 26 Tod59 1 R1948, Mopro-Puxo | Gemxc, 1950 29
4 710;7 19‘; » Desnxe, | 9 27 T2958 3194‘3. Toananaus 5| Cxoarene, 1950 30
T 1942 > OH xé 1948 > » g
ﬂg T':'om 190 > 29 denxc, 19)50 (uxr. no Pw- 27 223 }fﬁ?‘; 1950, ClliA 4 oe.mcl.wl)gso éum.cn: Kn-
we, we, . ®eanx He
a7 | Ty 141656 | 1950, Tonsagaun | Croarenc, 1950, 1958 30 aepcon (Felix. Anderso
s | 2484.57 1957, CIlIA Buascon w 3asapic., 198926 1951) 5
6 (unr. no Puwe, 1961) 27 32 T3122 1953, Aurax 3 | demne, 1953
Ei Elgﬂ) 1917, Pocens Kpeaxu u Hen, 1938 22 3 1948-54 1954, CIUA i Bumcon n Jaeapac, 1987 5 ¢
E2 1940, Awraus3 | Kpeaww, 1939 5 35 |4m154 | 1954, Mexguea » > 3Q, 2
. 3% 4439 1 Cxoarenc, ~ 1958 (uuré,,,no
Sy nl“ls :3?‘ K."m 1 nep‘"m. ‘94731 HP"m' :aﬁl)bf Bau lo"b
7 » . [ 1w, We 1O, X
Eg ngu 1954, rO-.M"-’ﬂ“ Cxoatenc, 1955 30 26 ¥ ESS-740 1985, Ca r°"15 ':pro (Nicolle, Chambon
ES 640-52 WA Busbcow W dasapic, 1957 Van Al, Brault, 1956) _
E7 563 1954, Toxsananss) Cxonrenc, 1955 0 3 2964-55 1985, CillA U Buascon 1 arapac, 193 2
1.8-31 | T4931 1951, ClllAz} DgPeanxe, 1953 (uwt” no Pu- 39 «Bakymy flnowns 14 gur. no Puwe, 1961) 27
we, 1961) 2 32 Ty 323519 oarenc 301958 (uwr.
E10 | E-5216-51 | 1960, Kamboaxa | Huxoas, Iurepwo, Bpo, Mo 6 Pre, . 27
Taecen (Nicolle, Diver- o0 20 myoucquns| finonns 1 (Une. no Prwe, 1961)
7 ’,’;a;)' Brault, Du Plessis, 42 2] oflyraucus | 1958, Hraama 1o Cnlagug‘.) 1958 (unt. o Puwe,
F1 |k 1900, Anrans Kpeaxu u Hen, 1938 22 57 ven Huxon, [wsepuo, Bpo,
F2 | F2 IBSSA. Kanau13 ’éw:cmon. 11933;5:9“ wx. 1006 16 E-57-1758 18 20 Ilaeceu, 1960 32
HAKCOH 1 .
F3 CuwA 4 Xoxuuencxony, 1981)323
F : » > .
G‘ I;GT. Knnunl Kpeaxn n Hep, 1938 22
a) Phagotype; b; first designation; c¢) year and place of discovery;
d) reference. 1) Canada; 2) Scotland; 3) England; 4) United States;
5) Netherlands; 6) Russia;

91;
23§

son, Edwards; 27) quoted accordin

;) Cambodia; 8) Tunisia; 9) Vietnam; 10
China; 11) South Africa; 12) Indonesia; 13) Portorico; 14) Mexico;
15) Saigon; 1€) Japan; 17) Italy; 18;
19) "Vakumu"; 20) "Murakami"; 21
Craigle; 24) Desranleau and Martin; 25) Anderson, Felix; 26) Wil-
to Rische; 28) the same; 29) Felix;

30) Scholtens; 31) Desranleau; 32) Nicolle, Diverneau, Brault, Du

Plesdis;
-Dzo; 355

32a) quoted according to chomiczewskl; 33) Ia
Nicolle, Chambon, Van Al, Brault.

that the same A-minus varlants are 1solated from epidemlologically
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conngcted cases. At the same time, the isolation of different A-minus
varlants does not always reliably indicate the absence of epldemiolog-
~ ical connections between cases. Detection and identification of mild
phages may also be useful for the epidemiologlcal characterization of
degradated Vi cultures.

In some instances it is very important to determine the criginal
‘phagotype of a polylysable hegradated Vi strain, but this 1s normally
not possible. Anderson and Fellx (1953&) tried to distingu;sh the pha-
gotypes of 5 polylyéable cultures, by péssing through them phage A and
10 other typing phages. The authors were of the opinion tbhat the pha-
ges undergo an evolution into a tYpe which is homologous to the polyly-
sable type of the-precuréor strain. All the phages which had been used,
were elther transformed into phage of type A or did not change.-The re-
searchers were donvinced that for successful typing of degradated
strains 1t is best to send no less than 12 colonies to the laboratory,
because 1in several cases part of them retains the characteristics of
the original phagotype. ‘

STABILITY AND VARTABILITY OF PHAGOTYPES

| The stability of the phagotypes during the period of flareups was
confirmed by all investigators. In the course of many years the phago- .. __~
type of the cultures did not change either during stdrage and reinoCuia
tion or in the organism of the bacterila carriefs (L.Ya. Kuts-Chernokh-
vostova; et al. 1947; N.I. Fedorova-Taléshenko, 1951; Craigie, 1940;

Foley, 1942), (Hendefson, Ferguson, 1949, and others).

The 1ist of observations which attest to the great stability of
the typhoid phagotypes could be considerably prolonged,vbut there 1is
no need for this. The method of phage typing, based on this property
of the aboveméntioned microbes, proved satisfacfory in the epidemiolog-
ical investigations. o
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Thus, the phagPtype characteristics are a perslstent rroperty of
the microbe. Exceptions from this rule are possible. The variability
1s most frequently manifested in an increase :n the range of sensitivi-
ty of the bacterium to heterological phages, including 1ts transforma-
tion into the type A, which interacts with all Vi-phages of serotype
II. The reverse process has also been described: a transformation of
the phegotype A into a more specific state, as reflected by a loss of
sensitivity towards individual phageé (¢, D1, D2, D5, F2, G, O) (T.Ye.
Perkaleva-Klyuchareva et al., 1957) and also to a nontypable form
(Eorsti, 1956). |

A simultaneots presence of phagotypes Dl and the variant of type
D&iin the intestine of a carrier has been described by Henderson and
Ferguson (1949). During a flareup, caused by salad, infected by the
cairier, both kinds of cultures were 1solated from the infection cases.

A milk-borne flareup cf typhoid 1s known in which a female carrier
of type E4 infected through milk several persons, all cultures from
whom belonged to the type El1 (Desranleau and Martin,'1950). One of
these patients infected her sister in whom the type E4 was found. It
was not possible to produce in-vitro El1 = E4 — El1 transformations.

Epidemiological situations similar to those described above, are
not often observed. Carriers of mixed types are a rare phenomenon. The
instability of the cultures in vitro 1s ouserved only during aging of
species on nutrient media or during artificial creation of special con-
ditions. During flareups, lasting for several months and longer, the
phagotypes, as a rule, are stable.

ON THE MECHANISM OF SPECIFICITY OF PHAGOTYPES

It is now known that the specificity of the phagotypes of typhoid
microbes 1is maiﬁly connected with the presence of type-determining pro-
phages in thelr cells. From 18 phagotypes 18 mild phages were isolated

- 26 -



on the indicater strain ofvtype A and others. They were gilven the de-
signations corresponding to the names of the phagotypes, by lower-case
Latin letters or figures with a stroke, for example b3, d1, d4, 25',
267, etc. (Anderson and Felix, 1953b; Ferguson et al., 1955). All phagec
tlearly lysed Salm. typhi 0-901, while some of them (phages f3, 29, dl,
i4, k) lysed Salm. paratyphi C and Salm. gallinarum and, thus were O-
ohages. They were differentiated according to their Seroiogical charac-
teristics into 5 separate groups, which did not have anythlng in common
nith the Vi-phages (Ferguson and others, 1955)

First group: b3, 28'.

Second group:.a) dl, d4, d5; d) r; c) v2. |

Third group: a) d6, f2, 29', 33'; b) 30'; c) 31', 26'; 4d) 25'.

Fourth group: a) t; b) k.

Fifth group: a) a-phi; b) a-THéS'.

On typhoid phagotypes, serologically identical phages, as a ruie,
had the same spectrum of lysing activity and never lysed the strains,
from which they originated, or strains, where phages were detected
which are serologically related to them. The 1limit of lysing activity
of the phages was 25-&50,'and the point of thermal death in the range
of 64-76°, Under the electron microscope the phLages ", dh and k had
a short thick tall and head 1limenslons of 214-226 X 80-92 mu. -

The type-determining functlion of individual phages were demonstra-
ted in artificial lysogenization experiments. As'a result of inocula-
tion with mild phage the cell assumed the phagotype identical with the
fype of the infecting phage. For example, lysogenization of a Fl cul-
ture with phage f2 transformed it into the type F2. Conversely, when
the mild phage was 1ost by the strain F2, it reverted to strain F1l.

Noteworthy is the fact that in the artificial phagotypes, the sen-
'sitivity to the Vi-1 phage did not change but that to O-phages decreas-
- 27 - | |
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ed. One of the phages (k) imparted an absolute resistance to O-phage

to the culture._The‘sensitivity spectrun to typing phages, as a rule,

- became more narrow. Thus, the mild phages transformed the polylysable

type A into the|types D6, 19, 25, 26, T and D1, which are lysed at most
by 2-3 phages; the type C was transformed into type 30, the‘type Fl
into F2, which interact only with homologous phages, etc. The artifi-
clal phagotypes were identical in ell_their properties with the natural
ones and did not change on Dorset's medium in the course of 18 months. |
" The phage 31' transformed into the gamma form, which is resistant

to all pheges of serotype II, the types G, H, L; M and 0, while phage
33! transformed them into the types Bl, D4, I and Ll. The ertificial
gamm" forms proved to be less stable than the natural ones. Loss of the
mild phages frequently transformed the strain into a polylysable cul-
4ture. | _

Altogether) a type-determining function in the bacterial cell was
demonstrated for 13 mild phages; 5 phages (b2, a-TH25', bé,.g and'28')
proved to be 1nert in this sense. |

Type determining phages were subsequently also found in other \
phagotypes, as a rule, in newly discovered ones. The presence of the.

|

mild phage of a certain serotype is a property which is extraordinari-k
| - -

-1y typical for étrains‘of the same phagotype. For example, all 120

I . ‘
strains of phagotype D1 from different countries proved to be homogen-

ous with respecj to the mild type-determining phage dl (Cefalu, Fichera,
1961). ! -

The testiné of lysogenicity became an obligatory test, which de-
termined in new %hagotypes their individual nature or the fact that

they belonged to a certain subgroup. Thus, for example, from a newly

discovered phagotype, Nicolle, Diverneau and otrers (1960) isolated a

phage, and using this, transformed the phagotype M1 into a new one.



This confirmed the fact that the new type belonged to group M. It was
termed type M3. |

A study of the typedetermining phages revealed the élose‘relation-
ship of the subtypes of several groups and caused doubt in some cases
whefher individual subtypes belonged to their group. Scholtens (1955a)
isolated the phage e7 from a culture of the new phagotype E7, which
cannot be distinguished on ihe basis of its serological characteristicé
: ffom the phages d6, f2, 29', and 30'. This phage transformed'the type.
A into 29 a the type El iﬁtd a type similar to, but not identical |
with, E7. The properiies og the phage e7 confirmed the surmise on the
close genetic relationship of type 29 with group E. Later on, the same
author (Scholtens, 1956b) demonstrated by deans of mild phages, a con-
nection between the types El, E3 and D1. In an experiment the phage dl
" transformed the type El into Eé. The appearance of type E3 1s observed
. during simultaneous incubation of éultures D1 end El1 (probably also as
a result of the activity of the phage dl). Moreover, 1t became known
that the artificial and natural strains E3 contaln phage dl. This com-
bination of data proved the close relationship between thé three ;bove-
mentioned phagotypes.

. Hence, not all mild phages, 1isolated from fyphoid phagotypes and
capable of transforming them determine the type. Very often the same
miid phage 1s responsible for different phagot&pes. For example, in the
above-described experiments of Anderson and Felix the phage dl trans-
formed the type A into D1l. Scholtens (1956b) observed, how the same
phage transformed the type El into type E3. It is obviéus that during
the formation of a phagotype by a mild phage, the final result is also
determined by the quality of the phagotype précursor. It is believed
that the.specificity of the phagotypes 1s created, not by one, but sev-
eral mild phages, whose combination can be very different.
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--tures with -the derivative Vi-II phages.

The type-determining role of individual mild pheges i1s not undis-
puted. The fact that they were not obtained from all phagotypes does
not disprove their importance. This depends to'a considerablejextent

on the imperfection of the methods of induction of these phages in genQ
eral (difficulties in the selection of the indicator strains, low

- phage yleld,-etes). -~ - o e

Thus, the capacity of different phagotypes of typhoid bacteria to
be lysed only by strictly deterﬁined phages 1s due above all to the 1ly-
sogenicity'of'these”cultureS‘and represents a particular case of lyso-
genic conversioh;

As we know, lysogenic conversion 1is a change in the hereditary
properties of bacteria during lysogenization by several mild phages
(D.M. Gol'dfarb,'l961).'As a result of the lysogenic conversion, the
bacterium acéuires the capacity of forming a full-fledged phage and to
retain a hereditary determinant in the form of the prophage. The viru-
vlent, serological and culturing properties and also the sensitivify to
unrelated phages 1is sometimes altered in such a bacterium. The latter
phenomenon, which has been termed prophege 4nterference, evidently

i

plays a certain part in the nonuniform rela#iomships of typhoid cul-

As we know, all phagotypes of typhold bacteria adsorb equally
successfully the homo- and heterologous Vi-II phages, but are lysed on-

ly by the homologous phage (Craigile, 1933). This is also understand-

‘able, considering that the fikation of the phage on the bacterium is

primarily correlated with the antigen structure of the cell and there-
fore all strains which contain Vi-antigen, should adsorb any Vi-phages
It must be assumed that the action of the prophage is realized during

the subsequent stages of interaction between the cell and the phage. It

|
1s not likely that the invasion of phages into the cell is impeded in




1

heterological phagotypes. It 1s known that in some cases, concenfrated
heterological Vi-;I phages can produce a lethal effect, which 1is not_
acchpanied by phage reproduction (M.D. Krylova, 1951). Hence it fol-
lows that the Vi-II phage 13 capable of dissolving the cell membrane

of a heterological phagotype and of "injecting"' nucleic acid through iti. ,

it must be assumed.that the prophage 1m§edes the reproduction of the
heterologous phage. In most typhold phagotypes the action of the'pro-
phages is not very strong. In 65% of typing phages the blocked prolif-
eration starts agailn after 1-2 passages through the given phagotype
(M.D. Krylova, 1951). | | |

Phagotype A probably'AOes not contain any prophages which inter~
fere with the adapted Vi-II phages. The specific Vi-Phagotypes appear
as a result of its lysogenization by different mild phages, whose de-‘
terminants (prophages) can interfere with the typing phages.

The appearance of the gamma forms possibly takes place durihg the
lysogenization of cultures by é certain combination of mild phages. Not
" to be excluded is the possibility that the gamma forms appear in some
cases during infection of the phagotypes with latent phages, which are
serologically related to the Vi-II phage. It is‘known that such phages
‘are fbund in cultures of Salm. typhi (Craigie and Ian, 1937, 1938; Des-
ranleau and Martin, 1950). In such a éase we may be dealing with an
immunity of the lysogenic bacterium to phages which are serologically
related to 1ts prophage. ' |

The Vi-degradation of the pﬁagotype, as manifested by the fact
that 1t begins to be lysed by a large number of typing phages, may be
accounted for by a loss of prophage as a result of some disharmony be-
tween the state of the host cell and the prophage and also the replace-

ment of one prophage by an other.
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THE PROCESS OF ADAPTATION OF Vi-II PHAGES TO HETEROLOGOUS PHAGOTYPES

Investigations of the role of mild phages in the specificity of
the phagotypes threw new light on the phenomenon of adaptatlion of the
V1~bhage of serofype IT to typhoid cultures. As we know, Cralgle and
Ian (1938) explained this adaptation by a selection of mutants pre-
existing in the 6r1g1nal phage ‘preparaticn (type A). Such an interpre-
tation, however, is only partially correct (Felix, 1949; M.D. Krylove,
195L) It was found that the phage itself can produce hereditarily mo-

'djfied forms, the direction and stability of these changes belng de-
termined by some qualities of the host strain.

How profoundly is the phage A altered in the process of adapta—
ti5n to the type strain? Attempting to answer this question, Anderson
and Felix (1952) passed 10 typing phages through different cultures of
phagotype A. As a result, 5 phages (C, El, Fl, Ll and T) reverted to .
phage A; U4 phages (D5, D6, O and N) retained thelir type unchéngedi The
ease of reversal of the first 5 phages tg the original phage revealed
the superficlal nature of the changes of phage A on the phagotypes C1,
El, etc. Noteworthy 1is thé fact'that most typing phages are easily
adapted to these phagotypes (M.D. Krylova, 1951). These changes do not

concern the genotype of the phage. They relate to modifications con-

trolled by the host cell. It may be assumed that the superficilal na-
ture of the changes in phage A in this case is connected with the ab-
sence of type-determining prophagés in the above-mentioned cultures
(Anderson and Felix, 1953). The absence of certaln prophages in the
culture must be assﬁmed to greatly simplify the process of prolifera-
tion of the typing phages, requiring only negligible modification of
the latter. |

The phageé D5, D6, 0 and N when subinoculated on type A, dolnot
revert to the original phage. Anderson (1962) proposed that phage A
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during its passage throﬁgh these strains changes &ts genotype and there-
fore the corresponding phages retain their properties so persistently.
Thé strains D5 and D6 contain the type-determining prophages d5 ‘and db.
It 1s not/impossible that this circumstance is the one controlling the
degree offvariability of phage A on these types. Noteworthy 1s the
fact thatjmost typing phagés do-not multlply on some lysogenic types
(M.D. Krylova, i951). All these facts attest that the mild phages of
‘the substréte stfain determine the result of adaptation as well as the
intensity of the changes in the heredity of the phage which has passed
through this strain. | - | |
Based 6n expériments, involving artificial creation of phagotypes,

Anderson (1955) established structurél formulae for'geveral lysogenic
phagotypes (Table 3). The phégotypes are represented in them by two
letters, of which the first (Capital) designates the basic strain (non-
lysogenic precursor of thls phagotype) and the second, the type deter-
mining phage, which transforms the basic type into the given phagotype
during the experiment. For example, for the phagotype F2 the author
proposes the formula F1 (f2), because the phagotype F2 contains phage
£2 and 1s easlly produced artificlally by lysogenlzation of strain F1l
by the phage f2. o

" .The structural formulae of Anderson helped to predict the lytic
properties.of.the phages produced in the adaptation process, end ex-
‘plain the origin of the reactlons of group lysis. The mild phage and
the précursor strain (the nonlysoéehic basic strain) of the phagotype
detergine the spectrum of the lysing activity of the adapted phage.
The new phage will lyse cultures with the same'basic strain or with
the same type-determining phage, as in the new host phagotype. In a
certain numbef of cases the new phage can Interact with strains, con-
taining seroiogically related type-determining phages, but the lysogenic
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TABLE 3

" Structural Formulae of Phagotypes, Containing
Type-Determining Phages (Anderson, 1955)

T Qarorunu, srusnpye-
et | Do guawrr, | Crovarypus bopuy. | s Touesorntupts.
Gerorance cuuu%éarouno- NECHON  TECT-DOSDO-
c d aewnn
- DI ~dl A(dll‘ A, DI
F2 12 ﬂvm A, Fi, F2, 29
T t - A A, T :
26 25 A(25' A,2S
2% % A(28' ‘*L A. 26
29 2 nn 30 A(12) uan A(30°) A2
b 12 aam W' | C12) wan CSSO')* t A, C, 29, 30
-} | 28 E1(26° A, El, 26, 31
< d6 C(d5) A, %(.) 0865 29,

*The nonlysogenic precursor of phagotype D4
1s not known.

#*The phages d6, £2 and 30' belong to the
same serological group. Their type-determin-
ing properties are also closely connected.

a) Original designation of the phagotypes, b) fype-
determining phage, carried by the phagot

c) structural formula of the phagotype; d phago-
types, lysed by the homologous Vi-II phage in
critical test dilution; e) or.

baslis of these strains should be the same as 1n the hosﬁ phagotype or
phagotype A. Let us illustrate the above by means of an example. The

typing phage 33 was obtained on a strain with th eformula C (d6) (see
Table 3). This phage should lyse the phagotype 30 (lysogenic basis of

this type — phagotype C), phagotype D6 (contains prophage dG);VAnd phéQ

gotype 29 (carrying on phagotype A the prophages f2 and 10' serologi-
cally related to phage d6). The experiments, as a rule, confirm these
conceptions. Moreover, phage 33 lyses the type Cl (type 33 1s now re-
lated to group C and is termed C2).

The structural formulae make rational selection of the original
phage for producing a new typing phage for nontypable strains possible
when phage A doeé not multiply on them. A mild phage is then isolated
from such a strain and its serotypé determined. Through the nontypable
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strain is passed a typing phage from a-phagotype with the same type-
determining prophage, which was detected in the/untypable culture
(Anderson, 1956). It is possible that the variability of the phage
which has been passed through the culture 1in this case 1s limited by
the modification of the lytlc spectrum. ‘
Using structural formulae, Anderson and Frazer (1955) subdivided
the preparations of Vi-II phage on the basis Qf the intensity of the
changes 1n the originél phage into 3 groups. |
Among the first gro b are counted the phages, obtained by adapta-‘
tion of‘phage.A on stra ﬁgwhich do not contain type-deteimining-pro-
phages (C, E1l, E2, Fi, G, H, I, L1, L2, M, T, 27, 32). During reverse

passage through the strain A, thesg phages rapldly lose the acquired
lytic properties and révert to the original phage A. The authors term
them nonhereditarily (phenotypically) modified %ariants of phage A.

To the second group belong the preparationé, obtalned by adapta-
tion of phage A to stra1n§, contalning the type4determin1ng phages
(B1, D1, D5, D6, K, 0, N. 25, 26, 28; 29). Duriég reverse passage
through a strain of type A, the lytic propert1e§ of the preparations
remain unchanged. The authors éonsider these phages to be hereditari-
ly (genotypically) modified mutants. ¢

The third group contains the phages D2, D&J F2, 30, 31, and 33.
Li:ke the phages of the second group, they are oétained by adaptation
of phage A to lysogenic strains (exception — phage D2, which_was cul-
tured on the nonlysogenic type Dé). During thei"passagé thfough a
culture of type A, the phages of the third groué were modified, but
did not revert to type A, but acquired the lytié properties of a new
phage, which ﬁas analogous to the phage, adapteé to a culture with
identical probhage. Let us 111u§trate by an example. The phgge F2, af-
ter passing through a culture A was transformed|1nﬁo phage 29 (the

- 35 -



phégotypé 29 contailns the determinaht of phage f2). Noteworthy 1s the
fact that the phagotypes corresponding to the neﬁ phages, could be ob-
tained artificailly by 1lnoculating A cultures with the latent phages
of the strains D4, F2, 30, 31, 33. Tﬁe'authors term the phages of the

third group phenotypicaily modified mutants.

It 1s obvious from the above that the nature of the variability of :

phage A in the course of adaptation to the typhold phagotype 1s deci-
ded by the specific nature of the structural formule of the latter. On
the phagotypes, which contain4type-determ1ning prophages, phage A 1is

‘subjected to considerable reorganization, which concerns the heredi-

tary apparatus and which excludes reyeréion td the original state. The
less épecific phagotypes which are free of type-determining prophages,
impart to phage A superficial,'easily eliminated chahges (Anderson,
1962). |

The mechanism of the variability of phage.A 1s as yet very far.
from being undérstood. Equally nebulous 1is the nature of the processes
whiéh take place during passage of typing phages through phagotype A,
as a result of which part of the phages revért to type A, another part
to other types, and some remain unchanged.

It is possible to assume that the phages of the second and third

- group are homologous.to the phagotypes, which carry type-determining

prophages, and that they contain an admixture of the active form of
these prophages. The latter enter the preparation from the culture, on
which the phages had been bred (M.D. Krylova, 1951).

From;this point of view, one could imagine the phage D1 in the
second group, for example, as a mixtufe'of two phages: Dl + D1, the
phage D6 as D6 + d6, etc. In the experiments in which artificial pha-
gotypes were praduced, all the known mild phages of the phagotypes
corresponding to the second group — d1l, d6, 25', 29' — transformed the
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type A into the pypes D1, D6; 25, 26 and 29,urespective1y. Now let us
imagine that some typing phage of the second group, for e#ample D1
(containing an admixture of phage d1) passes through type A. The possi-
bility cannot be excluded that individual bacterial cells, before the
DNK of phage D1 penefrates into thém, are lysogenized by the mild

phage dl and are transformed 1nt§ua phagotype with the structural :ormfm:
ula A (dl), i.e., into D1l. Naturally, these bacteria, being homologous
with respect to phage D1, are priﬁarily the substrate for 1its prolifer-
.ation. on these, phage D1 1s not modified. Exactly the same assumptions
can also be made with regard to the other phages of the second group.

In the third group, the Qariability of the phages during their
passagé through type A takes a different direction, but the nature of
the process ;s-possibly the same. The phagotypes of this group (F2,

30, 31, 33) also contain type-determining phages (f2, 30', 26', d6).
wifh which the typing phages can be impregnated. In contrast to the
second group, the mild phages f2;'30, etec., tiansform the racteria of
type A durilng the experiment into phagotypes different from those,_
from which these phages had been 1sélated (Table .3). For exémple, the ‘
phage f2 transforms the phagotype A into a type with the structural ‘

formula A (f2), i.e., into phagotype 29 The same trans rmation may
>‘be 1magined tortéke ﬁléce during the passage of phage F2 (F2 + £2)
“through phagotype A. ‘ |

The situation 1s somewhat simpler in the first group of phages,
seeing that they do not contain édmixtures of type-determining'phages;
During the reverse passage thfough strains of type,A, the phages of
this group do not . lysogenize it and revert rapidly to the original
phage A. _ |

We ought'to mention that this interpretation of the experiments

on the varlabllity of typing phages 1s highly nypothetical. Its weight-
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lest indication are the results of the experiments 1h which the phages
were passed through A cultures. The above expressed hypotheses posi-
tively reduire detailed experimental verification: proof of the pre-
sence of admixtures of mild phages in the typing phages, of the posci-
bility of lysogenization of typing cultures which is simultaneous with
the processes of adaptation of the typing phages, etc.
7 ~ The structural formulae enabled Anderson and Frazer (1955) to
combine the lysogenic phagotypes into 4 groups (Table 4).
The nonlysogenic precursors of the phagotypes were used as the
baeis of this classification. They were placed ahead of the group.
This arrangement revealed latent connections between typhoid bacteria,
which at first glance appeared to be different. This connection, the
common phagotype precursor, confifmed the single origin of the subtypes
of the same group of Cralgie end Felix (the types D1 and D6, and the
types F1 and F2 coincided). _ | | |
- The similarity of the phagotypes stipulated by this.classifica-
‘ticn was confirmed in the investigatlcls of other scientists. The
types 30 and 33 in group C proved to be similar with regard to their
sensitivity to‘the adapted Vi-phages and were renamed types C3 and C2,
respectively. In the group E, the type 31 was later designated as E8.
‘In two types of this group, El (d1) and El (f2), obtained artificial-
ly at the laboratory, natural analogs were found. The experiments cn
the artificial production of types predicted their existence, as it
were. One of these; the type E7, produced the mild phage e7 capable
of transforming the type El into a type, similar to E7‘aﬁd the artifi;
cial type E1 (f2) (Scholtens, 1955a). Another type, E3, carried the
phage dl and had the formula E1 (dl), i.e., it was identical with the
artificial type ﬁl (d1) (Schoitens, 1956b).
The ahove-described classificatlion of types was not only interest-
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ing from a theoretical point of view. In epidemiological investigations
of flareups, when at the same time two and more types are 1solated
from carriers and patients, it 1is very important to know the degree of
relatedness of these cultures.

| This heips in the correct interpretation of the results of phage
t&ping and in correlating them intelligently with the epidemioclogilcal
data. This problem will be considered in greater detall in the follow-

ing section.

TABLE 4
Classification of Vi-Types on
the Basis of Their Structural

Formula (Anderson, Frazer, 1955)
Using also Data from Other Au-

thors
r’z‘. os'o'mn ©upuyas
a b c
A A A
Dl A (d1
D6 . A&e
D3 (Bu.w)u:on ® 3x-1] A (d8)
rapac
29 (Bopuan)2 A @) e AGE)
25 (Jin Kran IlxoR3 " | A (25) .
26 (Kaapx) 4 A }25')
L od Cl !(

C2-33 !Hepanno) O | Ci(ee) 8
€830 (A 6 |cin Ci(30’
cs (Baﬁg?e:")axl cnfzs)')m (%)

ugm),
C9 (Bumcon m 3x-q | C1{c9)

Bapac) .
E |Bn - El ,
E9Tiood - 1 | E) we)
| E881 (Bamcon u | Fl (26)
Sasapac) -
Hexyecrsenno .
weHuEMe THOM:
E3 El (d1)
E7 Et (2) -
F1 F1

8 .
‘FR : F1(12) xax F1(30°)

a) Group; b) original designation; c) formula. 1) Wilson and Edwards;
2) Borman; 3) Li Kiang Dzho; 4) Clarke; 5) Desranleau; 6) Anderson;
7) artificallly produced types; 8) or. '
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THE PRACTICAL SIGNIFICANCE OF PHAGE TYPING OF TYPHOID CULTUﬁES

The epidemiological value of thr method of phage typing of Saim.
typhl is baséd primarily on the practical stability of the phagotypes.‘
As mentlioned previougly, the changes in the phagotypes, which are easli-
1y produced artificiélly under specisal experimental conditions, rarely
take place during t&bhcld epidémics.

The Soviet and féreign literature is extraordinarily rich in des-
criptions pf epidémic'flaréups, which demonstrate hpw the isolation of
identical phagotypes from patients, connected epidemiologically, con-
firmed the data of the conventionai researéh’methods, while 1solation
of different types compelled a search for other sources of infection,
thus refuting the epidemiological common or;gih of these cases;'Epide-
milogical practiée has accumulated numafous data proving that group in-
fections, connected by a single source of 1nfection, are characterlzed
by uniformity'in the 1solated phagotypes.

Phage typing often helps'to'feveal the cdmmon source in cases of
vwidely scattered cases, which at first glace do not appear to be con-

nected. Thus, Foley (1942) described a flareup, in which, on the basis

of the discovery of a common phagotype for 40 cases, the investigators

concluded that there must be a single courSe of 1hfection, which was
later confirmed by the results of epldemiological research.
Numerousbinvestigations showed that for water-borne flareups,
whose cause was the use 6f untreated water by the affected patilents,
contaminated by séwer effluents, a preponderanée of multiple types 1s

typical. If the water-borne flareup takes place in a relatively closed

. locality, where the monotypical microbe population is due to negligi-

ble migration processes, the same phagotype of the microbe can be iso-
lated from all patients. Thus, M.P. Mevzos et al. (1962) described a
flareup of typhoid in a Young Pioneer Camp where &6 children became
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111 within 20 days. All the cultures from the patients belonged to
phagotype A. The common phagotype pointed to a single infection sourde.
Epidemiological investigation showed that’the infection of the children
could have been caused by bathing in a small stagnant pond. Even prior
to the flareup, typhoid bacilli could be 1solated from the irrigation
channel which supplies the pond. Typhoid cases had occurred among per-
sons, living on sections adJacent.to this irrigation ditch. Remarkable
is the fact that cultures of phagoéype A, i.e., of the same'phagotype
as in the Young Piloneer Camp, were isolated from all patients. |

- All these investigations afford convincing proof of the great
practical value of the method of Cralgie and Ian. The phage subdivisim
of typhoid cultuzes ié an aid in research on typhoid, removes contra-
dictions in epidemiological conclusions and makes the epidemiological
stu’'v of typhold more profound and‘accuréte. One could quote nume rous
examples from practice to illustrate theée conceptions, but we take
the liberty of referring the reader to the corresponding reports (L.
Ya. KatS-Chernokhvostova, 1947; A.Ye. Mkrtchan, 1957, 1961; V.A. Kil-
€sso, 1954; S.F. Bubes, 1953; M.D. Drylova, 19615'Réska K. and others,
'1950; Eorsi, 1957, and others).

The méthod cf phage typlng assumes special'significance for the
recognition of the role of chronlc carriers in the iﬁcidenée'of typhdid.
Reglstration of the phagotypes isolated from carriers is now carried
out in many countries, which helps to reveal thelr true role in tﬁe
appearance of sporadic diseases and typhoid flareups. Keeping records
of reconvéiescents and carriers often enables the source of infection
to be traced in situations ﬁhere the epidemliologlical data do not give
reliavle indications.’

The intréduction of & new researqh method into the dai;y practice
of the bacteriological laboratories of necessity enriches the science
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‘with casuistics. This was also the case with the method of phage typ-'

ing. In proportion to the accumulation of practical data, situstions

fz

were revealed in which typing did not completely agree with the epide-

: 1.

miological findings and, moreover, even male the investigation imore _
. ‘ ¥y

difficult. True, such flareups were recorded extremely rarely, |and |

_they did not in any way discredit the method as a whole. However, once
they have been shown to exist, it would be useful to dwell on them in
greater detall. | | e
. Situations are possible when the epidemiological findings irre-
futably indicate a connection-between ca,eb of disease (single /infec-
tion source, contact, etc.), while different phagotypee are detected
in the focus. A.Ye. Mkrtchan (1961) came across such a discrepancy dur-
ing a study of family flareups at Yerevan. Here is a description of

one of them.

On the 1st August 1955, a girl fell 111. She was treated at home
without a clear diagnosis until the 7th Auguet. On the 10th August her
brother fell 111 with typhoid. The intervals between the beginning of

the cases and the entire epidemiologicalisituation attested to contact

L

i

infection of the brother by the sister or a single infection source.
|
. Contrary to expectations, the type A was isolated from the slster

‘simila*

and type D1 from the brother. Types El and A were isolated in a:
situation in another flareup. The infecticn source in both flarTups
could not be detected. | , .
Scholtens (1950) reported a fiareup, during which phagotypi A wae
isolated from some patlents and type D6 fromothers. Nontypical Or Vi-
degradated cultures are sometimes lsolated in epidemiological singie
foci in addition to specific phagotypes. ! i
Naturally, a correct interpretation of the,epidemiologicalland .
bacteriological findings 1s of great importanoe in all the above-indi- |
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cated cases. Several different causes can be imagined which are often
very difficult to distinguish. |

It must be pointed out in the first place, that the discrepancles
under discussion should be an incentive to a more careful search for
the source of infection. This 1s particularly Jjustified when the inter-
vals between cases put thelsimultaneous infection of the patients into
doubt. It may happen that repeated faultless studyof a flareup fails
to reveal the existence of other sources of infection. o

The isolation of different phagotypes within a family is often
observed when water from open waterreservoirs is consumed against the
background of a water-borne flareup of typhoid, which, as we know, is
lrequently characterized by the presence of a monotypical microbe pop-
ulation. | | |

Finally, the exlstence of two diff'erent phagotypes in an infection
source can be assumed. In the abovementioned flareup of Scholtens
(1950) the source proved to be a carrier who gave off two phagotypes
D6 and A. Anderson encountered such a case (1951) during an investiga-
tion of a water-borne typhoid flareup at Kilkregan (Scotland). Most
patients were infected by the consumption of water from a small stream.
into which sewer effluents from a cottage were discharged whose owner -
proved to be a carrier. The phagotype Fl was found in her urine and
feces. In the patients, however, two types were isolated: Fi and F2.
Enormously careful lnvestigations did not reveal any other sources of
infected water, which led to another investigation of the cottage own-.
er. Finally, two types were found in her, F1l and F2{

In flareups, when different phagotypes are isolated from the pa-
tlents but only one from the supposed source, the combinations of these
types are remarkable. The subtypesof the one‘group were found together:
Fl1 and F2 (Anderson, 1951), D1 and D4 (Henderson and Ferguson, 1349),

- 43 -
T |




//
El and E4 (Desranleau and Martin, 1950), the types A and E 1in company
with the specific phagotypes, for example: A + D1 (A.Ye. Mkrtchan,
1961), A + D6 (Scholtens, 1950). ‘ |

An other fact ls also remarkable: in such flareups,'as a rule,
the infection source proves to be a'carrier. These two circumstances
urine and feces of carriers. Thus, Eorsl (1956) observed in 25 out of
825 Earriers the simultaneous presence of two phagotypes or a chénge
of types in the combinations: A + D6, A + D1, F1 + F2, D1 + D6. The ..
combinations of phagotypes 1h the carriers are normally the same as in
the flareups. '

The appearance of subtypes of the same group is obviously connec-
ted with the variability of the cultures in the organism of the car- |
rier. The structu;al(formulae attest to the close relationship of type
F2 with type Fl. The same can be sala of' the types D1 and D4, El and
E2. A degradétion of the above types during théﬁfreeing of the chl-
tures of the type-determining prophages may be assumed under conditions
of the liv'ng organism. As a result, type F2 is transformed into F1,
or D6 into D1, etc. This same process may lead to the transformation

- of specific phagotypes into type A or Vi-degradated cultures.

The reverse process 1s also possible — the formation of a speci-
fic type under the influence of lysogenization of the culture by type-
determining phages; The results of this process are easy to predict,
starting out with the structural formulae of the phagotypes (Sengéébv
bles 3, 4). For example, it may be expected that type A evolves into
the types D1, D6, T, 25, 29, etc., type El into the types E3, E4, E8,
type Fl into F2, type C into C2, C3 and others, etc. In any event,
such transfofmafions can be realized under conditions of'laboratory ex-

periment. Such ¢ process undoubtedly takes place during the circula-
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tion of typeé in nature and also in carriers. An indication of this 1s
the great variefy of phagotypes and the simultaneous 1isolation of
these combinations of typeg from carriers. The type-determining‘miid
phages taking part in thils process, in the intestine of the carrier
may maintain their existence not only on typhoid cultures. Being O-pha-
ges, they also reproduce well on Salmonella of group D and 3, in parti-
cular on Salm. paratyphl C, Salm. galliharum (Hendeison et al., 1955).
In the organism of'the}patient,'where the period of presence of the
fyphoid culture is short, the possibility of a new phagotype is less
probable, although it cannot be excluded

In view of the above, the detection of the above-mentioned combin-
‘ations of phagotypes in a single flareup, connected by a single sourse
of infection, should not categorically disprove the data of the eplde-
miological investigation. It 1s approprilate here to recall that the
method of phage typing is not in any way destined to replace the meth-
od of epidemiological investigation. Its role remains an auxiliary one,
intensifying and guliding the investigation of the flareup

Certain difficulties are presented by situations, when in two dif-
ferent flareups, not connected at first sight, thesame phagotypes are
isolated from the patients. Such information certainly impels to an in-
tensified search for the factors which connect these flareups. It hay
happen, however, that in spite of the data of phage typing, the search
for common epidemiological connections between separate cases of infec-
tion proves unsw.ccessful. A knpwiedge of the local type of microbe pop-
ulation can then be of great assistance. A widely prevalent phagotype
(for example A or El1), isolated simultaneously in autonomous foci,
cannot prove a connection between them. Differences in the biochemical
type in cultufes of the same phagotype, originating in two foci, con-
firm thelr autonomous nature. The same is demonstrated by additional
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phage typing (see further on). In some cases, testing of the crossed-
over lysogenicity helps to recognize the single or independent origin
of cultures of the same phagotype. Mild phage never interact with the
culture, from which they hed been 1selated. For this reason, the lyso-
genicity of a straln can be manifested only on a culture of different
origin.

L.Ya. Kats-Chernokhvostova and co-workers demonstrated the expe-
diency of phage typing of tacteria not only for the 1mprevement of
epidemiolcgical 1hvestigations but also for the acceleration.of'the
laboratory dilagnosis of typhoid. Taking into account the great speci-
ficity of the Vi-antigen and its wide distribution among cultures of
Salm. typhi, Craigie and Brandon (1936) proposed the use of the phage
of serotype Vi-I for the identifieation of cultures. z,s. Ostrovskaya
and V.N. Papkova (1951) provided authentic proof that by using ViQII
and Vi-TI phages it 1s possible to shorten the time required for labor-
atory ahalysis to 30-36 hrs.

? As a result, not only is the typhoid nature of the strein estab-
lished but also its phagotype. Within 30-36 hrs from the moment of
culturing of the patient's blood, A.Ye. Mkrtchan (1957).1dent1fied
83.6% of blood cultures. The effectiveness of phage’identificetion ef

" 'a blood culture was also demonstrated .in ether works (A.G. Matus, 1958,

and others), Sechter (1957) used a mixture of the phages D1, E2, F, N,
0 and T. These phages proliferatedin all experiments only in presence
of Salm. typhi and never proliferated in their absence. V.D. Timakov
and D.M. Gol'dfardb (1962) used the Vi-phage as indicators in the reac-
tion of increase in the phage titer.

No less 1nteresting prospects were opened up by the method of
phage typing fof the proper solution of the problem of specific phage

prophylaxis of typhoid and also the perfection of this method on the -
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basis of a principally new approach to the development of the phage
preparation. The high protective effect of certain Vi-II typing phages
with reséect to homologous strains gnd the absence of a protective ac-
tion wlth regard to heterologlical strains was demonst:ated by the in-
vestigations of numerous Soviet authors (0.A Gukovskq&é, 1949; L.Ya.
Kats- Chernokhvostova, 1949; K.Z. Levtova, 1952; M.g(iDrylova, 1956;
| Ye.G. Makashvili, 1957, and others). This confirmed the necessity of
~including 1in the'bacferiophage preparation, used in focl for prophy-
laxis, phage types which are homologcus toAthe phagotypes, prevalent
in tﬁe given region. M.D. Krylova et al. (1958) demonstrated the use-
fulness of using bacterioghage A. Bred on the polylysable phagotype
. A, this phage not only has high adaptive capacity to certain hetero-
logic strains in vivo, but aiso protects against them in minimum doses.
GEOGRAPHICAL DISTRIBUTION OF PHAGOTYPES |

Prior to the formation of the International Committee on Phage
Typing, which carried out measures on the'staﬂdardization and regula-
tion of the technique of typing and producing of phage preparations,
it had not been possible to obtain an adequate idea concerning the
waldw;de'distribution of phagotypes. In addition to the discrepéncies
of the resujts of typing in different part of the world, the true pat-
tern was masked by the incorrect couﬁting principle: the distribution
of the types was calculated on the basis of the number of strains (in
the optimum case of patients and carriers) detected in the given re-
glon. | | . |

The rationalization of counting during the determination of the
distribution frequency of phagotypes was carried 6ut by Felix (1955).
He proposed to count, not the number of cases caused by the phagotype,
‘but the numbe; of focl. With this method it was suggested that every
focus or flareup, independently of the number of cases, be counted as

T




a single case.

The counting according to the method of Felix requireé accrate
determination of the boundaries of foci which is not always possible.

In countries where the incidence of typhold i1s of an endemic nature,
and where epidemics‘are extremely.raré, it can be recommended to count
the individual cases és ore unit for the purpose of simiplifying the »
count. When epidemics or large focl appear, all cases recorded in them
must also be taken as a single case. With fhis counting method, the dis-
tribution frequency of the phagotypes will be close to the reél one.

~ Buczowski, and Lalko (1958) used this principle in Poland in the years
1956-1957, where the strains were typed in 78% of cases. The percent-
age distribution of the phagctypes, calculated on the basis of the
number of foci of cases, did not différ from that calculated from the
numbef of patlents. This was explained by the absence of large epidem-
ics during this period (6344 cases and 4986 foci). A.Ye. Mkrtchan
(1961) arrived at the same conclusion during a study of the percentage
distribution of phagotypes in the Armenian SSR.

A chart of phagotype distributions cun be established for coun-
tries and‘regions provided that typing is carried out in no less than
80% of infection.foci (Nicolle, Hamon, 1954).

- The standardization of the method and the regulation of counting‘fi"
enabled Felix in 1955 to systematize the data on the geographicai dis-
tribution of the phagotypes of typhold bacteria over the whole world.
These data prove that certain phagotypes (E1, A, C1, D1 and others)
are distributed universelly, while others (G, H, J, M, 30, 31, 32) con-
stitute the specific microbe population of some countries and are not
detected in other countries. ,

The types Ei, A, C1, D1, F1, N, 0, T, 28, 29, I + IV are found in
Europe (Nicolle, Vieu, Diverneau, 1956).
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The cultures of the Vi-I — Vi-IV group are isolated in Europe in
1-5%, in Africa in 0.05-4%, in the Americas in 0.5%, in some Acsian
countries, up to 12-19% (Nicolle, Diverneau, 1961).

The changes in the microbe population may be accounted for, one
should thick, not only by epldemiological causes, but also by the im-
~ provement 1n bacteriological diagnostics in general and also by the
more widespread introduction of phage typing in the work of the bacter-
iological laboratories. As a result, a much greater number of cultures
are typed which in turn lncreases the information on the type popula- | ¥““
tion. Besldes, new phages appeared during these years 1n'thq‘d1agnost10yp
arsenal, which made it posslble to detect new phagotypes. '

The distribution frequency of typhold phagotypes may remain fairly
sfable in the course of several years. In the Federal German Republic;
for example, important changes in the phagotype distribution were not
found in the course of 7 years (Brandis, 1958).

A knowledge of the phagotype population helps to differentiate "
local cases from those brought in from other parts of the country as
well as from abroad. ' - i

As an evident example for this may serve the typhoid flareup in
_England in 1943, caus

d by a phagotype unknown at that time. The source
of the infection proved to be a chrenic carrier, who ﬁad suffered
from this disease durling his soJourn in South Africe. The culture of
the new phagotype, termed T and the phage which adapts to it, were
sent to South Africa. This made it possible to determine there a con-
siderable distribution of this phagotype (Felix, 1955).

The appearance of new pagotypes helps to recognize typhoid cases
brought in from elesewhere. For example, a variety of type Ci was de~ |

tected at Strasburg which had up to then only been found in Central

Africa (see the next !section). Epidemiological searches confirmed the




| hypothesis of the forelgn origin of the diseaseﬁ the patient had been
sent by air from Banjo for determination of the diagnosis (Nicolle
et al., 1960). | | | |
Individual phagotypes are found very often within the limits of a
single COﬁntry (A, E1, C). In 1953 the phagotype A occupied first pléce
in Denmark, Italy, Rumania, Yugoslavia, Portugal and in the Malagassian
_ Republic with regard to the frequency of isolation, being responsible
for 20 to 30-35% of focl of the disease. The phagotype E1 dominated inv
England, the GDR, FRG, Denmark, Hol;and Ireland and Austria (Felix, |

11955). e

The International Committee for Phagotypihg ef Coliform Bacteria
carried out a survey of the world distribution df phagotypes also dur-
»ing the following years. These investigations showed that over a pefi—

od of serveral years, the phagotypes which predominate in the same
| codntry'or region, as a rule, remain the same. Thus, in 1953-1957, as
in the preceding years, the phagotypes A, E1l, Cl1, Fl1l, D1 and:the Vi-
- degradated strains predominated in EﬁrOpe (Rische; 1961). Ohly in Por-
tugal was a preponderance of phagofypevBB noted. It had pfedominated
there also during fhe preceding yeais (Felix, 1955). In some countries

of Asia and Africa, a replacement of some predominating types took

place. Thus, in Turkey the types T, D1, El, F1 (Felix, 1955) predomin- .

ated up to 1953, but in the following years, the types A, the Vi-degra-
dated strains and F1 began to dominate; in the Iran, the type G began
to dominate instead cf the types Fl and A. N

Phagetyping of typhoid microbes has been carried out in the USSR
by the method of Craigie and Ian since 1945. An important part in the
study of the significance of this method and its practical introduction .
played the worke of L.Ya. Kats-Chernokhvostova and her co-workers and
also tre investigations of Ye.B. Ginzburg-Maslova, V.A. Kilesso and
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others.

From 1947 onwurds and up to the present, reports have appeared in
the Soviet Press, in which a characterization of the type population
of microwes in individual repudblics and regions of fhe Soviet Union
are given (S.F. Bubes, 1953; L. Ya. Kats-Chernokhvostova, 1957; B.K.
Rubashkina, 1951, and others).* .

Using 15-18 types of the Craigle and Felix phages, the authors
typed an average of 70-76% of the strains. The following rhagotypes
were'detected on the territcry of the USSR: A, B2, C, El, E2, Fl, Fa,
D1, D2, D4, DS, D6, G, L1, L2, M, O, T, H, N. Different phagotypes pre-
dominate in different reglons, but most frequently these are A, F2 and
F1 and sometimes C and E2.

The phaéotype F2 was not found to cccur fréduently in any country
of the world and bossibly represents a specific feature of the microbe
populatloniof the USSR. Typical for the central regions is a diveréity
Qf phagotypes, which is evidently connecled with the more intense mi—'
gration processes. In the border reglons, the type population is more
uniform, but not everywhere. A certaln stability of the microbe typs
pcepulation in ditferent years has been demonstrated (R.I. Zubkova,
1956; A.Ye. Mkrtcharn, 1957; T.Ye. Perkaleva-Klyuchareva and cothers,
1957)}7_ ' S | |
The data on the geographical distribution of the phagotypes in the

territories of the Soviet Union must be regarded as preliminary. Virst.
ly the authors usea an incompleté test series of Vi-pheges for typing
and produced these in most cases themselves by passing them through
standard phagotypes. In a number of cases, the critical test dilution
was determlined by titraticn of typing phages on a horologocus strain
only. This coﬁld have led to the use of 1nsufficiently specific phages.
-which in critical test dilution lyse not only the homologous strain,
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but also some heteroiogous stralns. Near., 311 uthors (with the ex-

ception of A.Ye. Mkrtchan) gave a cha ’?JSit& lon of the local microbe

population on the basis of the distri. .tion of phagotypes among a cer- .

" tain number of strains. With such a method of counting, a domination
of some phagotype in a series of cases could be obtained on account of
typhoid flareups and also as a result of repeated isolation of several

strains of typhoid microbes from individual patients.ﬂ‘

The producticn of typing Vi- II bacteriophages is now standardized B

in our country. Phages in standard test dilution are supplied by the |
“”Tbilisi Scilentific Research Institute for Vaccines and Sera (Tbilisi,
Saburtalo, Voyenno-Gruzinskaya Road) and the Rostov Scilentific Research
Institute of Microblology, Epidemiologyvand Hygiene (Rostov-on-Don,
Gazetnyy pereulok, No. 119). It is to be hoped that the type population
of the USSR will be determined with greater accuracy in the next few
years. |
ADDITIONAL SUBDIVISION OF FREQUENTLY ENCOUNTERED PHAGOTYPES _

The practical importance of phage typing for the country depends
on the degree of diversity in 1ts types of microbe population. If the
overwhelming number of strains consists of one or two phagotypes, the

role of phage typing in diagnosis and epidemiology of infections is na-

wturally reduced. Conversely, 1f a great- diversitj of phagotypes exists,'

the importance of this method increases correspondingly. | ‘ |

As stated previously, the phagotypes A, Ci, El predominatehover
the others not only in the USSR, but also in every country of the
world. Naturally, when the same phagotype accounts for 30 to 50% of allv
.vcultures, detected in patients and carriers, phage typing has 1little
effectiveness in an epidemiological sense. For this reason, phage typ-
ing 1s used in combination’with-biochemical methods 1n leccalitles witn
a limited number of phagotypes or a preponderance of certaln types.
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Biochemically,‘thé groups ;re diétinguished on the basis
tilc degradation of xylose and arabinose. Kristensen (193
these'sugars, subdivided the stralns of the typhold bac/
blochemical types (I, II, IIT and IV). |
Biochemical typing makes 1t possible to differentid
_types. frequently éncountered in a country into bilochemic
which facilitates the epidemiological analysis. Such dov
was first carried out by 0litzki, Shelubsky, Strauss 15

I

Israel in 1948. e
%ter carried out in th
nko, 1951), in

53), in the FRG

Similar inVestigqtions were
Zuﬁkova, 1956; AM. Slavina, 1953; N.I. Fedorova-Talashe
France (Jude and Nicolle, 1949); Pavlato and Nicolle (19
(Brandis, Mﬁuer, 1954), in Austria (Edlingér'and others,
land’(Chomiczewski, 1961a) and in other countries. The ¢
been evolved‘on the basis of these works that the bioche
of the typhoid microbe and its sensitivitylto phage Vi-I
are not connected. For example, the type D1, aCCordihg t
Levi (1956), is biochemically uniform, but according to-
R.I. Zubkova (1956), it is not unlform The same can be
ly all other'phagotyées. Thewpxpe M1 (Nicolle,{Vigu,}Ska
1956) was found to be an exception. All 163 tested cultu
phagotype, obtained from remote geograpﬁical regions (Ca
Iran, Vietnam, Japan, Cuba) belonged to type II of.Kfiét

of the enzyma-
8), using
11lus into 4

te éome'phago—
al subtypes,
ble typing
19745' and in

eUSSR (R. I.

1954), in Po-
onception has
mical activity
Ilpreparations
0 the data of
the data of
cald for'near-
;Lovvg , Brault ,'
rgstof_this
nadﬁ, Peru,
ensen. The la-

#ere also re-

ter discovered subtypes M2 and M3 (Nicolle et al. 1960)w

lated to this type. Nicolle et al. (1958) deronstrated on a voluminouu

material (4663 cultures from 26 countries were studied) that in all

cases where the epidomiological focus has been accurately determlned

the typhoid bacteria are uniform with regard to phage and biochemical

characteristics.

If the cultures were 1solated in different foci their



tiochemical oi‘ope*tiec can be nonuniform. Even this makes 1t bossible
“to 3ubdivide cultures of the same phagotypes. | - | i
For a more detailed subdivision of frequently encountered phago-
types, such as A, C, El, into a blochemical serles, sodium citrate
and sodium and potassiun d-tartrate are added in addition to xylose
and arabinose. This enabled Olitzki and co-workers (1945, 1948) to de-
‘xletermine in the type C, which was dominant-in the microbe population of
ﬂi;'Israél 5 types of enzymatic degradation. Cambiesco and Meitert (1957)'1
subdivided the type A, isolated in Rumania, into ll biochemical tjpes

—and the nontybable'Vi-degradated and Vi-~-negative strains, into 5-7 "~~~

. types. '

A certaln propoftion of the detected phagotype can be differentia-
ted by means of bacteriophages. Tﬁo schemes have been proposed for the
additional phage typing of type A. Desranleau .and Martin (1947, 1950),‘
described two varlants of phagotype A, 1solated in the province Quebec
(Canada) and designated them by the Greekkletters Ay and Ap. Three sub-
types are distingbished in type A — the normal, Ay and Ap. The strains
of each group do not glve identical reactions with the ‘nonadapted
Craigie Vi-phages of the types I, III, IV, or the Desranleau and Martin
Vi-phages of the types V and VI.

The normal type A interacts with all 5 phages. The subtype Ay only T

5"with the phages of the serotypes I, IV and V Am with the phages of the ?
'types III IV and VI. In the subtypes of A (normal) and Agp, mild pha— \

ges have not been observed. Conversely, all cultures of the subtype

. Ap produce the latent O-phage. In the laboratory, the above type oxten:.

evolved into the gamma form, acquiring a resistance to all phages of
serotype II The same transformation was oObserved in two flareups, | _
connected with the subtype Ap: in one focus, the stirains Ap were 1sola-'ﬁ
ted from part of the patients and in another, the gamma forms. '
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The authors demonstrated the epidamiological value of this subdi-

vision of phagotypes. Apparently, however, it is not significant for
all countries. Thus, in Yugoslavia Tomasic (1958) studied 239 strains
of phegotype A by the above-indicated method but did not detect the

subtypes Ay and Ap.
The second scheme of additional subdivision of‘type A was proposed

. ‘ e - - . P N - ..,,._,‘...._,, ———— e e P
by Nicolle, Pavlato, Diverneau and Brault (1953, 1954, 1958). By means
of 8 phages (only two of these ware Vi-phages), the authors subdivided
over 3000 Vi-stfains of phagotype A, obtained from'32 cpnnfries, into

9 subtypes, termed according io the locality where they had been isola-

ted (Table 5).

"TABLE 5

 Subdivision of Phagotype A According to
Nicolle, Diverneau, Brault (1958)

dun C
Foyn- : b
ne Pogrers v lafs| o {s]elr [P
a b Viders Lo
T | Koxnisxersuas ’ Ml .
{Coquilhatvile) eajlen! ~[ <enldj<en—| $
Hpeans .
(Montreal) eAfj~fcn] — [ca]jenjen %.n
n Tananapnse '
(Tansnarive) —lerjea]l ea jleaajenit] e
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(Douals) . ~lealeajen |lajea]| -
andan
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Symbols: (sl) confluent lysis; (<sl) lysis
lower than confluent; (%) designates an in-
constant reaction; (-) signifies the ab-
sence of reaction.

a; Group; b) subtypes; c) phages; d) Vi-phagze;
e ViTIII Cralgie phage; f§ sl. ,



It can Le szen from Taele 5 that the suvbtypes can be comh'nedi 1n-
to 4 groups on the basis’of their reactions with the phages 1, 2, 3
and 5. For each group there 1is a "group" phage. Thus, phage 1 is spe-
cific for group I (it comprises the subtypes of Codutlhatville and Mon-
treal), phage 2 — for group II (Tananarive, Douala, Chamblee, Welsh-
pool), phage 3 for group III (Oswestry and Leopoldville), phage 5 for
~ group IV, ggﬁtainipg a single subtype — Maracaibo. The subtypes within
the group differ 1ﬁ the reaction Qith the 7 "indicator" phages.

The lysogenic state was found in most of the subtypes. Only three,
'Tananarive,'dswéstry and Douala (with exceptlion of one culturej did
- not produce mild phages. The nonlysogenic subtype Tananarive proved to
be a faultless 1ndica£or for the mild phages of the 8 subtypes: only
“the phage from the Coquilhatville cultures proliferaﬁed weakly on this
phagotype, in consequence of which mild phages from the Coquilhatville
culture were isolated on Salm. dublin.

Remarkable 1s the fact that nearly all the mild phages of identi-
cal subtypes obtained from different places of the earth had similar
lytic properties. Undoubtedly lysogenic were th2 cultures Coquilhat-
ville and Maracaibo. In the other subtypes, the lysogenic state was
characterized by a certain lability and could often be observed only

with difficulty. | ,

As one would have ekpected, not one of the mild phages lysed the
cultures of the subtype, from which they had been isolated. It is note-
worthy that the mild phage also falled to react with the nonlysogenic
cultures of 1ts subtype. The authors assumed the existence of a "la-
tent" lysogenicity !n some cultures'of these subtypes. It is entirely
possible that in every concrete case this "latent" lysogenicity was
due to unsuccessful selection of the indicator strain. On the hetero-
logous subtypes, the range of action of the mild phages of different
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aubtypes was different. An exceptlon were the phages isolated from the
subtypes Lecpoldville and Montreal. With respect to thelr serological
1heracteristics and the range of activity un heterologous strains they
oresv | \M [ itnnttti ~i.h each other and with the phages 2 and 4.

Thﬁ tesult of the lysogenicity investigation confirmed the fact of
the existence of subtypes among bacteria of type ‘A and showed that the
difference between the subtypes depends mainly on their ‘different lyso- .
genicity. This conclusion was illustrated in experiments involving ar-
tificial creation of subtypes (Cefalu and Fichera, 1958).

The nonlysogenic suvtype Tananarive COuidlbe transformed4intb the
subtypes Montreal, Chamblee, Welshpool, Coquilhatville and Meracaibo
througn lysogenization with the mild phages of these subtypes.

In ocrrespondence witn this, structural formulae were proposed
for the subtypes (Cefalu and Fichera, 1961). The nonlysogenic'subtypes
| (Tananarive and Oswestry) were designated as Al(-) and A2(-), respec-
tivelv. The designation Al and A2 attests to the different sensitivity
»f the subtypes to mild phages. The lysogenic subtvpes were designated
by the 1etter A and the two first letters of the name of the specific
mild phage, isolated from the given phagotype, for example: A(mo) for
the subtype Montreal, A(du) for the subtype Douala, etc.

“The subtypes of phagotype A, which were differentiated by addi- -
tional typing, proved to be practically stable (Rische, Rchne and
others, 1958). : |

Nicolle and co-workers demonstrated on a number of examples the

practical value of the subdivision of type A: strains of‘the same sub-
type were 1solated, as a rule, from epidemiologically related foci.
This was confirmed by investigators in other countries. TomaSic-(i958)
who typed strsins of phagotype A, isolated in Yugoslavia in 1956-1957,
by means of thee7 additional phages of Nicolle, observed that the cui—
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tures, obtained in . 3'n-le focus, belonged *~ *he .ame Nicolie svkb-
type. This confirmed the epidemiologiﬂal value of the methcd.

The scheme of additi?nal phage typingof type A according to Nicol-
le still has many deflclien cies- the phages are insufficiently speciflic
and lose their titre fairly repidly during storage, and unequivocal re-
sults cannot always be obxained (Tomasic, 1958). Nonetheless, further
improvement made the meth;d useful in countries, where type A dominates.

The phagotype Cl was diffelentiated into two variants (Nicolle,
Van Al, Brault, 1955). One of these is the phagotype Cl normally ubi-
quitous in Eurone, Asla, America and North Africa, which is lysed by
6 p agesicf’igis group (C u a2, C3, C4, c5, Cc6) and the Vi-V phage. The
ph es of group D develop clearly discernible and numerous plaques on
‘ this variant. The other variant is resistant to the phages C3, C6, Vi-
V, and only slightly sensixive‘to the phages of group D (the'plaques
are very smali cr absent);tit is found more rerely: in the Central Af-
rican Republic, in the Republic of the Congo and in the Malagassian Re-
public. In 1958, the Central Afralcan varilant of type Cl caused a
large typhoid eridemic at Leopoldville (Nicolle and others, 1960).

The phagotype El1 can be subdivided into two practically stable
subtypes. Ela and Elb. Brahdis (19551b) achieved this by means of a
-phage, termed Vi-VII (initially IAr) and which is serologically differ-
"ent from the well-known Virphages. The Vi-VII phage was 1solated. from
sewerage effluents. In crirical test dilutionit lysed only part of the
strains of phagotype El (tbe subtype Ela), while the other part (sub-
type E1b) did not react wi%h it. The Vi-phages of the serotypes I and |
IV also lysed only the subtype Ela, while the phages El1 and E2 lysed
both subtypes. In Poland the subtype Ela was found in 89% of foci
A(Oles and others,.l960), ic the GDR the subtypes Ela and Elb were found

in a ratio of 2:1 (Rische, Schneider, 1959). These did not change in
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the carriers over a period of serveral years and were stable ‘uring
their passage through the organism of guinea pigs and rabbits.-The’epi-
demlioclogical vaiue of this subdivisicn was demonstrated in 10 epldemics
and 99 focli. | _

The phagotype F1 was subdivided by Chomiczewski (1961b) into two
subtypes (Fla and Fib) with a Vi-phage, isoléted from sewerage efflu-
ents, and provisionally designated as "Lodz — 13." With respect.to its
seroleogical characteristics this phage differed from the phages of the
serotypes I, II, III, IV, and VII. The subtype Fla was sensitive to

~ this phage,’while the subtype Flb was not. The phagotype F4, which was =

later included in the officlal scheme, could also be subdivided by
means of thils phases into two analogous subtypes. The subtype§ wére
tvatle during storage under laboratory condittons.

The nontypabie Vi-cultures (group Vi-I - Vi-IV) can be differen-l
ttated by means of a test séries of O- and Vi-phages, which are used
for the Subdivisicn of type A (Nicolle, Pavlato, Diverneau, 1954) and
also with the mild phages, 1solated from cultures <f the groups Vi-I -
Vi-IV on the subtypes A (Tananarive) or on Salm. dublin (Nicélle, Di-
verneau, 1961). By means of 8 of these.bacteriophages, Lhg strains of

group Vi- I-— Vi IV, obtained from different regions and countries,

-were subdivided into 13 subtypes (Table 6). Mi@MMWmem;MiMW_TWWw_waiwi,nwm

Cultures which have lost the Vi-antigen (W-form) are typed at the
French center with a serles of O-phages. Part of theéé‘éhages are the
same as in the serles for type A; and another part were 1solated from
lysogenic cultures (Nicolle, Diverneau, 1958). | |

The rultures of identical phagotypes which cannot be Vi-typed; the
polylysable and the W-form can also be subdivided by lysogenicity tests.
This test 1s 5ased on the fact that epldemiologically related strains
do not manifest lysogeniclty Qith respect to each other. Only cultures
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TABLE £

Sutdivision of the Group Vi-T — Vi-IV
- (eccording to Nicolle and Diverneau, 1961)
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____ Symbols: (sl) confluent lysis; {(*) in- e
constant reaction; (-) absence of reaction.

a) Subtype; b) bacteriophages; c) sl.

from a different focus can serve as an indicator of this property. The
manifestationof lysogeniéity in a pair of cultures of identlcal phago-
typesvattests to thelr epidemiological diffefence.
METHOD

The methcd of typing typhold bacteria with adapted phages of se.o-
type II was described ry Cralgic and Ian (1938) and |was later lmproved
by Craigie and Felix (1947) and also by other authors (L.Ya. Katscher-
nokhvostova; Anderson and Williams, 1956, and others .f .

o

Hedia. The conventional nutrient media are use for phage typing,

*ﬁv

3 only the concentrations of ‘some ingredients being altered. Many re-

searchers recommend standard dry nutrient media, because on these it 1is
easier to obtain comparable typing results,

Liquid medla are prepared in accordance with the following fermu-

lai
Dry nutrient broth 20.0 ¢
Sodium chloride 8.5 &
Distilled water 1000. " mi
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The medium is sterilized at 120° for 25 m.nutes. Finai pH = 6.8.
It 1s nét recommended to sadjust the pH with alkali. To prepare the sol-
1d medium, 1.3% agar of the best quality 1s added to tne liquid medium.
When Sovietin powdered nutrient agar is used, acco'ding to the instruc-
tions of the Tbilisi IVS, 4 g of the powder is to be taken per 100 mi
of cold water 1nstead of 5 g, otherwise the method indicated on the
label 1s used. | |

This medium gives standard typing results, although not always
sufficienfly clear, A more intense proliferation of the culture and

~;«phage is achieved on tryptic digested}media, prepared directly at the

laboratory. For the tryptic digestion accord;ng to Hottinger no less
than 500 g of fresh meat for 1 4 of water are taken; the pH should be
T.4. The precipitate is removed because an excess of phosphates in-
hibits lysis. In view of the unstandardized nature of such media, every .
new portion of agar must be compared wi*» ‘!l preceding one by typing
the phagotypes N, O and T on 1! witly the whole reries Qf typ}ng phages

in critlical test dilutior. The medium is sut:«>le {f the phages devel-

op on thirse phagotypes dlstiiit aterile :pcts of >4 dimensions.
When typing cultures which give dwarf . * i, L 1. useful to add
0.2% sodium sulfate to the agar. ‘¢ ...iture grows on such a medium

live a normal culture. Addition of 5% glycerol to the medium increases
the dimensions cf the phage spots but leads at the same time to an in-
crease in the number of crossed-over reactions with heterological
phagotypes and is rot recommended for that reason.

Preraration of typing phages and determination of their critical

test dilutions (KTR). The typing phuges reproduce on the phagotypes

which are homolognus with them, the other Vi-phages (x, 111, IV, V and
VI) on any strain of typhbid microbes, rich in Vi-antigen and capable

of retaining the latter permanently; the O-phages on the strain 0-901,
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which is free of Vi-antigen.

The tyring phage must first be purified. For thils purpose a Petri
dish with simple agar is inoculated with 6-7 drops of a day-o0ld broth
of the culture from a homologous strain. The culture is distributed
over the surface in such a manner that the culture is contlnuous. Af-
ter drying slightly, drops of several phage dilutions areapﬁlied on
1t to obtain isolated sterile spots. The culture 1is maihfhinedwfori |
16-18 hours at 37-38.5°. The isolated phage colony tbgetherbﬁith the
underlying agar and the surrounding culture i1s transferred into a test
tube with dbroth, which 13 incubated for 3-4 hours. The phage is then
heated at 57° for %0 minutes (or filtered) and titrated on a solid me-
dium for the typing strailn corresponding to it. The operation is re-
peated in this order 3-4 times (the isoiated plaque from the last dilu-
tion is again incubated into the broth, etc.)vand a pure line of phage
is obtained as a result. The titer of the phage, as a fule, increases
during its passage through a sensitive culture.

The preparations of typing phage are prepared immediately in the
volume of the required stock solution. The titer of the phage is high-
est at equal concentration of phage particles and microorganisms. In-

to 100 ml of a broth previously heated to 37°, 108 bacteria 1nd1viduals

are transferred during their phase of logarithmic growthpiﬁdﬂéﬁﬁ}oxi-
mately the same quantity of particles of the homologous'tybihg phage.
The incubation at 38.5° 15 continued until the broth has become entire-
ly clear (maximum 7-1/2 hrs). The lysate 1s heated 40 minutes at 57°

and centrifuged to eliminate the dead bacteria at 3000 rpm for 20-30
minutes. The preliminary critical test dilution is then determined on
solid medium. For this purpose, the phage 1s titrated in tenfold dilu-
tion on a homolégous strain and on the phagotype A.

If it 1s not possible to produce a phage with satisfactory criti-
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cél test dilution on the liquid medium, the method of égar léyers is

employed‘to advantage. On the eve of the experiment; 25-30 ml of 1.5%
meat-peptone agar is poured.into sterile dishes. The dishes, covered .
with sterile'filter paper, are'dried for several hours under & bacter-

icidal lamp, then the dishes are covered and they are left overnight

in an inverted position. 3 ml of 0.45% agar 1s first poured intoa . .

8 microbes are mixed into this.

test tube, then cooled to 45-46°. 4 x 10
agar with typing phage. The phage dose ;s determined empiricallyf,It‘
should be equal to the smai}est number ofvparticles which give conflu-
ent lysis with the above-indicated number of M1croorganisms; These con-
ditions favgr a maximum numbe; of cycles of phage proliferation,'as’a
result of which a minimum of bacterial cells remains intact. The mix-
ture of phage and bacteria is poured on the surface of 1.5% aguf and
left on the table until it solidifles. The culture 1s grown at'38.S°
for 16-i8 hrs. 6 ml of broth are then added to the dish, the surface
layer'of agar is scraped off, and the mixture of broth and sémiliquid

agar transferred into a 20 ml flask, heated hbyhinutes at 57° ahd cen
12

triguged. Thus, a phage suspension containing up to 10°° phage parti-
cles per ml can be obtained (Anderson, Williams, ;956). | |

| As soon as phage of cufficlent concentration has been obtained,
ﬁhe final determination of the critical test dilution is carried out.
The phage in the preliminary critical test dilutlon and in two subse-
quent dilutionc is tested on all known phagotypes and Sn the strain
0-901 (Vi-negative strain, recistant to all V14phages). The last test
serves for determining the presence of O-phages in the lysate. Such
contamination is rare,but possible because the typing phages are grown
on lysogenic strains which contain the determinants of the thermostable
O-phages. ' | |

The titer of these ﬁhages in the lysate 1is extraordinarily low.
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As a rule, a criticél test dilution of the typing phage 1s unattainabler
for low titers of these pheges. |

Some difficulties in the determination of the critical test dilu-
tion arises with typing phages which produce on the homologous phago-
types fine, and on some heterologous phagotypes, large sterile spots.

~ As we know, for the formaﬁion of a confluent lysis, a drop of
phage should give about 100 large spots and more than 1000 small spots
’(visible ocnly with a magnifying élass). kKence, thevfine-spot phage 1n
a dilution, which givés confluent inis with a homologous culture (cri-
‘”tiééi’teét"diihtioh) will lyse the heterological phagotypes, in which
it gives iarge stefile spots, 19 the same manner. In order to avold
this, the critical test dilution of such phgges‘must be such that a
drop gives about 100 plaques on a homologous phagétype.

Highly specific typhoid typing phage in critical'test dilut1Q1
should have a range of activity approximately the same as that present-
ed in Table 1. The reservation must be made that in 1denticél phagés
from different production runs only the reactions of confluent 1lysis
are unchanged. Weaker reactions (from t to + + +) are not so sﬁable.
They éannot be consldered as dlagnostic reactions: the strains, on

which they appear, vary from one serles of phage to another.

~~ -~ The-phages are'stored"at'ho.'Undiluted”preparatibns"do;nOt chahgé'”” R

'in titer for 8-10 yeérs.'Critical test dilutions of the phages at the
above-indicated temperatures are stable for several months. |

Typing technigue. A laboratory, where phage typing of typhoid cul-

tures is carrled out, should dispose of a range of typing Vi-phages of

serotype II, Vi-phages of serotypes I, III, IV, V, VI and VII, and

typhold-adsorbing Vi- and O-sera. It is also desirable to have stand-

ard typing straihs of known phagotypes. The scheme (Table 1) must be

used in the establishment of the phagotype of the culture to be tested.
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The typing technique 1§ not complex. Into Petrl dishes with a diQ
amter of 9 cm, 20 ml agar_i; poured, and they are dried with covers
off for an houf'in a thermoatat;»Squares or sectors denoting the num-
ber of the phages used are drawn on the back of the dish wiih India ink
or glass inks. The names of these phages are written on at ﬁﬁe same
time. It is convenlent to merk the dishes bx_,me.an.s,,o,f’,.avsrmi/d'nn,arub_-_.,m
ber stamp. During the work, the stamp is moistened and, placed on a
surface impregnated with glass ink. Some researchefs'(V{A,'Kilesso)
trace'smalllcircles on the agar surface with a testltube according to
the number of phages used (Fig. 1). 32-34 such cirolea can be accomo-
dated on a Petri dish. Drops of the culture to be tested are applied

to the clrcle, the excese culture flowing into the furrows. The circles

are inscribed and drops of typing phage applied to them. With'a cer-

tain amount of practice it 1s possible to dispense entirely with the
nscriptions on the bottom of the dish, 1if the phages are always used

in a certain order, once and for all established and put down in wri-

t!ng. A spiral 1s drawn on the bottom of the dish, in a counterclock-

Ise direction. The straight llne which intersects the'beginning of
t+e spiral indicates the point of applioaiion of the fifst phage in
the series. The possibility of formation of layersiof phage drops is
e%cluded because the drops oi the preceding phage cannot dry out so
qnickly as to be invisible at the moment when the next one is applied.
'Wnen the results are read off, the drops of all phages without excep-
tﬁon are disting:ished in relief on the Gull velvet background of the
growing culture.

f The phages of the rarely encountered phagotypes are best used in
tbe form of ¢ mixture containing 4-5 phagea. During the developmen* of
lysis, separate typing 1is carried out at the point of application of
the mixture. The following order of using phages can be recommended:
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A, A in KTR x 20, Bl (B2, 53), c1 (c2, ¢3, ¢k, ¢5), (c6, c7, €8, c9),
D1, Da, D4, D5, D6 (D7, D8, D9, D10, Dil), El, E2-(E3, Eb, ES, E6, E7,
E8, E9, E10), F1, F2 (F3, F4, F5), (G, H, J1, J2, Js) (K1, K2) (L1,
L2, M1, M2, M3), N, 0, T {25, 26, 27), 28 (29, 32, 34, 35, 36, 37),
(38, 39, 4o, 41, b42), (43, 44, 45, U6), V-1 + Vi-IV, Vi-VII, O-phages.

;

The phages enclosed in parentheses are mixed with each other. The
. mixtures are prepared in such a mannef that every phage 1is present in
critical test dilution. |

"~ Phage A 1is the most specific, which lyses in critical test dilu-
thion only the phagotype A.-Phagotypes which have lost their speci’ici-'i '
ty acquire a sensitivity to this phage. Phage A 1s used in eritical
test dilution and in a 20 fold greater concentration in order to reveal
such degradation of cultures (Anderson and Willlams, 1956).

Supplementary to the Vi-II phages, the Vi-phages can gilve ciearly
defined reactions with Vi- and O-phages and can be differentiated in
this manner. Secondly, the lysis of a culture by Vi-phagés in critical
test diluﬁionis specific for Salm. typhil and reveals its typhoid na-
| ture. Thirdly, the Vifphages he’p additionally to subdivide the phago-
types A, E1 and Cl and others, which dominate in the microbe popula-"
tion of a number of countries. It 1s recommended to use also undiluted
Vi-I phage as 1in indicator of the presence of Vi-antigen in the strain..

A fresh broth culture 1s most easily typed because it contains the
largest quantity of Vi-antigen and hence adsorbs Vi-phages strongly.
‘The strain to be tested is introduced into 2 ml of undiluted tryptic
_Hottinger digesticn or Martin peptone in a quantity which gives an on-
ly Just visible turbidity. The culture is képt in the thermostat at
38.5o until 1t becomes cloudy, corresponding approximately to 5 X 108
. microbes per ml; which develops within 2-2 1/2 hours. The agar surface
1s then inoculated with 7-8 drops of the typing culture which is dis-

- 66 -




'Ttributed evenly over the whole dish by slight mutually perpendicular
movements of a spatula and dried. 1-2 ml of broth culture can be poured
~on the agar and the excess sucked off with a pipette. Some researchers,
as has been pointed out earlier,.apply the drops of the culture to
separate circles on the agar. Experience showed that the dishes with
the culture can be dried with the covers off without any harm. Drops
"“or the diagnostic phages are then éﬁiiléémto the surface of the culfure,-‘
Most convenient for this purpose 1s the use of Pasteur pipettes (L.Ya.
Kats Chernokhvostova, 19h9, and others), or syringes (Nicolle, L957)

| A separate pipette is taken for each phaée. To avold spilling of drOps
from the pipette, a small quantity of phage should be taken (only ir
the capillary) and the phage applied by lightly touching the agar

bl

surface with the drop. A
The culture can be incculated with a standard platinum loop with
a diameter of 3 mm (classical method). The volume of the loop is approx-
imately 0.01 ml. The drop 1s cpread by a circular motion until it has
a diameter up to.l cm. The number of such drops is equal to the numrer

of phages used. To the driled sulture drope,.the drops of phage are ap-

plied with the same loop.

Almost identical results pre obtained with all methods but the

| first method is simpler and faster (Nicolle, 1957). Following the dry-
ing of the phage drops, the covered dishes are turned upside down and
incubated at 38.5°. This temperature is optimum for typing. The lower
1imit of the temperature optimum is 380. If'the temperature 1s lower,
a tendency to an increase in the number of crossed-over reactions is
observed.

Evaluation and interpretation of the typing resulcs. The first re-

cording of the results 1s best done after 6-8 hours of growth. In ur-
gent cases this makes it possible to report ou. the results of typing
- 67 - |




on the day on which the cultures vere received. The second'und final
estimate of the data is carried out after 16-24 hours.

The lysis reactiéns are detected with the unaided eye, using in-
direct or direct 1llumination and shielding with the hand held between
the dish and the 1light source and slowly moved. The results are easieét
to evaluate in daylight. All doudbtful or negafivevphenomena are check-
ed by means of a magnifying gla§s w1thw771Ox,magnifidation. Anderson

the recording of the results:

Dimensions of plaques Number of plaques Lysis . .. . .
B large — 0 to 5 spots psl semiconflu-
. + 6 - 20 spots - ent lysis
" N normal + 21- 40 spots sl confluent
‘ : : : lysis '
"M fine + + 41-690 spots
OM visible only with + + 61-t0 spots psl € s1 inter-
magnifying glass + + t 81-120 spots mediate degree of
lysis
+ + + > 120 "ml turbid con-~

i microspots
: fluent lysis (tur-

bidity caused by

| secondary growth)
With a normal state of the strain, the determination of its phago-

type does not offer any difficulty, provided the critical test dilu-

tion of the phages is correct and their activity corresponds io that

in Table 1. Examples of the typical appearance of positive typing re-

- sults are presented in Fig. 1.

Anomalous typing results belong among the following basic groups.

I. The culture is not lysed by the adapted Vi-II_phage but is sen-

sitive to the Vi-phages of other serotyres. Such a type of reaction is

shown in Fig. 2a. This situation can be due to the followiné causes.
1. The culture 1is a new type. In this case it must be assayed wifh

phages of rare types or Vi-II phage must be adapted to it. Phage A 1is

used, as a rule, as the starting phage. Several methods of adapting

phages of serotype II are known.
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a) Several tenfold dilutions qf the orlginal phage are prepared
in § or 10 ml of broth (Cralgle, Ian, 1938). 3-4 hours old broth cul-
ture of the unknown type 1s introduced into all test tubes, diluted in
such a manner that 1000 microbes cells are present in each‘test tube
(with the aim of reducing the possibillity of secc.dary growth to a min-
imum). The test tubes are placed 1n§o a thermostat oyernight.‘The last
test tube which shows a clearing-up, 1s heatad U4 minutes at 57°. A
new serles of tenfdld dilutions 1is prepared from this and this is re-

" peated severél times until the titer of the new phage stops increasing.

b) The fresh broth culture of the strain to be tested is inocula-
ted on the gason of dishes with 1.5% agar. Drops of the tenfold dilu-
tion of thé phage to be adgpted are applied to the dried culture. The
dishes are incubated overnight at 38.50. In the morning'fhe separate
plague with the culture under 1t is transferred into a test tube ﬁith
2 ml of broth and incubated at 38.5o until tke initial growth has dis-
appeared. The lysate is then heated to 570 and kept at this tempera-
ture for hO minutes and then centrifuged for removing the dead bacter-
la. Thls procedure is repeated several times with the aim of obtainidg
a highly specific phage (until its titer on the strain to be tested
stops increasing). |

The newly produced phage 1in critical test dilution is cheéﬁgarwith
all standard phagotypes. Selective lysis with the cuiture, through
which the phage has been passed, and the absence of lysis with the
standard strains confirms that a new phagotype has been isolated. In
the rare cases, when the Vi-II phage of Craigie and Ian (type A) does
not reproduce on the untypable Vi-strain, it is recommended to test
this capaidty on other phages of the test series. For example, only
T-phage could.be adapted in the experiments of Scholtens (1950) to
the new phatotype with identical type-determining phags (see section
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"Adaptation"). Through the new phagotype T 49OL, containing phage db,

s
#

" the author successfully passed D6 phage [structural formula of type /
Dé-A(dg)]. Finally, Desranieau and Martin (1950) isolated the original
Vi-phages of the serotype II from the types A, Cl, El1 and F1 (the Vi-

II phage of Craigle was isolated from a culture of typelA). The flexi-
bility of these phages was not'equal. The authors could not adapt the
Vi- II phage of Craigie to even a single one of the 23& cultures of
| type Eh The Vi II pnage iso{ated from phagotype El did adapt to them.‘m.ﬂm

This was also fonnd by other researchers (Scholtens, 1956b).

II. The culture in the gamma or Imperfect-form is steble to

phagestof serotype II,‘and does not allow them to proliferate during

adaptation. Such cultures cun be subdivided on the basis o their re-

actions with unadapted Vi- and O-phages, and the phagesvof Nicolle and
Diverneau (1961) in lysogenicity tests.
III. The calture is destloyed by several adapted Vi IT phages, by

confluence or semiconfluent lysis (polylysable or Vi-degradated strain).

Figure 2 shows an example of the reactions of such a strain. The cul-
ture is clearly 1ysed by phage of type A, which 1ndicates its degrada-
tion. Under such circumstances it is very difficult to determine the
phagotype of the strain:but it is possible, on the basis of the pat-
tern of feections with Vi-II phages which is normally‘constant to dis-
| cern and combine epidemiologically connected strains. It is permissible
to term these cultures as phagotype A indicating the gaps in the lytic
reactions. , ‘

Among the polyiysahle_cultures the‘strains which interact with
phage N and with Individual phages of group D (the so-called phago-
type D3 or N 4+ D1) must be specially seperated. Several strains of.
phagotype N can‘give such reactions, when typing Is carried‘out at
low temperature (36-37.50). Incubationn of the dishes at 38.5° decreases
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the nonsepecific reactions with D phages and the strains are classifled
[

as normal type N. : .

IV. The culture is weakly lysed by severalltyping phages, 1s lysed

efficlently by the unadapted Vi-phages and is insensitive to phage A.

The cause of this may be a decrease in the dimensions of the phége
plaques after passing through an atypical varlant of'the.phagotype.
The homologous phage 1in critical test dilution gilves confluence lysis
under conditions of normal dimensions of the sterile spots. As a re-
sult of the decrease in the dimensions of the pleaques, the lysic te-
comes semiconfluent, sometimes in the form of isolated plaques. In

- such situafions~1t 1s recommended to repeat the typing with phages in

a 10 times.greater concentration than the critical test dilution.

_Fig. 1. Reactions of phagotype A and E4 of typhoid bacteris with adapti-
‘ed Vi-II phages in critical test dilution. a) Type A; b) type E4; (in
the rcenter — lysis by Vi-I, O- and Vi-VII phages [according to V.A.
Kilesso)].

In the extreme case, wher a strain is not ciéarly différentiated
even by a single one of the standard phages, so-called indirect typing
1s Justified. |

V1-II phage 1s adapted to the straln to be typned. The new phage
1s tested on gll standard typing strains. The straln to be tested is
considered to be identical with the phagotype with which the new phage

preparation clearly interacts 1n critical test dilution. The lytié
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| Fig. 2. Nontypable Vi-culture (lysis with a mixture of Vi-I and Vi-IV
phages can be secn); b) degenerate Vi-culture (lysis with phage A in
20 X KIR can be seen} (acc. to Anderson and Williams, 1956§

!

.

standard phagotypes

inertia of the new preparation with regard to th

attests to the isolation of a phagotyre, whose tj ing phage 1s absent
in the test series. -

V. The cultures is not lysed by any of the Vi-phages, used in cri-

tical test dilution, but is sensitive to concentrated Vi-phage of sero-

type I. The cause may be a weak development of Vi-antigen in the cul-
ture, which inhibits the adsorptionof thé typingfyhages cn it. One can
try to type such a culture with a more concentrated phagé (one dilution
less than the eritical test dilution). | |
In order to increase the Vi-antigen concent}ation in the culture,

the following methods are known:

&) Inoculation of the strain on 1.3-1.5% agar with subsequent se-
lection of the colonies which are turbid in transmitted light‘and
which are strongly agglutinated on a glass slide by adsorbed typhoid -

Vi-serum. Up to 40-50 separate colonies of different subcultures must

be checked. '
b) Passage through broth containing 4% typhoid O-serum for 6-18 %.

hours in a theriostat, followed by 1nocﬁ1atidn of the culture from the g

upper part of the broth on agar dishes and selecéion of colonies by
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means of Vi-serum. After having been kept in the the.mostat, the cul-
ture can be centrifuged and then inoculated from the supernatant 1li-
quid. |

c) Passages through the crganism of white mice. A day-old culture,
grown on normal broth, is diluted in a ratio of 1:20. O.Slml of the di-
lution 18 injected into the mice intraperitoreally. 60 hours later the
mice are killed with chloroform. The blood from the heart and the ex-
}sudate from the abdominal cavity, washed off with physiological NacCl
solution is inoculated on normal weakly alkal.ne agar. In the tentative
—--agegulutination tests, the Vi-antigen content 1s checked in no fewer
than 20 colonies. -

All methods of tfansforming Vi-negative cultures into Vi-positive
cultures are only successful if the strain is present in the Vw-form,
'i.e., if it has 1lcst only part of the Vi-antigen. Such cultures are
normally not agglutinated by Vi-serum, thelr lysis with a mixture of Vi-~
'phages of the serotypes I and IV in critical test dilution is incon-
stant and absent in individual cases. The strains 1lnteract more regular-
ly with concentrated Vi-phages of these types.

VI. The culture is not destroyed by even cne of the Vi-phages in
critical test dilution, including the undiluted Vi-I phége.‘This iédi-
cates a complete absence of Vli-antigen in the culture or even excludes
the typhoid strains. In cultures present in the pure VW-form, as a
rule, the Vi-antigen 1s not restored. If thic is necessary, they can
be typed by means of O-phages or biochemirally.

It must be pointed out that clones of the same culture may differ
in the quantity of Vi-antigen content and in the degrece of their speci-
ficity. Hence, when the reactions are not clear, it 1s useful to repeat
the typing wiﬁh.other clones. In order te do thils, 1t 1is best to send
for typing a mixture of 10-12 colonies of the original culture particu-
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larly if it has been 1solated from enrichment medla. Sending onf; one
célony always entails the risk that the clone will- be poiylysable or
present in the pure VW-form which cannot be differentiated with Vi-‘
phages. |

Cultures which are constantly used in the work should preferébly

be kept on a Dorset egg medium in the dark at 4° after minimum incuba-

tion at 37-380. A tendency to lcse part of the Vi-antigen is present
in some strains, hence it is useful, when renewing the culture to in-

cubate it on agar and select by the above-described method those clones

which are rich n Vi-antigen. Colonies which give a clear'Vi"aggulutin-
ation, are transferred to Dorse medium and stored as usual. The lyophil
lzatirn preserves the culturec for longer periods.

Isolation of mild phages from cultures of Salm. typhi. The isola-

. tion of mild phages from cultures of typhoid bacteria is difficult to

achieve: the phage Jield is low and their titers increase only slightly
Cultures of phagotypes A, El, the strain 0-901, 3alm. gallinarum, Salm.
paratyphl C in the logarithmic phase are used as indlcators. The mild
phages of subtype A are isolated on the strains Tananarive and Salm.
dudblin. |

isolation of mild phages. Several methods of freeing mild phages

have been described’ (Anderson,‘FeIix I953;”W1 ‘Ferguson, Junkes, R.

Ferguson, 1955; M.D. Krylova, 1951; Nicolle, Diverneau and Brault,
1958). -

1) To 2-3 ml of undiluted broth (Difko [?], Martin or Hottinger)
a small quahtity of the strain to be tested for-iyéogenicity is added.
The culture is grown at 38.5° for 8-16 hours and centrifuged at 3000
rpm for 10-20 minutes. The supernatant liquid i1s divided into two parto.
One part is heated.to 57 and ketp at this temperature for 40 minutes
whil> the other one is not heated. Drops of the heated and unheategd
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liquid are applied to the gason of the indicator culture. Following
overnightincubation at 38.50, the presence of phage plaques is checked.

The plaque with underlying culture 1s transferred into broth.
8

2) To 20 ml of the heated undiluted broth add 10° microbes of the

strain to be tested and or.the indicator strains. The mixture is grown
at 38.5° for 8 hours and checked for the presence of phage on the indi-
cator culture by the above-described method. During growing of the
strain to be tested together with the indicator straiﬁs, the mild
phages are isolated ﬁith greater sucéess; than in a pure culture.

3) To 15-50 ml of an infusion of calf broth add 10° of the mi-
crobes to be tested (with poor phage yield the strain to be tested is
inoculated together with 105 individuals of the 1ndicat6r'strain). Af-
ter overnight incubation at 37.5° the qulture is mixed and aerated for
3 hours at the same temperature. The cohtent of' the flask is then cen-
trifuged at 3000 rpm for 10-20 minutes and checked for the presence of
phages‘as indicated above. The supernatant liquid can be filtered off.

L) The method of agar layers according to Gracia. On the surface
of well dried 1.5% meat-peptone agar the culture to be tested for lyso-
genicitj.(donor culture) is applied in streaks. 0.7% agar in a quanti-
ty of 2.5 ml which has been previously poured'into a test tube, is
melted and cooled to 45°. 0.1 ml of the indicator culture is then add-
ed and quickly mixed with the agar. The mixture is poured on the sur-
face cf 1.5% agar and left to.cool for_30 minutes, after which it is
placedinto the thermostat at 37° and left for 18-20 hours. If the cul-
ture 1s lysogenic, plaques are formed along the streaks; these are iso-
lated, and purified by inoculation on an indicator culture.

5) The strain to be tested 1s lysed by Vi-phage of serotype I.
The lysate 1s’passed through the strain 0-901 until a coustgnt liter
i1s obtained (M.D. Krylova, 1953).
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Increase in the titers of mild phages. The maximum titer of mild
8

phages 1s not very high: 107-10 particles per ml,-FerguSOn and coau-

thors (1955) obtained phages with such concentration in the following

manner. Into 20-50 ml of the medium they iroculated 106

microbes of
the indicator strain. Afier aeration for an hour at 37-38°,lthey added'
105-106 particles of mild phage and continued to aerate the mixture for
another 2-2 1/2 hours. The suspensinn was centrifuged and the superna-
tant liquid filtered off. '

Anderson and Felix (1953) found that the highest phage titers de-
velop at an optimum ratio of the phage and the indicator culture, which

is 1nd1vidﬁa1 for each system. If an excess of microbes 1is present, the

mild ohage 1s adsorbed on the cells. As a result, the titer dfops quick-

ly. This 1s why during minimum secondary growth, the maximum phage ti-
ers afe obtained. Into a flask containing 20 ml of Difko bfoth, 2 x
X 108 microbes of the'indicator cu1ture are placed and 1 ml:of primary
mild‘phage added. The mixture of the culture ard phage is_incubated at
38.5° for 8 hours. Its turbidity is checked and compared with that in
the control flask (without phage), which had been inoculated with only

108 microbes. At the end of 8 hours, the two flasks are transferred to

a refrigerator (Uo) and left overnight. In the morning, 0.1 ml from

incubated for 8 hours at 38.5° after which they are placed in the re-
frigerator overnight. These ﬁanipuiations are repeatéd daily and the
phage titer 1s checked daily in the test flask. All flésks are kept
at 49, After several passages, the phage titer increases, which is man-
ifested by a clearing up of.the medium in the test flask. This attests
to a high phage titer. With this passage the operation 15 terminatéd
because the next'transfef 1s usually accompanied by a rapid increase in
turbidity and a decrease 1in the phage titer in the‘test flask. From tae
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flask preceding the one, in which the clearing/ﬂ; had been observed,
and ihe control flask, 0;75 ml 1s transferred into 150 ml of fresh Dif-
ko broth. Both flasks, the test flask and the control flask, are incu-
bated at 38° until complete clearing up of the test flask. The phége
preparation is freed of microbes. Anderson and Felix (1953) recommend
3 methohs for this separation.

1. Heating to 57 and keeping for 40 minutes.rﬁ}>MW L

‘2. Treatment with 0.16% toluene at 37° for an hour.

3. Filtration through a fine porous membrane (750 mu) (filtration
through an L3 candle, through Seltz filters, EK filters, etc., 1s not
recommended, because these lead to & loss of 95% of the phage).

Methods of obtaining artificial phagotypes. Anderson and Felix

(1953) proposed fwo methods of.lysogeniZation of typhoid cultures.

1. Oh the gason of the’indioator culture to be subJected to lyso-
geni-ation, a drop of undiluted mild phage is'plaoed and incubated for
.16 hours at 38.50. The secondary growth is inoculated into 2 ml of |
broth, and incubatedaat 38.5° until turbidity appears corresponding to
1-1.5-106 microorganisms and tested for interaction with critical test
dilutions of all Vi-II typing pheges. Thils method gives'good results
if the mild phage has a sufficiently high titer.(lolo7 and over) and is
cavable of developing‘confluent 1ysis>on an ihdicator“oulture. |
‘ 2. To 1 ml of a lysate containing 106-107 mild phage particles, a
small quantity of the culture to be lysogenieed is added (1-10 mi-
crobes). The mixture s incubated at 38.5° for 2 hours. The prolifera-
ting culture 1is, as a rule, lysogenic. It 1is 1hocu1ated and the change
of the phagotype tested. 1£ 1s supposed that at such ratio, the proba-
bility of an encoﬁnter of miorobe cells and‘phage particles during the
first hour 1s'extraordinar11y low and they do-not interact. The cul-
ture can proliferate uninhibited as long as the number of microbes is
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not sufficlent for cncounters with phages. The sensitive microbes then
die off on account of the proliferating phage and -lysogenicity 1is es-
tablished in the remaining ones.

6 pafticles

This method 1s used if the phage titer is less than 10
in 1 ml. 2-108 mild phages are introduced into 20 ml of preheated broth
in its maximum concentration. The mixture is left to stand for 8Ahours %
at 38.5°, then overnight in the‘refrigerator (40) and then 0.1 ml is
transferred into 20 ml of fresh broth. The procedure.is similar to that%
used for producing latent phages with high titers (see there). In con-
- trast to the latter, Ph?_PaS,SaSe;‘* are continued after the appearance of B
- massive lysis (attesting to a high titer of the phage). During the
next transfer rapidly increasing turbidity is observed, due to the pro-
liferation of resistant microbes which had become lysogenic. At the l
end of thé 8 hours of 1ncubation this culture is trahsferred td Dorsét
medium and the change in the phagotype checked od several clones.
| The typing method is based on the unequal behavior‘of-different
cultures to the derivatives of the Vi-phage of serotype II. This phage
has the property of adapting with unusual ease to resistant species,
thus losing the.adtivity to the original strain. All preparations of
typing phages were obtained via adaptation. Unadapted typhoid Vi-pha-

ges of different serotypes and O-phages are al§Qﬂ}pg}g@gqm}éwyygm§gbémglm7@
mmngéM%&;i;ngi;ﬁﬁ;é;;“;;;Uhgémgifférentiated by stralns devold of Vi-
antigen, Vi-degradated cultures, and the Vi-I — Vi-IV group. Individ-
ual grypes (A, E, C and others) are encountered very frequently within”
the 1limits of a_single country. Some of these can be subdivided on
the basis of their blochemical characteristices and also by'means of
bacteriophages.

The specificity of the typhoid phagotypes 1s mainly due to the
lysogenicify and represents a particular case of lysogenic conversion.
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It 1s mainly due to the 1ntérferenée of the propthes with the unrela-
ted mild phages. _ . | .
The type-determining function of individual @ildvphages was demon-
strated in experiments involving artifigial lysog nizatioh of phago- |
typés. These experiments made it possible to establish structural form-
ulae for certaln lysogenic phagotypes, which help|to prédict the lytic
- properties of the typing phages'obtained by adaptation, and to explain
the origin of.the group lysis reactions, and permit a rational selec;
tion of the original phages for producing phage preparationé for pro-
" ducing phage preparétions for untypable strains. Using the structural
formulae, AnderSon and Frazt& (1955) laid the basis for a classifica-
tion of phagotypes. ' ' -
The phagot&pe characteristic of«a'microbe is |a highly stable pro-

perty. The application of the method 1in practice to elucidate epidemio-
logical connections 1is based on this. Phage typing improves epidemio-
logical ;esearch, makes bactgriological diagnosis ?qre accurate and ai
the same time shortens the time required for the 1hvestigation. The
method opens up prospects of 1mproved specific phage prophylazis and
phage therapy of typhoid ang indicates a new approLch to the production

of phage preparations.

Manu- ,
;gg;pt [Footnotes]

No. ‘

51 For a detailed reviw of these wbrks see:| M.D. Krylea. Appli-

catlion of Bacterlophages for the Typing of Bacterla. In the
book: D.M. Gol'dfarb. Bacteriophagy, Mosow, 1961.

i
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|
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Chapter 3 _ ,
PHAGE TYPING OF PARATYPHOID A AND B BACTERIA
BACTERTA OF PARATYPHOID A

" The method of phage typingof paratyphold A bacteria was proposed

by Felix and Banker in 1948 (Banker, 1955). By means of a phage, iso-
lated from. sewerage effluents at Bombay the strains of paratypho*d A

could be subdividéd’into two groqps. By adapting this phage to resis-
tant strains, Banker subsequently obtain another 4 typing phages which
proved to be OQphages and were 1dentical in thelr serblogical‘charac-
teristics. The strains of paratyphoid A, 1solated in different coun-
. tries, wefe subdivided with the ald of these phages into 5 phagotypes.
Type 1 was lysed by all phages, the other U4 types ohly by thelr own.
homologous phages.

A certain practical usefulness of the method was demonstrated dur-
ing 1nvestigations of paratyphoid B flareups. Tﬁe‘weak_point of the
method is the frequency of occurrence of unstable phagqtypes. This con-

cerns above all the type L. Following passage through the gall bladder

© e, g g e A TR R T T

of guinea pigs in the experiments of Rische (1958), some cultures of

this phagotype acquired a slight sensitivity to the other phages. The
same degradated cultures were 4solated together with type 4 from pa-
tients and during sforage of this phagotype on laboratory'media.AIn
the experiments of Buczkowskl (1960) in the cultures of 12 out of 147 -
carriers and patlents, obtained in repeated analyses, or different

clones of the same culture differed in their reactions with typing

phages from each other. For example, in one of the cultures, two clones

’
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proved to be phagotypes 1 and 3. In several pgtients the phagotype 1
and polylysable types and in others, phagotype 1 together with type 3
 or resistant types were isoigted simultaneously. Moreover, in to para-
typhold A flareups, causéd by type 1, the author noted the appearance
of other phagotyres and polylysable culturés. All theee’data attest

to the imperfection of Banker's scheme.

Another deficlency of the method 1s the prevalence of the phago- = .

type 1 in the tested cultures. Banker (1955) found among 636“strains
of paratypholid A from different parts of the world; ihe type 1 in 59%,
type 2 in 14%, type 3 in 2.é%, tvpe L in 7.9%. The degradated strains
accounted for 3.1%, the nontypable strains 13.8%.fRische (1958) using
5 typing phages, detected among the strains from 100 patients from
Germany, Czechoslovakia, Rumania and Hungary a similar distribution fre-
quency of phagotypes, 67% of them telonging to type 1. In poland (Bucz-
kowskl, 1960) the phagotype 1 was found in 3/4 of patients, reconvales-
cents and carrlers from different foci. Such a preponderance of phago-
type 1 naturally reduces the epidemiological valué of the method be-
cause it gives the impression of a uniformity of the types of microbe
population. |

A defect of the scheme 1i1s also the enorlous number of phagotypes

_which has been detected within this specles of tacteria. = . ]

It is thought that all the abovelisted deficiencies of the method
\are a consequence of the erroneous szlection of the originalAphagel
among the virulent phages of-sewefage effluents. As we know, the differ-
entlating action of these phages is slight, théy?afe morérsuitable for
the diagnosis of the specles than for intraspecles typing. Mild phages
1solated from lysogenic cultures are preferable for phage typing.
BACTERIA OF PAﬁATYPHOID B .

Two schemes of typing Qacteria of pafatyphoid B are known at the
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present time: the gcheme of Felix and Callow and the natural system of

i

Scholtens constructed on this basis. .
/

Scheme of Fellx and Callow ' : .

In 1953 Felix and Callow (Britein) proposed a scheme for the phage ;

| typing of paratyphoid B bacteria, in which adapted, but'serologically

heterogeneous phages are used: 1, 2, 3a, 3b, 3al, Jersey, Taunton, Dun4:

dee, Beccles and BAOR (Felix and Callow, 1943, 1951) The method of

"Craigie and Ian is used for typing, L e
Typing phages and strains

mhe phage type 1 was 1solated from a lysogenic strain (Felix and
Callow, 19&3) The phuage selectively lysed cultures 1solated during a
" flareup of paratyphoid B, which were termed phagotype 1. Later on, via
: edaptetion of phage 1‘to resistant strains, the phages 2, 3a, 3b, 3al,

Jersey, Taunton and Duniee were obtained. The beccles phage was produced .

by adaptation of phage 1, isolated from a different lysogenic strain,
the BAOR phage was isolated directly from a lyscgenic strain of type 1.
Despite the fact'that all tyoing phages of paratyphoid B are deri-

vatives of phage 1, only four (2, 3a, 3al and Jersey) are serologically

identical with 1it. The others belong to two serological groups. One
group is comprised of the phages 3b and BAOR, the other of the phages
Beccles, Taunton and Dundee. |

- The serologiéal heterogeneity of paratyphoid B typing phages with
| common origin is explained by the facf thai the phage of type 1 when
.cultured on the origihal culture may be contaminated with mild phages
of the host strain, which became the starting point for the new typing
phege. _ | ' :

With the above-listed 10 phages one can subdivide»the microbes of

paratyphoid B into. 10 types, designated in correspondence with the name :

of the respectlve phsges. On top of this, about 30 variants of types 1,
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2, 3al, 3b, Beccles and Dundee were detected. Part of these (3a vari-
ant of 1, 3al variants of 2 and 3, 3b variants of 2, 3, 4 and others)
are unstable'in their reactions with the typiag phagés whilé the
others are more conctant. It Ls quite probable that some varlants are
.new phagotypes. |

The method of Felix and Callow was standardized and recommerided by
the International Conference of Microbiologists for international use.

The 1lytic activity of the 10 standard phages with regard to the
phagotypes and their varlants 1s represented in Table 7. The 1llth phage
(1610) does not differentlate any phagotype but helps to d1stinguish
some of them from each other. It can be seen in Table 7, that the
 _typ1ng phages of the paratyphold B bacteria differ greatly from the ty-
phoid typing phages in the specificity. Really specific is only phage
1, which lyses only the homologous type 1. All othe; phages 1hteract
with two or more phagotypes. This 1is why it is necessary for recogni-
zing the phagotype of a culture to take into account its reaction with
the'homologous and with all the heterologous.phages. |

The phages of the paratyphold B bacferia, like their typhoid coun-
terparts, are uscd in critical test dilutions. This is thé maximum_di-

lution of the phage in which it gives the correspdnding reactions with

homologous and some heterclogous phagotypes (for the lattgywlﬁwiguaq”;m -

1dd1catof) (sée Téble 7). For example, the typing phége of Jersey in
critical test dilution should completely lyse the phagotypes 1, 3a var-
lant of 3 and Jersey. ' | |

At first the paratyphoid B phages were termed Vi-phages, because
they specifically lysed strains, containing Vi-antigen (detected in
1936 by Felix and Piti) and did not interact with pure O-varilants. It
was soon foun& that some phages are active on Salmonélla'cu}tures which
are devoild of this antigen, in particular on Salm. typhi murium; Salm.
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typing of Paratyphoid B Bacteria (Anderson and

Williams, 195
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'Symbols: s1) confluent lysis; <sl) less than confluent lysis; psl)
semiconfluent lysis; ml) lysis with secondary growth; (-) desig-

nates the absence of lysis.

a) Type; b) variant; c) typing phages in critical test dilutions; :
d) Jersey; e) Becclts; f) Taunton; g) BAOR; h) Dundee; 1) e£l; k) psl;
£) ml; m) normal variants. _ _ - T

abortus equi, Salm. newport and others (Felix, 1956).
i Subsequently Kfauffman showed that the Vi-antigen of Salm. paratyphi
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3 1s the 05-antigen (K-antigen) which is not comparable with the Vi-an-

:1gen of Salm. typhi. The O5-antigen 1s not spgcific for paratyphoid B
jacterla and can exist in other Salmonella types of group B. These ob-
iervations led to the conclusion that the typing phages of paratyphoid
3 bacte;ia are typical O-phages.
The stabllity of the phagotypes of paratyphold B bacteria was ob-
~terved 1n the brganism of patients and carriers (during repeated separ-
«tion from fecés, urine, blood! bile, pus, and cerebrospinal fluid).af-
.er repeated reseeding and during prolonged storage on nutrient media
Felix and Callow, 1943; Nicolile, Jude, Buttiaux, 1950; R.V. Gordina,
|.954; V.A. Kilesso, 1954, and others). S
A change in phagotype was observed 1in 10% of cultures,‘kept’on
utrient media for 1.4 years (R.V. Gordina, 1954). It was nearly al-
ays manifested 1 an extension of the vélency to typing phages. It is
ssumed that the type Beccles.is subject to the above descrited devia-
ions to a higher “egree than the others. During prolohged storage re-
ctions of the types 1 and 3al (Felix, =llow, 1951), types 3b and 3a
Nicolle, 1957) appeared in it. |

auses of the specificity of phagotypes

Prophages (one or several) are extraordinarily widespread in cul-

~ures of paratyphoid B (Scholtens, 1951, 1956a, and others). All 10

hese are serologically related to aﬁd also identical with the typing
hages. '

In order to confirm the type-determining functions of t1e propha-
es, Nicolle, Hamon and Edlinger (1951) carried out several successful
‘ransformation of 1, 3a and 3b cultures, by inoculating them with phag-
s isolated ffom other phagotypes. For example,'phagotype l€ when 1invsa-
‘ed by a phage of type 2, was transformed 1n£o phagotype 2; & 3a cul-~
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ture afteﬁ/¥reatment with a phage of type 3al, gave the reactions of

the strain 3al, the phagotype 3b could be transformed into Tauntqn and
Dundee. The artificilal phagotypes were less sensitive to phe test ser-
les ofltyping phages than thelr precursors'(compare in Teble 7, for ex.
ample, the type 3a and 3al, 3b and Dundee, and others). In other wﬁrds,

as a result of lysogenization, the valency of the culture to typing

é —phages was narrowed."
Q The reverse process, 1.e., an extension of the valency of a cul-
§ ture during action of a mild phage 1s an exceptional phenohenon. In

“‘“‘pa?ticﬁlaf‘ijfi?é"s‘““‘bbservea by Brandis (1953). Over several years, he

! i{solated BAOR cultures and atypical variants which interact with pha;

ges 2a and 3al, to which the normal BAOR types 1is resistant, from the

feces of a femallcarrier. The varlarts contained a mild phage, which

RN na gt 1

was designated St and which is serologicaily related to the above 2
phages (Brahdis, 1955a). When lysogenized with the phege St, the

e e

.~ stralns BAOR and 3b and the nontypable strains were transformed into
atypical variahts, sensitive to the phages 3al and 3a. Thus, contrary

to the usual behavior, the mild phage imparted to the culture not re-

h i e

? sistance but sensitivity to'serologicallL related phages. Brandis could

: |
not s-’ actorily account for this phengenon. It 1s possible that in

the culture-treated with mild phage, the éensitivity to serologically
related phages appears as a result of replacement of one prophagé by
"another or freeing from lysogenicity.

On the wholg,ragpificial'transformation of the phagotypes was less
successful in paratyphoild E cultures than in typhoid cultﬁres and the
successful experiments were not very numerous. Nonetheless, bearing
in mind that all typing phages of the scheme of Felix and Callow were
produced from latent phages, we may take it that the immunilty of these
bactefia to the phages which are serologically related to thelr pro-




phage forms the basls of the subdivision by phages. In this sense, the
mechanism of the specificity of the phagotyp2s of paratyphoid B, it
lmust be supposed, 1s different from that in typhoid bacteria, where the
type-determinihg prophages create resistance in the bacteria to the for-

eign phage.

Application of the method in epidemiologicai investigation
| In the course of almost 20 years of application of the method of

. Felix and Callowk the investigators became convinced of its epidemio-
logical value (R.V. Gordina, 1954; Felix, 194k; Corridan, 1951, Ni-
colle, 1957; Grosso and Saééani, 1958, and others). It has entered the
daily practice of numerous laboratories all over the world as a method
which makes bacteriological diagnosis more accurate and improves the
epidemiological analysis. '

International approval of the method of Felix and Callow made it
possible to study the distribution of the phagotypes of paratyphoid B
in different countries (Felix, 1955). Tae mdgt prevalent phagotypes in
Europe are Taunton, 3al, 3a, and BAOR. In individual countries, for
example, Poland and Norway, the. types 1, Dundee and Jersey predominate.
The type Taunton 1s the most widespread. In the GDR it was detected in
different years in 39-57. 9% (Rische, Schneider, 1960) The types 3a1
(normal) and 1 are found more rarely.

The varlants 1, 3a and 3b of the first parat&phoid B are not often
found. Thus, in the FRG they constitute only 0.02 to 1.58% of all cul-
tures.‘Only the 3al variant of 1 was detected in a much greater number
(5.19%) (Brandis. 1958). |

In the years 1953-1957 in the GDR these variants accounted for
6.97% of cultures, of which the 3al variant of 1 amounted to 3.12%
(Rische, Schneider, 1960). .

The methods of additlional subdivision of the phagotypes of paraty-
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phoid B have not been developed extsnsively, although they could have
been useful, particularly for the type Tauntcn. The biochemical method
of subdivision of the phagotypes of paratyphoid B bacteria were tied

in Poland (Lalko, Pletkiewicz, 1962). The biochemical type of the same
phagotypes 1solated in different foci, 1s in most cases the same. A con-

nection between the phagotype and the capacity for enxymatic breakdown ;
: . i
of rhamnose and inositol has been demonstrated: the phagotypes 1, 3a, 1

3al, 3b, Beccles, BAOR and Dundee break down both sugars, the types 3al:
(variants 1, 2) and Taunton only rhamnose. The type Jersey was subdivi- -
ded into two biochemical types (+-rhamnose and -inositol and -rham-
nose, +-inositol). Blochemical typing was a useful correction for the
phagoﬁyping data of cultures from foci. ‘ |
R.V. Gordiné (1945) found a difference in different cultures of
type 1, 2, 3a and 3b with respect to inositol, in t;pe 2 to maltose,
in tye types 2 and 3a to sorbitol; The role.of'the biochemical sub--
groups in epidemiology has not been studied by this author. |
Typing of paratyphold B microbes in the USSR has been first car-
ried out by R.V. Gordina in 1947 with the five first phages of Felix
and Callow. The Soviet researchems became convinced of the great epide-
miological value'of the method. M.K. Kadyrova (1960h) used phage typing
_ during a flarewp in a food manufacturing plant.

Within 2 weeks, 20 persons became ill. During the bacteriological
investigation of the contacts, the paratyphoid B bacillus was isoiated
from the feces of the bread cutter. The duties of the bread cutter in-
cluded the delivery of beverages from the lemonade fectory. Paratyphoid
B bacilll were detected in two female workers of the factory, one of
whom had contacts Qith the bread cutter not only in the course of duty.
Three months ago‘the female worker had the disease, diagnosed as influ—}
enza. 2 weeks prior to the flareup, the bread cutter also fell ill, but
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did not stop working. The symptoms of his 1llness were reminiscent of
the blurred form of paratyphold (malaise, headaches, fever, etc.). Fin-
aily, the following chain was discovered: female operative of the lem-
onade plant - bread cutter — flareup at the food plant. Fhage t&ping
confirmed this sequence: all cultures from the patients, from the bread
cutter to the female operator, belonged to phagotype 3b.
_ The phagotypes 1, 2, 3a, 3al, 3b were detected in the USSR (R.V.
~ Gordina, 195&; V.A. Kilesso, 1954; M.D. Kadyrova; 1960a, and othérs);
The phages Jersey, Beccles, Taunton, BAOR and Dundee were not applied
in our country. Comparison with fqreign‘data demonstrates that'thé rei;m
atively rare phagotypes 3b and 2 predominate in the USSR. However, one
Cannot yet speak of a dominance of cerain types and of their geograph-
ical distribution because the percentage of cultures which have been
typed is too low.
Method |
The method of typing of paratyphoid B bacterlia with the phages of
Felix and Callow (preparation 6f fyping phageé, cultures, media, tech-
nique of typing) are analogous to that for typhoid bacteria. The pha-
ges are used in critical test dilutions. In addition to paratyphoid B
phages, typing phages of Salm. Breslau are also used, taking into ac-
count that cultures sent with the designation Salm. paratyphl B. often
prove to be Salm; typhl murium. The first reading of the reaction is
carrled out with a magnifier 10x with indirect and direct lighting af-
ter growing for 5 hrs at 38.5°; the second one after 24 hrs incubation.
The anomalous reactions include the following vaéiants (Anderson,
Williams, 1956). ‘ |
Culture of non paratyphold B — nature: a) The tested strain is not

lysed by the paratyphold B phages, but interacts with a mixture of the
phages of Salm. Breslau. b) The strain gives a new, unusual type of re-
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reaction with the typing phages and interacts with Salm. Breslau pha-

ges.

The‘antigen structure of the microorganism is carefully checked

in either case. Such an investigation often makes it possible to relate

the strain to one of the groups of the system of Kaufman-White. It 1is
known, by the way, that Salm. abortus equl (somatic formula 4, 12),

Salm. newport (6, 8), Salm. gallinarum pullorum (1, 9, 12), Salm. en-
teridis (1, 9, 12) are always sensitive to the typing phages of Fellx
and Callow, although they do not give the 1ysis pattern which 1s typi-

| cal for certain nhagotypes.

" The culture belongs to a new phagotype. The culture belongs to the

paratyphoid B microbes but does not interact with'the typing phaggs or
glves anomaioﬁs,‘hitherto unknown reactions with the phages of Felix
and Callow. It is not sensitive to Salm. ﬁreslau phages. It 1s recom-

- mended in either case to produce & new phage for the s*train to be test-
ed. The-original phage can be selected among the typing phages or 150-
lated from lysogenic cultures of Salm. paratyphi B, Salm. typhl and
other Salmonella. It is not recommended to use phages sewerage efflu;
ents and feces, as phages of such origin are_normaily not §ery speci- -
fic and not sultable for typing.

The Natural Scheme of Scholtens

“Although the method of Felix and Callow has gained international

recognition, it is far from being perfect. While in most European coun-;f

tries the number of nontypable cultures does not exceed 3%,‘30% cannot
be typed by means of these phages in the US and in Indochiné, even up
to 504 of cultures (Nicolle, 1957). Many years of practical verifica-
tion revealed other defects in the method of Felix and}Calldw. These
were manifested in.a discrepancy between the typing data and the epl-
demiological conclusions. And, although such incldents were extremely
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‘rare, they attracted the attention of researcheés; In particular, in
}ithe Netherlands, in Lehmer, Scholtens (1955&) isolated two different
phagotypes — Beccles and 3al varliant of 1 from the patlents during a
large parﬁtyphoid B epidemic, connected by a common infection source.
At London, Felix differentiated both strains as the Beccles type, Ni-
colle at Paris as 3al. Thus, the weak point of the method of Felix and
Callow was revealed — the possibllity of a nonobject}ve identification
‘of cultures. This impelled Scholtens to researches forrimproving the
‘method. |

Mild phages of paratyphoid B bacteria

Scholtens became convinced that the sysﬁem of Felix énd Callpw
does not by any means utilize all the mild phages of thé paratyphoid
B bacteria: first-class diagnostic phages 1solated_from mixed cultures

are not included in 1it. | | o |

Only 5 serologically different phages can be 1solated from pure
cultures. Scholtens (1955b, 1956a) termed them serotypes I, II, IV,

VI and VII. These phages differ in the.morﬁholégy of the sterile spots,
| thelr heat stabllity and tﬁe lytic spectrum. The phages of types I, IV
and VI develop lerge sterilé spots, and are preéent in many phagotypes
of paratyphoid B. The plaques of the phages II and VIi have smali and
very sméll dimensions. The phage II has been detected in the phagotypes
1, 3a, 3b, Jersey, rad Beccles, the phage VII only in type 2.

Mild phages can be 1solated in mixed culturss of two strains,
which cannot be discovered in the culture of each separate ‘strain. It
is possible that in the mixed culture, as a result of the passage
through a sensitive culture, the initially slight virulence of these
phages 1s increased. According to their serological characteristics,
most phages from the numerous pairs of Salmonella of paratyphoid B were
divided into 2 autonomous groups, identical with the serotypes II and
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—connected with the fact that the 1nteraction of paratyphoid B bacteria

VI of the phages from pure cultures. The phages from the mixed cul-

ﬁures, however, had a characterisfic lytic spectrum. The phages of
both groups gave 6 types of reactiohs with certain test strains (see
further on): e, 4, ¢, £, h, b. These reactions were more distinct and
stable 1nvthe phages of serotype Ii than in the phages of serotype VI. ;
Scholtens used the phages from pure and mixed cultures together i
with the phages of Felix and Callow for differentiating the phagotypes
of paratyphoid B. The lysogenisity of the test cultures was studied at
the same time. As a result, a new typing system was established, which

- was termed the natural system (Scholtens, 1959). The term natural" is

with the phage preparations in this system 1s exclusively connected

' with its lysogenic characteristics. In the natural system, the phago-

type 1s a group of straihs in which the lytic spectrum and the lyso-
genic properties are identical (Scholtens, 1961).

Typing phages and strains ' |
In the Ssholtens system, the bacteria are subdivided into groups,
each of which includes several phagotypes (Table 3). Correspondingly,
some of the phages are group determining phages, others typing or type-
determining phages. ' o |
The group-determining phages are 5 serologically identical phagss

_of Felix and Callow (1, 2, 3a, 3al, Jersey) and 6 mild phages of sero-

type II with the lytic spectrum e, 4, ¢, £, h, b, isolated by Schol-
tens from mixed paratyphold B cultures. The Scholtens phages are of

decisive diagnostic importance.

Depending on the reactions with the group-determining phages, the
paratyphold B cultures are subdividedlinto 10 grbups or series: A, M,
S, I, BM and othsrs (see Table 8). All the strains of one group are monQ
otypical and interact with the above-mentioned phages. For example, the
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culture belongs to group A, 1 1t iswlyééd by the phages d and h, to

group B, 1f it is lysed by ;he‘phagea 3a, e, d,h, b, etc. The strains

of a single group, moreover, when mixed with cultures of group A, pro-

duce latent phages with the same range of lytic gction. Thus, for ex-

ample, all strains of group M produce phage d. It 1s active on strains

of all the groups except group M. For this reason, the inertia of a

culture to phage d confirms that it belongs tQm§;qup M. With a pair of
‘vétrains from‘grbﬁﬁ Arifwis”§6;sib1e to produce phage e, which is ac-

tive on all groups except A, etc. Thus, the group affiliation of the

éultures is cprrelatedAwithﬂtheir lysogenicity. e et

Ihe groups are subdivided into phaggtypes. For this'pquose, the LF

mild phages of the serotypes I, IVb, IVa and VI, extracted f;om pure

éultures are used (type-determining phages). The phage of type I is

fdentical with the phage 3b of Felix and Callow, the phages IVb and

IVa, with the phages Beccles and Taunton, respecﬁively. The phagotypés

are arranged within the groups in the order of the increase in the num-

ber of mild phages contained in them and the corresponding decrease in ’Tf

the senéitivity to these phages. Say, the phagotype 3a (normal) occu-
.pies the first place |in the grouﬁ A In a pure culture 1t does noﬁ | i

give off mild phages jand therefore enters into lytic reaction with all

4 type-determining ph'ges (see Table 8). The type Beccles 22 containsls

“miﬁéhﬁﬁ;ée 6f sefétype I and interacts only with 3 yhaées (IVb, IVa and
VI). The strains of phagotype 3a, variant 2, contain the phage VI, but

| are lysed only by the phage .I, eté..The other groups were formed on the
basls of the same principle. The strains of 1dentical.phagotypes con-
tain the same mild phages. In consequence of this, testing of the lyso-
genicity of cultures may be used for diffefentiating the phagotype and
also for confirming its homogeneity. The lytic reactlons, ng?ertheless {
play the leading part in type determination.
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‘The bacteria of group I, connected by the reactions with the pha-
ges from mixed cultures, are characterized by commdn bicchemicai fea-
turas — they do not carry out enzymatic breakdown of rhamnose, which
is decomposed by the phagotypes of all other groups. It must be assum-
ed that in the natural system there exists a possibly profound cohnec-
tion between the blochemical properties and the phagotype of paraty~
phoid B bacteria. |

 The groups BT, P and Q and also the phagotype 16 were included _ _

later (quoted according to Polanetzki and Reuss, 1961). In these
groups the phagotypes are designated by Arabian figures corresponding
tb the figures designating the mild phages found in'theéemtypes.,The

AT ertka e« et
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group BT differs from the group B only by thc absence of reactions with |

the phages 31-3al. The types M6 and 18 (Rische and Schnelder, 1960)
were also added to the natural éystem in 1960. Thus, the system of
Scholtens now distinguishesA37'types 6f paratyphoid B bacteria.

As can be seen from Table 8, nearly.ali theild phéges of Fellx
and Callow aré used in the natural system. Only phagev3é1 1s excluded.
Scholtens became convinced of the unreliability and inconstancy of the
reactions of cultures withvthis phage and sometimes with phage 3a,
which had beén left in the scheme. Rische féund that the stralns of

type 3al (normel) can lose their sensitivity to the phages 3a and 3al

and are then typed as Dundee (quoted acc. to Scholtens, 1959), The pha-

ges 3a, 1, 2 and Jersey are assigned a secondary part. In recent times
Scholtens has been using the new phage Ib which gives more distihct and
stronger reactions (Rische, Schneider, 1960) instead of the phagé 3b
(phage I in Scholtens system). a

All the phagolypes of Felix and Callow and also the variants of
the types 3a (2; 3, 4), 3al (1, 2) found their place in the system of
Scholtens. The third and fourth variants of types 1 and 3b Scholtens

_ o |




related to Salm. Java, aé d-tartrate — positive Salmonella. The~vari;_
ants 1 and 2 of phagotype 351 were combined into a single phagotype
(3a1 variant 1 + 2) because the reaction with the BACR phage, on the
basis of which they are distinguishe@, is not constant. Polanetzki and
Reuss (1961) did not find this reaction in any of thé'stfains.

Excluded from the scheme are the unstable 3a, variant 1 and 3al,
varlant 3. As we know, these tﬁo variants arerdistinguiShed in the sys-
tem of Felix and Callow on the basls of the feature of inertia'toﬁards'
the Dundee phages. Both variants interacted with concentrated d phage
(Dundée) (in-10 fold eritical test dilution) in the experiments of
" Scholtens. Scholtens related the strains 3a; variantmintdmiﬁé"t&péméé “
(normal) and 3al, variant 3 to the type 3al of Liewarden. The correct-
nesé of exclﬁding the variant 3 of type 3al from the scheme was confirm-
ed by Behmer in Belgium. In one epidemic the author isolated strains
3al (normal) and 3al, variant 3. These were differentiated by Schol- °
tens phages'AS a single type 3al Liewarden (quotéd acc. to Scholtens,
1959). |

| Type 1 in the natural system occuples a special position because
it is Sensitive to nearly all grouping and typing phages. Its variants
(1 and 2) have not yet been differentiated in the system of Scholtens

and possibly represent a separate group.

" The other variants of the types of Felix and Callow are not re-

ferred t§ in the investigations of Scholtens. |
. Certain strains in the.systeh of Scholtens which are identical
with the phagotypes of Felix and Callow are identifieé as different

phagotypes. The difference concern maihly the phages from mixed cul-
tures. Thus, the strains of type 3a (normal) can be allocated to 3a

(normal), 54 and Q1 (see Table 8).
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TABLE 8

Natural System of Phage Typing of Pé;ﬁtyphoid B Bacteris According
to Scholtens /

~
.

D ®aru » xpurusecxaw recr-pasecacunn r 3
4
B £ rpynnosue ¢ars b runcane darw g;
RPONIDOANMe Para $orn, noa PPN ¥ pe AcAMO- L
1 deanxca u Kea. cmuu’n xyas. Wne yuepeNNue K L };,
Cooraetcraym- oy G |H Typex dorn.” noaywen- | pamy. »z3
N THAY Go- " dare ; 3 NuE B NMCTME | gonume L 5
Annca acTec Taennod 3 |aM 23 nyanrypesT | “gern $3
. 1t Keasoy Teun 11 2] |4 el o} ¢ el 1] W B}eT——r=], 15
Al B T 3] vl v 14
— : &
0. . _rouesnsaryps npenspatos 5 cxeme Deannca W Keasoy ;E ggé
£ SBEERS ETERIE 16 N T
i B by
& ] a 27 & de2| |3)elp FAdr
A 1 (affe ul)a 30 olenu a- wlm |||~ =]cA[~feajcalecajcalcajer] = | - -
lintar Q b liunas 22 tlb o e e ow JCR] e | | ~Jeajealeal — |ea | e -
b v 2 * s 2 ol m] = =]ta]l = —=jca]—~Jea] =]~} ~]ca]ecal - | VI -
Daran nAR ===~ jeaj=]=]ea]=t=j=tw]]=]ca] }|VI} ~
Taynton R aywrou-Xar C Jo ||| j-j=leaal=i-lcal=f-l-Teal=l=lea) =1~ 1]1v
Y |t Jomfoam | =AYy =fCR] —]ca caleajcalealenjeal = | = | -
M ibu::,mﬂl b zxr&:::.lynf -] ] ] -] - :a — el = R}~ - |calea] ralien) u‘ I - -
BAOR Q BAOR =] ~Jea]l—=]eal=feaj—Jecaf =]~ ]| —=(calea} - | Yi|] -
Me** - o= |- s | ~ jneal — |43 )=} cn ] vi -
s - | - [{ca —QenjcAl —jeajcajlfealcajcajcnjenten) = | -
s :l’i.nm. a-n.Q Cuvapa h - |- (cn} E ~fealeaj~]eajealst]—~jcajcajcajsdeal ) - ] -
. e fea), =~ ] =~ fenjcal =leajcaldt{caj -] -l =~143]ea} - |V -
Soh:ekm{)m 4 — = feale- | —feajeal = fealcaldr ]~ |~ Sl el calt (VI -
[J L] )
. ' —j=fjes]lcatcajeajcal — | = |ncajcajcajesjcaleajcajcaj = | —- -
’ x‘g;‘w M E-W M ] ftea) calealcalea| =] = [ncaten] ~lcajcalcalcajeal ! V-I' -
3a pepusnr I 1 papsant 3 - calcajcajeaica - |ncalecaeal =]~ =lealca -
. d
) ! ] )=t icalea eaj—|f—Jcaleal—- —=f=]eall vi -
m«mM ”" ‘ 7 y4 ol
17ee - | =] 43 +2F ncal 43| - -£ nea —~ < |=f=leca} 1 -~ | IVY
mlsllli Q ‘BIKM-MCMIbNI—l.-|—|_lu‘gg‘ca‘-l_‘___‘ul_lgalf‘nical_|u|[ l—" -
‘B |3 (oﬁuwwl)d 32 ofuwnuft — e e cR] =~ |ea]jcAjCAlCAlCH ]| AN CA]CA] = | ~ -
{ 32 saprant 2 b 32 sapuanr 2 b —f=—1en K —lealeal=]—=jenajcajcaj~l=Jeal—~feal] - - -
g:: l;g.u‘mr 1— t ga: mpnn 1424 - | -~ c: - c: cc: - 41 :; :: —~leajca 3 1] :: } -— -
! ] a ngam —|—-jeal—=t{—~1}c - - —_— -] - — — —
3: .:pua:r:“c 3a papusur 4 O —l=—Jeal =] —flcalcaj—|~lecalea] 42 -] =] = feajcal - | VI —
3al (oBuivnatR) a {al Jlusapaen —]--flca)] =] ~fJealca]l] ~] =] cenjcal—=|=| = =~]~]| & l Vi -
Tayuron R Taynrou-Keunen | — | — Hea)] —~ | —Vealeca| == jecajeaj~|=jea|{—=f—~|eca - | Ivd
o6 . BTl el el Bl Bl Bl K2 —t=Jcalealea {majmaleatenjen ~ | — -
'TI?A:"‘-?’& ‘BTG |_‘_|- ‘-—lulgl—‘_lca u‘-—\-l-‘-‘—‘u'—'\(l‘ -
P | 3b (obupymft) 4 | PI -l |=fealealen] —|ca} —Feninainchica]ea]ca i— - —
A
e B % |12 “1Zlz1ziz gl glal s al = 2 = =ia ) 2l T 2 2
Py —j=]lea)=|—~]eajen|erjexjcalecajeaimameajen) ealcal — | - -
2!‘.: u":f“ & w-]wlea|=]~Jcajealcajerjcajenj~—Incajneajeal4i® cal 1 - -
dal (oOuwamf)g mlwjeal=]~]cajealecajecajenlea] ] =ju |j=F ~]eal l Wi -
Taynvos R —fj—l ==l =Jeajeajcajcajcajen]l —| —~lmal~] —]cal ~ |y
‘24 2 12 ==t =] —leajeal—|ealea]l =)= —14elenl ~jea] - | — | ~
B . .
" - . .
. E‘é 1 (oOuwnil) § § (oBuenud) 5 es lzn (ca) fl-ac caleajcal=jeajenjeaj— |~ |44 cajen]eca) —~ | = -
T &3 - l
z3

Symbols: sl) confluent lysis; (sl) inconstant reactions; psl) semi-
confluent lysis; *) very fine dustlike phage plaques; +1, +2, +3) in-
%regs§ng number of plaques; **) types described by Rische and Schneider
1960). ' J
A) Group; B) corresponding phagotypes of Felix and Callow; C) phago-
types of the natural system; D) phages in critical test dilution;
E) grouping phages; F) typing phages; G) derivatives of phage I of Fe-
lix and Callow; H) phages obtained from mixed cultures; I) typedeter-
mining mild phages obtained from pure cultures; K) additional phages;
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L) type-determining mild phages detected in pure cultures of phago-

types; M) Jersey; N) Beccles-Meppel; J) nomenclature of the prepara-

tions in the schem of Felix and Callow; P) Dundee; Q) Beccles; R) Taun-

ton; S) polyvalent O-phage; T) not classificable types. a) Normal;

b) variant; c) Taunton-Hague; d) Taunton-Kampen; e) Schidam; f) Beccles-

%%dwogd; gs Liewarden; h) Sittard; 1) 3al (normal) or Dundee; k) sl;
psl.

The strains of type 3al (normal) can 1nc1ﬁde 3al1 Lieﬁarden, 87,

3al (Schidam) and Q6. |

. The Beccles cultures were differentiated into 5 typza: Beccles 22,
Beccles-Midwoud, Beccles-Meppel, Sittard and P3. These types contain
the mild phage 1, and react in the same manner with the type-determin-
‘ing phages I, IV, IVa, VI. They differfin their.reactions with the
grouping phages e, d, ¢ and f. Moreover, Rische {quoted acc. to Schol- |
téns; 1959) obsarved Beccles cultures which reacted within the natural
system like the fype 3a, variant 1 or 2, but did not interact with the
phages 3a;3a1. Following reinoculation, these strains were converted
‘into phagotype 3a (hormal).

The strains Taunton were divided into Elgroupsﬁ Taunton-liague,
which is not senslitive to phage e, and Taunton-Kempen which interacts
with phage e. .

The strains Dundee were distributed among the strains Dundee (or-
| iginal), Taunton, 87, 3al Liewarden, BT6, P4 ani the atypiéal strains.
The.Original phagotype Dundee diffe:s from all the others by its iner-
tia to phage e. 7 7 o

The subdivision of thesevbacteria accordirg to Scholtens was con-
firmed by investigators In other countries. Thus, in fhe FRG in 1958,
all Scholtens fypes (except 18) were fbund in 1793 cultures of paraty-
phoid B (Polanetzki and Resuss, 1961). Most frequently encountered
were the types'Taunton-Kampen (39.2%), 1 (11.7%), BAOR (9.é§), Dundee
(7.2%), 3a (5.6%), 3al, variants 1-2 (5.3%), 3al Liewarden (5.1%). At
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the‘sahe time, certain phagotypes (Ql,'87, Q6, Slttard BT1,
P3, Taunton-Hague, etc.) are found extremely rarely. They we
ted only in 6% of foci. The types Taunton-Hague, Midwoud, s1
Beccles-Meppel, 54, 18, 69 were not found in the GDR (Rischel,
der, 1960). ' ”

Comparison of the system 5r Felix and Callow with the natura

P1, 16,

re 1sola-
ttard

, Schnel-

1l system

b As previously remarked, the weak point of the mathod of

Callow is the possibility of a nonobjective ldentification o

Putting it more accurately, in flareups with a single source
| ,

-tion,-two, rarely three different phazotypes are detected. T

Fellx and
f cultures.
of infec-

rue, such

caces are relatively'rereanor exampl Wln the course of 19 years, only

6 such flareups were observed at the Central Coliform Bacter

ia Labora-.

tory in England although over 14, OOO paratyphoid B cultures were typed

(Bernstein 1960).

In some situations the differentiation of cultures with

phages of

the natural system helps to give a more probably 1nterpretatjon of the

“results. llere are some examples from tHe literature. The paratyphoid

B flareup at Lemmer has been previously mentioned, where cultures of

the types Beccles and 3al, variant 1 (Scholtens, 1956b) were

‘isolated.

As we know, the phagotype 3al, variant 1 in the system of Felix and

Callow differs from Beccles by 1tsfsensit1vity to the phages

3a-3al.v

Scholtens found that the reaction with these phages are not constant.

Both phagotypes were obviously fundamentally relsted: they ccntained

the mild phage of serotype 1, .they reacted with phage f and were lysedlk

in the same manner by other grouping and typilng phages. Scholtens com-‘

bined them into the new phagotype Sittard. g

The phagotype Dundee 1is most frequently detected together with

Taunton and the type 3al (normal) and its variants. Thus, Brandis

(1955¢c) 1isolated from a carrier simultaneously the types Dundee and‘e
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and Taunton. During a flareup in England caused by the phagotype Taun-
ton, the type Dundee fariant 1 was repeatedly 1solated from one patient‘
pell-mell with Taunton (Anderson, Williams, 1%46). From the type Dun-

. dee, variant 1 a phage was isoleted which transiorms Taunton cultures
into Dundee, variant 1. A collection of 3 phagotypes (Dundee, Taunton,
3al, variant 4) were isolated by Sloan and others (1960) in a female

- carrler, who served as a sougce for a flareup in the environs of Edin-.
burgh. The possibility of the conversion of these 3 phagotypes was re-
vealed in experiments on artificlal lysogenlzation. Such an evolution : _
’obviously takes place in the. intestine of the carriers or patients.
There 1s evidently also another one: in the system of Felix and Callow

| the phages 3a, 3al and Taunton show unstable differences between vari-
ants and do not show a profound Similarity between cultures. This is

pfimarily true for the phagotype Dundee.

In the scheme of Felix and Callow, the strains are counted as Dﬁn
dee i1f they interact only with the Dundee phage and are insensitive to
'the others (see Table 7). Scholtens found that such a pattern of 1ysiL
cannot be considered to be diagnostic and this is why: some Taunton
strains, having lost their sensitivity to the Taunton phage, and
strains 3al (owing to the 1nconstancy of their reactions with the pha— |
ges 39-3a1) can react 11ke the type Dunaee. For this reason, variants |
are formed among the cultures of the Tainton type which are erroneously
counted as Dundee. As a result, two phagotypes, Taunton and Dundee are
detected in an epldemiologically éingle flareup. The natural system
avolds such errors. In the Scholtens system, only the‘reactions with
phages from mixed cultures are recognized as diagnostic. In particular,
the authentic phagotype Dundee, in addition to being sensitive to phage
d (bundee) sheuld be resistént to'phage 4, Being guided by this charac-
‘teristic, Scholtens (1955b) ascribed the Dundee cultures, isolated dur-
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ing the‘flareup together with the type Taunton, to the pyagotype Taun-
ton. The lysogenicity test cqnfirmed theée results: theéé strains con-
tained a phage of serotype IV, which is not found in the type Dundee
and is normal for the type Taunton. |

It is not impossible that the three phagotypes, 1solated during

Sl e s e L

the flareup described by Sloan and co-authors (1960), could be givén a
different interpretation in the Scholtens scheme. All that has been
stated above shows that the natural system of typing i1s more progres-'
sive than the system of Felix and Callow. In éontrast to all dthers, ,
the new system is constructed on the basis of a profound study of the
lysogenicity of phagotypes. A clearly delineated relationship is appar-
ent for nearly all phagotypes between the reactions with the typing
phages ahdvthe prcﬁerties of the prophage. This is the great achieve-
ment of the systam. The phages frem mixed cultures ‘evidently show uﬁ
profound and constant connections aﬁd differences'between phagotypes.
‘Hence, thé identification of cultures 1n/§he natural system’is
more objeciive than in the system of Felix and Callow, whére diagnosis
.1s often based on accidental reactions, say with thé phages 3a, 3al
and .others. |

The representatives of the First Subcommittee for Paratyphoid B
'Phage Typing at the International Assoclation of Microbiologists com-

ngéréd"ﬂleétherlands, Belgium, FRG and GDR the natural system of phago-
type defermination with the systém of Felix and Callow and gave a.posi-'
.tive evaluation to the former.. The results of typing with Scholtens
phages harmonized with the data of the epidemiological investigations
and eliminated contradictions in some flafeups, which had reéulted

from the typing with Felix and Callow phages. '

Nearly all researchers agree that the natural system is of thé

greatest importance for more accurate diagnosis and for correcting the
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errors of the system of Felix and Callow. Thus, according to the data
of Polaneﬁzki and Reuss (1961), the phagotype according to the Schol-
tens scheme proved to be different from that determined by means of
the Scholtens phages helped in nearly all cases to evaluate the re-
sults of the epildemiological investigation more correctly.

The Scholtens phages enabled Rische and Schneider (1960) to re-
- fute erroneous epidemioldgical diagnoses in several focl of paraty-
phoid B. Thus, a case has been described, when strains of the phago-
type 3al (normal) were isolated’frog a patient; The epidemiologica1 

data indicates a connection between this case and a female carrier. =

Two strains, isoiated in this carrier, however, reacted with the pha-
ges of Félix and Callow in the same mﬁnner as the phagotype Dundee.
The application of the Scholtens method removed these contradictions:
all cultures belonged to the phagotype 3al Liewarden. Here is yet an-
othér example. In the same female carrier the phagotype Beccles was
first isolated, and a year later, 3a (normal), another yeér later
Beccles and 3a (normal). All cultures, independent of the phagotype‘
‘. according to Felix and Callow, were lysed only by two phages from mix-
ed cultures (g.and'g) and were foﬁnd to belong in the group B of
'Scholtens.

In order to obtain a more accuraté diagnosis of the phagotype, the"
phage e, which, as previously ‘ndicated, makes it poésible to distin-
gulsh the real type Dundee from strains which react’similafly, proved
to be particularly valuable.. In several of these cases, the isolation
of the type-determining mild phﬁges from the cultures.proves to be ex-
traordinarily useful. Nestorescu, Popovicl and others iﬁ Rumania (1961)
isolated 11 strains which were differentiated by means of Felix and
Callow phages'as the phagotype Dundee. When verification with Scholtens
phages was carried out, all the strains proved to be sensitive to
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phage e and nence the dlagnosis "phagotype Dundee" was refuted. 10 of

these stralns, isolatedin a single focus, were sensitive to phage e, d

‘and h and resistant to phages I, IVb, IVa and VI. On agar with dex-

trose the strains proved to be sensitive to phage 3al. The mild phages
I and VI were isolated from the strains. All these data enabled the cul-
ture to be grouped amoné the phagotype 3al Liewarden. The phagotypes
Taunton-Kampén and 3al Liewarden were isolated from the stfains. All
these data enabled the culture to be grouped among the phagotype 3al
Liewarden. The phagotypes Taﬁnton-Kampen and 3al Liewarden were isdla-
ted in the same focus at the same time from a patient. ' |

- In another case, the diagnosis "phagotype Dundee" according to the
scheme of Felix and Callow had to be changed to the dlagnosis "phago;.
type Tauntoh-Kampen" through application of Scholtens~phages. Such a
case was also described by Rische and Schneider (1960). In strains of

phagotype Dundee sensitive to e phage, they detected the phage'IVb

which, as we know, 1s present in the phagotype Taunton-Kampen.

‘A second asﬁect of the application of the natural systém of Schol-
tens 1s the additional differentiation of the predominating}phagotypes.
Subdivision of the type Taunton, which dominates in the microbe popula-
tion of numerous countries, would be useful. As the investigations

showed, of the two subtypes of Taunton, Taunton-Kampen'predbminates in

~ the FRG and GDR; the subtype Taunton-Hague is found extremely rarely

(Polanetzki, Reuss, 1961; Rische, Schneidér, 1960). A different ratio
may exist in other countries. The phagdfypé 3al (also fairly widespread)
was differentiated in the GDR into 3 different types: 3al Liewarden,

3al Schnidam and 87 (Rische and Schneider, 1960), in the FRG in to 2

types: 3el Liewarden (3.3% of foci) and 3al Schidam (1.8% of foci) (Po-
lanetzkl and Reuss, 1961). The type Beccles could be subdivided into.
Beccles 22, Sittard, Midwoud and Beccles-Meppel (Brandis and Storch,
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1957). / |

The number of untypable cultures in the two-systems is about the
same: 2,3-2.5%. At the same time, if a careful investigation by the
Scholtens method 1s carried out, it is possible to difrerentiate about
half of these cultures. Thus, Polanetzki and Reuss (1951) detected

;émong strains which could not be typed with the phages of Felix and
/?Callow, the phagotypes Tauntbn, M6? 60 and otheré.

A more extensive verification of the objectiveness of the new
improved system of typing 1s positively neceésary. However, even that
which is known'permits the conclusion: this is a useful, valuablé.meth-
od of differentiating paratyphoid B cultﬁres.

Method | | |

The media and methods of preparing phages and-cultures and the'

methods of typing are the same in the natural system as in the system
.of Felix and Callow. Let us therefore 1nd1cate only‘the differences.

Scholtens ("955b) preferred meat-peptone agar for type determina-
tion: 0.5 kg.fausage meat after standing in 1 L water for 24 hrs at
4° 15 boiled for 20 minutes and filtered. To this volume, 12.5 g'com-
mercial peptone 1s added, 7.5 g sodium chloride and 20 g powdered agar.
Following sterilization aﬁ 115° for 20 minutes the pH must be brought
to 7.3, using a 15% soda solution and sterilization is repéated under
the éame conditions. Bernstein (1960) dissolved 2% dry Difko broth and
0.85% NaCl in order to prepare 1iquid media. For solid media, he added
1 3% dry agar.

Preparation of tjping‘phages. The phages 1, 2, 3a 3al, Jersey and

Beccles-Meppel are obtalned by passing pure lines of the original ty-
ping phages of the collection of Felix and Callow through homologot -
cultures. The ﬁhages of the serotypes I, IV and VI are obtained prefer-
ably on 24-hr old cultures of Beccles-22, Taunton-Hague and BAOR,
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respectively. 1lhese 3 serotypes of phages can élso,be isolated frcm
other cultures (see Table 8). The phage of serotype IV 1s present in
the type Taunton in two variants. One variant (IVb) does not lyse the
phagotypé Taunton ahd i1s analogous to the phage Beccles of Felix and
Callow; the other (IVa) is identical with the Taunton phage and reacts
with both Tauntoﬂ phagotypes. The lytic propertles with :egard.to
other types are nearly the samé in both phages. o |

The grouping phages of serotypes II and VI with the lytic specfrai
e, d, ¢, f, h, and b are obtained from mixed cultures.

The phages e and d are 1sélated'from a mixture of ahy'cultures
. from the group A and M. It is best to use a mixture of the strains
‘Taunton-Hague and 3b, variant 1. Finc-spot phagés of serotype II with
a range of lytic action e and 4 and large-spot phages of serotype'VI.
also with the spectra e and d are isolated from this mixture. The e
phages are determined by means of fhe indicator strain of group M, the
d phages with strains of group A. |

The ¢ phages are isolated from cultures of the group S, I, BM and
B and type 1 when each of these 1s grown with cultures of group M. The
phage is identified with a strain of group M (best of all with‘Beccles-
Midwoud). | |

The f phages are isolated from mixed cultures of group S and group

_A. The phage is identified with strains of group S. .~ — o

The h phages are extracted from a mixture of cultures of group M
(type BAOR) and BM (type Beccles-Meppel). They are identified with
strains from the group BAOR. |

The b phages are obtained in a pair of culturgs from the groups
A and B. The plaques are identified with Strains of group B. The Db
phages can also fe isolated in combinations of the streains oflgroup J
or BM with the group A.
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Method of obtaining mild phages from mixed cultures. To 60 ml of

broth, one drop of each of the cultures &s added. The mixture is grown
in a thermostat for 5-10 days at 37° and'then filtered. The filtrate is
checked for the presence of phages on the gasons of both strains. The

phages are lsolated as indicated above. 11 the mild phages are puri-

crease the titer.

‘Typing technigue. The methods of typing are the same as for ty-

fied and passed through a sensitive ind:;ator strain in order to in-

phoid bacteria. The phages are used in critical test dilution. In ad-

useful to employ jhe polyvalentphage of Salm. Breslau (see method of

first reading of the reac-

dition to the typing and grouping phagesi indicated in Table 8, it 1is
typing with Felix ”%d Callow phages). Thj

tions_is carried out with a magnifying glass at 10x magnification af-

Anomalous~typing results (see both points of the typing me*hod

ter growing for 5 hrs at 38.5°, the secojd after 24 hrs.
|

with Felix and Callow phages). Moreover,‘Scholtens pointed out the

‘following possible‘Fases. | {,

The cultures react unequally with tne phages 3a-3al, but identical-
ly in all other'reactions. In this case the strains are considered to-
be a single phagot&pe because it has been found that the. reactions withk
the phages 3a-3al are not always constang.

The culture gives anomalous reactioqs, for example, 1t is typed as
the phagotype Dundee but 1s lysed also by phage 4, which 1s inactive
with respect to the true Dundee type. Inxsuch situations it is recom-
mended to study the type- determining pha%es of the test cultures.

Demonstration of the type-~ determining mild phages in cultures of

paratyphoid B. A drop of the broth culture of the strain to be tested

mixed with a drop of the indicator strain of paratyphoid B~— 3a (B62)
is grown in 5 ml of broth. This strain (3e normal type of Felix and
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Callow) does not contain any type-détermining phages. After 16 hrs of

incubation the culture is heated on the water bath- at 56° fdr 15 min-

utes or filtéred. The filtrate is tested for the presence of mild pha-
ges on the indicator strain 3a (B62). The phage plaques are transfer-

red into broth and grown for a day. The.serological group of the mild

phage thus obtained is determined (Scholtens, 1955a). Bernstein (1960)
‘isolated mild phages in the following manner: 10% microbes in the lo-

garithmic phase of growth toget?g?“w;thrthersame quantity of indicator
<m¢hiture af;figéféé;céd into 20 ml of preheated broth; the mixture is

incubated at 38.5° for 5 hrs, then centrifuged and the supernatant 11;

~ quid kept 40 minutes at 56° in order to inactivate ‘the femaining mi-

crobes. If heating lowers the activity of the phage, it is filtered
through foam glass (pore dimensions 1.2-1.4 u).

The type-determining phages of the serotypes I, IVa, IVb, VI and
in rare cases II (spectrum d) are isolated from paratyphoid cultures.
by this method. The serotype éf the phage is distinguiéhed: 1) on the
basis of the characteristic range of the lytic action on 7 cultures of
different groups of the systems (Table 9): by neutralization reactions
with the corresponding anti-phage sera.(Scholtens, 1955b).

TABLE 9

Lytic Reactlons of Mild Phages from Pure
Cultures with the Test Strains of Paraty-

phoid B
Tecr-wravun T Jatusecxwe peaxunn darce ) N )
B € TeCT-MITaMMAME

mryy  qaronm D t | v | va { vin Jieneaop
14502 2. . -] - el e | oen
1153 MImepced b —laa]lealeca]| en
8211 Bnk13-Muasya o — | e | ea ] en -
B62 3: (oOriaunft) e ca (] o (1]
81 d ea | — | =1 =1 en
3a sapuaKt 3e ca - -— -— e
113}] Tayuron- -Keunen p - q - [J ] - en

Symbols: sl) confluent lysis.

A) Test strains; B) lytic reactions of the phages with the test strains;
C) strain; D) phagotype. a) Spectrum; b) Jersey; c) Beccleu-midwoud
d) (normal); eg variant; f) Taunton~Kampen; g) sl.
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For the purpose of serolcgical identification of the mild phages
the strain to be typed 1s grown together with the indicator culture Za
(B62) in three broth test tubés, to which the specific antiphage sera
I, VI or IV have been added in a dilution of 1:100 (at phage-neutraly-
sing titers of the sera: 1:640 — 1:12,80C). After 16-18 hrs of incuba-
tion the phage 1s 1dentified as indicdted above. The phages of the
types I and IV can be present in a culture simultaneously. They can be
distinguished by the form of the sterile spots. In doubtful cases, a
detailed study of the serological properties of the phdges is ~arried
. out,

Two systems of phage typing paratyphoid B bacteria exist. In the
system of Felix and Callow the bacteria are subdivided with the aid of
O-phages into 10 types and about 30 variants. The lytic reactions of
the types are practically stable, those of the varlants, not always.
The specificity of the phagotypes is mainly due to the immunity of the
bacteria to phages,‘serolcgically related to theilr prophage. The method
has recommended itself as positive in epidemiological investd gations.
At the same time, cases are known when cultures are not objectively
identified, when different phagotypes were found in epidemiologicg}ly

uniform flareups. The profound study of the causes of thls led to|

creatiorn of the second system of typing paratyphoid B bacteris. ;

The naturél system of Scholtens was created on the basis of ﬁe
system df Felix and Callow. It makes use of all the typing phages of
the latter (with the exception of'3al) plus the mild phages from mixed
cultures of paratyphold B. The latter are of decisive dlagnostic impor-
tance.

The bacteria are subdivided into groups, each of which includes

several phagotypes. The grouping phages, 5 serologically 1identical pha-
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ges of Felix and Callow and 6 mild phages from mixed cultures of sero-
type II, have different spectra of lytic actlion. The type-determining
phages aré I phages from pure cultures, of which 3 correspond to the
phages éb, Beccles and Taunton of Felix and Callow. These phages sub-
divide the groups into phégotypes.\strains of identical phagotypes pro-
duce the same mild phages. This can be used for the ditferentiation of
the phagotype and for confirming its homogeneity.

All thephagotypes of Fellix and Callow and most cf thelr variants
found a place in the system of Scholtens. A number of the phagotypes of
Felix and Callow are distributed among different gfoups on the basis of
~their reactions with the phages from mixedbcultures._Comparison of the
two systems of typing demonstrates the superiority of the natural sys-
tem. In the latter, the phages from mixed cultures reveal more c..astant
differences and connections between strains. Thils makes 1t possible to

eliminate égntradictions between the results of typing and the epide-

miological conclusions.
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Chapter 4
PHAGE TYPING OF OTHER KINDS OF SAIMONELLA

The role of the subdivisionof the germs of the same serotype for
the profound analysis of flareups of Salmonella food poisoning among:
‘humans and paratyphoid cases among animals is qulte undispﬁted. First
of all, when these flareups are investigated epidemiblogically, a large
number of infection sources are encountered. In addition to rodents,
which are the basic reservoir of Salmonella, pigs, cattle and domestic
birds can be infection sources. Thé infection 1is tfansmitted via meat,
milk, duck and hen's eggs and other products of animal‘origin. The
éphere of distribution of Salmonella is also still increasing because
of the fact that large quantitles of food products (in the'faw state or
ready for consumption) are being exported nowadays from one country to
another. Some of these products, for example, eggs, melange [?], etc.
are often used for the preparation of pastries and creams which enter
into the dilet of the population. All the above 1ndicated.facts in-
crease the practical value of the phage typing of Salmonellae.

Food poisoning infectlon 1is only one of the fofmS'of manifestation
~of salmonellosis in humans. In recent years the number bf cases in
which Salmonella were found in paiients with manifold clindical forms of
1llness, which were previously thought to be dyseﬁtery, collitls, enter-
itis, etc. have become more frequent. The rnumber of such sporsdic sal-
monelloses in our country accounts for 20 to 30% of all intestinal dié-
easeé. Many undiscussed problems still remain in.their epidemiology and

pathogenesis.,
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To these belong, in particular, the data on the importance of hu
mans (patlents and carriers) as infection sources, the epidemiologica

role of Salmonellae, isolated from environmental objects, etc. The

'methoh of phagotype'determination which makes possible a differentiat

approhch to cultures of the same serotype, can be of considerable val
ue ini the recognition of the mechanism of the flareups and sporadic
cases| of salmonellosis.

PHAGOTYPE DETERMINATION OF SAIM. BRESLAU

The Salm. Breslau is the most frequent cause of 1nfectious fcnd
poisoning In Britain, for example, it is the cause of 69% of all foor
|

poiso?ing cases. This microorganism also causes much harm to animal h

bandry, by causing toxicoseptic diseases of cattle, particularly in

) young!stock.

ﬁork has been carried out in many countries on the creation of a
satlisfactory scheme of typing for Salm. Breslau. Some researchers usec
the principle of Craigie and lan, subdividing the bacteria on the basi
of thelr sensitivity to mild and virulent phages..Others took the
course of scarching for differences in the properties of the mild pha-
ges and strains, stemming from different sources.

Typing According to the Principle of Craigie and Ian

5 schemes of iyping of Salm. Breslau are known,lbased on this
principle. One of these was proposed in Sweden (Lileengen, 1947, 1948)
(Kallings and Laurell, 1957), another one in the USSR (L.D.‘Gutorova,
1959) and three in Britain (Felix, 1956; Cellow, 1959). Tnese schemes’
with #he exception of the last-named (Callow,'1959),'wefe examined by
us in’detail in a previous review (M.D. Krylova, 1961). These schemes
use O-phages of alm’ Breslau isolated from feces, sewerage effluents

and lysogonic cultures.

Felix compared 3 schemes for typing of Salm. Breslau, proposed in

|
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Sweden ard Britain. Although the phagotypes, determined with these
schemes did not coincide, any ofithe schemes made it possible to.iden-‘
tify strains which were epidemiologically connected and gave results
which agree with the data of the epldemiological investigation. Under
phe conditions prevalling in a single country, a series of O-phages can
obviously give epidemiologically useful results. Because Salm, Breslau
'causes infectlons of domestic animals and does not have chronic human
carriers, Fellx thought that there was no need for an internatiodal
standardization of phage typing for this species.of bacteria. One can-
not égfée with this'concéption. The 1ntenéive'dévéi6§meht of interna-
tional trade in products'sucﬁ as méat, eggs, melange [?]), egg powder,
etc. may favor the transfer of Salmonella infections from'one‘country
to another. In this connection,‘the standardization of the method of
phage typing of a number of Salmonellae is of no less importance than
for typhoid and paratypholds. The greatest chances of teing adopted
for standardization has the scheme proposed recently in Britain by
Callow (1959). | . |

Callow used 29 phages designated by Arabic numerals (Table 10).
The basls of this scheme are the adaptgd.typing phages and strains of
the second scheme of Felix (1956). As we know, Felix adapted the para-
typhoid B phage 3b to different strains of Salm. Breslau and obtained
thus a series of phages with common ofigin. By means of these he was
able to differentiate cultures of Salm. Breslau Into 12 phagotypes (1,
la, la variant 1, 1b, 2, 2a, 2b, 2¢, 2, 3, 3a, 4). In the scheme of
Callow, 19 out of 29 phages have the same serological.characteristics
and are identical with phage 3b of paratyphoid B and the typing phace
1 of Felix. Callow isolated an active variant of phage 3b, which com-
pletely clearé up the spots of lysed Salm. Breslau. At the same time,
this variant retalned a high adaptive capacity. 13 seroiogiéally lden-
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, |
tica} with phage 3b of paratyphoid B and the typihg phage 1 of Felix.
Cafiow'isolated an active variant of phage 3b, which completely.clears
up the spots of lysed Salm. Breslau. At the same time, this variant re-
tained a high adaptive capacity. 13 serologically identical phages were
produced from it: 3 phages (1, &4, lh) through adaptationof phage 3b
directly to the corresponding phagctypes, 10 phages (5, 7, 15, 16, 19,

20, 25, 26, 27 and 28) via adaptation of its derivatives.. Besides,

6 phages (2, 3, 6, 17, 23 and 24) — derlvatives of the miid.phages

from lysogenic cultures of Salm. Breslau - proved to be indistinguish-

able with respect to their serological characteristics from the paraty-

phoid phage 3b.

The other phages were also obtained by adaptation of phage 3b and
its derivatives. Their serological properties nevertheless proved to be,'
differeht. In particular, 5 phages (9, 10, 11, 21 and 22) were.only par.
tially.neutralized by the serum of phages 3b and 1; 2 phages (12 and
13) were indistinguishable from the phame 2 of the first empirical
scheme of Felix and, finally, 3 phages (8, 18 and 29) did not combine
with any of the aboie—listed sera. It must be assumed that all these
10.phages are derivatives from the mild phages of the cultures, through
which the phage 3b or its’derivat‘yes had been passed prior to adapta-

tion.

All typing phages had a high titer. the crit‘cal test dilutions
were from 10~ -3 to 10'7. Such a high activity was attained by producing
the phage in agar 1ayersr With the same aim in mind, the phages were
not only passed through homologous cultures butlalso through heterolo-
gous ones, where the phages sometimes developed high activity without
modifying thevhosts. This last-named phagotype must be'nonlysogenic.

The Salm. ﬁreslau were differentiated 1nto'34 phagotypes in the
“scheme of Callow. Among these are all the 12 phagotypes of the second
-t112 -




scheme of Felix, part of them (type 2, 2c, éb and 2d) beiﬁg further sub-
divided. 26 of the 33 phagotypes of Callow are lysogenic, 23 types car-
rying simultaneously thermostable and thermolabile phages, 3 types only
thermolablile phages. In a number of characteristics the thermostable
phages were close to the phages of group A of Boyd (see further on), and
the thermolabile phages to the phages of group B. Later on, some of the
mild phages.were used for the 1ldentification of new phhgotypes.

The scheme of Callow differs favorably from all above described
schemes by the numer of phagotypeg of the cultures. The list of the
-Callow phagoﬁypes éontinues to increase: at the present time there are -
already about 90. The percentage of untypable cultures is close td '
zero (Anderson, Wilson, 1961). .

Epidemiologically valuablé results are 6bta1ned'1n Britain in the
typing of cultures from humans and animals with Callow phages. Thus,
Anderson and Wilson (1961) reported on the results of typing of strains
from 873 sources. The strains had beeh sent to the laboratory from |
" London and South Anglia dufing a 3 month period in 1958. It was found
that in the same locality the same‘phagotypes are enormously often
found in humans and animals (cattle and domestic birds). Thus, among:

6 types, which accounted for 57-77% of all finds, 5 (14, 20a, 12, 3 and
2) were the same in humans and animals. Such a similarity could not .
have been accidental. It may be assumed that it attests to the epidemi-
ologlical connection between the human and animal caéea during this per-
iod. In particuiar, the phégotype'lh was most widespread among domestic
birds. To this belonged Ti4¥ of thé stra;ns from domesfic birds (mainly
from chicks and eggs). This type was also the most frequent among hu-
mans. This could be an indication that a considerable number 6f salmon-
elloses 1in Britain are due to infection from domestic birds.

A study of the phagotype population of Salm. Breslau in humans and
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animals revealed the possibility of predict;ng the sources of Infectilon.
Detection of phagzotypes in humans, which were widespread among certaih
specieé of domestic animals and birds may be a good 1nd1¢ation for epl-
demiological researchers. For example, the appearance of phagotype 20a,
15a or 18 in humans should cause suspicion that the cause of the cases
are cattle, because these types predominate in cattle and are hardly
ever found in domestic birds. | ; o
Anderson, Galbraith and Taylor‘(l961) presented an exémple, how |
phage typing helped the épidemiological analysis of a prolonged flare-
up, which was widéspread.over a large territory, of cases of éoliform'
infections among humans. 90 persons at 37 polnts fell ill. All”thém”'
strafns from the cases proved to be phagotype 20a. The saﬁe phagotype
had been detected early during tbis flareup in calvés at a central
poinf from where cattle are distributed to the abattoirs, at an abat-
toir and in a butcher's shop. Although it was hot possible to investi-
gate the products which were the direct cause of the diseasé~in each

concrete caese, phage typing enabled the nature of the flareup to be

-elucidated.

Direct Typing Method

As mentioned e.rlier (see Chapter 1), the mild phages from differ-
ent strains of Salm. Breslau differ in their heat stabllity, the morpho-

- logy of the sterile spots, the range of action and the antigen struc=

ture. Boyd proposed to use these differences for differentiating Salm.

" Breslau (Boyd, 1950, 1952, 195&, 1956, 1958; Boyd and Bidwell, 1957;

Boyd, Parker ana Mair, 1951). Boyd termed this the direct method of
phagotype determination. The success of the‘method depends above all
on the choice of the indicator strain, which should be sensitive to all
the phages.isoléted from the cultures to be tested. In his first work
(1950) Boyd used two "wilgd" stréins of bacteria as indicator strains.
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However, even in combination they did not reveal all the mild phages of
this specles of Salmonella. Only in recent years has a strain been
foun@ on thch nearly all the known mild phages of Salm. Breslau pro-
liferate (Boyd, 1958).

As pointed out earller, the essence of the method consists in the

1solation and study of the properties of the mild phage. In order to

have constant characteristics of these phages, the media used for their

1solation and study should be standard. It 1s best to grow the cultures
on concentrated bfofh,(Martin or Hottinger), to isolate the phage on
1% nutrient agar with a pH of 7.2 and a NaCl content of 0.75%.

The test‘culture is grown in 5 ml of broth together with the indi-
cator strain overnight at 37° during the night. The mild phage of the
. strain to be typed, proliferates during this period. The mixed culture
is freed of bacteria by centrifugingAfor 10 min at 3000 rpm. A dilu-
tion of the supernatant liquid is tfansferred into a dish, inoculated
with the indicator strain. After several hours of incubation, stérile
phage spots appear on the surface of the dish. A puare iine of mild
phage 1s then obtaihed and part of the phage 1s sterilized by caentri-
fuging and heating at.58° for 36 min,'another part by filtering thrdugh
an L2 Chamberlain candle. The first method is used for heatresistant
phages, the second for thermolabile‘pbages._The inactivation tempera-
ture of the phage is determined in a dilution which gives confluent
lysis. The pH of the broth is 7.4.0.5 ml of the dilutiecn is placed on
the water bath and heated for 30 min to different temperatures.

In ordef to study the range of action and the mofphology of the
plaques, both phage portions are transferred to agar, inoculated with
the indicator stralns. Plaques appear a day later. These plaques are
fine and very'fine in the mild phages of Salm. Breslau; they can be ex-
amined only with a binocular magnifier under 20X magnification. With a
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certaln experlence in the mcrpnclqu of the plaques 1t is possible to
distinguish the phage types present in the culture. For the identifica-
tion of the phages B4 and BS (see further on) their capacity (as an ex-
emption) to develop large plagues on some strains of Salm. paratyphi C |
1s utilized. The other phages'are distinguished on the basis of their
range of action on two indicator strains of Salm. Breslau (1404 and
lhil) and in doubtful cases, by neutralization reactions with specific.»
sera (the reaction method 1s generally used). |

A new test hes been added in recent years for the identification |
of mild phages, the cross immunity reactions (Boyd,.1958). The nonlysof
genic indicator strain of Salm. Breslau of which we spoke earlier, and
which interacts with all phages, 1s treated with mild phgges.

A serles of standard lysogenic cultures 1s obtalned in this manner.
The lytic activity of all the mild phages is determined on them‘and |
their relatedness or difference 1s gaged on the basis of this.character—
istic. | |
| In a study of about one tnousand mild phages of Salm. Breslau,
'Boyd, Parker and Mair subdivided them into 2 groups, A and B. The A-
phages (Al, A2, A3, Al4, etc.) are heatresistant (they can resist a tem-
perature of 80° for 30 minutes), produce-large (up to 1 mm diameter)
sterile spéts, often surrounded by a halo and with a thickening of sec-
Arondary’growth in the center, and show mostly, besides the types A3 and
AL, a similar antigen structure. The A-phages are divided into 12 types
by means of cross immunity reactions on standard 1ysogen1c strains.

The B-phages (Bl, B2, B3, B4, B5, etc.) are thermolabile (they are
destroyed at 60°) and are differentiated into»13itypes in the cross im-
munity reactions.

' Salm. Bresiau can contain 2 and even 3 different mild phages. Dif-
.ferent types of the same group of phages are extremely rarely 1solated

- 116 -




simultaneously. As an example, among 598‘strains carrying A-phage, only
one contained 2 phages of this group. Conversely, combinations of dif-
ferentAA- and B-phages are frequent. The combinations of phages Al +
-+ B2, A2 + B2, etc. have been described.

To avold confusion with the known systems of phagotype determina-~
tion, in which the phagotype of the strain concerned is determired on
the basis of its sensitivity to the typing phages, Boyd proposed to
designate a strain, differentiated by the direct method, instead of by
the ﬁord "type," by the term "mark." For exanple, a strain contalning
the latent phage Ala is termed "Salm. typni murium mark Ala."

Boyd (1952) presented observations on flareups of cases of food
poisoning‘end other Salmonella cases in Britain, in which determination
of the phage mark of the strain made it possible to carry out a more
profound epidemiological analysis. | | i |

~Ina certain hespital wsrd, Salmonella'cases appeared periodiealiyr
among children for‘a'year. All the 62 strains from the patients con-
tained the same mild phage. Although it was not possible to determine
the primary source of the fiareup, the common nature of tﬁé type ef-
Salm. Breslau in the chlldren indicated the presence of cross infection
within the hospital. | |

Although the method of direct type determination glves constant
results, it 1s laborious and requires much more time than the method of
Craigle anduIan{ In direct type determination the results can at best
be obtained within 3-4 days. The'typing cultures which contain 2 dif-
"‘ference phages (with double mark) presents certain,diificulties. One
phage 1s often detected first and later another phage type, which may
lead to epidemiological errors. The authors recognized these deficien-
cles of the method, which prevent its widespread intloduction into prac-
tice. It must also be pointed out that the method has not proved to be
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.a8 universal by far as 1its authoré initially supposed and is not sult-
able for type determination. of all species of Salmonella (Atkinson,
1957). At fhe same time, careful study of a large number of mild phages
of the same specles of bacteria led to'interesting theoretical dnta
concerning the phenomenon of lysogenicity. To these belong, for examplzs,
investigations on th: role of mild phages in the'resistance of the cell
to the action of phages of a related or foreign serotype, etc.
PHAGOTYPE DETERMINATION.ON OTHER SPECIES OF SAIMONELLA

The phagotypes of Salm. enteridis, Salm. dublin, Salm. gallinarum
— pullorum, Salm. thbmpson (Lileengen, 1950, 1952; Smith 1951b) are
differentiated on the b;sis of their sensitivity to specific O-phages.
VAﬂrétfemﬁifiév&éféfﬁiAe ihekphagotypes of Salm. cholerae suils was un-
successful. Subsequently, Kral (1955) isolated two bacteriophages from
the feces of pigs, which were differentiated as the variant Kundendorf
from the normal strains of Salm. cholerae sulis.

An attempt.to‘typeASalm. virchow (Velaudapillai 1959) is known.
49 out . of 52 strains, obtained from 11l different countries, were sub-
divided by mild phages into 7 phagotypes. All the cultures from Denmark,
Britaiﬁ, Sweden énd Nigeria had the same phagotype;

A rational method of typing Salmonella was worked_out in 1952-
1957 by Atkinson, Heitenbeck, Schwann; Wollaston and Bullas (see At-
kinson, 1957). Teking into account the extraordinary frequency of lyso-
genicity in Saimoneila, these authors used a simplified modification
of the direct method of phagotype determination according to Boyd. In
contrast to the direct method, the mild phages in Atkinéon's scheme
are differentiated only on the basis of the range of lytic activity
on a number of standard indicator strains. |

2 indicator strains (these are also phagotypes) were isolated from
cultures of Sal:. waycross: a lysogenic (1) and a nonlysogenic (Ather-

- 118 -




ton). 6 indicator strains were Hifferentiated in Salm. adelaide, of
which 5 are lysogenic (la, 1b, 2a, 2¢c, 3) and one is nonlysogenic (4).
The strains of Salm. bovis morbificans are all lyssgenic and are sub-
divided into 5 groups. Certain strains of this species of bacteria car-
ry several latent phages and evidently form additional grours.

The phage typing data on the above-listed Salmonella species
agreed 1n all cases with the epidemiological findings. When the results
of typing were compared with the conclusions obtalned during the sub-'
division of the strains according to Boyd, complete'agreement was ob-
serﬁed which confirmed the possibility of practical application of the
Atkinson modification of the method. £ series of indicator‘cultur s of
‘the corresponding specles of bacteria 1is necessary for this purpoIé.
These must be kept in the dry state. The strain to be tested 1s grown
on mowed agar at 37° for 24 hrs in combination with eéch of the indica-
tor strains. The mixed culture is washed off with 0.5-1 ml of broth and
centrifuged. The supernatant liquid may contain mild phages of the
test and indicator strains. The phages are determined on gasons of
both strains. The phagotype 1s identified on the basis of the acti;ity
of the phages on the indicator cultures. If the phages lyse the indica-

. { . .
tor strain, thlltest is considered to be positive (+), if not, neéa-

[oup of the test culture (phagotype) is determined on

. the basis of t‘

tive (-). The
range of activity of the mild phages on all indicator
strains. Nongroupable cultures, whose mild prages give a characteristic.
range of activity on the indicator strains are tested crosswise. New
phagotypes are thus determined. -

| The lysogenicity test also reveals the activity of the mild spe-
phages on the strain to be tested. This is the action of the milai
phages from the.indicator culture. In doubtful cases this range of ac-
tivity provides additional information for confirming the diagnosi%.
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Special attention must also be paid to the absence of lytic activity
of the mild phages of the strain to be tested on the indicator strain.
This is a diagnostic characteristic.

An attempt to type Salm. Breslau by the method of Atkinson has be-
come known (V.A. Kilesso, unpublished data). Mild phages were detected
in the great majority of test cultures vn 8 indicator strains. About
200 strains of Salm. Breslau, isolated from patients and healthy per-
sons, from corpses, rodents, domestic birds and animals were subdivi-
ded into 15 groups. Identical phagotypes were isolated from epidemio-
iogically related objects.

- The Atkinson method has advantages over the direct method: it 1is
simpler and does not require accurate identification of the 1aten£’§ha-
ges. I% also has the advantage over the aethod of Craigie and Felix of
not requiring the special production and treatment of typing phages.

It is true that it is technically more difficult than the method of
Craigie and Ian and that it requires also standard indicator cultures.

The principle of the Atkinson method can undoubtedly be useful for
the typing of numerous Salmonellae and other species of lysogenic bac-
teria. It 1s not always possible and not even necessary to have a ser-
ies of standard ipdicator cultures for each specles of Salmonella. In
fact, the flareups caused by the same species of Salmonella (not count-
ing, of course, Salm. Breslau, GHrtneri and other widelyvoccurring‘
specles) are not so frequent as to warrant the creation of a standard
scheme of typing for every species. At the same time the need for addi-
tional differentiation of Salmonella of rare speciles is fairly great,
particularly when the epidemiologlical study doces not give a clear pat-
tern. The study of the activity of the mild phages from heterogensous
cultures can beéome extraordinarily useful in these cases. Stock cul-
tures, cultures from other flareups and froam sporadic cases can prove
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to be indlicators. These stralns are tested In lysogenicity cross tests
with the cultures to be étudied. The identity of the spectrum of the
mild phages from the test cultures is the bacis for attributing them
to a single phagotype. Such a simplified approach to typing has been
tried by Thal (1957) in Sweden during a flareup caused by Salm. monte-
video.

Salmonellae are very suitable for phagotype determination on the
basis of their sensitivity to a series of typing phages or of their
lysogenicity.

The alm. Breslau are differentiated Ly both methods. There are
several Systems of typing on the basis of the sensitivity of cultures
to tyning phages. All these have epidemiological impcrtance. The most
perfect system is that of Callow, in which Salm. Breslau are subdivi-
ded 1into phagofypes on the basis of their sensitivity to 29 phages,
from which 19 are derivatives of the phage 3b of paratyphoid B. Another
approéch to typing of Salm. Breslau is the study of its mild phages
(direct method). The direct typlr g method has proved to be objective
and valuable in epidemiological practice. At the same time, the com-
plexity and laborious nature gilve it an academic flavor and hinder its
wider practical introduction.

More promising are modifications of this method, worked cut by At-
kinson and others for tre typing of Salm. waycross, Salm. adelaide,
Salm. typhl murium and others. In contrast to the direct method, the
mild phages are not isolated and completely ildentified. The range of
thelr activity on standard indicator strains is merel& checked. In the
presence of such cultures the method makes reliable differentlation of
stralns, 1solated in flareups and from spcradic cases, possible. Tech-
nically the method is simple and has a number of advantages over the

method of Craigie and Tan.
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Cﬁapter 5 .

PHAGOTYPE DETERMINATION OF ENTERbPATHOGENIC COLIFORM BACTERIA

Although the etlological role of a number of serotypes of coli- v
‘'orm bacteria (O111B4, 055BS, 026B6 and some cthers) has now been indis-
utably settled, the epidemiology and pathogenesis of colienterites are |
till in a stare of intensive study. Problematical is'also the ques-
ion.of the ro:e of the enteropathogenic serbtypes of colifcrm bacter-
a inthe eticlogy of food poisoning. In view of the fairly widespread
istribution of the pathogenic strains of colifofm bacteria in the en-
‘ironment and in healthy carriers the possibility of additional differ-
ntiatiorn of strains of tr2 same serotype can lead tc a correct under-
tanding of the epidemiological ccnnections in many situations.

In the USSR, phages for enteropathogenic serotypes of coliform
‘acteria were 1solated by Z.D. Gogoladze (1959). These help to differ-
ntiate the cultures of different serotypes and can have only diagnos-
.1c importance. Phages cf tﬂe séme type were obta‘ned by L.B. Borisov
nd others (1962). These phages which lyse most cultures of its sero-
'ype, can hardly be used for typing them as the authors erroneously
elleve. |

Nicolle, Le Minor and others (1952, 1954, 1957), using 25 phages
‘rom lysogenic cultures, the feces of patients, convalescents and
ilealthy perscns, animal droppings (mainly chicks), differentiated 7551
tultures of coliform bacteria of serotypes 0111B4, C55B5 and 026B6
‘'rom different éountries and regions of the world into phagotypes.
iroups of phages could be isolated which lyse the cultures of one sero-
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.ype an? are lnactive on the two others. These phages can be tested for

;he differentiation of serotypes.

iames of the towns and countries, where they had been isolated (Table

1).
ABLE 11

icheme of Phagotype
.a of the Serotypes
)r and S. Buttiaux,

The phagotypes are ﬂecignated by the

Determination on Enteropathogenic!Coliform Bacter-
Olll?h 055B5, 026B6 (according to Nicolle, Le Min-
1957
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l

The serotype 0111B4 is divided into 11 phagotypes, the'serotype

55B5 into 10, the cerotype 026B6 into 7. The strains of the last-named
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.erotype are difficult to type, giving unclear reactions in 28.5€%.

In enteropathogenic coliform bacteria exists a remarkable connec-
.icn between the roletion to the phage, “he structure 6f .he H-antigen‘
nd the reac:cion with B-phenylpropicnic acid. the test of d" Alessandro
nd Comes (1952). Tne phagotypes of serctype C"1i%4 are clearly divided
n:§”2 groups on the basi§ﬂ9{7§beir reac@fpn y;@h Bfghsrylprcpionic 7
c1d (Nicolle, Le Minor aid others, 1957). In the first group, which
ncludes 5 phagotypes (Montparnasse, Tourcoing, ‘"lenna, Sevres ubiqui-
ous and Lyonalse) all. cultures gave.a positive reaction with S-yheuy14
roplonic acid. At tre seme time (and this ic the most important) they
lways cbntained the‘flagellar antigen H2 and belonged to the Siochemi-
al type I or 1II on the basis of their r.action with indoie. Thus,
hagotype determination enatled the strains of serotype 0111B4 to be
ivided into 5 types, identical in flagellar antigen and biochemical
foperties. The cultures of the second group, which comprises the re-
aining phagotypes cf the serotype 0111B4, always gave a negative Ales-
andro and Comes reaction. These strains either did not contain H-an-
1gens, or had antigens H21 or H1l2. Biochemically, the cultures cor-
‘esponded to the types III, IV, V or VII.

Typical 1is the cénstancy of the above-indicated connections. If,
‘or example, a culture of serotype 0l111B4 gives the reaction of the
hagotype Sevres Lyohaise, then one can prédict with certainty that it
as the flagellar antigen H2, will give a positive reaction with f-phen-
lpropionic acid and will belong to the biochemical type I or, if the
ulture belongs to the phagotype Bretonneau, this must be 0111B4 H12;
ith a negative Alessahdro and Comes reaction, of the blochemical type
ITI or IV (Nicolle, 1957).

In the remaining serotypes, these connections are less developed.
hus, in the serotype C55E7, only one phagotype (Saint-Christophore)
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o
the reactlon with f-pnenylpropicnic acid. Interesting 1s the fact

't this phagotype (like the analog>usly
1B4) had a flagellar antigen d2, but with regard to the biochemical

reacting strains of serotype

racteristics it was related to type D. The other phagotypes which
e a negative Alessandro and Comes reacti.n, were characterized by

onstant H-antigens and difterent biochemical properties. In the

up 026B6 the Alessandro and Comes reaction was negative for all pha-

ypes.

The above described relationships were confirmed by Hungarian re-mﬁwwwp:m

rchers in snother scheme worked out by them for phagotype determina-

n (Eorsi Jablonszky, Milch, 1954), Milch, Deak (1961). The authors

d undiluted phages, isolated from the feces of newborns. The sero-
e 0111B4 was subdivided into 7 types (111/1-111/7) on the basis of
reactions with 5 phages (a; al, aF42, b and b2) and with B-phenyl-

pionic acid. As 1n the SLheme of Nico]le, this division agreed with

structure of the H-antigen. The immobile variants belonged to the

‘gotypes 111/1, 111/5 and 111/7 and gave a positive reaction with
heqylpropionic acid. The strains with antigen H2 were subdivided on

basis of this reaction into 2 subtypes. The stra’as containing anti-

H12 did not give thils reaction and were subdivided only on the

is of their relationship with phages. ‘
"~ The serotype 055B5 was differentiated by means of three phages

1 and aF42) into 5 phagotypes (55/1-55/5) among which the Allesan-
~and Comes test was positive only in the variants with antigen H2:
in the immobile variants. ‘ . ‘

| - The regularltles in the correlations between the flegelmer antigen

the phagotype can be useful for practical laboratories. While the
dy of the flagellar antigens requires several weeks and even months
go*:pe determination can provide a result within 24 hrs or in urgent
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. tvenocn o the same dag.

The phagotype determ;hation of pathogenic coliform bacteris is
led out by the method of Craigie and Ian. It is made more difficult
certa‘n instability of the phagotypes on nutritive media owing to
isociation, particularly in the serotype 026B6. In crder to avoid

» it lIs recommended to typo'the culture not later than 1-2 days

r isolation (Milch Deak, 1961) To restore normal sensitivity to
Jhasec‘;é 1s helpful to péss the cultures through the organism of
orv to inoculate them on dishes (Nicolle, le Minor and others,

). |

The‘Allesandro and Comes test 1s determined by inoculating of the
ire on agar, containing 0.02% B-phenylpropionic acid. Pcsitively
ting colonles assume a2 rose, red and brown color even after 8 hrs.
~eaction attaihs its maximum intensity within 24-35 hrs.

Bogh methods of type determination proved to be valuable in epl-
>logical research. They helped to separate hospital from non-hospi-
nfections and to elucidate the epidemiological chains.

Thus, Buttiaux, Nicolie and others (1956) observed a hospital

qup ¢f colienteritis by 0111B4 of the phagotype Tourcoing, during

1 u child was brought into the.ward, from which the serotype 0111B4
>f anofher phagotype was isolated (Sevres). During tﬁe next days
yhagetyne Tourcoing was detécted in the new cases, and Sévres in 3
iem. In another flareup, caused by the phagotype Tourcoing, the
Bretonneau was 1solated from one of the children. It had been
iferred into the hospital by a healthy carrier who had arrived in
rard 7 days prior to the flareup. This case was the signal for a
.er check of eall newly arriving children. Pintelon (1956) tried the
)d of Lhagotype determination according to Nicolle during flareups
slienteritls of the serotype Ol11B4, arising simultaneously in 2
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Is of a chiidren's hospital in Holland. The isolation of 2 différent
;otypes made it possible to delimit these apparently connected
*eups.

Milch and Deak (1961) successfully applied thelr method of phago-
 : determination<ﬁ‘cu1tures of the serctypes 0111Bl and 055B5 for
yzidating the epidemliological connections in the cﬁildren's depart-
| One of fhe deficiences of the method of Nicolle is the pfecomin-
 § of certain phagotypes. Thus, among cultures of'serbtype OlllEb,
'ubiqﬁitous Sevres phagotype is found in'h3.h1%,‘and Touréding in
)5%. Among the strains 055B5 dominate the phagctypes Bethune (36.5%)

Lomme (29.46%) (Nicolle, Le Minor and’otheré, 1957). This is the

son why the methods of further subdivision of the phagotypes is pro- | ¥

.ng. Hamoh (1961) proposed to sutdivide theiphagotypeé'of Nicolié

;he basls of thelr ability to produce colicines and thelr sensitiv— | N

to 14 known colicines.

PERL S TSN

The capacity of a culture to produce colicine is determined in

T3y e

following manner (method of direct contact): drops of the test cul-.

21

‘:as are applied to the surface of agar. Following incubation of 370’
U8 hrs, discs of growing culture develop,'around which the coli-
'é”diffuses”intO’the”gelf"Thé”buitﬁfé‘ismétéfiIiiéd”ﬁifﬁwéﬁléfﬁf6fhﬁmwmmm

_r for an hour, After removal of'the chloroform by ventilation,‘

)8 of E. coll K12S are applied.to the discs of the killed cultures,
th 1s an indicator strain for all colicines of pathogenic E. coli.

drops are applied in su:: a manner that they partlally overlapped

discs. The results are evaluated after 24 hrs. of incubation at

The absence of inhibition of the growth of the indicator strain is

.ble arovnd the discs of the coliclnogenic cultures. Growth inhibi-

B T T o T T R i e T AR o e s o £

e

L

't 1s 10t observdd on the discs of the noncolicinogenic cultures and
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round trome L oraer Yo Ldeat Ty e type of collcelne proluced oyt

13t strain, coloinles of E. coll K120 are collected 1n the zonc of its

:tion. These mutants gre rcuiutant to thn cnlicine of th "eét strain
it retain their Sensit;vity to the other 17 known types of colicine.
e type colicine of tqc test culture ic determined by the range of
tivity of thece 17 culicineo on the mutant strain: if, fer example,
:e mutant is sensitjvn to all types of colicines with the éxceptidn |
"El and I, it means that the test strain produces the colicines E1
d I. o - |

. A second method of] identiflication of the type of colicine 15 uced

""the test strain produces only one colicine. A number of mutants is
i . .

h1ected by acting on E} coli K12S with 17 known types of colicine. In
“t1s manner an indicator séries of mutants 1is recelived, each of them

ing resistant to one colicine type only. Drops of a day-cld culture

"all the mutants are applied in the colicine zone of thé test strain
d the.type of colicin% 1s cetermined. For example, the colicine of
. € test strain 1s attr buted to type B if it inhlbits the growth of
vfe mutant, selected by colicine B, and does not act on the o‘her mu=-
nts. :y
1‘ For the investigation of the types of colicines, produced by coli-
nogenic cultures of pathogenic coliform baéteria, 8 mutants of strain
2SS were selected, whi h are resistant to the colicines and to combin-
1onsorconc1nesE \{7+I,G+H E+B G+‘{+V+ I,,andv. The
tivity spectrum of thq colicines from different phagotypes of the
thogenic collfcorm bacTeria is studied on these mutants. Colicine I
V are differentiated by their sensitivity to the microbe prostheées,
licine G to G + H and H by the capacity of colicire H to inhibit the
owth of the culture oﬁ Proteus 0X19.
12 strains of coliform bacteria, producing the following types of
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cines: B, ¢, D, El, E2, F, G, H, J, (I + Y), K, 53, Sl and V are
: for the study of the sensitivity spectrum of the phagotypes of
}ogenic coliform bacteria to the co.icines (determlnation of the
cine type). The determination of the colicine type is carricd out
he rcllowing manner: Each of 14 colicinogenic strains is inoculated
.he second (semi-liquid) agar layer (method of Gracia) in such a man-
that 300-400 colonies develop there. By diffusing to the surface of.
agar, colicine in this case goes into the medium in sufficient
itity. Drops of the test stralms (young culture, diluted 1:400) are
~ied to the agar surface. Following 24 hrs incubation at 37°, the
11ts are evuluated — absence or presence of growth inhibitionAof
test strain. Doubtful results are checked by using the difedt con-
. technique.
4 types of colicines, I,‘E, B and G, were detected in the patho;
c serotypes 0111B4, 055B5, 026B6. Within each phagotype it is pos-
e to separate colicinogenic and noncolicinogénic strains. An excep-
. are the phagotypes Lomme, London and Jerusalem, all the strainc
‘hich were noncolicinogen*~ ConY4~ine I (alone or in combination
. others) was most frequently Jetected (in €1.47%) in colicinogenic
ures of different phagotypes. Colicine G was found Ln'tﬁe least
er (only in cultures of the phagotype Bretonneau). Up to 5-7 dif-
nt colicinogenic states were observed among the colicinogenic '
.ins of certain phagotypes. Thus, for example, in the type Sevres
ultous colicines I and the groups E, E + I, B, E + B were found in
type Weller colicine I, and the groups E, E+ I, B,.G and G + I.
number of colicines and their combinations in the other phagotypes
less. The form of the colicinogenic state was closely connected
. the origin of the phagotypes. Thus, all strains of the phagot pe
‘es ubliquitous which are widespread in the North of France, wers
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lnopenic; the stradine of the type dceurcoim frem Gropob bo vo nonce
ticinogenic, the cultures from the North of France producéd colleine
31, those from Lyon, Cremona and Berlin celicine I, those from wbrni-
teirode (GDR) a omplex of colicines I + I. Jtrains of the came pruﬁu-
type from diffc}ent foci and geographical arcac, also had ditterent

‘3ensitivity to the 14 known colicines. This made a subdivicion of tre
,*olic;nogenichandfnoncolicinogcnic stralns -of-the same phapetypp inte
*olicine types posaible. Aa a result, some phagotypeu were sutdividrd
into 2-6 colicine types. Epidemiological observatlions showed that all

-—strains of -pathogenic coliform pacteria from the came focuc  produce 7
the came colicines and.have the sam< colicine type.

The possivilirty of further sSubd’vision of cultures of the same
3hégotype into cclicine types was uced In <ome hospitals in France and
crmany. Thﬁs, in June 1956, during a flereup of colienteritis in one
.Jf the hospitals at Lyon, the phagotype Ccvres Lyonaise was lsolated in

111 childrens' wards. In 3 wards, however, the coliclnotypes and tlre
:ol*cinogenicity were different: in cne ward; all strains proved 1o bo'

woncolicinogenic, in another colicin I was isolated, in a third, coli-

*ine E + I. The strains from theée wards. had difjfferent coliclne types.
1Fhese data attest to the different sources of Inflection in the 3 above-

ngngionedWwards,ﬁﬂhichﬁledﬁtoucorreciions in tre|ldata of therepidemio-

;logical 1nvestigation. Conversely, during an. epidemic of colienterit;~

S,

tn cne of the hoopitals of Kiel (ch [t])of 27 strains of' Sevres ubi-
o quitouo produced the colicines E + I and had the same colxcine-type
[his ‘confirmed the hypothe“ié of the single source of the hospital
- Infections whicn spread through th2 wards,
The method of colicine type determination of enteropathogenic coli-
orm bacteriais still in a stage of lnvestigation. At the came time, 1t
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already proved itself as an interecting and promising metnrod, which
»s the epldemiolc( ical and biological description of cultures more
found anc 4C¢urate.

Another possibie method of typing of enteropathogenic coliform
teria is testing thelr lysogenicity. With this method it was po:usi
to type the strains of serotype 0111B4 (M.D. Krylova, 1962).

The method of typ1u5 10 not complex and can be carried out at any
)ratory. The cultures 1solated from different objects, are cross
:ked for the presence of mild phages. The method yields results on-
_If part of the strains, used in the experiment, has a previously
wn different epldemioclogical origin. Stock cultures afe also useful
tndicator strains, isolated from different flareups.

In order to obtain mild phages, the pure cultures of all the bac-
la to he typed are incubated in concentrated Martin broth for 15-18_
at 370 and then centiifuged 20 ninutes at 3000 rpm. The superna-

: liquids must not be heated to free them from the culture even by
norma! method (at 56° for half an hour) and must not be filtered.

1 procedures often lead to a loss of mild phage, particularly 1if
latter is thermolahlle. The supernatant liquid 1is tested for the

sence of free phage on 1.3% agar, inoculated with gason of young

¢ hr) cultures of all the other test strains.

The lysogenicity of the culturés is gaged by the éppearance of
‘ply defined plaques at the point where the supernatantvliquid had
1 applied. The phege plaques are best examined in transmittecd light
LOx magnification.>In the majority of cases, however, the lysis
S are so0 clear that @ magnlfying glass need not be used.

In the presence of several culturzs which proved to be indicatcer
:ures, the evaluation of the results does not offer any difficulty.
strains which produce mild phages can be clearly dis*inguished frcn
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the nonlysogenic culture:., The latter are comblned in @ aepnrntebnroup-
Nonlysogenic culturnsbcapablo of belng Indicator cultures,Amn9 be'set
apart in thils group. The lysogenic sctrains may conotot of onl) one:
mroup i1f they give off phares identlcal in the morphology of the pla-
ques and the spectrum of lytic activity. In other casesg the stralins are
subdivided intc several groupcs dependlng on the range of actiVLty of
their mild phages on different indicator culturpo. The reoults an; con-
sldered as negative, if not a single one of the tested cultures prOVes
to be an indicater strain.. |

During collienteritis flareups at the dysentery ward for children
of Norii'sk the cultures of serotype 011134, isolated from the fecec of
the child patients and their mothers who were present ir the wa.d with .
their children, were typed by the above-described method. Also included
in the tests were 3 stock cultures of serotype 0111BL4. As a result the
~ultures were differentiated on the basis of theilr lysogenicity into.
~+ phagotypes, of which:

— type A contained 2 mild phages, active on the strains 153 (stan-
dard) and 36%4; | |

— type B produced phages active only on the strain 1“3; .

- type C - nonlysogenic strains ‘and 3643, sensitive to tbe mild

phaves of the strains of type A; : o -;”

— type D, nonlysogenic strains, which did not 1nteract(with the :
milil phages from cultures of type A and B. - f%& ST ’§#Mhﬁ
A certain relationship between the origin of the cultures and
thelr phagotype has been established. All the cultures of the lysogenic
tyne A without excepfion #ere lsolated from children of the infantile
lycentery ward of the infection hospital during the period from the

274k June to the 12th July 1957. To the same type belonged the strains,

icclated from 2 healthy mothers, who were in the hospital with the
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children at this time.

Only in 3‘pat1ent3'were other phagotynes found (types D, B and C).
In 2 children the first analysis of the stool, taken on the day of ar-
rival, was negative. Coliform bacteria were isolated from patients in
the second analysis (on the 3rd day). Tne detection of the phagotypeu
D and c, which had not beeer previou;l, found in this ward, excluded
the hypothesis of a hospital infection of the children. Both children
arrived at the hospital with the diagnosis "relapse of acute dysen-
tery." The illness which they had gone through at hcme, was clinically
similar to colienteritis (diarrhea without blood, with mucus, strong |
vomiting, etc.). The data of the phagotype determination confirmed the
.assumpticn of an extra-hospital infection.

Two schemes of typing enteropathogenic serotypes of coliform bac-
- terla on the basis of thelr sensitivity to mild ard virulent phages are
curréntly known. The‘method of Nicolle and others has been studied more
*horoughly; ii allows the differentiation of serotypg 0111B4 into 11
phagotypes, of serotype 055B5 ihto 10 phagotypes, and of 026B6 into 7
phagotypes. The epidemiological expediency of type determination has
been demonstrated in a number of flareups. At the same time, the schem2
i1s not yet perfect. T e serological characterisfics of the phages, the
stability of their critical test dilutions and the causes of the speci-
ficity of the phagotypes have not yet veen studied. In view of the pre-
dominance of certain phagotypes of lNicolle, further subdivision via
testing for colicinbgenicity and sensitivity to the 14 known colicines
i1s useful. The method enables the colicinogenic and néncolicinogenic
strains within most phagotypes to be isoclated. These and others are
subdivided on the basis cf thelr sensitivity to the 14 known types of
colicine into colicine types. |

The typing of pathogenic coliform bacteria through testing of
1 o *. ?»,,? sy p ! o Y
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thelr lyccgenle properties 15 alco promlsing.
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Chapter 6
PHAGOTYPE DETERMINATION OF DYSENTERY BACTERIA/'
The epldemiological significance of the phagotype determination
. bacteria of the genus Shigella does not require extensivc proofs.
» this day, dysentery spreads through all countries of the world,
using epidem*cs, sporadic cases and hospital 1nfections. The epidemi-
.0gical analysis s complicated by the possibility of chronic carrlers

10 have survived the acute infection, and the manifold pathways of

jansmission. Particularly complicated is the elucidation of the sour-
s and transmission pétheways in sporadic cases and in superinfec-
]ons, in the infecticn wards and in the wards for reconvalescents,
ﬁen one germ is superimposed on another. In all theée cases further
hbdivision of the species and serotypes of the microbes may be enor-
busly useful.
hAGOTYPE'DETERMINATION OF SONNE'S DYSENTERY BACTERIA -
i 'The Sonne dysentery bacteria can be subdiviced by their sensitiv-
Ly to a series of typing phages. The best-known scheme of this kind
&s been proposed in Sweden by Hammerstrom (1947, 1949). 11 phages (I-
&) are used isolated from lysogenic Sonne's cultures, sewerage efflu-
Lts and the filtrates of the feces of dysentery patients and animals.
1e Hammerstrcm phages are suitable only for typing tﬁe pure R-forms
" Sonne's bacteria. The slightest admixture of S-forms brevents the

. fferentiatica of the cul*ure because pure R-phages are present among
ﬂe typing phages. Part of the preparations are 5 + R phages, which are
jually active with respect to S- and R-forms of Sonne's bacteria. In
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view of these peculiarities of the typing phages the straln of Jonne':s
dysentery, which 1s subjected to phagotype determination, must be pre-
sent in the pure R-form which is not agglutinated by S-serum. In order
to control the purity of the rough culthres it 15 recommended to u:c
phage XII. This gives confluent lysis with the pure R-ferm.' If small
quantities of the smooth form are present, resistant colonles appear
within the sterile disé. When the proportion of the smooth forms at-
tains 1%, the disc is clouded by a light growth film, and at 40% the
iysis becomes hardly distingulshable. |

Hammerstrom successfully differentiated 1834 strains of Sonne's
bacter;a isolated in Sweden by means of the abévé-described phages.
They were distributed among 68 types and subtypes, which were designa-
ted by Arabic numerals. The blochemical type — the capacity of enzyma-
tic breakdown of maltose, rhamnose and xylose on standard nutfient me-
dia - was determined in all phagotypes. 5 tiochemical types were l1lso-
lated (a, b, c, d; and g). The phagotypes, diffefing in their biochem-
ical characteristics, figure as subtypes in the scheme of Hammerstrom.
The biochemical types of Hammerstrom are close to the types of Boylen.

‘The method of phagotype determination is similar in principle to

the method of Craigie and Ian. Hammerstrom (1949) recommends a stand-

_ard medium of the following compositicn: e

Bactoagar 12 g
Peptone (frcm caseine) 10 g
NaCl 3 g
Broth of beef pH = 7.4 1000 g

The phages are used in test dilutions. When the test dilutions
are determined, every typing phage is titrated on the host strain and
on several known phagotypes with which it should give negative or weak-

ly positive reactions (in the form of isolated sterile spots) at this
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flution. With the host strain the typing phages in test dilution
hould give confluent lysis. For example, phage I 1s checked on the
ypes 44, 6 and 4, phage II on the types 38, 61 and 4, etc.

For typing, drops of a 24-hour o0ld broth culture of the strain
re applied in the surface of aishes contalning 1.25% ager (after dry-
ng at 37o for 1/2-1 hr). Following half an hour's drying in the ther-

ostat, drops of phage in test dilution are applied to the culture.

he dishes are incubated in the thermostat for 4 1/2 — 6 hrs, aiier

hich the results are evaluated. A stereoscopic microscope is required

- or reading the negative reactions. The drying and growing times of

he dishes in the thermostat must be stricktly adhered to, and, most
nporfant, a standard nutrient medium must be used.

Hammerstrom demonstroted the reproducibility of the results of
nagotype determination and the practical stability of the phagotypes
2 a large amount of data.

The Hammerstrom method proved useful in the epidemiological inves-
igation of flareups and epidemics of Sonne's dysentery. Somme's pha-
dtype determination 1s ¢ }ried out rdutinely in Sweden.

The Hamméfstrbm method has been approved by several countries,

lthough the conclusions th.e authors are contradictory.

A poéiﬁi;é evaiﬁgiibh of the method is given by Junghans (1958a,
H 1961).'By accurately following the method of Hammerstrom she dif-
eréntiated 97.4% of 7G31 strains of Sonne's dysentery, 1solated at
erlin in 1955-1960. The phagotypes 2, 3, 5, 6, 7, 12, 13, 65, 69, 70
are isolated. Part of the cultures (4.7%) gave cross reactions with
1e typing phages; these cultures fit into the system of Hammerstrom
1d were identified as 6 new phagotypes. The nontypable cultures ac-
sunted for only 2.6%. It was shown that the phages are not absolutely
secific for Sonne's bacteria and when undiluted, can lyse cultures of
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the representatives of dlffereht tribes of tne family of colifearm bac-
teria (Shigella, Salmonella, Escherichi, etec.). In critical test dilu-
tion, though, the Sonne's phages lyse only a small percentage of cul-
tures. Out of 1106 different cultures of Enterobacteriacea, 359 (32%)
were lysed by concentrated phages (one or more) and 197 (17%) by pha-
ges in critical test dilutio..

The author confirmed the practical stability of the phagotypes

during an epidemic by repeated isolationvfrom the same patient. In
'the course of 2-3 years following three inoculations in vitro, the pha-
gotypé remained stable in 94% of 1732 Sonne's strains. A variability
of the cultures was observed in 6%, manifested in the appearance of
resistance or in a change in the type of reaction. A change 1n~;he
type of reaction with the typing phages in the same culture can be re-
lated to nonstaﬁdard method, with changes in the composition of the
nutrient medium during the tes: and with degenefation of the culture.
It is essential to verify carefully the puriiy of the R-form with
phage XII, particularly in freshly isolated strains. The selection of
such forms should alwyas precede the phagotype determination. When
stock cultufes afe typed, -difficulties do not arise, and the phage XII
need be used only for the control. A variability of the type of the
strans 1is somét;mes simulated by mixed cultures.

The great practical value of the method during the epidemiologi-
cal investigation of flareups and during observation of changes in the
microbe type population under large city conditions is emphasized.
Thus, all phagotypes, isolated in 1955-1959, were also detected in
-1960. The frequency of isalation of individual phagotypes, however,
varied considerably over a period of 6 years. The type 65 predominated
in 1955 (77%), the type 12 (54%) in 1956. In 1957-1958 and 1960, the

type 13 predominated (44.25 and 58%, respectively), in 1959, the type3.
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Other authors refer to the Hammerstrom method with greater re-
serve. Thus,'V.N. Kuznetsova (1950) reported on an unsuccessful at-
.empt at phagotypc determination with Hammerstrom phages on 196 R-forms
of Sonne's bacteria. Only half the strains cculd be typed. Other auth-
ors commented on the instability of the phagotypes on laboratory media
(Mayr-Harting, 1952, Ludford, 1953, Tee, 1355, and others). Such re-
sults may largely be acicunted for by a non-standard typing technigue.

Of no less importance !s the purity of the R-form of the culture,
" because even a slight admixture of smooth variants causes-fluctuations
in the sensitivity of the culture to the typing phages (Hammerstrom,
1949).

A hore serious deficiency of *the method is the preponderance of
one or two phagotypes in some countries. Thus, more than half the in-
vestigated persons in Sweden had the types 3 and 5 (Hammerstrém, 1949),
in England, phagotype 3 was detected in 81% (Mayr-Harting, 1952) and
in Australia and Tasmania type 19 was found in 85% (Ludford, 1953).

There is no point in developing a train of thought to the effect
that the epidemiological value of phagotype determination is slight 1f
~the same phagotype 1s detected in several isolated flareups. It 1is be-

lieved that the preponderance of a certain phagotype ls due to the use

of virulent phages from the animal feces and from ééﬁéraéé”éffihents.

Beirg convinced of the imperfection of the Hammerstron scheme, ‘Tee
(1955).worked out a scheme for phagotype determinationof R-forms. Like
Hammerstrom, he isolated his 10 phags from sewerage effluents, human
feces and pig droppings. 829 cultures, forwaided from different re-
gions in Britain, were diflerentiated into 20 phagotypes. The scheme
of Tee had the same deficiency as that of Hammerstrom: in 74% the cul-
tures belonged to the same phagotype (L). This monotonic population be-
came particularly noticeable when this phagotype was ‘solated in 28
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ocut of 52 flareups. Only in 9 flareups were other phagotypes found.

In 5 flareups, the types were heterogeneous and herce, the phagotypb
determination data conflicted with the ebidemiological data. In the
opinion of the author, one of the causes of the variety of phagotypec
.in a single flareup is the change of the phage sensitivity of the cul-
tures 1in the intestine of the patients and carriers under the influerce
| of the phages. Similar changes were observed on nutrierit media. All
“this lad the author tc thé conclusiod that the significance of phagzo-
type determination on Sonne bacteria is limited.

V.N. Kuznetsova (1956) propoéed a scheme of phagotype determina-
tion for the S-forms of Sonne cultures with three phages from the fe-
‘ces of patients. The phages also lysed roﬁgh and transition forms. The
122 test cultures were differentiated into 5 phagotypes. The phagotypes
were apparently stable. The above-describéd method,requires verifica;_

tion on a large number of data.

Another approach to the typing of Sonne's bacteria was tried by
Abbott and Shannon (1958). They differentiated these bacteria on the
‘basis of their colicines on 14 specially”selected indicator strains.
They included 12 strains of Sh. sonne and 2 strains of Sh. sonne and 2
strains of Sh. schmitzi. A modification of the method of Frederic,
Tibault and Gracla was used to detect the colicin (quoted acc. to Ab-
bott and Shannon).

| The agar test culture was spread in a thick streak on the surface
of 1% meat-peptone agar containing 10% horse blood. The horse blood
serves as catalase source. Folléwing 3 days incubation the culture
which had grown on the bénd was killed with chloroform. For this pur-
pose, a circular piece pf filter paper was moistened with chloroform
and attached to the cover. An hour later, the culture was scraped off
with a sharn glass and removed together with a small quantity of the

- 140 -




iderlying agar. The filter paper was again moistened with chlorotorm
ad the dishes left covered feor another hour. The filter was then ta-
an off, the dishes uncovered and aired for 3 hours upside down. On

ne dishes which were free of chloroform, day-old broth cultures of the
adicator strains were applied in parallel streaks. The inoculation

ag carried out with a loop, by thickly applying the culture across the
treaks where the test strain had been inoculated. The results were

ead after 24 hrs incubation at 35-36°.

The action of the coliclines proved to be Ipccific. On the basis
f the pattern of the inhibitory effect of these agents on 14 indica-
or cultures it was possible to differentiate 357‘out of 537 cultures
ato 7 colicine types: la, 1lb, 2, 3, 4, 5, 6. Colicine could not be
atected in 170 cultures. This was possibly due to the sbsence of suit-
ble indicator cultures. The cultures, which could be differentiated,

are ob*ained in 102 dysentery flareups and foci. The colicine types
2re uniform and the results of the epidemiological investigation
zreed with the typing data in 97 flareups. In 4 flareups out of 5, in
aich strains heterogeneous with respect to their colicine type were
solated, these proved also to be heterogeneous with regard to their
éhéitivity to sulfanilamides. It is possible that the dysentery in
hese flareups was caused by a mixed infection.

A deficiency of the method is the large number (1/3) of untypable
trains and also the possibility of doubtful results. The latter de-
ended mainly on the lack of standard media and on variations in the
acubation temperature. At a temperature lower or higher thon 35-360,
ne lysis zone was l2ss distinct. The method must be verified under
tandard typing conditions.

Later cn, determination of the colicine types in Sonne's dysentery
acteria was carried out in Japan {Naito, Sasaki, and Yano, 1961). The
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method of éggr layers was used.‘An 18-hr cld broth culture of Lhe test
/ strain was‘centrifuged for 30 min at 3000 rpm; The supernatant liquid
(unheated or heated to 55° and kept at this temperature for 30 min] was
checked for the presence of colicine. 5 crops of the liquid were distri-
buted for this purpose on the surface of normal meat — peptode agar and
slightly dried. 0.5 ml of broth indicator culture (4 strains of Sorfne'c
bacteria) was added to 2 ml of heated agar. The mixture was poured |into
____previously prepared agar dishes. After 15-18 hrs of 1nchbation at 37
the results were evaluated. The colicine produced a cleared-up zone
which was easily distingulished from the acti?n of the mild phages be-
. -cause the latter formed isolated plaques. The investigated strains iof
Sonne's bacteria were subdivided-into 9 type;on the basis of their abil-
ity of producing colicine and mild phages. 4 colicine types were dif-

ferentiated only on the basis of the characteristic of colicine produc- -

tion. The authors, moreoﬁer, took into account the range of activity
of colicine on the indicator strains. Thé epidemiological value of ihis
subdivision was demonstrated. of 581 strains isolated during a djsen-
tery cpidemic at a school, 577 belonged to a §ingle colicine type. ‘

- Both methods of colicine typing require further study. It is ﬁar-
ticularly important to determine the stabili?y of the colicine typef
and the epidemiclogical expediency of such a subdivision. |
PHAGE TYPING OF FLEANER DYSENTERY BACTERIA w

Numerous attempts to use phages for differentiation of this spé-
cles of bacteria are known. These were made in most cases for ;uent+fi-
cation of the serologicai types (S.L. Yagud, 1956, and others). The
most successful attempts subdivision of serotypes into phagotypes were
underts ken by Metzger, Mﬁlczyk and others (1958), Slopek and Mulczyk
(1961}, and Mulczyk and Slopek (19€2). By means of 12 phuges (F1, T2,
F3, ¢te.), isolated from sewerage}effluants and from human and animél
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ces, 2658 stratns of Flexner ﬁacteria were subdlvided into 40 phag
rpes (1-40) (Table 12). Each serotype was further subdivided by the
ages into 3-12 phagotypes. fhus, serotype la included the phagotyp
» 3=9; the serotype 1b — the phagotypes 1, 2, 10-14, the serotype 2:
the phagotypes 2, 15-18; serotype 2b — phagotypes 1, 11, 15, 19, 2
arotype 3a — phagotypes 26-30; serotype 2b — phagctypes 11, 24, 25;
srotype 3c — types 21-23; serotype 4a — types 1, 2, 11, 14, 18, 22,
1-36; serotype 5 — types 11, 37-40. The phagotypes proved to be

. table when stored on laboratory media after three passages through

he organism of white mice. Thérphagotypes within @pefsgrptype>did ne
iffer in their serological or biochemical characteristics.

Most typing phages were prepared in cultures of 3h. Fiexneri:
-nage Fl or. serotype la, phage 2 on serotype 4a, phage Fi4 on serotype
b, phgge 5 on serotype 5, phage F6 on serotype 1lb, phages F7 and F9
1 serotyﬁe 2a. The phages F3 andFll were prepared on Sh. dysenteriae.
ne phages F8 and F10 on Sh. sonnei, phage 12 on Snh. schmitzii. The
nages had a critical test dilution within the range of 1073.1072,
ney were usec in a working dilution which was one dilution lower tha .
ne critical.

The phages were divided into 5 groups on the basis of their serc
ogical characteristics. The first group included the phages Fl, FH,
5;M£he secoﬁd the"phages FE; F?} tre third, phageéij,”Fh;rfg;”F12;r
hé fourth the phages F8, F10; the fifth phage F12. In some groups of
hages, & correlation was observed between the antigen structu e and
he spectrum of lytic activity, in others not. The scheme differs fav
- bly from all those described earlier by the fact thét the Flexner ba
éria are differentiated into a fairly large number of phagotypes. At
he same time, serious verification cf its epidemiological value is e
ential. | |
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TABLE 12

Scheme of Typing Flexner Dysentery Bacter-
ia (According to Slopek and Mulczyk, 1961)

i
B ®srn n tecr prasearnne
Sarvrnin -
F1 ez | #s [Fe | Fs [Fo &2 [Fe [re | o] en | pu
1\ —-— -
] esler|ealecrjerfjecajerfcajererjecrjen
2 erlecalerferjerleajerjeajerjerjeri -~
3 eal=ferjerecalerleaj—|ecrjeafecal4
4 calerjer|—jcalerjerf~jeCrjea} ® - =
L] cta|l—=]lcril—=ter]lealecal—|cerjea| n | —
6 etleaj—=j~=lerler|ct)|]—=|—=}=}—|—
7 caler]—=l=lerjcajeaj—|=—Jeaj—|—
8 eAl=]—=]—=]erjcrjcr] =} —jeCcr|—}|—
9 eal—={=|=lecrjerales|~-"=]=]—}—
10 eaflcr]ecr|er|eajealer] = cr]ecr) €] =
N eal—=Jcrlersjeajecajecal—jecrjcajcecajen
12 cilecrajcabr jcajealeaa]—]ecrjerjcr| =
13 eqjeal—=t=tlerjcalealeal—ica|[—]¢r T
i4 ciferaf—l=]crjealer| =~ —=|Cer|—]|~—
15 ctl=—lecrilcalerfcaecalecr|ecrjesjca]| —
16 cslecajerjealecajeajeal —jerfeajer| —
17 caler]|] =]l =jJcajeajea|—=j=—}jcr|—]|—
18 esgl=]l=]=|rjcrjer|=|—=]|ea|~]|—
19 Jealeajerjecalealecajcal—Jcajecalecajca
20 —|=lealert| =] =]cra|=jcrjecalea| £
21 ca]—lerjerjer|cajea] —~|ca]er]calinea
2 il ~=jetlcal—lcajcal—|cajlcajca;eca
23 3|l =—l—=]—=tlecaleafjeca|—]—]eca]—|c¢cn
24 3] ==l jecrlecr]eca| = =}lecr]-— neac
25 el =la—lerlcrijecafcal —=|~=ler]eca} +
25 —~|—=jerler]| -1 ~—]cri]=(calecarcrica
27 —_—fealer| =] ~=jCca|=]cr]Cr}|cCA]| =
28 —_] =ler|lera|]—=l~=]eca]|=]ecaler]eaj+
2 -~ e—]er] ey | ~ ngl 1]l =—Jecajerjcr| —
30 o | = =] ]| | = |CA] =]~
31 ealealesjerfeajecalen] —jerjeajen] +
2 —leslesler! =] —=|crjealer]|ct|caoca
3 es|l—=leaj x| —-)lerjcr]|~]er|—} x| —
3 e e ]| €1 | | wm | = -
s _———l ===t | =] == -~
36 - { CA — -— —— — — — - -— -— -
7 ctl=~|l—=}|xjlecrlearcra|=|erjerjca|—
k) 1l —=]=d=lecrlcrajecr| =] =]C1| =] =
39 €| - x‘ ecraferjerler|—=fjeajerjcr| —
40 CA| e | | =1calea l Cl|esjcrlea}l n | ==

Symbols: sl) confluent lysis; psl) semi-

confluent lysis; k) plaques, situated at
the edge of the spot; + designates isola-
ted plaques; - designates the absence of

reaction.
A) Phagotypes; B) phages 1in test dilution. a) sl;
b) k; c) psl.

Typing of dysentery bacteria 1s still carried out at present on
a limited scale. The best-known scheme for the subdivision of Sonne's
dysentery bacterla is that of Hammerstrom. 12S and R phages, isolated

from lysogenic cultures, detected in sewerage effluents and human and
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\nimal feces, are used in this scheme. The phages differentiete only
;he R-form of the Sonne's bacteria. The method has been positively
waluated in the GDR.

The scheme has not found widespread application in other countries
USSR, Britalin, Australia) because the preponderance of a single or of
:wo phagctypes has been observed. The method has proved extraordinarily
sensitive to deviations in typing technique (compogition of the media,
.ncubation temperature, etc.). Other typing systems have been little
jtudied. Attempts héVé been made recently to type Sonne's bacteria on
:he basis of their sensitivity to colicings. These methods are in a
itage of deﬁelopment and require careful verification of their prac-
:1cal value.

A new typing scheme has been worked out for subdividing the sero-
;ypes of Flexner dysenteria bacteria. By means of 12 phages these bac-
;eria are subdivided into ;0 phagotypes, each serotype teing differen-
.lated into 3-12 phagotypes. The epidemiclogical value of this scheme

'émains to be verified.
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Chapter 7
PHAGE TYPING OF STAPHYLOCOCCI

The methods of intraspecies subdivision of the plasmacoagulating
staphylococci (which we,shall term'simply staphylococei in the follow-
ing, for the sake of brevity) attract the attention of an ever growing
number of researchers in different countries. Staphylococci, as we
know, are counted among the conditionally pathogenic microorganisms.
They are fairly widespread among humans; they are found in the nose
and pharynx of 40-50% of healthy test persons (Anderson and Williams,

1 1956), and on the skin in 37-40% (N.P. Nefed'yeva and others). This 1s
one, bﬁt not the sole cause of the frequent staphylococcus infections
in humans.

The widespread therapeutic and prophylactica applicatidn of anti-
biotica in recent years led to changes in the nature of the microflora,
which produces post-partum and postabortus infections in women, septic
diseases of the newborn, postuperation suppuration ofvwounds, etc. The
"classic" germ respcnsible for these infectlions, the hemolytic strepto-
coccus, has ylelded first place to the staphylococcus which 1is more re-
sistant to antibiotica. Thus, for example, staphylococcus carriers are
much more frequent amcng hospital personnel than among persons with
other professions. In one of the maternity hospitals of Leningrad,
57.8% of the staff proved to be carriers, these being observed more fre-
quently among orderlies than among physicians or workers in the kitchen
department (T.V. Golosova and others, 1962). Milch and others (1960)
found staphylococci in the nasopharynx of 60% of the hospital personnel.
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he incidence of carriers among patients 1s msre frequent and may at-
ain 73.6-78% [Kass, Vogelsang (quoted acc. to Milch and others, 1960)].

All this, in combination with possible deficiencies in disinfec-
ion measures and a lowering of the standards of asepsis may lead to
he gbpearance of flareups of staphylococcus hospital infections. The
roBiem of the struggle against such figreups has assumed great impor-
ance for maternity and surgical wards.

A staphylococcus can also be.the etiological factor in cases of
ood polsoning, which arise when products are consumed which are con-
arinated by staphylococcus strains producing~enterotoxin. Such flare-
ps have been recorded everywhere in recent years. They are most fre-
uently caused by milk products (cottage cheese, cheese; ice creanm,
tc.).

Finally, staphylococcus diseases are also an urgent problem for
he veterinary. Staphylococci can often be the cause of suppuration of
ounds and mastitif in cows and other domestic animals.

The epidemiology of the above-1isted diseases has not been stud-
ed extensively. The role of exogenous infection is then not taken in-
o account. If the widespread occurrence of the germ 1s taken into ac-
ount, it becomes clear that only a method which involves a differenti-
~ ted approach to strains of different origin'can shed light on the epi-
| emiology of staphylococcus cases. |

The blochemical tests for differentiating strains of pathogenic
taphylococcus, as we know, are few and sometimes unreliable. Typing
n the basis of serological characteristics and also 6r'the sensitivity
‘0 antibiotica {ua the basis of the antibioticogram) allows differentia-
ion of the culture into a few types only. The method of phage typing
&s prouved to be the most fruitful for the study of epidemiplogical
nd clinical problems of human and animal coccus infections.
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PHAGE TYPING OF HUMAN STAPHYLOCOCCI
Phage typing of the plasmacoagulating staphylococcus aureus has
first been carried out in 1938 by Williams and Timmins, later by Fisk
(1942). Wilson and Atkinson (1945) tested 18 mild phages for the typing
of staphylococcus, of which 7 were isolated from cultures.by the meth-
od of Fisk and 11 were obtained by adaptation of the first phages to
resistant cultures. All the phages were used in critical test dilution
according to the method of Craigle and Ian. The range of action of
these phages was narrow. New phages were subsequently included in the
~ typing scheme. Related groupé of phages were found,vthe expediency of
using undiluted phages was established, etc. Particularly important im-
provements were introduced by Williams and Rippon (1952) and Blair and
Williams (1961). They worked out in detail a practical method of pre-
paring phages and a typing.technique, and gave a rational interpreta-
tion of the typing results. The system was sfandardized and has al-
ready been termed international.

‘Typing Phages and Strains

The pfinciple of Craigie and Ian forms the basis of staphylococ-
cus typing. All the typing phages are mili phages capable of producing
a lysogenic state 1n cocci under certain conditions. The typing phagés
qo qot lysg coggulgtion-negative coccl. Part of the phages of Wilson

and Atkinson (1945) anu phages added by other authors in different

countries are used in the system. The phages are classified on the
basis of their serological characteristics into U4 autonomous groups:
A, B, F and L (Table 13). More than half the phages were isolated from
lysogenic cultures by the method of Fisk and were desighated by the
number of the culture (for example, phage 52). The others were obtain-
ed via adaptation of the first phages to resiétant cultures and desig-

nated by the number of the original phage and a letter (for example,
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age 52A). It must be pointed out that passing a mild phage through
sistant cultures did not by any means alwaysgresult in frue adépté;
on. Some phages'are descendants of mild phagég of the staphylococci,‘

" which the original phage was nrol;ferated. ihis is why, for example,
e typing phages U42E, 42D, 42B and L2c, deriv%d from phage 42, proved
belong to three different'serological group%: A, F and B. It was

und under the electron microscope that phages which belong to the

me serolégical group, are morphologically similar but differ in size
su Chih-Tung, 1960).

TABLE 13

+ Scheme fok;'Phage Typing of Pathogenic
Staphylocbcci (Blair and Williams, 1961)

B Tinoave darn
. Seunf
Towe | ot o | e e D
. WT3INN0S
Al s e | A | s
| - 129.52,79,| — -— -— -
S2A., 80
11 3A 528 55,71 - - -— -
m 6.7,42E 53 7 — | 42B, 73, 578
4554, 4iC,
75
Herpya- .
anpyevue .
_mgzmu E 81 -— - 187 78 60

{
A) Typingﬂgroups of strains; B) Typing pha-
ges; C) basic series of typing phages (21
phages); D) supplementary series of typing
phages (6 phages); E) lingroupable strains.

Two serles, a basic and a supplementary series, altogether 27
ages, are used. The phages are used in criticgl test dilhtion (KTR).
11s 1s one of the tenfold dilutions which Lysé with semicdnfluent
'sis (in the form of "sponges") the homologous strain, i.e., the
.rain, on which the given typing phage wes prdliferated. This usually
11lows the dilution whitch gives confluent lysfsQ

The overwhe.iming majority of staphylococcgs phages are not speci-
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fic, owing to which strains can be censitive tovseveralltyping phages
at the same time. The forms of reaction of different cultures with
phages are so numerous that the isolation of‘phagotypes similar to
those of typhoid and paratyphoid bacteria 1s practically impossible.
Typing consists in determination of the form of reaction of the
staphylococcus with a limited group of mild pahges. The term "phago-
type," as épplied to staphylococcus,. designates a strain which reacts
“'in a constant manner with one or several typing phages. There are pha-
ges which norma;}y lyse cultures in combinat;on with other phaggs.'For

example, the phage 52 lyses staphylococcl mainly in combination with

" the phages 29 and 52A. "This enabled U4 groups "to be isolated among

staphylococcus phages and strains (sze Table 13). The phages 29, 52 and
52A make up group I, phage 3C the group II, phages 6 and 47 the group
III and phage 42D group IV. Under the heading "nongroupable" in Table
-13, the cultures which are dissolved mainly by phages 81, 187 and séme.
others are shown separately. - '

From 1 to 10% of all cultures are lysed simultaneously‘by the
‘phages of group I and III. The number of such strains increasés if con-'
centrated phages are used (see further on) Vogelsang and Haaland |
‘(1959) observed such reactions in 11.2% of the staphylococci, isolated
from the upper respiratory pathways of hospital personnel. Pdhn (1957)

proposed that the hidden cause of the appearance of these strains is

the insufficient group specificity of individual phages of group III.
In particular, more than haif the staphylococcl of group I interacted
‘1n.the inveétigations of this author with one phage of group III (73)
and more than 1/4 with three (7, 42A, 75). Pdhn proposed that the hid-
den cause of the appearance of these strains is the insufficient group
specificity of individual phages of group III. In particular, more than
half the staphylococcl of group I interacted in the investigations of
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ais author with one phage of group III (73) and more than 1/4 with
aree (7, 42A, 75). Pdhn proposed that lyéié of the culture by these
hages of group III éhould not be taker into account and that it should
e ascribed to group'I. A culture which is sensitive only to these
hages should be related to group III Qith reservation. Vogelsang and

aaland (1959) confirmed only the data with respect to phage 73. This

as later excluded from the Basic‘seriesu N

The list of typing phages continues to be augmentéd fo thIS'day'
‘Wallmark and Finland, 196la). | | o
-G.N. Chistovich in the USSR (1960) proposed his own scheme tor- r-;f-—#au;m~
yping staphylococcus. Of 30 lysogenic strains of pathogenic staphylo- -
occus he 1isolated L6 races of phages. The phages were divided into
..he 4 groups A, B, V and G on the basis of thelr activity on 20 indica-
| or test strains. The test strains were correspondiﬁgly divided into
he same number of groups, each of which included several phagotypes.
6 phages proved to 5e suitable for typing. This range was successful-
y used for differentiation 6f pathogenic staﬁhylococci (G.N. Chisto;
ich, M.I. Riviin and D.N. Bocharova, 1961, 1962). The group G produced'
- neumonia in most cases, the group B intestlnal injury ahd,suppurating
rocesses (V.A. Khrushcheva and F.M. Teytel'baum, 1961). A number of |
_he phages of G.N. Chistovich are identical with _the international . || " .

hages, others are rot identical with them. The phages of G.N. Chisto-
ich help to describe the results of typing with standard phages in

. reater detail (G.N. Chistovich, and others, 1962).
"ethod -

For typing staphylococci in accordance with the international meth-
d, the laboratory should dispose of the basic and additional series of
yping phages and standard phagotypes. Phage typlng of staephylococci 1s
arried out on the media used for coliform bacteria. It 1is useful to
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~ add to the’brdth and agar (1.2%) 0.004 M ceiclum chloride prior to

sterilization which promotes the development of a higher phage titer
by activating the adsorption on the cocci (particularly in pha?eu of
the serological group B (Rountree, 1955, White and others, 1959). The
calcium chloride 1s prepared in the férm of 1 M solution in distllled

water. The solution 1s sterilized 1i-. the autoclave. Some authors recom-

ment the addition of 0.1-0.2% glucose or dextrose to the broth and

CBEAT.

Production of phages on'dry medium._Néarly all phages'proliferate

on phagotypes with 1dentica1 number; the phages 52A and 79 are prepared

on the phagotype 52A/79, the phages hQB and 47C on the type 42B/47C,
the phage 75 on the type 75/76. The reaction of the breeding strains

~with the typing phages in KTR and 1000 KTR should correspond to those

indicated in Table 15. If a single strong (++) reaction with the phége

in 1000 KTR appears or disappears, the breeding strain is replaced. The

~ dishes are filled with 1.3% nutrient agar in a layer with a height of

5 mm.'6-7 drops cf .a 4-5 hours old broth culture of staphylococcus are

‘then carefully spread over the agar. The homolbgoﬁs‘phage is applied

on top of the culture layer in a dilution which has been calculated in
advance to give confluent lysis with the given quantity of culture af-
ter overnight incubation in the thermostat at 30°. This dilgtibn should

~ be more concéntrated than the critical test dilution. A dilution is .

normally used corresponding to 10-100-fold concentration of the criti-
cal test dilution. A good growth of staphylococcus should be present“
in the control field after 24 hrs. If spontaneous lysis of the culture
takes place, the dishes are d:~carded because the "spontaneoué" phage

can contaminate the typing phage. The phages normally at.iin their

highest titer, when the field of confluent lysis-is covered with a fine

bloom of secondary growth. If the surface of the field is shiny, the




‘1age titer 1s lower. It 1s possible thét in the latter case an exces-
ive quantity of the phage dissolves nearly all the cocci immediately
ter the beglinning of incubation. Owing to lack of substiate the num-
:r of subsequent phage generations 1s limited.

For the purpose of extfacting the phage; the dishes are frozen at
20° for 24 hrs énd at —60° or in solid carbon dioxide for 1-2 hrs.
iring the subsequent thawing the agar is broken and the phage enters
1to the liquid which 1s sucked out. The agar canraisoﬂbe ehulsified in
 roth'(5 a1 per dish). After being kebt for 24 hrs at 4°, and centri-
| iging at 300 rpm for 20-30 min the phage-éontéining broth is separa-
ad”from the agar. | |

Method of semiliquid agar. The phage and culture are mixed into

-7 ml of 0.5% agar in such quantity that 2.5 x 107 cocci and one KTR

e the phage are present in 1 ml of agar. The mixture is poured on top

> a lyer of 1.5% agar. The dishes are placed info the thefmostat ovef-
lght at a temperatufe of 30° (or 37/). The Semiliquid agar 1s.then
ished off with 6-10 ml of broth, and cen@rifuged 10-20 min at 3000 rpm{
1e supernatant 1iquid is sucked out. '

Preparation of phages in liquid mediunm. (Anderson; Williams, 1956;

srster, Knight, 1959). The phages are immediately prepared in'the nec-
ssary reserve volume. The optimum ratio of4phage and cﬁlture is deter-
" ined beforehand empirically. For staphylococcus phages and strains it
-3 normally such that frpm ten to one tenth of the critical teét dilu-
lon of the typing phage 1s consumed by a day-old broth culture of
taphylococci, diluted 100 fold in the volume of the médium. The mixture
5 incubated for 6 brs at 30°. The phage thus produced is filtered.

Decontamination of phages. The phage is freed of the staphylococ-

1 by centrifuging and subsequent filtering through foam glass (5/3),
srcelalrn or membrane filters. Flltering does not lower the concentra-
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tion of phages with high titer but weakens phages with a titer under

'1:100 and ‘renders them unsujitable for typing.

It is undesirable to heat

the phages to 58° because they are thermolabile and are killed before

all the stap

mol is also

some staphyl

Determination of the critical test dilutions of phages.

hylccocei have dled off. Sterilizatibn of phages with thy-
not applicablé~because the leatter inhibits the growth of
ococcus strains even in low residual concentrations.

The sta-

phylococcus

but in any gase not less than 10'3. On each newlyrproduced phage £11-

trate, the t

. b - 4
phages should have a critical test dilution of 10 -10 6 ,

#

iter is determined on the homologous strain (breeder strain)

and on 16 standard test strains. The phages are first diluted tenfold

énd titrated

‘against the homologous strain on 1;2% nutrient agar, in-

oculated with the gason from 4-5 hr old broth culture. 1he dishes are

incubated overnight at 30°. The KTR is determined the next day. As pre-

" viously mentioned, this is the dilution in which the phage lyses the

. ] . .
homologous strain with semi-confluent lysis (1n the form of "sponge").

The activityiof the filtrates 1s then checked on 16 test strains. Pha-

ges with a KTR of 10

-4 and less are tested undiluted, phages with

large KTR ark diluted 10-100 times in order to exclude inhibition re-

actions. The;filtrates are then titrated on all sensitive strains. The

results are

designated as indicated in the standard Table 16. The dilu-

tion which gives the least strong reaction (++) on the test strain is

compared wit% the dilution which gives approximately the same reaction

on a homologFus stfain. If these two dilutions coincide, the reaétion

is designateb oy the number 5. If a 10-102 times higher phage concen-

tration is rrquired for the appearance of such a reaction on the test

strain than

on the homeclogous strain, the reaction is deSignated by

the figure U4; if the required phage concentration is 103-101'l times .

stronger, by the figure 2. The figure 1 designates very weak reactlons,
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the symbol C/2 inconstant and the symbol O inhitbtition reactions.

TASLE 14

Characteristics of Typing Phages (Blair,
Williams, 1961)

flrevm. L]
@ar uio.m-n. :C D Yrorun monraTosae ;E
A F LT s . .:;qgtl *’-
»
§ G 53‘ s Cs In-u ;‘2‘: ’3 M
3¢ 2a 0;,;:. » é! oAy veuns :;- i- s
F-3 & » 'S FELH
ik 3 §33(r2| 4
29 | 8413 29 [ 833 B | Abcomarnan; Noayans- lxlO‘L& 18
J 3unfi arap
52 Ja01 52 8307, B| 1, To weq |1%104/30) 18
527 ] 8420,%2470) 8363, B » » » 1x1ef 37! 18
79 18200, 32A79] 8363 B » S 1104271 18
80 |9788] 60 | 978i B ’ s 1104371 18
3A | 84 3A | 8319 A | Yactuwnan | Moaymna-3{1x 10437} 18
. 2 & b arap
Pyan Gyanon 6
3B | 8410 3B | 8321} A » To xe |1 104371848
3C | 8411 3C' |8 A » » 1 104 37 [1848
55 | 8420 85 [ 8358 B | ASco.moruan By.uouﬁ 110871 6
7N j936 T |95 3 & » » 1%109 57] 6
6 [ 8103 6 |8509 A | Qactwuman | MNoavaua-3[1x 104 3718
2 | xnd_srap
uan Gy ason -]
7 184041 7 | 8510 A » Byasong {1 10% 371 6
42E ] 8418 42E) 8357 A » » Ix10837] 6
4?7 |8 47 | 828 A » Moayxna-31 x 104 37 (18
. xui arap
53 83 [8511] B Ly gconornan Bymoun 5|1 % 10437 6
54 | 84120 54 | 8329] A | Yacrwunan » 1108371 8
75 | 8427175776 | 8384 A > > |1x10437] 6
77 | 828 77 F > » _[1x10%37] 8
42D [10032) 42D 110033 F » no.?mug 1x10% 3718
xuft arap
81 j9716f 8 9717 A » Byason nan il x108 371 6
DoAY XRA-
xufl ll'lp7 18
187 9753{ 187 | 9754{ L f&o.mmn Mooy xxa-., [2x10% 30118
‘ t Xt ars
42B | 8419 [428,47C1 8355 | A | Yacruunas | Moayana3 |1 x 10937118
x} 4 xuit srap
47C 18421 [20147C1 8385 A | AGcomotmas’  To me L |1 10937118
52B 19304, 52B j9303| B 1 °? » 1 %108 37|18
69 18398] 69 {8397 B ’ » 11083718
73 |8430] 73 A | Yacrweman | Bymon6 5x10437] &
- 78 |9314] 78 93] A | o » Byavon wan l x 103371 8
- ROAY MNA-
xnft arap 18

*Data of the Central Staphylococcus Laboratory.

**the phage 73 1is resistant to heating to 50° for 60 min and is ster: .-

ized by this method.

A) Phage; B; breeder strain; C) serological group of phage; D) Ca cc -

sumption; E) conditions of preparation; F) designation of phage; G)
ber of rhage; H) phagotype; I) method of production*; K) optimum coi
centration of phage per mi; L) temperature (°C); M) incubation time
(hrc). 1; Absolute; 2) partial; 3) semiliquid agar; 4) the same; 5)
broth; 6) broth; 75 broth or semiliquid agar.
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TABLE 15

Reactions of the Standard Phagotypes and
Test Strains (Blair and Williams, 1961)

+ = 20-50 plaques

over 50 plaques
® = inhibition reaction (only with concen-
trated phages)

°;:',°A 'LE?’ o XTP 100xKTP o
: 29 | 8331 | 294+ 294 +-52°52A°79°80°
‘ . 52 | 8507 | 524 +52A 4804 52+ +52A+ 4-79°80+ 4
82a/79] 8363 | $2A4- 47944 52-4++52A+ 4794+ 80+ 4-
80 | 9789 | 804+ +8144 29°52+:52A 804+ 81 4+ +
3A | 8319 | 3A+ 4554714+ 3A7-{-_¢-38:i-+3c++55++ o
o 3B | 8321 38#&1«:4—”?55??"” é)\74l-$ié’l?¥“3é¥¥534§4
ac |83z 3B7T$ic++55++ 3A7Tf.f.8++3c++55++
' 55 | 8358 387-;-Iic++55++ 3A7T$—?-B++3c++55++
i 7 | 9315 | 3C4+ 455+ 471+ 4 3C+ 455447144 :
S S 6 | 8509 | 6++7++42E 474+ | 6447+ H42EF AT+
STASEISEE | SISt IS 1T+
i : L8] 4
: 7 | 8510 | 64++7++42E 247+ 4 | 64474 L42E 444744
i 53++54++ 53++54++75++77++
' 754+ +774+ 181+ 814+
s 42E | 8357 | 42E4- 481+ : 42E+ 453+ 481+ 4
! 47 | 8325 | 4744534+4754++ 29+ 4 52+52A+794++
T4+ 804 474 +47+ 4 53+ +
5444754477+ 4
] 53 | 8N %ﬁi?++m++ 53+ +54++75++774-+
54 | 8329 | 7-- 447445344544+ | 794-3B474 +42E 4+ 47+ +
; 79 +774+-+81 & 3?115”*’5**"**
75076 | 8354 | 53+ +754++774++ 7974;:«1'7_"53++54°77++
/ 77 | 8356 | 774+ ‘ 8047+ +534++54°77++
L 420 10033 | 420++ 204+
81 | 9717 | 80448144 5280+ +42E£81 4+ +
187 | 9754 | 1874+ 4 1874+
eI 8355 | 81 ' 524 +794-804-7+42E -+
A o DN i <. =<2 <)
. 4 57"
EHTTH+81x 54754+ 77+ +81 4 4+52°
69 | 8397 | wernmupyromnhes 52 . )
73 | 8360 | 3CH++6F+7++ ||, | 20°52°52A°794-+80°3B 4+
Sl el tan il - e
C (|| 7s++m7+4814+
v - - : {
78 | 9313 | nernmupyowniics ,al 5444
$2C | 8353 | aCxilx 20434+ 43B+4+3C++
s
: 4 +
2009 [10019 | 52
8719 (10017 7ﬂii §%$ﬁ$if+
~~ %+ = less than 20 plaques

A) Phagotype; B) number of strain; C) KTR. a) Non-
typable. .




TABLE 16
Lytic Spectrum of Typing Phages (Blair and Williams, 1961)
rer. | oww B
"""'“Aus:sz.\nnu;nx:ﬁsno1mausa.’»nnmxu 7428 47C 5B & M
29 50 000 . . . .. 3
52 05 404 . . . o 3 .
mano .3 553 .. . . A
- S IS N RN BN . 1 2 . 5 .10 0 . . 3.
zmg S .o e . . 0 0 4 3 .
3A 1L 111834441 10 1 1 . 110 (N O I A
a8 C o . . 355858 . . . A b e
1 I I T .. . 588 . . N N B .
87'9 . . . . . . o'. » 5 . . . . L . . N . .
.4 |20 000334024 .0 32 3 3 20 . 3.}|2 . ot N
4%E 00 000 ., . ... 80 3 2 . L0123 2 1 .3
7 33 333 .. 22 5 5 3 5 65 . 0 2 4 5 1 2.
53 e e . .00 .0 5 4 85 5 . 1. . o .
54 1 2 .222 .5 3855 5 85 5 . 3.|4 4 21 43
75 21 .22...0 1 04 0 5 5 .. . 1o .
i 2. .....0 . 240 . 8 4 1 0

Note: The breeder strains were not included in the Table because all
reactions on them can be designated by the figure 5.

A) Test strains; B) phages.

Phages with a lytic spectrum similér to the standard are suitable
for typing. | | | | | |
Storage of.phages. Undiluted staphylococcus 1ysates are best kept'

dried in the vacuum refrigerator without addition of éerg. The liquid
_phages are stored at 4° up to 3 years. A tendency to a decrease in the .. .. .
‘titer 1s observed in some preparaﬁions after 6 monthé étdfage. At L°
the critical test dilution of the phages retainé its activity for sev-
eral weeks. In order to obtain reliable typing reSulté,‘the effeétiVe~
ness »f the phages retains 1its activity fo: several weeks. In brder to(
obtain reliable typing results, the effectiveness of the ériticdl test
dilution must be determined once a week on standard homologous sﬁrains.
A critical test dilution whi:h does nct developvlysis.in the form of a
"sponge" 1is replaced by a new one. If the titer 1s reduced by more

than one dilution, new phage must be prepared.
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gypihg technique. The basic methods of typing staphylococcl are

- similar to those used for the phage typing of typhold bacteria. Let us
merely point out the differences. The strain to be tested 1u grown in
broth at 37° for 4-5 hrs. The dishes with agar are slightly dried at
37° for 2-6 hrs. Oswald and Reedy (1954) recommend covering the Petri’
dishes with porous porcelain 1ids and to let them stand overnight for
drying at room temperature. ’

_ The strain is first typed with the basic series of phages (21
phages) -in critical test dilution or in 10 folc greater concentratibha
than that of the critiéal test dilution. The inocuiation of the dishes
(0.2 ml of culture) and the technique of ihoculating with phage, see
in the seétion "Phage typing of typhoid bacteria." The cultures are .
gtown 18 hrs at 30°. The typing resﬁlts are then summed up. The results
can also be observed affer 48 hrs. Slight variations in the typing

technique do not distort thé results to any great extent (Williams and
‘Rippon, 1952), If nécéssary, an 18-hr old culture can be typed (in-

stead of a 45 hr culture); *he dishes must be inoculated with 4.5

drops of culture with subsequent rubbing.with a spatula instead of

pouring on and removing_the excess culture; the disheé with the’cultufe‘
‘are'dried<opén for 1-2 hrs and incubated 5-6 hrs at 37°, then overnight
_.at room temperature. Growing at 37°.all night leads to copious- second--w%-~»
ary growth which distorts the typing results. ,-

The following symbols are conventionally used for recordihg the
resultss ' | | |

1) + weak lysis (less than 20 plaques);

2) + medium iysis (from 20 to 50 piaques);

3) ++ strong lysis (over 50 plaques and also semiconfluent lysis
having the form oan "sponge," confluent with secondary growth and con-
fluent lysis without Secondary growth).
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According to the international nomenclature the phagotype of the
3taphylococcus is conVentionally designated by tne names’of the phages
vhich form over 50 plaques on it in critical test dilutionﬂ— strong
lysis. Thus, the staphylococcus which.is'lysed by the phages 3B, 3C
and 55, has the designation 3B/3C/55. The 1list of phages 1s often con-

~cluded with a plus sign (for example 6/7/h7/53/54/75+) This indicates
 that the culture can be lysed by t+ or + phages which are not included o
in its designation (Fig. 3). -

However, a neglecting of average and weak reactions can sometimes ‘
lead to a seeming difference in the phage characteristics of strains, -
obtained in the same focus. The intensity of lysis can fluctuate as
a result of variations in typing technique or in the biology of the
phages and cultures. As a result, the strains are given difference cnar-
acteristics, i.e., they are described as different phagotypes. In or- |
der to avoid this, Williams and Rippon (1952) recommend as far as pos-‘
sible to type a11 epidemiologically related strains on the same oay
and that the entrles in the recording Journal should correspond to the‘”
designation of cultures in a Table, where not only strong, but also
medium and weak reactions are given. If typing is carried out on dif-
‘ferent days, 1t 1s useful to include 1-2 strains from the first ceries
as standards. Differences by one strong reaction are normally not taken
into account and such strains are classified as being identical. Two
cultures are considered to be differant phagotypes if they differ by at
least two strong reactions, the phages, which give these strong reac-'
tions on one of the cultures, not giving weak or medium reactions on

 the other strain. In the opposite case, the cultures are considered to
be identical phagotypes (see Table 17). Taking into account the wide
distribution of plasmacoagulating staphylococci,'itfis useful to type
several strains from the same object. .' '
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TABLE 17

Recording and Evaluation of the Forms of
Reaction (Blair, Williams, 1961)

A : _ Pracunu ¢ Paraun B D
!E s |2 |w]loln|u|nin J:ﬁgﬂﬂ Ouewns
] < . ' '
| WER RSR FS U YOS TS 6/7]17/53/34/75+
2 -+ ii ++[++ ii 6/17/33/54/ 15+ Ozun
3144+ x| [+++++H+] £ | ] 6/47/33/544 $arotun
4 x| [+ =] 2 6/47/33/+ E
Oranus- :
5 |+4 44 44| €/53/77 0Tes or S
¢ 44+ +4-14-4-] 47753/75)7T7 wWraMMos ' o
7 [++++ 8077 I—4n 1 - |
OANR OT ; :
Apyroro ' 7

A) Number of strains; B) reaction with phages; C) recording of the form
- of -reaction; D) evaluation; E) single phagotype; F) differ from the :
strains 1-4 and from each other. : ~

N

By means of the basic phages in critical test dilution it is nor-

e

.ﬁally possible to classify 50-60% of étaphylococci from patients with
various forms of mastitis, suppurating diéeases, from wounds, from vo-
mit and food ih cases of food poisoning, and from the pharynx and‘nose‘
of healthy persons. » |

If a culture 1s not lysed by any of the phages in the basis‘ser-
les, typing is repeated with more concentrated preparations. Phages are
nofmally used in concentraticns 100 and even 1000 times greater than

their critical test dilution. Only the strong reactions are takeh into

'MTééﬁéﬁﬁ%miﬁﬂiﬁéw;ééB;Eiﬁgﬂsfw;ésulgéjwb;£gimk19585:i5y using.théﬁéggve_
indicated mefhod, differentiated up to 75% of the test straihs of'sfaphy- 
lococcug aureus. Pdhn (1957) up to 82.3%, MaclLean (1956) up to 90%.

A deficlency of the above-indicated method is tﬁe honspecific ly=-
sis of'staphylococci, which takes place as a result of the adsorption
of certain concentrated phages. Alternatively this 1s termed the inhi-
bition phenomenon. It 1s also often manifested in the form of confluent
lysfs (Fig. 4). Such an inhibitory effect of the phage is differentia-
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-1g. 3. Forms of reaction of different ph otypes of staphylococci with :
ing phages in critical test dilution. L sis with phage 52A(++);
lysis with the phages 3A 3B and 3c(++) lysis with phages 6, 7,

7, 53, 70(+++) and phage 4 é+ (center of the third row) (according

(o} Anderson and Williams, 195

ig. 4. Inhibitory effect of concentrated staphylococcus phages (acc.
o Williams and Rippon, 1952) ; .

ed from specific lysis with reproduction by festing the activitiee of
" he following phage dilutions. The formation of isolated steriie spots
n tﬁe culture confirms the specific nature of lysislbecause plaques
"re not formed in presence of an inhibitory effcct. The inhibitory ef-
'ect 1s not taken into account in the analysis of the results and 1is
esignated by the symbol "O". _ . }

The perceotage of differentiated cultures can also be increased
'y parallel typing of several colonies of the same strain. Phn (1957),
or example, was able to determire the type by this method in 17.2% of
nitially nontypable straios ahd in 2.2% of "atypical" cultures, which

~ave lysis with the typing phages.
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Anderson and Wllliams (1956) proposed a second series of phagés
fof the differentiation of cﬁltures which cannot be determined with the
first phage series. The series consisted of 21 phages which were first
used in a mixture of several phages of the same serotype. The number of
phagés of the supplementary séries has now been reduced to 6. Thse are
the phages 42B, 73, 47C, 78, 52B, 69 (Blair, Williams, 1961). Finélly,
it 1s recommgnded to produce new phages fér the cultures which cannot
_ be classified with the international phages. Two methods can be employ-
ed.

Adaptation of one of ‘the typing phages. Petri dishes are seeded

--with-the gason of the test strain and slightly dried. Drops of undilu-."”
ted typing phages are applied to the gason and after their adsorption
.placed into the thermostat (30°) overnight. The sterlle spots detected
6nvthe following day are 1ifted from the underlying culture and agar,
added to 1 ml of broth and subjected to further passéges. The range of 
lytic action, the serological'propertie;,_etc. are studied on the new
‘phage.‘ | .

As previously indicated, the adaptation of staphylococcus phages
includes not only a true change of thé phage particles under the influ-
ence of a new host strain, but in a number of cases also an element of

selection of the typing phage from the mixture. In any phage reproduci-

.ble on a,lysogénic,strain,-mild phages of the host strain may get in -

which are sometimes capable of developing on the new strain. The phage
42Cc (Rauntree, 1949a), for example, was obtained by this method.

Isolation of new mild phages from lysogenic cultures: a) a 2-4

hour old culture of several previously known lysogenic strains 1is cen-
trifuged at 3000 rpm for 10-20 minutes. The.supernatant i1s sucked off
and applied dropwise to the test strain, seeded with gason in Petri
dishes (2-4 hr old broth culture). Following overnight incubatiohAat
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/
30°, a sterile spot with the surrbuﬁding culture is tiansferr=d into
1 ml of broth and repeatedly passed through the test culture until a
phage with sufficiently high titer 1is obtalned. ‘
b) 0.5 ml of 3-6 hr old broth culture is poured into a Petri dish
and irradiated with ultraviolet in a dose of 4-5 erg for 30-90 seccnds
with slight shaking (Corill, Gray, 1956). The irradiated culture is een-‘

trifuged 20 NO min at 3000 rpm. The supernatant is tested on the gason -

" of the indicator strain for the presence of phage, as 1ndicated in
point: " a". ' ' ‘

Phagotype 80/81 and Rapid Methods of Its Detection . ... .

Staphylococecl are normally lysed immediately by several typing V
phages. An exception from this rule is the phagotype 80 (or 80/81)
~Strains of this phagotype were first isolated ln Austrelievduring a
large epidemic in one of the hospitals (Rauntree; Freeman,‘1955).'These |
were resistant to all the typing phages of Williams and Rippen; Cnly , |
phage 52 and 52A prbduced on them a small number of sterile spots. By
adaptation of phage 52A to the resistant cultures a new phage - 80 -
uas obtained. On the basils of its serological propertiee 1t was inclu-
ded.iu group B. It 1is possible that thls phege is a virulent hutautiof

(Comtois, 1960).

o : , Ry
phage 524 because‘it is not capable of lysogenizing a culture of 8o '
ifhe strains of staphylococcus, which ars lysed by the

B-phages 52 and 52A, always interact with phage 80. Bynoe and others
(1956) isclated a similar strain in Canada and adapted thevé‘phage
(L2B) to it. The new phage was given the designation-Bl.‘It'was also

- virulent. The Australian phagotype 80 was lysed very‘etrongly by phage
81 and, conversely, the Canadian phagotype 81 by phage 80. This confirm-
ed the identity of the types 80 and 81 and Rauntree}proposed to term

- them 80/81. Some researchers continun to term the phagotype 80/81 type
80 if the typing phage 81 is absent in their diagnostic series.
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Strains have been detected in Australia in recent years which in-
teract either with phage 80 or 81, but these are rarely encountered
(Rauntree, 1959). Hence, the phagotypes 80, 81 and 80/81, unless speci-
ally stipulated, will be considered in the following to be identical.

The type 80/81 causes enormously frequent staphylococcus infec-
tions in hospitals and maternity homes, and was thus termed "epidemic"
or "hospital" type (see further on).

The wide distribution of the phagotype 80/81 makes rapid methods

” pf its detection useful.

White (1961) proposed to use for this purpose the specific sensi-
tivity of the type 80/81 to the phage 81. The method enables the pre-

sence of the phagotype in a smear from the nasopharynx or a wound of

‘the patient to be determined within 24 hrs from the beginning of the in-

vestigation. The smear is taken with a cotton wool swab, which has been
dipped into broth contdining additional calcium (0.004 M), placed in-
to 3 ml of broth and shaken for 5 minutes. The smear is then diluted
tenfold in the same broth and in thé lysate of phage 81 (critical test
dilution 10'6). 0.1 ml of each dilution is seeded on the surface of nu-
trient agar aqdrgrown overnight at 37°. If staphylococci are observed
only at the points where the broth dilution of the smear had been ap-
plied, the test is considered to be positive and the strain is consid-
ered to belong to phagotype 80/81; if the staphylococci are also found
in the lysate of phage 81 and in the broth, the test is considered to
be negative. In this case the colonies are numbered and tested for
their capacity to produce coagulase and for their sensitivity to the
typing phages. |

By the above-described method the‘author has typed cultures from
the noses of 100 patients. Staphylococci were found in 30 patients,
the phagotype 80/81 being present in 17 patients. In this last case the
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staphylococcl were ébsent~1n tﬁe phagolysate 81, but in tne broth ilhere
were 600 to 4,320,000 colonies of the type 80/81. Other types (I, 11,
and‘III group) were isolated from 13 patients, the staphylococe! beling
present in both samples. The value of the method has also dbeen demon-
strated in the typing of staphylococci from woundsQ

Another rapid method ("test tube assay") was worked out by Ashe-
show (1961). The method is based on the reaction of increasing phage
titer, proposed by V.D. Timakov and D-M. Gol'dfard (1955; 1956) for
the tracing of typhoid, dysentery, etc. bacteria. In principle the
‘method is based on the fact that the highly speéifig indicator phage

proliferates in presence of the homologous bactéfia.wThé 1ﬁcféé;érin ‘ i
the phage titer attests to the presence of such bacteria in the sub-
strate under investigation.

Asﬁeshow uses phage 80 as indicator phage. 3 test tubes containing

2 ml of nutrient broth each, with 0.08 ml of sterile 1% CaCl, solution
added, are taken for the test. The smear from the test object is sus-
pended in the first test tube (test) and 0.1 ml of phage 80 1is added
from a solution, containing 105 particles per ml. The standard strain
type 80/81 and 0.1 ml of phage 80 are introduced into the second test
tube (positive control). Into the last test tube (negative control) on-
'ly 0.1 ml of phage is plaéed. All 3 test tubes are incubated for 5-7
‘hrs at 37°. 0.02 ml fromleach 1s then transferred to meat-peptone agar,
inoculated with the indicator mixture: a 4-6 hr broth culture of ter-
ramycin-resistant strain 80/81, to which terramycin (100 units per ml
of culture) had been added immediately before the tesf. The antibiotic
inhibits the growth of the incidental microflora and makes the lysis
pattern clearer. The dishes are incubated 4-5 hrs at 37°, after which
the resrlts are determined. If the result 1s negative, the procedure
is repeated after the test tubes have been kept in the thermostat over-
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night.

The results are considered to be negative if the number of phage
particlesin the experimental test tube is not greater thag/in the nega-
tive contrcl, and positive if the sample from the experimental tect
tube gives confluent lysis. If the lysis 1s not confluent, but the num-
ber of particles in the experimental test tube 1is slightly higher than
the initial, the results are considered to be doubtful. In all cases it
is necessary, after having obtained a tentative result, to carry out t
the typing of puré'staphylocbccus cultures in order to make a final
diagnosis.

286 smears'frah the.noses.of_personnel and from septic wounds
were investigated by the abcve-described method. Staphylococci were
found in more than half the obJeéts. In 75% of the positive tests, the
étaphylococci were resistant to phage 8C. In 17 tests, the phagotype
80 was detected, being accompanied in_allvthese cases by a pbsitive
reaction of increase in phage titer.

- Both these rapid methods have the same disadvantage — their appli-
cation 1s limited to a single phagotype. Besides, strains exist (which
dre very frequently encountéredf which are lysed by phage 81 (or 80)
in combination with other strains. Such cultures will first be erron-

" eously ascribed to the phagotype 80/81. As this will be clear from the

.following, 1t 1s true that some of them (52/524/80/81) have a great
affinity with the type 30/81. ‘

Stability and Variability of Phagotypes

The forms of reaction of staphylococci with phage preparations are
~fairly stable: differenf clones of the same strain and numerous subcul-
tures passed invvitro and in vivo retain their primary nature of phage
sensitivity unchanged (Blair, Carr, 1953; Williams, 1957, and others).
In 6-11% of cultures from patients and the environment the authors iso-
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ted staphylococcl of a different phagotype than 1-2 days previously.
is may account, but not in all cases, for the reinfections with sucl
. unusually widespread microorganism, as the plasmacoagulating staphy
coccus aureus. Sometimes the researchers encounter a true variabilit
' the phage réactions of staphylococcus. Different clones of the same
iagotype may lose or acquire new reactions with phages. Williams and
ppon (1952) also observed such changes in vivioc. The authors could

1t determine whether these depended on the composiﬁion of the medium
ied for typing or whether a true variability of the culture existed

1 this case. They are inclined to think that variaﬁions‘of this kind

- »not yet imply an evolution of the phagotype.

The difficulty in the study of the variability of staphylococcus

1agotypes in the organism is due to the necessity of constant differe

.ation of these phagotypes from reinfection~. Nonetheless, fairly con
.ncihg indications have now been presented concerning the variability
' phagotypes within the limits of their groups. This concerns primari
r the phagotypes 80, 81, 80/81, 52/52A/80 and 52/52A/80/81.

The phagotypes 80/81 and 52/52A/80/81 are often isolated together
ws, Asheshow and Rippon (1559) during a long-lasting epidemic of sta
1ylococcus infectlions, caused by the phagotype 80/81, very often, par
.cularly towards the end of the epidemic, detected the phagotype 52/

_ 2A/80/81. Milch and cthers; Rauntree (1959), Comtois (1960) and

shers reported similar findings.

As previously mentioned, the "classic" phagotype 80/81 interacts
11y with the phages 80 and 81 and it 1is thus comprehensible that cul-
ires 52/52A/80/81 are in practice interpretated as a different phago-
rpe. However, the frequent coexistence of these two phagotypes compel:
3 to assume a ciose relationship between them and the possibility of
transformation of one into the other. This hypothesis has been con-
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" with the typing phages depends{on ‘the ﬁecﬁiiarities o
-carrled by it. Thus, the typin

firmed in experiments of Rauntree (1959), Asheshow ar
and others. Because these facts are clocely connected
enon of phagotype
section.

Phagotype Specificity

Staphylococci may contain mild phages of all the

““F, L) ‘which make up the series of typing preparations

hensible because all typing phages were isolated from

tures of staphylococci. The form'of the reaction of t

‘A-phage 47 can impart
phatotype 47 resistance to A-phages L7, h?B and 47C d
tion (Lowbury, Hood, 1953). The phage A from a cultur
impArted to the staph&lococci 80/81 resistance to the
transforming them into the phagotype 52/52A/80 (Ashes

1952).

specificity,‘they will be discussed

d Rippon (1959)
with tﬁe phenom.
in the followin

serotypes (A,‘B,
. This is compre.
lysogenic cul- |
he Staphylococcus
f the prophages
to'the standard
urihg lysogenisa-
e of 52/52A/80/81‘
A-Phage 81,

how and Rippen,

The phage B from the phagotype 81 can impart to the staphylococ
ci 52/52A/80 and 80/81 a resistance to the B-phages 52, 52A and 80,

transforming both cultures into the phagotype 81 (seneitive only to

A-phage 81) (Rauntree, 1959). l‘

In all the above-presented experiments there are

tynical phenomen

“of immunity of a culture to phages which are Sefologicaliy reiéted to

the prophage: lyscgenisation with phage A gives immunity‘to}A—phages,

the ‘B-phages impart resistance to B-phages, etc.

It was found in the experiments of the same auth

rs that this phe

nomenon is not universal. Following lysogenisation with the.typing A~

phage 7, the standard typing strain 7 acquired not oniy resistance to

A-phages (7, 47, u7C, 47B, 72, 75A), but also to the B—phage 76 (Low-

bury and Hood, 1953).

The phage F from the phagotype 52/52A/80 imparrec»

resistance to the A-phage 81 to the phagotype 80/81. Staphylococci wit}
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such properties were isolated from carriers: in 6 cultures of phago-
type 80, resistant to the A-phage 81, the phage F was detected (Ashe-
show and Rippon, 1959). Finally, the phage B from phagotype 81 impartec
resistance not only to B-phages (52, 52A and 80) but also to the A-phag
47C to a culture of 47C/52/52A/80/81 and transformed it into the type
81 (Rauntree, 1959). Hence, resistance to A-phages can be crea:ed in
staphylococcl by F- and B-phages and, conversely, A-phages can impart
rgsistance to F-phages. This 1slthe ghenomenon of interference of the
prophage with a serologicallx foreign virus. Such a form of resistance
Vhas been described for the 3 mild phages A, Pl and P? (Lederberg, 1957,
Bertani, 1958), on which the system of typing typhoid bacteria is based
(Anderson and Felix, °53). |
Thus the reactions of plasmacoagulating stﬁphylococci with the

tyﬁing phages are determined in some cases by the immunity to virus,
serologically reiated to the prophage, in other cases by prophage in-
terference. Only experiments can show which mechanism 1s specifically
involved 1n each concrete case. It 1s thought that the large number of
staphylococcus phagotypes and the great variety of their reactions

with typing phages are explained Jjust by this diversity of forms of
specificity. |

'Lysogenisation also plays an important part in the appearance of
nontypable cultures. The phagotype 80/81 and untypable strains are of-
ten isolated simultaneously from patients. Untypable strains have been
successfully artificially produced at the laboratory by lysogenisation
of the type 80/81 (Comtois, 1960). . |
The study of the causes ¢” specificity and experiments involving
rtificlal transformation of one phagotype into another help to'delim-~
ﬁ reinfections from tne true variability of phagotypes. Thg phagotypes
2/81 and 52/524/80/81, which, as previously mentioned, are often found
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together, may serve as aﬁ example,ARauntree (1959)fdsdumed originally,
that the staphylococci of type 80/81 were derived from staphylococéi
of type 52/52A/80/81 via lysogenisation of the latter by the phages
52 and 52A. A preliminary 1nvést1gation did not support this hypothe-
sis because nearly all staphylococci of phagotyﬁe 80/81 proved to be
nonlysogenic (Asheshow and Rippon, 1959; Rauntree, 1959). On the con-

trary, the staphylococecl of phagotype 52/524/80/81 contained the mild ... .

phages of the serotypes A and F. Twovphgges, later termed a and n,

transformed the staphylococel of phagotype 80/81 into the phagotype

52/52A/80/81. Rauntree termed these"converting" phages. The phages-52

and 52A are B-phages. In these experiments, the cultﬁrés acquired sen-

" sitivity to phages which were serologicglly foreign to the infection

strains.
Remarkable is the fact that in Rauhtree‘s experiments on cultures,
transformed into the type 52/524/80/81, the undiluted typing A-phage
47C no longer produced the grthh inhib;tion reaction thch it had
given eérlier. The staphylococel becaﬁé coapletely immuhe'to this
phage. This phenomenon was extraordinarily specific. The author pro-
posed that the presence or absence of inhibitlon reactions with the

A-phage 47C may indicate a corresponding presence or absence in the

_stralns 52/524/80/81 of the prophage which had converted them from __ . ...

strain 80/81. "Converting" phages were indeed isolated from all cul-
tures of the natural phagotype 52/524/80/81 which did not give "inhibi-
tion" reactions with phage 47C. The cultures which interacted with

. phage U47C were nonlysogenic. It has been shown ih 1éte; researcheé that

durirg the transformation of the type 80/81 into 52/524/80/81, not 6n1y

a purely lysogenic conversion, but replacemént of one prophage by an-

other takeé place (Rauntree and Asheéhow, 1961). Following numerous

unsﬁccessful attempts at elucidating the 1ysogehicity of phagotype 80/
- 170 - |




/81, a completely defective prophage 80' was found in 1t. It could not

' be detected by the usual methods. Its exlstence was revealed on account .

of its capacity to give a genetic recombinant with both converting'
phages (b phage). The recombinant plaques appear on a geson of type
52/524/80/81 after inoculation of the latter with individual cocci
80/81. A similar case has been described by Cohen (1959) for E. coli
”:'B. These bacteria contained a completely defective prophage, the pre-’
sence of which was established only on the basis of its capacity to

‘ give recombinants with phage P2. .

The prophage 8ot imparts t cocci 80/81 immunity to the phages'.
52, 52A and b. It is possible that the prophage "blocks" their loci _
in the chromosome. Following lysogenisation by converting phages (a or

- n), this immunity disappears: the staphylococcil become sensitive to the

three above-mentioned phages. The converting phages evidently replace‘
the prophage 80/ in the cocci, thus "curing" them from 1t. An indica-
tion of the loss of prophage 80' consists in the fact that if the‘

phage a 1s passed through the artificial phagotype 52/524/80/81, phage

' - recombinants are not found in the lysate. Moreover, traces of prophage

80' are not found in mutants of 52/524/80/81, which arise spontaneous-

ly in a culture of type 80/81: they are sensitive to b-phage and do

not give recombinants under the corresponding conditions.

It is remarkable that the phage recombinant in turn is capable of

lysogenising cocci of the converted type 80/81 (i.e., of the artificial -

phagotype 52/52A/80/81), in which the prophage 80' 1s replaced by pro-

phages a or n. Clones with double (a+ born+bd) 1ysogenicity thus

appear. From certain phagotypes only one phage b is isolated. In such

clones there is no "blocking" of the proliferation of the phages 52 and

52A. In other words, interference with phages 52 and 52A is_innete only

in the prophage 80' but not in its recombinants. The loci of the pro-'
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phages b, a and n in the chromosomes of staphylococei are evidently dif-
ferent from the‘locus in the prophage 8o, :
The possibility of an evolution nf other phagotypes under condi-
tions prevalling in the living organicm has been demonctrated 1n the
investigations of Sompolinsky; Kern and others (1961). During mastitis
flareuﬁs in a herd; the authors isolated from the milk of sheep and ,
COWS stéphylococci of three specles: resistant to ail phages, O(A2E/ J
JUUR) and L4A(29/528/79/80/U2E/L4). During further study, all three
tvpes proved ﬁo.be enormouély closely related. In particular,’alll
strains O(42E/LUA) contained mild phages which interacted in vitro
- with the staphylococct auA(29/52A/79/8o/qu/44A) and transformed them
into O(42E/4LA) and resistant types. These experiments explained the
great ﬁariety of types of reaction of staphylococci and showed that culQ
tures which differ 1in theif type of reaction can’sometimes be of com- _
mon origin. Sﬁabhylococcus phagotypes are evidently not aé'stable in
their reactions with typing phages as is the case with'typhoid bacteria.f
Practical Uﬁilization of the Method

A serious impediment in the interpretation of the typing réesults
1s the enormous variety of reactions of staphyloccccus strains with
typing phages. In fact, a large number of phagotypes can be distinguiSh—l“

ed withir each of the 3 groups. At the same time, some reaction types

--are encountered more often than others. = »
_ Williams and Jevons (1961) presehted the typing results obtained
on over 8000 strains and demon.trated that 6 phégotypes of staphylococ- %
" ci are very frequently encounteréd. These were the phagotypes 29, 52,
528, 79, 528/79, 80, 52/524/80, 52/80, 29/52/80 in grow I; T1, 3¢/55/
/71, 3B, 3C, 55, 55/71 in group II; €/7/47/53/54/75+, 6/47/53/54/75+,
7/47/53/54/75+, b2E, W1/53/75/77, 53/75/77, 53/75/77, T5/77, 77, 53,
73, 83A in group III and‘M2D (group IV). To these belonged 65.4% of
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the strains from healthy carrlers, 61 2% of the strains from patients
with food poisoning and 78.3% of the strains isolated from hospital
infections. Remarkable is the fact that within each group of patlents
their own characteristic phagotypes predominated and that thei; number

was less (for example, in the cases of food poisoning only 17 phaéo-
types predominated). | : | | |

" Numerous obsérvatibhéwin;different countries showed that in all

| forms of staphylococcus infection phagotype determinaﬁion of the
strains can be of real help in the elucidation of the patheways of
transmission and the sources of 1nfection and the epidemiological analy-
sis of flareups. In particular i: has been shown that staphylocqcci,
- dwélling in the nasdpharynx and on the skin are by no means harm;ess

to man.

Preponderant.ih the nasopharynx of healthy carriers can be staphy-

~ lococel of group I (Miléh and others, 1960; Ortel, 1958, and others)

of group III (N.P. Nefed'yeva.and others, PFusillo and'others,‘1954),
Williams, Rippon, Dowsett (1953), Vogelsang and Haaland 1959. Identi-
cal phagotvpes are more often found 1n the pharynx, the nasal mucosa
and the skin of one and the same carrier than different phagotypes.
Carriers may have staphylococcl of the same phagotype in the nose or
'pn the skin for very long periods. Thﬁs, Roodyn (1960b) detected the
| bhagotype 3B/3C in the nasal cavity of the same person for 3 years (in
1952, 1953 and 1956), in another for 6 years (in 1951, 1953 and 1958);
' the phagotype 52A on the skin (with constant absence of staphylococci |
in the nasal. cavity) for 4 years. ‘

Phage typing indicated that recurrent furuhculosis, styes and sup-
puration of accidentally inflicted wounds is most frequently caused
by the phagotype which inhabits the human nasopharynx (Tullach, 1954,
and others). Roodyn (1960a) showed that in individual families the
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staphylococel from the nasopharynx can-ser&e as etiological factor for

suppurating di eases for years. Thus, in 11 of 17 families, the method
of phagotype determination helped to demonstrate the existence of crosso
infections from one member of the family to another for the duration
of several years. For example, in one family during the périod~1952—
1958 the staphylococcus of phagotype 52A4/79 caused in the mother a sup-

puration of a burn on the chin and leg for several months in 1952; sup-

- puration of a wound on the finger in'1958; in the daughter, a4suppura-

- tion of a burn on the leg in 1953; in the father, an abscess on the

legs in 1953, and a_suppurétion of a burn on the hand in 1958 and also

.small abscesses in other children during different years. The same type -

was 1solated from all members of the family from the nasal mucosé. In
other families suppuration of wounds in the skin and styes were caused
for ages by staphylococci of the phagotypes 3B/3C, 52/79/80, 3¢/55.

The hypothesis of a possible‘cross infection could be excluded ih
6 families by phage typingﬁ no less than 3 phagotypés were responsible
for the suppuration of wounds and burns of the fcmily members.

The phenomenon of autoinfection with "one's own" phagotypes of
vtéphylococcus has also been demonstrated for septic wounds (Waage,
1952), for injuries on the hands of miners (Atkins and Marks, 1952).

In the latter case the authors had detected the infectious phagotype

~of the staphylococcug in a miner several months before the onset of the

inflammation. Valentine and Hall-Smith (1952) cured furunculosis pa-

tiento by measures which entailed removal of the staphylococci from B

the nose.

Schmidt (1962), using the method of phage typing, demonstrated
the possibility of a double staphylococcus 1nfection in cases of masti-
tis, furunculosis and abscesses.

The use of the method of phage fyping has proved to be extraordin-
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arily useful in the epldemiological analysis of flareups of staphylococ-

- cus diseases in the maternity and sur

group I and III are most frequently {

According to the data of Ortel .(1958),

longed to group I, 2&.3%.to group III

glcal wards. The staphylococcl of
solated in hospital infections.

61% of 1555 types strains be-
and 7% to group II. Pthn (1955),

Blair and Carr (1953) isolated mainly staphylococci of‘group I from pa-

flafeups, a preponderanee of the cocc

and others, 195&‘ Maclean, 1956, and others) At the same time, the

1 of- group 111 was noted (Fustillo

' tients and personnel, which interactdd with phage 52 and 52A. In other

number of epidemic pnagotypes is relatively small. According to the

,Udata of Willl s and Evans (1961), 70.

6% of 5616 strains from epldemic

foci in differ nt hospitals in Britailn belonged to 14 phagotypes. Among

:these predominated the phagotypes 80

(31%), 52/52A/80 (13.4%) and 83A

(6. 6%) (the phage 83A was added to tHe series in 1959); 6 strains [the -

‘three above-listed plus u7/53/75/77 (3 4%), 524/79 (3. 3%) and 6/7/47/

/53/54/75 (2%)] caused 50% of all flareups. The phagotypes 79, 524, 77,.

' 53/17, 75/77, 6/h7/53/5u and 73 were also included among the epidemic

types.

types belonged‘only 17% of 710 strains, isolated from healthy carriers
and 28% of the strains, isolated from nonhospitalized patients (con-
tact with the hospital could not alwa?s be excluded in the last group)

It was found that & phagotypes can be widespread among the personnel

|

"without, nowever, causing flareups of

Particularly frequently 1solated)at the hospital (31¢) was the -
type 80. And this was not only so in Britain. In 1954, this phagotype

1nfections.

Epidemic phagotypes were rarely found outseide hospitals. To these

caused 74 out of 92 flareups of sepsis of the newdborn 1n Australia

(Rauntree and Freeman, 1955) and causéd extremely grave skin injuries

in individual cases. During the ensuing years 1t retalned the domina-
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ting position in hospital flareups, the majority of pneumonia cane:
with fatal issue during the grippc epidemic of 1957 being cauned by
this type of staphylococcus. |

In Norway, the phagotype 80 also predominated among the culture:
1solated from the pefsonnel of a large hocpital at Bergen (Vogel:sang
and Haaland, 1959). In one of the hospitals of Boston during the period
1955-1958, 1/3 of all isolated staphylococci belonged to the phagotype
80/81 (Wollmark and Finland, 1961). This is not a new phagotype. Amons .
the stock staphylococci, isolated in 1927-1947 (prior to the applica-
tion of the method of phage typing) it was detected in 22.1% (Blairv_
and Carr, 1960). The wide distribution of type 80 has impelled a searcﬁ
" for methods of its further subdivision (Wollmark, 1961).

The phagotype 7i has been described as the basic etiological fac-
tor of contagious impetigo, pemphigus and some other suppuratihg dis-
eases (Barrow, 1955, Spittlehouse, 1955, Anderson and Williams, 1956,
and others). o

By using the method of phage typing it is possible to trace the
propagation of hospital strains emong personnel and newly arrived pa-
tients. Phage typing of staphylococci in lying-in hospitals can deter-
mine with maximum accuracy the causes of ;nfections_of mot hers and new-
born baties, thus extremely facilitating the practical counterepldemic
measures. MatejovskA and Ratka (1961) ascertained that diseases of
mothers (mastitis) and of the newborn (conjunctivits, pemphigus, pyo-
dermia) in maternity hospitals are caused only by epidemic hospital
strains. In the investigations of these authors, these were the phago-
types 52/57A/30 and 80, sometimes 7/75 or 3A/71. The staphylococci
brought into the maternity home by the mothers (in the pharynx, nose,
vagina) also spread among the newborn and mothers, but did not cause
infections.
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Phase typing helps to determirie the rate cf spreading among pa-
tients and personnel in a hospitai. The nurses acquire a new staphylo- .
coccus strain soon after the onset of labor in the ward. It 1s remark-
able that the staphylococci spread more rapidly among non-carriers.

The patients receive the hospital type of staphylococcus equally
rapidly. On the day of arrivﬁl, staphylococcl were present in the naso-
pharynx of 10.2% of patients, the percentage of carriers increased to
35.5 within 3 days,.and within—lardays to 71.1% (Milch and-others, -~
1960). Dowling and others (1953) ascertained that staphylococcus car-
riers upon their return home spread the hospital tyﬁe within the family

- —¢ircle. It is obvious that the hospital conditions (close contact in
the wards, etc.), and the weakening Sf the macroorganism promote the
proliferation and dissemination of staphylococcus.

| Three kinds of staphylococcus epidemic can be distinguished in sur-
gical and maternity departments (Anderson and Williams, 1956), In the
lfirst two kinds, all or practicélly all staphylococcus strains from
wounds or skin 1nJu:ies belong to the same phagotype. One or two car-
riers of this epidehic type can be fdund in flareups of the first kind
and it is easily shown that these are the ones spreading the infection.

The epidemic can be liquidated by removing the carrier. Such flareups

are rare. L

. In a flareup of the second kind, the epidemic type of sta? yloc-
occus is present in the nasopharynx of numerous patients, in most ser-
vice personnel and on the objects in daily use at the hospital.

Such a flareup has been described by Blair and Cérr (1953). In a
ward of a New York hoSpital, 62% of‘staphylococcikfrcm wounde, abscesses,
the blood, from children's beds, soap and the floor interacted only
with phage 52A. 63% of the staphylococci from the nasopharynx of child-
ren and the personnel belonged to this phagotype. In other wards of the

o _—
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Muopaval, LUE LypPC DCA accouniea only ror Yh or ail stralns. This provi-

ded a basis for concluding that the personnel is the most Llaporfant

cause“of the prevalence of wound infections at the department. |
/ﬁpidemics like the above-~described, naturally cannot be ctopped Ly

the removal.of certain carriers. Only careful observation of asepci=z

and of chemotherapy of the nasoﬁharynx of the carrlers can help.

In flareups of the third kind, several different phagotypec arc
isolated from wounds, some of which are also detected among the person-‘
" nel (A.F. Morox, 1961). In such a situation it is difficult to deter-
mine the true epidemic'type of staphylococcus and the source of infec-
tion. The epidemic may be a consequence of a lowering of the standardc
of asepsls and scmetimes of widespread presence of carriers of pathogen-
ic stéphylococci among personnel and patients. Complex measures of
cieanlng and d;sinfecting rooms and measures to improve the standards
of asepsis in combination with assanation of the bacillus carriers witn
antibiotica help to reduce the percentage of carriers. This markedly
reduces the incidence of staphylococcus infections.

It 1s obvious that the main function of phage typing investiga-
tions into hospital infections consists in determining what form of epi-
demic 1s present. This 1is only possible if staphyloéocci from a maximum
number of wounds are typed. If the epldemic was caused by a single pha-
gotype, thils Justifies a search for carriers among the personnel.

The interpretation of most flareups of staphylococcus infections
does'not present any special difficuity. At the same time, changes 1n
the reacticns with typing phages in cultures, isolated repeatedly from
the same patient, Must be extremely carefully treated. An intra- and
intzr-group variability of the phegotype must be distinguished.

Changes in'the phage sensitivity within a single group is a fre-
quent phenomenon. Milch and others (1760) cbserved such variations in
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J=L(#®. An intra-group evolution of the phagotypes is very often founc

2 the phage group I. For example, in the same flareup, part of the

trains interacts with several phages of group I in critical test dilv.

ion, another only with concentrated phages. A loss of the sensitlivity
f a culture to one or two pahges is also possible. For example, tre
‘hagotypes 52/528/80/79; 52/52A/79 and 80 are isolated together. The
ariations within a phage group may be a direct consequence of a modi-
ication in the typing technique (Williams and Rippon, 1952; Anderson
ad Williams, 1956, and others) and also of a lysogenization of the .
ultures in the organism (Rauntree, 1959; Asheshow and Rippon, 1959).
reat care must be exercised in deécribing such variations as a result
f reinfecticn.

It is a different matter when we are dealing with a change in the

roup of the staphylococcus. Experimental indications of such far-react

1g variability of staphylococci are lacking; it 1s more probqble to
>nsider them as superinfections. |

T.V. Golosova, V.A. Shenderovich, et al. (1962) used phage tyring
1 the control of the efficlency of assanation of staphylococcus car-
lers in a maternity home. The investigators compared the phagotypes of
1e staphylococci, isolated prior to assanation and a month later. The
1ange in the phagotype proved that the carriers detected a month af-
ar assanation, were the result of the reinfection with new strains of
' athogenic staphqucocci in some individuals. |

Staphylococci of the ph~ge group III and sometimes untypable cu.i-
ires are 1solatél, as a rule, in cases of food poisoﬁing. Thus, ac-
>rding to the data ofrAnderson and Williams (1956), of 18 strains,
solated in 18 flareups of food poisoning in different countries, 15
2longed to group III, and only 3 strains to group II. The authors as-
imed that contamination of the object cannot be excluded in the last
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case. Williams and Evans (1961) found a phagotype of group III In 773.¢

of tlareups of food polsoning (210 ctrains were studled), groups I ane

II dccounting for 3.5 and 2.4%, respectively.

The types of reaction of the staphylococci, 1"*nlatod in flareup:s
of food‘poisoning, are normally‘not as manifold as in hospl&als and
in the investlgation of healthy carriers. Thus, N.P. Nefedfyeva and
others (1961) isolated cocci in 28 flareups;'Whidh”Wéfé”l&sédwby"dif:”WJ

fcrenf combinations of the phazes 6, 7, 47 and 53. Typical i" *he fact

- that, as a rule, the same phagotyppc of the staphylococci were isola—

ted from the excretions of the victims, as in the incriminated (food)

product. One flareup was caused by phagotype 42D (group IV), one by th

type 3A (group Ii), and untypable cultures were isolated in 2 flare-

upr. ‘During staphylococcus.poisoning in Céechoslovakia,.staphylococci |
with the reactions 6/54 and 47/5L were most.frequently‘found (Matejov-
ska, 1957), in Brltain; the phagotypes 6/7/47/53/54/75 (1€.5% of all
foci), €/47/53/5L/75 (12.9%), 53'(10.5%) (Williams ana Evans, 1961),
in Italy, the type 6/7/42E/L7/53/54/75 aid related types (Gallotti and

- Spano, 1961), in the USA (from meat), the types 83 and 53 in different

ombinations with others (Jay, 19562).

Examples of successful application of phage typing during invecti.
ration of staphylococcus food poisoning are widely known. The lltera-

ture is rich in descriptions of flareups, in which phage typing helped

to establish poslitively the Infection source.

| Wilson and Atkinson (1945) described a flareup in which strains

N

cf the same phagotype of staphylococcus aureus were isolated from vomix

1xom patlents and rrom leftovers of ham consumed by them. The same

.phapotype was isolated from the nasal cavity of worker in the kitchen

department,_vho was engaged in the cutting of sandwiches on the day

prior'to’the poisoning. As another example we may quote the flareup
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described by S.L. Petrovich. (1961). 21 men came to the health station
of a work on a hot summer day. All the victims had partaken'1-4 hours
previously in the dining room of a cold soup of kvass; vegetabies and
boiled meat. From the wash water of the patients, the soup, and the
smears from the utensils, 8 strains of coagulase-positive staphylococcl
were 1solated, 7 of which belonged to the phagotype 6/53+. The séme
phagotype was détected in the nasopharyns of the 2 cooks, who had pre-
pared the soup and also in the smears from the board used for prepar-
_ing the boiled meat.

As we know, the labcratory tests for staphylococcus enterotoxin
are complei and cannot always be carried out. It follows from the ob-
servations of British microbiologists (Anderson, Williams, 1956) that
cultures of the phage groups I, II and IV produce enterotoxin enormous-
ly rarely, at the same time as those of group III produc: it very fre-
quently. There is no basis, however, for assuming that any strain of
group III can secrete enterotoxin: group III includes good as well as
poor producers of toxin; phage typing cannot distinguish between them.
In short, phage typing 1s not sultable as an indirect method of déter—

. mining the capacity of staphylococci to produce enterotoxin, although

it often helpts to predict this property.wmwv”mmmm_ WMWMMMTW,M;MMMWﬁW‘
The fact that nearly all strains 1solated during food poisoning in

different countries, regularly belong to group III, differing in the

combinations of the 9 phages of this group which lyse them, leads to

the throught that the sensitivity of staphylocccei to certain typing

phages and their capacity fcr producing enterotoxin afe'mutually depen-

dent properties. Such a relaﬁionship has also been observed between

the phagotype and the hemolytic activity of staphyiococci. Thus, in

strains which do not produce hemolysin and which are resistgnt to phage

L42F, the appearance of thils capacity was observed simultaneously with
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” Epe acqulsition of sensitivity to phage U2F (Dcvfdson, 1961)5 fuch var-
"ﬂianﬁs were found during inoculation of the culture. The clones of the"

varlant and the parent strain were dissociated, giving hcmo}ysinApro-
~ducing mutants. However, the type of reaction with phages did not al-
ways change simultaneously with the variations in hemolytic activity:
variants sensitive to phage U42F appeared in the hemolyticaily inactive

clones.

As we know, the pathogenicity and other biological properties of

staphylococci aré clcsely connected with lysogenicity. Staphylbcbcci,

which are pathogenic on the basis of in-vitro tests (coagulase reac-

tion,'fibfinolysis reacticn, formation of pigment, hemolysin and énte;o-
toxin) as a rule, are lysogenic. Staphylococci which are not péthogenicﬁ
on the bacis of these tests are nonlysogenic and aré resistant to the
typing phéges of the basic and auxiliary series (Ciuca, Popovici, 1961)ﬁ
- At the same time it has been shown that the sensitivity tc,a certain
typing phage'is closely connected with the peculiaritieé of the prcpha-/

ges.

It has been found in recent years that in some cases 1ysogenization
can be accomplished by consideratle modifications in the metabolicm of
bacteria. In particular, nonlyqogenic, avirulent strains of diptheria

bacteria can be transformed 1in

0 toxic ones as a resultrqulysogeniza-

"tion. It has beeh shoéc thc; this process 1s not connected with a se-
lection of mutants. Its mechanism is not yet clear. One fact, however,
is beyocd doubt: by penetrating into the bacterial chromosome, the pro- )

- phage modifies the course of protein synthesis in some way. It is not |
imcossible that similar phenomena also take place in the strains of
toxic staphylococci. It may be assumed that among the.mild phages of
staphylococci there are some whose penetraticn into the céll exerts ady
influcnce'on the metabolism of the latter, thus imparting the capacity
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or enterotoxin synthesis. Enterotoxin'production may be'conhected with
sertain varieties of mild phages or possibly with}certain of their com-
>inations. The above hypotheses arec mainly based on a single fact: the

- rapacity of the toxigenic strains to be lysed by a constaht group of
shages. Lighf can only be shed on these processes by careful experi-

tents on the study of thne properties of the mild phages of the strains

sf group IIT and their capacity for exerting an influence on the enter-

stoxicity of the staphylococci
comparison of the Method of Phage Typing with Serological Methods and

~:he Antibioticogram T [ — -

In addition to phage typing, the determination of the serotype
ind the study of the sensitivity to antibiotica are used for further
subdivision of the coagulase-positive staphylococel.

The serological classification of staphylococci according to Oed-

.ng (1952), who distinguished 10 antigens in 1living cultures of pyogen-

.c staphylococci: a, b, ¢, d, e, £, g, h, 1, and k, has now won récog-
‘lit;on. The antigen d is detected in all cultures, the antigen a in |
tearly all, the antigens f, h, i, k are found extremely rarely. Most
itaphylococci beiong to the 4 serotypes: ae, abe, ab and abc.

In practice, serological typing is carried out by agglutination

Of 5-hour old cultures of staphylpcqcc;wquawglass‘slidemwithWBMserat"Mmmmwn,_w

ygreement between the results of phage and serologlic typing 1s rarely
-)bserved. Strains of'one phage group can bel~-ng to different‘serotypes
nd vice versa (Oeding and Williams, 1958, Pulverer, 1961). True, if
;he strains weré isolated from the same epidemic fo:zus, thé results of
heir serological and phage typing cdincide. A deficiency of the method
f serological typing as compared with phage typing 1s thevsmall number
of types, into which the cultures can be subdivided and also a certain

cademic aspect. A merit of the method 1s the small percentage of un-
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typable cultures. . | |
Testing for tre resistance to antibiotica is used as the simplc:t
method of typing-staphylococci. Itslimportance 1s 1imited because the
diversity of types of senszitivity to antibiotics among the cultﬁres 15
not great and they change during the process of 1nvestigatibn even |
within the same phagotype. Phage subdivision has proved a more ,uccebx;
ful and reliable method.
| Many researchers have tried to dlscover a connect*on between the
re81stance of staphylococci to antibiotica and their phage group. The
" most antibipfic-resistant staphylococci are those of group.I and III,
which cause human diseases most frequently (Vogeléang;W1953§”V6ééiééhg“““M“"
and Haaland, 1959; Rauntree, 1952, 1953; Milch and others, 1960). The
number of pénicillin-resistgnt cultures can attain 86.1-92% -in these
lgroups (Cetin, 1962). Antibiotic-resistant strains are more rareiy ‘
found in the phage’group II (0-40.7%) andlparticularly in group IV,
which are rarely isoiated from humans. |
As régafds the connection between the phagotype of the staphylo-
'cbccus ahd its antibioticogram, epidemiological factors must be assun-
ed to play a decisive part. It is to be expected’that if somé single
phagotype has spréad in a hospital ward, its.antibioticogram will pré-
dominate among the cultures. ‘
A Phagn typing ‘of staphylococci with simultaneous" study ofﬁthe“antr:“f““"
bioticogram has proved fruitful in the study of the regularities of |
distribution of staphylococcus diseases in hospltals. Most of these in-
vestigatiéns demonstrate convincingly that staphylocoécué hospital cross
infection is not only a widespread phenomehon; but 1is also extremely
often responsible for the prebénderance of antibiotic-resistant cocci :
in the hospital. This is true with respect to postoperative complica-

tions of wounds in maternity homes and suppurating and septic diseases
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of the newborn.

The study of the antibioticogram and phagotypé of staphylococci
helps to solve the problem of reintection. If a wound staphylococcus,
having acduired penicillin resistance, changes its phagotype, 1t must
be assumed that the development of resistance in thils case 1s not the

result of penicillin therapy carried out on a given patient, but a con-

~_sequence of reinfection. Con#ersely, the appearance of resistance in . . ..

staphylococel without a change in phagotype attests to the absence of
cross 1nfection;.Study of the antibioticogramof staphyiocdcci confirms
the hypothesis that oﬁly a change in the phage group of fhe staphylo--
cocel can'be unconditionally considered as reinfection. In such cases
the antibiéticogram varied by 47%, in variatiohs'within a group, by
11% (Milch and others, 1960). | |

Oeding and Sompolinsky (1958) compared ail three methods of typing
of staphylococecil in postoperative complicatibns in hospitals, during

flareups of food polsoning in military camps and during investigation

of carriers. "Outside" staphylococcl, as a rule, were resistant to

phages, sensitive to many antibiotica and were best differentiated on

the basis of their serological characteristics. The hospital staphylo-
~cocci could be easily typed with phages and bn the basis of the anti-

bioticogram. The clearest and most reliable results were obtained by

combination of several methods (Kretzschmar, 1961).

" PHAGE TYPING OF STAPHYLOCOCCI OF ANIMALS

The phages of the internationalvseries proved to be unsuitablé for
differentiating the coagulase-positive staphylococci of animal origin. |
Only about half of them and rarely more than half the cultures of staphy-
lococci isolated from the udders of cows, from milk, butter, cheese and
other products reached with them (Coles and Eisenstark, 1959? Nakagawa,

1960a; Seto and Wilson, 1958).-A particniarly low perégntage of typable
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cultures obtained the’authors whe nécd phages in crltical test dilu-
tions. The use of concentrated phages (in concentrations 10 and 100
times higher than the critical test dilution) increases the percentage
of typable cultures. For example, in the experiments of Nakagaw (1960a),
the phage 3A was inactive in critical’and even 1n 10-fold critical tect %
dilution. In a concentration 100 times higher than the critical test |
dilution 1t lysed some cultur s from cow's milk. Only with some phages"
(79, 3C, 7 and 42D) the concentration did not have such a strong ef-
fect on the'typing results. | |

The phagés of the international series do.not give a cléar demar-
katidnwof animal staphylococeci into 4 phage groupsQ Intergroup reac-
tions are extremely frequent (for example, between group III and I, III
and IV and I). |

In animais and in products of animal or.gin, staphylococci:cf dif-
ferent phagotypes and phage groups are detected, as a rule, than in
humans. Cultures from cattle rarely show any sensitivity to phageS'of
group II. Tﬁese phagés afe obviously of 1little value for typing‘staphy-
lococei of such origin (Davidson, 1961). the type 42D (group IV) is
extremely often found in animals. It predominated among strains, isolaA
ted from the udders of cows in the U3A (Coles and Eisenéiark, 1959),
from cow's milk in thé USA (Smith, 1948a and b) and in Japan (Nakagawa,

1960a). Nakagawa detected 42D strains, sensitive.to phage 81 and also

a considérable number of cultures of group IIT with weak sensitivity to

" the phages 42E, 6, 47 amd 75. In the USA, the phagotype L44A, which had

beén eliminated from the international scheme, ha. often been detectéd
in crrtain droves of cows with mastitis_(Seio and Wilson, 1958) and
also in synovitis of turkeys (Smitn, Jamés, and others, 1961).
At the same time, the uniformity of the staphylococcus'phagotype
population in animais 1s deceptive. The strains of the phagotypes 42D
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are not identical. It 1s possible to.subdivide animal staphylococci of
type 42D by means of mild phages (Nakagawa, 1960b, Smith, 1948a and b).
Within the phagotype Lup 9 types were differentiated by means of phages
isolated from staphylococci from turkeys (Smith, James and others, -
1961).

In connection with the above-described deficiencies, the interna-
I o

tional series of phages has been recognized as unsuitable for typing fj;];i;m

' of staphylococci of animal orig*n. Special typing schemes have been
| worked out for these microorganisms. Depending on the origin of the

- typing phages, three kinds of scheme can be distinguished.
Mi1d phages from lysogenic-staphylococci of animal. orlgin are
tusedtin the schemes of the first kind; This condition 1is particglarly
'important because there exists a certain known relationship between
~the origin of cultures and their sensitivity to phages (Smith,_iQth;
MacLean, 1951). This relationship 1s so marked that, for example,tpha-
ges'from bovine staphylococci must be isolated for the typihg of staphy—
lococel from cows, for staphylococci from turkeys,,phaées frcm turkey -
staphylococci ete. T . k‘ )

By means of 10 mild phages, Barnum and Fuller (1956) differentia-
ted 81.2% out of 591 strains of hemolytic staphyloceccus isolated from
‘the milk and udder of healthy cows and cows in different stages of mas-
titis, 1nto 5 phagotypes: A, Al B Bl Ba. The staphylococci of each
phagotype were lysed by 3-5 phages.,The authors demonstrated the epi-
demiclogical value of thelr method of typihg in 7 herde, where cases of
bovine mastitis were frequent. They isolated the same‘epidemic phago-
-type in 5 droves from the milkvand udder of healthy cows and cows with
different forms of mastitis and also from smears from different.utensils,
uéed in milking. The staphylococcus phagotype did not change following
the treatment of the cows with antiblotica, disinfection cf the udder
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or the implements.

Nakagawa (1960b) subdivided by means of 16 mild phages 72.2% of
Lky2 étaphyiococcus cultures from milk into two clearly deliminéted
groups: A (with subgroups Al and A2) and B. The use of concentrated
phages (100 times more concentrated than the critical test dilution)
confirmed the marked difference between the groups A and B; not one of
the cultures of group B was transformed into group A or vice versa.
Strains which were differentiated as group III-.IV by the phages pf the
international series made up only one group in the system of Nakagawa.
Cu;tures of grbup II and partially of group I could not be typed. The
advantages of the.scheme of Nagagawa were limited to staphylococdi
'mﬁff;h'c6§{é7;11k:w66i§m6.8; id;”23.irand 8.1% resﬁectively of the staphy-
lococci isolated from humans, sheep, pigs and horses, could be typed.

In the_schemes of the second kind, phages of the international
series, adapted to the staphylococci of animals, are used. The phage
which 1ysés'the séaphylococci of the glven specles of animal mést ac-
tively is selected as the starting phage. Adaptation also enlarges *he
 activity of the phages with regard to resistant cultures.

' Coles and Eisenstark (1959) adapted 8 standard phages (79, 524,
47c, 42D, 42E, 7, 42B, 81) to bovine staphylococci. By means of these
new phages (A5, A6, A7, A8, A9, Al0, All and Al3), the authors subdivi-
ded 168 cultures from cows into 8 main groups, including 25 subgroups
and 13 mixed categories. 39 forms of reaction were established in all.
Only 18.8% of cultures were resistant to the action of the adapted pha-
ges. Typlcal is the fact that among the staphylococci predominated
strains, lysed by derivatives of phages 42D and 81.

A series of typing phages can be obtained by combining the mild
phages from lysogenic cultures with acdapted phages. Coles and Elsen-
stark (1959) used 6 phages. Three of these were obtained by adaptation
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of phages 42D, 81 and 7 té strains of animal origin and three were 130-
lated from lysogenic cultures. By means of these phages it wﬁs possible
to differentiate moét of the cultures isolated from herds of cows with
mastitis. Phage typing helped to establish the existence of a large
number of staphylococcus 1nfections: several phagotypes of staphylococ-
cus aureus were isolated from all herds. Moreover, in the same cow 2-3
phagotypes were taken from different ventricles o1 thciudder. ‘'he same
diversity of phagotypes in a single herd was observed by other aﬁthoré
as well (Seto and Wilson, 1958; Price and others, 1956).

The utilization of special typing systems for staphylococcl of an-
imals has the consequence that the analysis results 6btained in veter-
inary and medical bacteriological laboratories cannot bde comLEred. This
creates difficulties in the analysis of flareups of staphylococcué
poisoning, when products of animal origin are suépected as the cause
(cottage cheese, milk, cheese, etc.). At the same time, if only the
¥illiams and Rippon phages are used in such cases, a large proportion
of cultures may remina undifferentiated. Besides, a deceptive uniformity
of the‘type population (for example, isolation everywhere of'{ype 42Dp)

nay in 1nd;v1dual cases misrepresent the true importance of certain

sroducts. I . “

! -
This tontradiction is to some extent eliminated in the scheme of

.. Javidson |

961)f For typing the staphylococci of cattle the author se-

lected 10 phages from the standard series of Willliams and Rippon and 9
>hages obtained from lysoge.lc bovine staphylococei. Among 13,966 cul-
-ures, isolated over a period of 6 years from the milk and udders of
:ows in herds at Weighbridge (Britain), only 1.47% were resistant to
-hese phages in critical test dilutlon. The lysogenic test cocnfirmed
-his subdivision. It is remarkable that for periods of 3 months to 3-
L/2 years the mastitis phagotypes were stable in the stronge %ypes of
- 189 -
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reaction. 1nis conrirmed tnhe epldemiological value of this typing
scheme.

The new series of phages was tested on 222 cultures, taken from
1000 cultures of herds in different parts of Britain. The phages with
low specificity were discarded. The 15 phages established in correspon-
dence with the international scheme were subdivided into 4 groups: I-
IIT (29, 52, 42E, 101 and 110), III (31B, 53, 77), IV (42D, 102, 107,
108, 111) and 78 (78, i15). The phages from lysogenic bovine staphylo-
cocci belonged to the same serological groups as the phages of the in-
ternational series: to group A belong the phages 101, 109 and 115, to
groupr B the phageé 102, 105, and 111, to group C the phége 107 and to
. group F the phages 106 and 108. o -

By means of series of phages, 106 phagctypes were determined in
222 cultures. The phagotypes of group I-III (43.7%) and IV (38.3%) pre-
dominated. Owing to the coincidence of the groups in both series and
the presence of or.e or several phages of the standard series in each
Davidson grohp, 1t is possible in the scheme of Davidson to compare the
results with those obtained by using the international series.

As 15 the scheme of Nakagawa, the Davidson phages proved to be ap-~
plicable only for typing of staphylococci of cattle and not very suit-
able for typing of staphylococel from other animal species. The scheme
~ can be used‘for the study of epidemiological connections in mastitis
herds and also as an aid in the investigation of'flareups of staphylo-
coccus food poisoning, when milk products are suspected as the pathways
of propagation. |

The standard international phages arelused for typing the plasma-
coagulating staphylococci of humans (basic and additional series, in-
cluding 27 phages). Part of these phages has been isolated from lyso-
genlc cultures, another was obtained by adaptation of the former to

- 150 -




*egistant cultures. The phagotypes are differentiated on the basis of
their type of reactlon with the typing phages. The phagotypes are not
standard because the forms of reaction of staphylococcl with phages a: -
axtremely numerous. There are also phazes which normally lyse culture:
in combination. This allowed 4 groups to be isolated among stéphylo~
roccus phages and strains. The forms of reaction of staphylococcl witl
the standard phages are fairly stable. A variabllity has been observec
snly within the phage group. This could be a consequence of a seleépigéi
»f mutants, of lysogenic conversion, or a replacement of one prophage

oy another. The specificlty of the phagotypes of staphylococcl like‘
ﬁhat of other groups of microbes, is controlled by the prophages. In
some cases, this is a manifestation of the immunity of the cell to vir
1s serologically related to the prophage and in others, of prophage in
terference. | |

The staphylococci isolated during flareups of hospital infections

‘are characterized by a great diversity of reaction with tﬁe typing pha
zes which naturally makes epidemiological analysis more difficult. ?he
ietected phagotypes sare :orrelaﬁed with one of the four phage grouﬁs,
taking into account that the phage reactions may vary within the group.
The variatior. within a group can be treated as a variability of the |
phagotypes, and variations outside the limits of the group as reinfec-

tion.

A smaller number of phagotypes is isolated during flareups of foo

polsoning than in hospital intections. These are most frequently staph -
'lococci of group III. The abllity of elaborating entefotoxin is rainly
innate in the above-named group of staphylococci. At the same time, no
all strains of group III produce enterotoxin and phage typing cénnot,
therefore, give an indication with respect to this ability. The staphy.
lococci are also typed on the basis of thelr serclogical characterls-
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and cn trie basls of the antlbloticogra- o methods cﬁn be
uxiliary importance by making the resu. . phage typing more cig-
cant and preclse. The moct rellable results are obtained by a com-
tion of all three meth@ds.

The phages of the 1nternat16nal series are not very sultable for
ng of staphylococci 1isolated from animals.Several typing schemes
been proposed for such staphylococc;. The‘pﬁages were obtained
lysogenic staphylococcli of animals and also by selection and adap-
~on of the pﬁages of the international series to such staphylococci.
new schemes cannot be used for typihg human staphylococci. When in-
igating flareups of food poisoning, caused by milk products, it is
ui to combine the international phages Qith phages which differen-

e staphylococcil of animal origin.

Best Available Copy
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Chapter 8
PHAGE TYPING OF PSEUDOMONAS AERUGINOSA
definite increase in the number of cases caused by Pseudomonac
nosa has been observed'in recent years. This mlcroorganism 1is

ionally pathogenic. The most frequent habitat of Pseudomonas

|
nosa is the in“estine of humans and warmblooded animals, some-

the mucosa of the nasopharynx and - the skin. Jnder‘certain condl-
Pseudomecnas aeruginosa can cause general seﬁsis as well as in-
tion injury to various organs; inflammation of surgical wounds,
ent types of otitls, conjunctivitis, meningo-encephalitis, macs-
inflammation of the urminary pathways, gastrointestinal disorders,
mation of the trachei, bronchi, lungs and other organs, ulcers
cubitus. The increaéeiin the number of diseases of this type in
Pseudomonas aeruginosatis féund, is largely connected with the
onal, prolonged use of many antibiotica, which dep:ess thé normal
lora of the pharynx and intestine and possibly stimulate the pro-
tion of Pseudomonas aeruginoéa. Pseudomonas aeruginosa infection
ally manifested by debllity or sickness of the organism. Small
‘en and old pecple are particularly prone to ﬂt. Flareups of dis-
caused by Pseudomonas aeruginosa have also appcared frequently
ent years in maternity homes and surgical wa;ds: contaglious enter-
Jfgthe“gewbbrn; mastitis in mothers, mass - complication of wound:,
'naér these conéiti;hs, a‘subdivi:ion of the strains of Pseudomonas
' i

nosa of different origin into ;hagotypes can be of assistance in

1demiological analysis in esteallishing the chief sources and path-
. r

i




)f its prepagation in the wards, and in carrylng cu. the nececsary
res correctiy and in time. |

jeveral schemes for bhage typiné of Pseudomonas acruginosa have
sroposed to date. All these are far from perfect but they indicate
leless a certain possibility of typing this microorganism cn tre
of 1ts sensitivity to a range of mild and virulent phageo, and

| basis of its 1ysogenic1ty and pyocinogenicity. A certain epidem-
fcal value has been demonstrated for some of these schemes. The

‘ attemptreﬁﬁphagemtyping pijseudomonas aeruglnonsa was ggderpakep 7
rner (1950). By means of 19 phages isolated froﬁ lysogenic culturez,

.uthor determined several phagotypes in this microorgauism.

Pavlatou and Hassikou-Kaklamani (1961} :.roposed their method of

g, also based on the principle of Craigie and Ian. With 12 phages,
which (1, 2, 3, 4, 9 and 10) were ieolated from lysogenic cultures
(5, 6, 7, 8, 11, 12) from sewerage effluents, 174 strains of
omonas aeruginosa (from pus, ufine, feces, sputum and the blood
tients and healthy children) were differentiated into 12 phago-
(I-XII). Only 2 phages were specific: I{for type I) and 2 (for
II). The other phages lysed only some phagotypes which differed
pattern of sensitivi*y to the 10 typing phages. Some reacteons
extremely inconstant. In individual cases thls was a serious imﬁ
ent for the 1dentif1cation of cultures becauce they simulated a
bility of the phagotypes. The authbors assume that a variability

e reactions with phages 1s possible if cultures are stored fcr
periods on laboratory media and elso in the'organism of patients.
thus best to type fresh cultures, preferably taken prior tothe
istration of antibiotica.

In spite of the above-presented deficiencies, the method has provcé
ically useful. The differentiation of cultures isolated from pé-
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ind thelr everyday utensils at a children's hospital wade 1t pcc-
> trace the patheways of propagation of Pseudomcnas aeruginosca
2stabli-h the fact of spreading of the infection within wardc.
one ward, strains of phagotype I were tsolated from 3 sick new-
sies, which confirmed the connectlon between the infantile cases.
trer ward, 6 strains were isclated for several days from the

f newborn children. All these belonged to phagotype III. The

of Pseudomonas seruginosa 1solated from 2 Dettol solution which
od uncé&eréd'in the same ward for several déys, veionged to the
agectype. At the same time, cases are described in which differ-
Zotypes were 1lsolated from the same patient. Thus, type I was

4 in one child from a furuncle of ;he upper lip and type III

2 blood. In another patient, phagotype V was found in abscesses
left and right buttocks; type III and a strain resistant tc all
from abscesses on the thighs. The authors proposed that this di-
of types may be a consequence of reinfection or of a variabil-

the phagotypes 1in the organism. This problem requires further ‘

€ other scheme for typing Pseudomonas aeruginosa wes proposed by '

~ 7 'nd McLeod (196071“Tﬁe'author§”ﬁséd'double"(§é?61631ca1”and”phage3
Most typing'phages were 1solated from lysogenic cultures, some
werage effluents. Using 16 phages, the authors differentiated
ains of Pseudomonas aeruginosa isolated in 3 uro’ -~ "cal wgrds
e urine of operated and unoperated patients and from utensils of
se into 5 phagctypes (I, N, QS, W and Z). Several subtypes could
rmined within the types. The subtypes were not rigidly differen-
their recacticns depending on the biologlical peculiarities of
tures and on variations in typing technique. On the basis of
erolozical properties in correspondence with the presence of
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3 and y anticurs, tne cultures were cubldivided Into 2 oro.pie b
ologicul propérties and the phagotype were interrelated 1n most cul-
es. Thus, the strains of group a belonged to phagotype N, those of
up P to type 1, those of group vy tc the tvpe Q3. In come of the
ains, however, these chafacteristics did not colincide. This was par-
ularly noiiceable during the typing of cultures from other towns
w?‘*”wvregions."hus, for example; from 9 strains of serotype a (obtained
m Birmingham) 5 belonged to phagotype B and 4 to phagotype N. The
hod has proved wseful in the epidemiological analysis of the causes
postoperative suppuration. It was found that Pseudomonas éeruginosa
exist in the human organism for fairly long periods: the phagotypes
cultures, found on the skin, in the urine and feces of carriers,
e the same in repeated investigations. The same phagotypes caused
postoperative 1ﬁfect1a1. Only in two patlents could a new phagoé
e be observed after the operation, being combined in one of tra pa.
nts with the type found prior to the operation. Phage typing showed
t cultures from feces are rarely detected in inflamﬁations of the
ther; its main cause are normally strains which inhabtit the urine.
The method of phage typing in the two above-described schemes is
same as that used for typhoid bacteria, etc. At the same time, cer-
n peculiaritieé must be taken into account when working with Pseudo-
as aerﬁginbsa}(Godld and McLeod, 1961;'Pavlatou and Hassikou-Kﬁkla-'
1, 1961). A thin layer (2 mm) of solid (2-2-5%) agar (pH = 7.2) is
red into a Petri dish. In the thick 1ayer of softer agar, used for
ing other specles of bacteria, iridescence and intense secondary
wth of resistant forms develops at the points where the phage drops
e been appiied, which makes evaluation of the results more difficult.
test strain 1s grown for 6 hrs on 1-3% peptone water and transfer-
into the slightly dried agar surface. After drying a little, drops
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typing phaces are applied to the cuvlture. The phages are |- ‘-
indicator cultures in 1% peptone water. They are used undiluted
L eritical test Afluct~~. T¢ i v atored at 4°, Under thor-o

YT . ‘va . tabae for several months;
exist for the typing of Pseudomonas aeruginosa on the bacs-

tre properties of the mild phages and the pyoclne. As we know,
itrains of Pseudomonas aeruginosa secrete bacteriocines 1nto the
1 which ere active against many microorganisms. Among these i3
1e. Thi:iis a proteinlike substance. It 13 1iberated in the médium
t the lysis of the bacterial cells anu can also dissolve several
1s of Pseudomonas aeruginosa. The pyoclnes are specifically ad-
| by sensitive (indicator) strains of Pseudomonas aeruginosa and
their death. In contrast to the phages they are not reproduced
r Injured cell.
n the éxperiments of Halloway and others (1960) 75% of the stud-
1ltures were pyocinogenic or lysogenic.
jome strains carried 2-4 different mild phages. Accbrding to their
>gical properties, most phages belonged to 6 groups (A, B, C, D,

Within each serological group the phages were divided int»o sub-
3 on the basis of the range of their hosts. Some of the phages
2111 being studied and possibly belong to additional groups.
falloway (1960) made an attempt to type strains of Pseudomonas
lnosa on the basis of the lytic properties of the miid phageé and
socine. The author used the 3 strains of Pseudomonas aeruginosa
‘L) and 29 as indicators. | . |
Che method of Gracia was used for the study of the mild phages
focines. 0.001 M of calcium chloride was added ﬁo the basic media.

1lture of each of the 3 indicator strains was prepared in the fol-

I manner. 2 drops of a day-0ld broth culture of the indicator
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tin weore applied

“re The mixture

r and left to

30 minutes. D

:d were tinen
1 dish. The re
differentiati
ofilysis aro

-

to 2 mm. The
___fen or serrate
the morphology
30sed by Hallo
from the phag

is zone and, s

sterlle spotsi

strains were
y a lysis zone
degree of d4il
214 cultures!
the above-desc
18 phagotypes
and pyocine o
-method was de
Pseudomonas
sitivity to a
2s and sewerag
mild phages a
nstrated for

from perfect

- T 4 -
tc + ml ¢cf mel ‘o B omeat-poptone

Z‘ {, ° ) e .

was prnured on the surface of normal meat-peptone

el (up

%olidify. The surface layer was slightly dried at 37°
%ops of day-oid broth cultures of the stralns to be:
Eplied with a loop. Up to 20 drops were placed into
sults were evaluated after 24 nrs incubation at 37°.
und the Spot. The lysis zone varied from hardly visi-
edge zone could be sharply delineated or diffuse, un-
d. If necessary, the phages could be differentiated
of the plaques and the antigen characteristices as
way and coauthcrs (1960). The pyocine was differentia-

e firstly on the basis of certain pecullarities of the

econdly, on the basis of the inabiiity to give 1sola-
‘(similar to those formed bv phages) when the indica-
dnocnlated with series dilucions. The pyocine gave
ior growth inhibition, whose intensity decreased witn
tion.
isolated in several Melbourne hospitals were typed
Libed method. The hospital strains were subdivided in-
cn the basis of their capacity of producing mild pha-
p 3 indicator strains. The epiaemiological value .of
#onétrated in individual hospitals.
%eruginosa can be differentiated on the basis of its
%eries of typing phages, derived from l&sogenic_cul-
e effluents and also on the basis of the propertles of
hd pyocines. A certain epidemiologicul value has been
l che same time these are still

all typing methods. At

and have certain defects.
|

Thus, for example, it was
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that the phagotypes are not stable and that the results depend
y on variations in the times and conditions of typing. Further

ation and practical verification of these methods are essential.
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Chapter 9

PHAGE TYPING OF CHOLERA VIBRIOS, DIPHTJERIAL BACILLI
s AND SOME OTHER BACTERIA

__The feasibilitx,cfﬁphage typing has,been.demonstrated~to-date tor

}?species of pa*hogo;1c>microorgan;sms. A scheme of phage typ‘ng of

"~ 2ra vibrios has been ‘worked out recently in India (Mukerjee, 1959,

.3 Mukerjee and others, 1957, 1959). The cholera phages proved to -

iirly uniform.'Comparinf 623 phages from the feces of patients,
river water and efflueats and from lysogenic cultures, the c¢.lhors
ited 4 main serological groups among 606 phages. The phages of

| » IV have not been détected in Iysogenic cultures, the phages 9f
» I, II and III are ubiquitous. 17 phages did not belong to the
-1isted h_groups, they were heterogeneous and unsuitable for the
1€ of cholera ﬁibrios because they hed a brcad lytic spectrum.'By
3 of the phages of the 4 groups, vibrios}couLY be differentiated
7 phagotypes, and tue pﬁagofypes and se*otypes did no£ coincide.

_ribrios on which tying is based, should He precent in the smooth

__.xed (S+P) fo rm. This is due to the facti|that phage II does not

*J;;, with the rougb forms of vibrios. Even the phago ype I whic
R t»by all typing phages loses 1ts sensitivity to phage TI upcn ﬁran-

44
i

n to the rough form.

The smooth aﬂarmixed forms are typed in a high percentage. Thus,
. €30 vibrios, isolated during a cholera epidemic at Calcutta, the
:able strains accounted for only 1%. These were rought forms, sen-

‘e to phages I and III and smooth forms with ambigri | hage r2ac-
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A very rigid correlation was found to exist between lysogeniclty
igotype of the vibrio. Thus, strains of pragotype I were always
>genic. The other phagotypes mostly (/3% out of 1€5 studied cul-
carried mild phages, about 907 of the cultures of *he 2nd and
Je containing phages of group I, 7C% of cultures of the 3rd pha-
, bhages of group II, and 5C% cultures of tre 5th typzs phages of
III. The abovefdéscribed iysogenic characteristics are closcely
*ed with the sensitivity :spectrum of the phagotypes. For example,
2s of type 5, containing mild phages of group III, do not inter-
th pﬁage III. Evidently, as in many otrer cpecies of bacter?a,
2sence of mild phages in vibrios imparts *to the cell an immunity
zes of the related serotype. |
2al procf of the value of this method in epidemiological investi-
5 has been provided. In 5 localized epidemics the rethod helped

e the epidemiological chains.

themes for typing of diphtheri~ '+ - e wie wm, Xeogh and
(1938) distinguished the t;:.  .uvlis, mitls « 3 in*-rmedius by

of 2 phages. Later on, Fak . 1 ) u hiy 5 oo oared, iivided

ohtheria bacteria into 9 phagot,pes. T « . v-- .. zlologi-

pes did aot coincide.

hit-i* and Fredericq (1956) worke:! ...* a ccheme for typing diph- ]
Wi mili phages. The phages A, B, D and 0O were isolated di-
from i1, .-~.enic . .itures. The phages C and I, are variants of

A, phage i is a var.int of phage C, phage N2 g variant of phage
variants were obtained ty adaptation of the original phage to
ant cultures.

50 cultures of diphtherla of the type gravis were differentiated
ne ald of the above-mentioned phages into 9 phagotypes, which

Lo be stable on laboratory media and in ‘re organism. A correla-
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ion was observed to exist between the phag,ot.ypn and certain bi,
roperties of the strains (enzymatic breakdown of glycogen) The strainu

hich interacted with phage A or its derivatives (C, I, N or N2) broke

own glycogen. The strains which were sensitive to the phages D o"O jﬁdﬁgf“
1d not have this property. she propsed scheme has been applied x«ri.t.l'x;”ji
uccess in epidemiological research. ﬂui i_“
Prevot and Thouvenot (1961) differentiated 212“sfrains of anaerobic*
orynebacteria into 11 phagotypes (I-XI) by means of 6 mild phages. _ W.. S
5% of the cultures belonged to the type I. The typing phages were re-
ated serologically but differed in their heat stability and were inacf
ive on dipththerlia corynebacteria. o
The pcssibllity of typing strains of Proteus hauserl with bacferio-
hages has been reported. Vieu (1958) divided the strains of this spe-
ies into 10 phagotypes, using 12 undiluted phages, 1solated from sewer-
ge effluents. Evaluation of the results was carried out after 6-8 hrs
£ incubation at 37°; This method is currently used at the Pasteur
nstitute at Paris. |

Attempts at phage typingof hemolytic streptococcus have beomce?

anown.rEvans (193&) was the first to subject streptococcus ghages'to .

areful . tudy. These were isolated from sewerage effluents and divide&f‘°

nto 5 races on the basis of their serological characteristics'{A/ B
, D and E. The phages differed also in their range of action on he;ii&i
ic streptococci of different o 'igin. Streptococci of different ogigiqﬁ,
ould be differentiated by means of 4 phages into 8 groups (I-VIiI).“A
efinite relationship between the origin o the cultures, their sero-
oglcal charactefistics according to Lansfield and thelr sensitiQity

0 phages was demnnstrated.

The phages A, C and E acted on a limited number of strains of

roup A, phage E lysing almost exclusively strains of the serotype XVII
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© Griffiths (Evans, 1742; Evans and Sokrider, 1{42). Phage C interac-
d with scarlatinal cultures (Evans, 1935). Phage B acted only on
reptococcl of the serological group C and F, isolated from animals
vans and Verder, 1938; Evans, 1940). Phage D lysed only streptococci
~ group v (Evané, 1934, 1942). The author could not disco#er a rigid W
rrelation between the serological type of the streptococcus accdrd-
g€ to Griffiths and its sensitivity to phﬁges (Evans, 1940). |

Attempts have been made in recent years to type streptococci by
ans of mild pnages. It was found that lysogenicity 1s as wldespread
ong streptococcl as in other groups of microbes (A.A. Totolyan, 1961).
arly half the cultures may be lysogenic. The best method of detec-
ng mild phages is the action of ultraviolet light. A coincidence of
e serological characteristics of the test and indicator strains is |
t essential for determining the lysogenic properties of the culture.
1d phages can be determined in a pair of stra;ns of hemolytic strep-
coccus which are either different or identical with regard to their
tigen structure. By means of 6 phages, most of which were mild (with
e exception of phage'CAl). A.A. Totolyan subdivided 165 stock and
esh cultures of hemolytic streptococcus 6f group A into 5 phagotypes.

Noteworthy is the fact that the same phagotype (with the exception
II) included cultures of different serotypes. For example, group
I contained the strains I, IV, X, XXIV, XXVI, XXVII and XXIX of tﬁe
iffiths serotypes. At the same time the cultures of some identical
rotypes belonged to different phage groups. In other words, some kind
correlation tetween the serological properiies and Ehe phage sensi-
vity of a culture could not be found.

The phage resistance and sensitivity of cultures was accounted for
the lysogenic properties: the cultures were jresistant to ﬁtheir“

ages and sensitive to phages isolated from cul‘ures of other groups.



urthermofe, phage resistance was also connected in come lnstancec with
he presence of a protective layer of hyaluronic acid in the cstrepto-
occl.

Some streptococcus phages had marked adaptive properties. Thuc,
he phage CAl could be adapted to a strain of serotype IV, as a result
f which it acquired activity with regard to strains IV and some others,
osing the capaclity of lysing streptococci of the types XXIV and XXIX.

A curidus fact is thét strains of identical phago.ypes had a sim-
larity in some culture characteristics, such as: the nature of growth
n serum broth, and‘peculiarities of the hemolysis zone. In the view of
he author this could be connected with structural differences in the
urface layers of the cells (thickness of the protectiQe layer of hya-
aronic acid, etc.). |

The markedly widespread distribution of lysogenicity among strepto-
>ccl, which has been demonstrated in the researches of A.A. Totolyan,
rovides a realistic basis for the creation of a more nerfect scheme of
1age typing for this species of microorganism. The need for such a
theme would al;o,follow from the fact that the role of hemolytic strep-
coccus in the etiology and pathogenesis of scarlet fever, rheumatism
id cther diseases forms the subject of scientific.disputes to thié'day.
14 it is clear that a method of differentiating strains of different
‘igin, but of ldentical serotypes, can help to bring somé clarity into
le problems of the etiology and epidemiology of streptococcus diseases.

. The possibility of phage typing of streptococci has been demonstra-

:d (Evans and Chinn, 1947). Some enterococcus phages are capable of
fferentiating enterococc! of different origin (for example, strains
.0olated from human intestine, from the enterococci of coldblodded ani-
1ls, cows, horses, and wasps) (N. Akhmedov, 1959).

Following the isolation of a number of bacteriophages of mycobac-
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la by Gardner and Weiser (1547a, b), Hauduroy and Rosset (1948),
so and others (1949) proposed a scheme for the phage typing of para-
erculosls bacteria, in which the phages were used in test dilutions.
tko (1953) subdivided M. phlei and M. smegmatis into 2 phagotypes.
dra (1962) typed 377 strains of mycobacteria (pathogenic, saprophy-
, atypical) by means of 10 phages, 1solated from soil and designated
ording to thLe speéies of mycobacteria, through which the phage had
n passed (Phagus phleil, Phagus pellegrini, etc.). 106 strains.proved
be sersi:iive to certain phages, only Phagus phlel being specific for
- tures of M. phlel, which in turn, were not lysed by other phages.
pathogenic mycobacteria were lysed by Phagus smegmatls and minetti.
All these researches permit us to assume that most pathogenic bac-
ia can apparently be t:ped by some phage method. The ease with which
ferent bacteria can be subdivided is not uniform. It depends greatly
the possibility of obtaining bacteriophages and on the peculiarjties
lysogenicity of individual species ol bacterla.
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