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ABSTRACT

RAPID METHODS FOR THE BACTERIOPHAGE TYPING
OF STAPHYLOCOCCI

OBJECT

To review the progress mnade in the development of rapid methods
for the bacteriophage typing of staphylococci. New techniques developed
in this laboratory, as well as modifications of conventional procedures,
which reduce ih» total time to type staphylococci by the bacteriophage
method are presented.

RESULT™S

The time required to type staphylococci by the bacteriophage
method can Le substantially reduced through the application of rapid - s
methods for propagating the typing phages, rapid visualization of test N
results, and through the use of self-contained typing systems.

CONCLUSIONS_

It is apparent that coaventional methods for bacteriophage typing
are subject to improvement and that such improvement will bring this
important epidemiological tool within the capability of the average
hospital. The development of a dependable and inexpensive self-contained
typing systems represents a #'~p toward the achic vement of this goa!.

RECOMMENDATIONS

None.



APPROVED:™

, |
45'4:‘7w£54z06'
TIIOMAS R. A, DAVIS, M.D.

Director, Envircnmental
Medicine Division

2

APPROV

[4
HAROLDJW. GLASCOCK
| Colonel / Medical Corps
| Commyinding

11




RAPID METHIODS FOR THE BACTERIOPHAGE TI'YPING
OF STAPHYLOCOCC!

I. INTRODUCTION

The importance of bacteriophage typing in the prevention and con-
trol of staphylococcal discase is best emphasized by the fact that it is the

only reliable technique presently available for tracingzghe sources of
[s]

infections caused by strains of Staphylococcus aureus“®. Since prompt
recognition of the exittence of a staphylococcal problem and the ultimate
elimination of the causative strains from the hospital depend upon rapid
identification of the strain, it is essential that this important epidem:o-

logical tool be readily available to all hospitals. The speed with which
an epidem.. of staphylococcal infections may s "eep through a nursery,

ward, or ent.re hospital is well known and serves to emphasize the need

for rapid identification procedures at the local level. At the present

time, however, the expensive and time-consuming phoge typing service
is confined to typing centers located in metropolitan hospitals and medi-
cal centers, state public health laboratories, and research inatitutions.

Although most hospitals may submit cultures to these typing centers
for identification, the long delays associated with collection, trans-
portation an, processing of such cultures makes such information of

little immeniate value in the control or prevent.on of epidemics. Final

information concerning cultures submitted to a distant center may be
delayed for periods ranging from "9 days to 6 weeks.

Refore phage typing can be utilized to the fulles?. extent in the
prevention and control of staphylococcal disease the typing procedure
must be simplified and brought within the capability of the average
hospital laboratory. Very little progress has been made toward sim-
plification since the classical studies of Williams and Timmins®,
Fi:k“, and Williams and his associates!® 34: 35, The unpublished
recommendations of the Subcommittee on Phage Typing. International
Committee on Bacterial Nomenclature, adopted in 1953, were general
in nature and were designed to give uniformity to the inteipretation of
results. No rigid proceduvral rules were established although the re-
comnicndat.ons were essentially based on methods developed in the
Central Public Health Laboratory in London34.

Operating within the freedom permitted by the recommendations
of the Subcomm:ttee on Phage Typing a program was undertaken in
this laboratory 1n 1958 to inves.igate possible ways of simplifying the
staphylococcal typing procedure and of redvcing the time required to




obtain the results of typing tests. Although the ma:in obrective was tne
design of a tyning system for use in small military hosp:tals and ¢linios.
it was recognized early in the investigation that most of the problemis
and needs in connection with phage typing were comnion to ail hospitais.
civilian or military. Many of our findings appeared to be applicable to
the general problem of phage typing. This paper desc ribes some of the
new techniques evolved in our laboratory, as weil as modifications ot
conventional procedures, which have reduced the time required to obta:n
phage patterns of staphylocccci. For details concernming the development
of the conventional typing p:ocedures the reader is referred to the many
excellent papers in the literature 3.4, 14,15, 32,34, 35,

I1. PROPAGATION OF TYPING PHAGES

The most time-consuming operation in the phage typing procedure
is the propagation of the phages. To develop a complete set of typing
phayes at the critical test dilution may require the services of a skilled
technician for a period ranging between 1 and 6 months. JIn addition to
requiring a great deal of time, the propagation step also involves the
use of expensive equipment and large amounte of laboratory space.

These and oth~r technical and mechanical problems require solution
before the typing procedure can be utilized to its most practical potential.

Propagation of the typing phages is most often performed by the
addition of a suspension of the stock phage to its specific propagating
strain of the surface of agar plates34 or within a semisolid agar over-
layer3. Following incubation the phage is harvested by washing the
surface of the agar plate with sterile broth or by extraction of the phage
from the agar overlayer by a variety of complicated technique:“. Afte=
filtration and titration the phage auspensions are adjusted to the critical
test dilution for use in the test procedure.

Most of the typing phages can be propagated in broth when proper
precautions are observed!4:20,26,32-34 1 gome instances, however,
it is difficult to obtain high titers in liquid media. Recently, it was
shown that aeration and agitation of liquid cultures during incubation
sublta_}nnally reduced the time required to obtain acceptable titers of
phage’.

Liul8 applied the cellophane plate technique, originally develuped
by Birch-Hirshfeld? during an investigation of staphylococcal hemolysin,
to the production of typing phage 3A, Although the technique gives satis-
factory results when applied to other typing phages (Table 2), we have
found that harvesting from the cellophane plates presents many protileme?.
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Soft agar propagations. Studies conducted :n the labo . atory have
recently shown that propagations may be carried out :n thint layers of
goft agar withcut the use of the firm agar base. Very sotft agar (0. 1»
per cent) is used. [he media is dispensed in appropr:ate amounts in
test tubes following preparation and cooled to {7°C. The tubes are then
inoculated with suitable amounts of the propagating strain and stock
phage suspension. Aiter mixing thoroughly, the contents of the tubes
are poured into sterile pe‘ri dishes to a depth of approximately 8 mm.
Since this system remains very soft on cooling, the plates are incubated
in the upright position at 37°C. for 4 hours. The plates are then per-
mitted to stand at room temperature overnight prior to harvesting. On
the following morning the contents of the plates are returned to sterile
test tubes without the addition of extra broth and the tubes are chilled

in a refrigerator. Following centrifugation for 40 minutes, during which
time the agar, host cells, and cell debris becomes packed, the relatively

clear, concentrated supernatant can be harvested. After fiitration and
titration these concentrates suspensions may be used to prepare critical
test d:ilutions.

The rezuiis of 4 typical prepagation experiment involving phages
of groups I, II, 1II, and Miscellaneous are presented in Table I, pagel6
Photographs of titration plates are presented in Figures I, 2. and 3,
pages 18, 19. and 20. It may be seen that propagations may be carried
out effectively in very soft agar .nd that a single passage produces ac-
ceptable titers. The results also show that the thickness of the agar
layer influences the titer cf the vield (Figs. 2 and 3). The addition of
calcium chloride to the agar (400 mcg/ml) did not appear to influence
the results obtained in thick agar layers urder the conditions of thia
experiment.

Advantages of propagating in soft agar include saving of time and
money. Since a single passage in soft agar usually produces acceptable
concentrations for typing, larger nurabers of phages may be propagated
simultaneously with a resuiting economy of materials and time. llar-
vesting is simplified in that the procedure is répeated a minimum
number of times to produce a complete set of phages at the critical test
dilution. Decause it is not necessary to use additional broth during the
harvesting procedure, the resulting suspensions are more concentrated
than those uaualiy obtained when the conventional procedure 8 used.

Dialys:s bag propagations. A technique for the production of
staphylococcal typing phages 1n bags made from scamless dialvsis
tubing has recently been described’. This newly developed tedhnoque




combines the advantages of propagations :n liqu.d media with the re-
duced incubation timeas which characterize aerated cultures and the
cellophane plate procedure. The bags are prepared from seamless
dialysis tubing measuring approximately 3,4 inch in diamater and cut
into lengths gufficient to accommodate approximately 10 ml, of brotn.
The bags are sealed by tying at vne end with a simple overhand knot and
are wrapped in damp towels for sterilization in a pipette canister under
steam pressure.

The propagation system consisis of 0.2 ml of a stock suspension
of phage (CTD ranging between 10-! and 10-~ and . 3 ml.of a i-hour
broth culture of the appropriate propagating strains adjusted to contain
between 10> and 10° cells per m!. The volume of the contents is then
made to 5 ml. by the addition of sterile trypticase soy broth containing
added calcium (400 mcg/ml). The bags are then sealed following the
removal of all air and bubbles by tying (Fig. 4, page 2!). After being
properly marked for identification the bags are submerged in a flask
containing a liter of trypticase broth with added calcium. To get maxi-
mum aeration and agitation, the broth in the flask is magnetically stirred
during incubation (Fig. 5, page 2. The incubation period lasts 4 hours
and is carried out at 35°C. Contents of the bags are harvested follow-
ing incubation by removing the bags from the flask. rinsing with dis-
tilled water, and clipping off one end of the tubing. The contents are
then poured directly into a Seitz filter. An alternate method of har-
vesting consists of the use of a Swinny filter (moditied to accommodate
0.4» ,; pore size molecular membrane filters) (Fig. b, page 23). The "
lattzr method of harvesting is especially useful when the volume of the
propagating system does not exceed 10 ml. The resulting suspensions
are obtained with a minimum loss of volume and potency.

The results of an experiment involving the propagation of Group
III phbages in dialysis bags are presented in Table 1I, pagel6. For com-
parative purposes the results obtained when the same phages were
propagated on cellophane plates and in semisolid agar are pr.zented.
The same inoculum was used in all exjceriments. Since the figures :n
the table are reciprucals of tne Lighest dilutions producing confluent
lysis of the appropriate propagating strains, they may be used for com-
parative burposes. It may he seen that a single passage of the phages
in dhalysis bags produced acceptable titers approximately equal to those
obtained by three passages using the other methods. :

Among the advantages of propagation in d:alys:s bags 1s the com-
plete elimination of solid med:a ‘rom the procedure. The sitaplif.ed
harvesting procedure saves time and money. Pecrhans the greatest
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advantage, however, is derived trom the fact that all of the typing
phages may be propagated simultaneously under uniform conditions.
Suspensions harvested from the dialysis bags are easily prepared for
use in the typing procedure since complicated extraction procedures
are eliminated.

II. RAPID PHAGE TYPING

The second most-time consuming step in the phage typing pro-
cedure is the incubation of the completed test system. A review of the .
recommendations concerning incubation in the literature reveals raany
variations in times and temperatures. Normally, the incubation pericd
ranges between |8 and 30 hours and is carried out at temperatures be-
tween 30 and 37° C. In some cases incubations for 4 hours at 35° C.
is followed by a period during which the test plates are permitted to
stand at room temperatures. In every instance, however, the extended
periods of incubation have made it impossible to complete a typing test
and read the results within the hours of a normal workday. In an effort
to reduce the time required to obtain the final results of typing tests, a
techniq:e has been developed in this laboratory which enables the tech-
nician to read the results of typing tests, with acceptabla accuracy.
within 4 to 6 hours following inoculation. The technique may be used
in connectior. with the conventional mu.rodroplet typing procedure by
the addition of a simple step.

Rapid visualization technique. The use of synthetic and natural
oxidation- rcductxon indicators in connection with drug sensitivity testa
has been reportod +17,19,22-24,27  powever, there have been few, if
any, attempts to use similar techniques to reduce the time required to
obtain the results of phage typing tests. MenolasinoZ! recently reportad
that the addition of minute amounts of tetrazolium chloride to the test
agar resulted in a contrast which greatly facilitated the reading and eval-
uation of the results of staphylococcal typing tests. The incubation per-
iod, however, was not shortened by thc use of tetrazolium-tryptone soy

agar. Sorenson?8 found that the incubation time for antibiotic sensitivity’

test could be reduced through the use of an oxidation-reduction indicator
incorporated into a soft agar overlayer. Appropriate drugs could be
selected with accuracy in 2 to 6 hours following inoculation, depending
upon the speciss of bacteria involved.

In both antibiotic sensitivity and bacteriophage typing t=sts and de-
termination of the final results depends upon the detection. within a
lawn of cells growing normally, of zones of inhibited bacterial growth.
In both tests the fundamental reactions leading to the ultimate fcrmation
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of zones of inhibited growti occur witln a few hours after inovalatoon.
The ren:ainder of *ne incub.tion :s thercfore. devoted to promotion o1
sufficient cellular growth on the surtface of the test plate to enable the
technic.an to d:stinguish, v sually. the zonss of inlub.ted growti pro-
duced by drugs or bacteriophages. Our effrrts to reduce the incusat on
pericd have been directed toward the vigua ization ol the test lawn as
vapidly as possible after the occurrence of the fundan.ental reactions
leading to the formation of zones of bacterial lysis.

[he preliminary results of our investigation of rapid visualization
methods applicable to staphylococcal phage typing tests have been re-
ported 2, Essentially, the technique involves the use of synthetic
oxidation- reduction indicators incorporated into semisol'd agar over-
layers. [Iwo indicators. resazurin and tetrazolium chloride have been
used successfuily in routine yping tests.

A stock solution of resazurin to be used in the preparation of the
indicator agar was prepared in advance by dissolving 200 mg. of re-
sazurin reagent (Allied Chemicaland Dye Corp.) in 10 ml. of ethanol.
This solution waa then made up 1o a volume of 20U ml. by the addition
of boiling water. The solution was then cooied, passed through a Seitz
filter, and transfeired to a brown glass bottle for storuge under refrig-
eration.

The stock solution of tetrazolium indicator was prepared in ad-
vance of use by dissolving 1.0 Gm. of 2, 3, 5-triphenyl-2H-te‘razolium
chloride (Allied Chemicil and Dye Corp.) in 100 ml. of distilled water.
The solution was then passed through a Seitz filter and transferred to a
brown glass bottle for stoerage under refrigeration.

The overlayer is composed of 1.5 per cent agar. DBase, nutrient,
trypticase soy, or heart infusion agar may be used. The medium s
prepared in advance of use and fur convenircnce is dispensed in 15 mi.
amounts :n test tubes prior to sterilization.

Rapid visualizat.on 18 used 1n connection with the conventiona!
microdroplet typ.ng procedure and the test plates are incubated for 2
hours at 35° C. prior to application of the indicator agar overlayer. The
prelim:nary incubation period may he niore accurately determined by
applying a small drop of the resazur:n on the surface ot the test plate
and 1ncubating unt:l the blue area turns pink. [n most cases. however.
a standard:zed 2 hour pre-:ncubation period is adequate for staphylao-
cocval typing.




During the pre tncubat on e o the apir el e o e g

prepared by xdiang Lo il of the stocl solulion v resaany o s

of the stocl sc ution of tetrazol.um chloride to each of tne Vioes o orrs
solid agar pre tousiy melited and cooled to 17 C. Pubes o tempe ce
sndicator agar may be comenient!y nrepared 'nadvance of Lse and heoa
in a water a h unti! the compiet un of the preliminary incubation ner ol

Upon completion of the pre-i~cubat.on ner.od the test piates are
removed rom the incubator and a sufficient amount of ndicator azar o
carefully noured over the surface of each plate to gi~e a depth of an-
prox.mately ' mni. (Fig. 7, page 2i). After the averlayer has sol.dif ed
the plates a - returned to the incuvator and observed at 15 minute ‘ntor-
vals. Zones utl lys:s appear as blue circular areas of a background o:
pink agar (i'ig. 8, pagel-)when resazurin is used and max:imun' cuior
contrag: 18ua:ly occurs within 90 minutes following the additior of the
indicator cverlayer. When tetraxolium is selected as the 1ndicator the
zones of lysi» appear as clear circular areas on a background of red
agar (I'ig. 9, page26) and maximum color development usually requires
1 .5 ¢ hours «f additional incubation. :

The possibility of growth inhibition lue tu the presence of the
oxidation- red.action indicators in the overlayer 13 minimized by the
preliminary iacubation period. This period permits the establisnment
of a substantial lawn growth and the occurrence of the essential re-
actions leading to the iysis of areas of the !awn by phage prior to the
applicat:on of the inaicator agar. '

Certain precautions should be observed when the rapid visual-za-
tion procedure is to be applied to bacteriophage typing tests. Thesc
include: 1) the use of agar test plates with very dry surfaces, 2) appli-
cation of the overlayer with the plates resting on a level surface to
assure uniform layer thickness. 3) the use of extremne care during the
application of the overlayer to prevent disturbance of the integrity of
the test lawn and plaque pattern (Fig. 7.24). 4) the indicator agar should
be ccoled to 45° C. beiore pouring, and *) the overlayer must soliiiy
completely before the test plates are moved to the incubator. The ob-
servance of these precautior.s wi'l prevent the alippage of the indicotor
overlayer during the test per.od ..nd will minimize the distortion of the
plaque pattern.

The results obta:ned when .0 coagulase-positive strains of staphy-
lococct were typed vy the convent.onal and rap:d vigualization procedures
are presented in Table III, page 17. It mav Le scen that ma;or pattern:




were easily determined within - to v hours atter :nconlation,  inter
pretation of the test results preaented no serious problems Levaise U
distinction betwecn strong and weuak lytic reactions s eas.ly nunde.
With exrerience intermed:ate reactions may aiso be observed and re-
corded with accuracy. We have found that the mterpretat.on of resuts
may be further simplified through the use of the typing phages adjusted
to 100 times the critical test dilution {100 x CTD) as recommended by
Wahl and Fouace30: 31,

The principal advantas:: of rap:d visualization lies in the fact that
it reduces the time required to obtain the firal results of typing tests by
reducing the incubation period from 18 to 30 Lours to 4 to 6 hours.
Using this new technique the results of staphylococcal typing test may
be easily obtained within the hours of a normal workday.

IV. SELF-CONTAINED TYPING SYSTEMS

The feasibility of typing through the use of self-contained typing
systems has been under investigation in the hboratory since 1958 and
the preliminary results have been reported 10, Since such systems
would relieve clinical laboratories of the tedious, expensive, and time-
consuming steps involved in the conventional typing procedure. they
would also place staphylococcal typing within the capability of the
&verage hospital laboratory. Important contributions to the development
of simmplified typing systems have been made by Cavanaugh and Quan8,
These investigators demonstrated the feasibility of using lyophilized
bacteriophage-impregnated paper strips for typing strains of Pasteurella

ge.ti-.

Mora and Eisenstark®3 extended the paper disc system to staphyl-
ococcal typing and obtained results squal to those obtained by the conven-
tional microdroplet procedure. They also demonstrated that phage-
impregnated discs could be prepared in advance of use and stored for
periods of 90 dnys without ioss of usable titer.

More recently a aelf-contained paper disc system for determining
the sensitivity patterns of bacteria to various antibiotics has been de-
veloped by Brown and his associates®. Through the use of an oxidation-
reduction indicator incorporated into antibiotic-impregnated discs, these
investigators have shown that accurate results could be obtained within 2
to 6 hours following the inoculation of the disce with a strain of bacteria.

The incorporation of an indicator system 1ato bacteriophage-
impregnated discs wus recentiy -uggc-tcdl 3 and the prelimirary rcsuits
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of exper:ments conducted wilh s.mgle Ccomponent doso 8 Lo e een o

ported!0, Although avceptable rescits were obti ned woto the ar.2ona

discs, instab'lity during storage presented rmany srobiemns and Loented
the useifulness of the typ:ng systerm. Suusequeni .nrvest:gatinns nave ‘
shown that failure to ach.eve a very high degree o1 debiveiration during '

preparation and storage led to interaction between the .ndicator and the
phages with a resultant reduction :n the shelt life of the discs.  Such ‘
interaction was possible because of the direct contact betieen the ind:-
cator and *he phages in the single component discs.

We have developed a multi-component disc systeni 'n our labora-
tory which alleviates maay of the difficulties encountered in the original
discs. The new system provides for the mechanical separation of the
phages and the indicator until the time of inoculation (Fig. 10, page 27)
and thereby extends the shelf life of the discs. Shortly after inoculation
the separators :ose their ability to act as mechanical barriers and the
constituents of the syatern di{fuse freely in the matrix of moistened
filter paper.

Preparation of laminated phage typing discs. Sterile filter paper
discs (S & S 740-E) measuring 12. 7 mm. in diameter are used as major
components for impregnation. Separators are cut from thin facial type
t.ssue. The indicator discs are impregnated with 0. 5 mg. of 2. 3. 5-
triphenyl-2H-tetrazolium chloride in an aqueous solution. Following
the impregnaticn and drying these discs are stored in brown glasa bottles
over a drying agent. Large numbers of these discs may be prepared in
advance of use and stored.

The phage component of the test system: 18 prepared by impreg-
nating sterile filter paper discs with approximately 107 phage particles.
Suspensions of the typing phages are adjusted to titers ranging between
107 and 10 particles in trypticase soy broth containing adde- calcium
(400 mcg. per ml.). Purified ovalbumin is then added to tne adjusted
phage suspensions :n amounts necessary to give a final concentrat:on of
7 per cent albumin. After thorough mixing, impregnation is accomphished
by adding 0.2 ml. of the suspens:ons to sterile discs. The disca are
then shell frozen and lyophxlxzed“. Success in the preparation of phage-
impregnated typ:ng discs depends. to a large extent. upon achieving and
mainta:ning a high degree of dehydration follow:ng impregnation and
during storage. The finished phage-impregnated d.scs are storced .n
wax sealed glass v.als over a dry:ng agent at temperatures rang:ng
hetween -10 and -15°C.
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The laminated test discs are assernbled saortly Hetors fse iy
placing one of the ind:cator discs in each well of 4 blast.c depress.on
dish {(Fig. 11, page 28). Separator discs are then placed on top of the
indicator components in each well. Finally. the phage .mipregnated
discs representing the typing phages are placed :n the appropr:ate wlis.
Control discs consisting of only the indicaior component are included with
each series. Test systems may be prepared 1n advance of use and stored
in vacuo over a drying agent and under refrigeration,

Typing is accemplished by inoculating each of the laminated discs
with 0. 5 ml. of a slightly turbid culture of the test strain. To prevent
overpowering of the disc system we have found it convenieat to adjust
the turbidity of the cuiture to an optical density between 0.02 and 0. 04
on the Coleman Jjunior spectrophotometer and 485 mu. This represents
approximately 104 organisms per ml.

Following inoculation the test system is incubated at 35°C. ina
high humidity incubator. The system is checked at i> minute intervals
until the control discs show maximum color developmen:. Resultg are
then read by recording the numbers of the discs that did not undergo a
change of color from white to pink. These numbers represent the
phage pattern of the test strain.

Interpretation of the results obtained from typing tests carried
out by the dig< technique present no serious problems. In staphylo-
coccal typing the distinguishing characteristic ;s the visual appearance
of zones of lysis. Some strains are lysed so that the zone is confluent
while other strains are lysed with a semiconfluent zone. Both i these
types of rcactions arc readily detectable when laminated discs are used
and reference is made to the color intensity of the control discs. With
experience, intermediate types of reictions may also be determined.
The results obta‘ned when a series of cultures were typed by the disc
and conventional techniques are presented in Table !V, page 17. It
may te seen'that acceptable results may he obtained by the disc tech-
nique within 4 hours after inoculation ‘

Self-contained typing systems providc many potential technical
advantages including: 1) Large numbers of discs can be prepared in
advance of use. ) Var‘ations arising in culturing and subculturing of
the host cells and phages in the laboratory during propagations can be
eliminated. 2) Closely controlled batches of discs can be prepared
and predictable resuits can be expected. 4) Problems of contamination
can be minimized during storage and use of the disca. and 5). Thesc
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svestems would mahke nhave topong avaiable to labo=<tar.es 0 raoat

hespitals 0 o simple. acourate and nespensave tornn,

rhe main mechan:cai advantage to be gained throagh the use ol
self-conta'ned typing systems :s the savong of time. The t me now ee
quired to prepare and standardize a complete set of typing phages (1
te o months) wouid be chiminatedentirely at the local level, The re
quirement for space and equipment would aiso be reduced or elimunated.
The costs of typing would., «f courge. be reduced ag a result of the
above mentioned advartages. It 1s hoped that the manufacture of self-
contained typing systems can be arranged :n the near future.

V. SUMMARY

Twe new techniques for the propagation of staphylococcal typing
phages developed at the U. 5. Army Medical Reaearch Laboratory have .
been described. Application of these techniques reduces the time re-
quired to obtain a complete set of phages at the critical test dilution by
simplifying the propagation and harvesting procedures. '

A new technique for the rapid visualization of the results of
staphylococcal phage typing iest has been presented. Uaing this tech-
nique the receults of typing test may be easily obtained within the hours
of a nurmal workday.

The results obtained in studies f the development of self-contained
phage typing systems have been presented and discussed. The develop-
ment and production of such systems could provide many technical and
mechanical advantages over the conventional microdroplet typing pro-
cedure and wculd make phage typing available to the staffs of all
hospitals in the form of an economically feasible routine laboratory

procedure.
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(Tube! Tut et Fetrs g,
) ————— iRt an

29 107" 107 10%

52 10" 107 ot

S2A 10° 10° 104

19 1e° : 1o’ io’

80 104 10” 1ot

81 to? 107 ' 163

71 1o° 10° : 10°

4 103 ‘03 105

53 102 107 " 1ot

54 1o’ 102 - 109

°0.15 per cent tryptic soy agar (Mifeay

**Figures are feciprocals of the dilytione

pruducing confjyent lysis of
the propaqutlnq stroins.

Tage 11

TETERS OF PHagss PRUPAGATIC N Diacysge BAGS, CEL opHane
PLATES anp SEMISUL 1 AGAR

Range*
Phage Semiso)id Agar Cellophane Plates Diajys,s Bugs
() passggra) {3 passaqes ! 1 passage)
‘ § 109 . 1p5 102 . gt 165 . job
7 107 . 03 103 . 1ob 103 . |pd
; o 107 . g 107 . 108 0¥ . jof
' 107 . g9 102 .- o8 1ot . 10’
T 107 - 1ot 103 . [¢5 108 . o7
Y 102 . g8 102 . g% 104 . o8
7 107 - 1ot 107 . gpt 10% . o8
75 197 . g8 163 . gt 1a? . ¢’
” I. - 1e5 107 . 1% . 1ot . o7
8 107 . 98 100 . a8 1o . jqo8
‘Figures gre recijrocals of the dilutions Froducing contluent lyg,q of
the prog qat.ing Strosps,

lnoculue tor 1he FAtife Anries congisted of 0,2 #),

Muspension (CTD beveven 107} g4 10°7) and 6.3 »l,
CORtAIRIng Leteern (57 ant {g°

of 1 stock khage

of broth cujtusre
colls pet 9j.
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Phage FPattern

Stiain VNo. Conventiona.* Hapid Visuslizstion®®
i 29 52 S2A 80 Al 29 £ S7A 80 @)
2 79 §2 52A 79 80 29 52 52 19 80
k| v 47 s 47
4 3JA 4B 30 ) IR.3C 7] (weak 1K)
5 80 8l 80 8l ]
5 6 47 54 75 83 6 47/54.75 83
1 Untypat le Untypat le
8 29 52 S%A 80 2952°S2A°80 (weak 31)
9 47°53 S4 71783 475377783 (weak 5¢)
10 IB 3C 5571 IB/3C58.72

*Incutation-30 hours., 35°C., Typing phages - 100 x CTD.
**Incubation - 4 to & hours., 35°C.. Typiag phages - 100 x CTD.

’

TasLe IV

PaTTeRNs ufF COAGULASF-POSITIVE STAPHYLOCOCC! AS NETERMINED Y
CONVENTIONAL AND LAMINATED DISC TECHNIQUES

Phage Patterns

Strain No. Conventional® Laminated Disc**
1 29/52/52A/80/81 28/52/52A/80.'81
2 29.52/52A/79/80 29/52°52A80 (weak 79}
k] 6/ 4" ) 6/47
4 IA 3B/XCT) 3B/71 (weak 3A.3C)
S 90 8! [ [ 74 1
6 6 47547593 6/47/54/83 (weak 75)
7 Untypatle! Uatypable (very weak 42X)
L] 29.352/528.90 22:52/52R/80 (veak 81T
9 47:53/54/77 93 47'53/77/83 (weak $4)
10 C3RICS L 3B SL/70 (weai 3(C)

*Sigaificant reactions at the CTD. [Iancubation: 30 hours at 35°C,

**Significant reactions after 4 hours incubation at 15°C,

'Untypablv at CTD; 42K at 1400 x CTD,




Fig. 1. Titration of phages 71, 47, 53, and 54 Propagated in 0. 15
Per cent agar, Decimal dilution

8 range from 10-1 ¢4 10'6,




Fig. 2. Titration of phage 80 in soft (0. 15 per cent) agar showing
the effect of layer thickness on yields. Propagations werecarried
.out in thick layers (6 - 7 cm.) in test tubes without added calcium
(top row) and with added calcium (middle row). Bottom row shows
the yield obtained from a single passage in thin layers (8 mm.) in

petri dishes. Decimal dilutions range from 10-1 (left) to 10-6,




Fig. 3. Titration of phage 29 in soft (0. 15) per cent agar showing
the effect of layer thickness on yields. Propagations werecarried
out 1n thick layers (b - 7 cm.) in test tubes without added calcium
(*op row) and with added calcium (middle rcw). Bottom row shows
the yield obtained from a siagle passage in thin laycrs (8 mm.) in
petri dishes. Decimal dilutions range from 10-1 {left)to 1076,




Fig. 4. Dialysis bags for the propagation of staphylococcal typing
phages in liquid medium. Bags are s=aled by tying. '




Fig. 5. Propagation of staphylococcal typing phages «n submerged
liquid cul{u,res. Contents of the flask are st:rred during incubation
to promote aeration.
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Fig. 6. Harveasting staphylococcal typing phages propagated in
dialysis bags. Swinny adapters fitted on syringes e uged to
obta:n suspensions of high potency with 9 minimum lo..« .avolume,
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™




Fig. 7. Technique for applying the indicator overlayer io phage
test plates. The use of a sterile 8lass rod to direct the stream
of melted agar to the center of the surface minimizea the dis -

turbance of the lawn and distortion of the plaque pattern,
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Fig. 8. Rapiud visualization of the results of a staphylococcal phage
typing test through the umse of resazurinndicator agar. The plate
was incubated for 90 minutes follow:ng applicat.on of the averlayer,
{Pattern: 29/ 32/52A/80). The irregular shaped spot in the center
of the plate was caused by a pile up of agar at the pour paint.




Fig. 9. Rapid visualization of the results of a staphylococcal phage
typing tes: through the use of tetrazolium ind:cator agar. The plate
was incubated for 180 minutes following the application of the over-
layer. (Patt. =n: 3B/3C/55/71).
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Fig. 10. Exploded view of laminated typing discs.
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Fig. 11. Photograph of the laminated disc typing system showing
the degree of contrast between positive and negative reactions after
4 hours of incubation at 35°C. Phage pattern: 29/52/52A/30/81.
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