PHAGE TYPING OF STAPHYLOCDCCUS AUREUS STRAINS

OF ARIN SHAMS UNIVERSITY HOSPITALS

THESIS

Submitted for Partial Fullilment of Master Degrec
in Clinical and Chemical Pathology

iy

NEVINLEL NABIL KASSEM —
(M.B.,B.Ch.) g

SUPE RYISORS

Prof. ISLAF HASSAN EL FALAKY
Prof. of Cluucal ffathology
Ain Shams University

Dr. IBRAHIM KHALIL ALY

Lecturer of Clinical Pathology
Ain Shams Universily

FACULTY O MEDICING
AIN SHIAMS LINIVERNHEY
ARG LaypeTt

(]

Central Library - Ain Shams University



ACKNOWLEDGEMENT

I wish to express myv profound gratitude and sincere appreciation
to Professor ISLAH HASSAN EI. FALAKY, for her valuable help. great
care and encouragement. Her unfailing advice and constructive supervision

were of great importance in bringing this work to light.

My thanks are also extended te Dr. IBRAHIM KHALIL, for his

generous help.
I owe a debt of gratitude to the technicians in the bacleriologgy
lab. of our department especially Mr. MAGDY RIAD. for their sincere

help and unlimited patience.

Finally, I wish to thank my husband Dr. ADEL EL ETRIBY. for

his personal support. encouragement and understanding.

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



CONTENTS

PAGE

INTRODUCTION AND AIM OF THE WORK 1
REVIEW OF LITERATURE 5

Historical Aspects of Bacteriophages 5

General Properties of Phages 10

Bacteriophage Typing 19

Bacteriophage Typing of Staphylococcus Aureus 22

Prevalence of Staph- aureus Phage Patterns in Hospital

Acquired Infections 36
MATERIAL AND METHODS 55
RESULTS 70
DISCUSSION 90
SUMMARY 106
REFERENCES 108

ARABIC SUMMARY

Central Library - Ain Shams University



INTRODUCTION

Central Library - Ain Shams University



INTRODUCTION

AND AIM OF THE WORK

Hospital =~ acquired infection is not a new entity.
It has been recognized over the yvears as a risk associated
with all  hospital admissions. I+ 1includes infection
from one person te another ~ cross infection - and infec-
tion from one tissue to another in the same person -

auto infection {(Williams et al., 1966).

In the recent years, there has bheen a considerable
increase in the number of patients susceptible to hospital
acquired infection and there are numerous references
documerting the role of staphvlococcas aureus 1in these
cases [klair and Carr, 1958; Jevons and Parker, 1964;
Tardi -7 al., 1971:; Marraro and Mitcholl, 1875; Altomeier

=t al., 19282).

Stapnyvlecocsy ware relatinzly  Lrimportant ract=sria.
But =incs the late 1940s, 1t has besr a common knowledoe
that the wide us< eI antlirolerisos s hestitalzs oand the

spectacular medical and surgical advances led to the
selection and emergence of resistant strains of staphy-

lococcus aureus (Ayvlife et al., 147¢),
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Hospital acguired infecticns due to antibiotic-resis-
tant strains of staphylococcus aureus present a problem
that has become increasingly sericus 1in recent years.
It has been demonstrated by numercus investigators that
such strains become well established in the hospital
community especially in newborn babies, surgical patients
patients with diabetes and other chronic diseases;
many authors felt "the staphylococcal placue" had begun

(Fekety, 19264].

The 1isolation and 1identificaticon of this microorgan-
ism from clinical sources generally present no difficulty
te the bpactericleoist. Strains of staphvlococcus aureus
may be cifferzntiated intc several <=ypes either by sero-
typing i Cowar, 1928 or by phace trping (Williame and

Rippon, 1%52i. Due to techrnical difficulties and less

satrsfacrory results obrtained vy serotypine, phace typing

has rreved to bs oan irnvaluable tecl for the epnidaricloo-
izal surwveillance and control of +hece pathooenic organ-
isms. The basic set of typing phages osed Icr this purpose
is chosen so that as many as possible of the important
strains pathogenic for man, and particularly those causinag
endemic sepsis in hospitals show characteristic pattern

of lysis (Fisk, 1942 a,b).
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In the course of time, however, the strain respons-
ible for sepsis in hospitals change, and the new ones
may not be typable with the phages in current use. On
several occasions, since 1950, the appearance of a new
orcanism has made it necessary to introduce a fresh
phage into the basic set of typing phages (Blair and

Williams, 196l1).

Several hundred different phace types of staph
aureus were distinouished according to the pattern of
susceptibility of strains to an internationally recogn-
ized set of about 23 standard phages (De Saxe et al.,

1eszy.

Bacteriophagy typinc has shown that in the majority

I instanr=s, the staphvleococcols  that  are responsibl=
Tor cress infoction i oany ingTiT.tion ar. oonfined
“C a relatively limized rumboer of  strains  (Wiliams,

The aim of this work 1s to detect the prevalence
of different phage type strains causing infection 1n

Aln Shams Uriversity Hospitals.
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For this purpose, 56 staphylococcus aureus strains
were randomily isolated <from the inpatients of the
different departments and were typed according to the

standard method of Blair and Williams (1961).
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REVIEW OF LITERATURE

HISTORICAL ASPECTS (OF BACTERIOPHAGES

The first discovery of the existence of viruses
which attack bacteria was reported in 1915 by the English
bacteriologist Frederick Twort who described a curious
degenerative change in colonies of a staphylococcus
isolated from calf Iymph (Twort, 1915), These bacterial
coleonles appeared as contaminants on his culture nlates
diring his attempts to cultivate virus in a cell-free
s¥ystem. Upon further incubation some of these colonies
changed their appearance and underwent what twort referred

to as "classy transfcrmation".

Twort made some very interesting observations about

such phenomenon which were:

1- Attempts te cbtain viarnle pactoria from thece colon-
tes failled, indicatine that -ne COnstitUont DErteria
have besn killes

2- Examinatior of <he olass arca ravealsd ornly Tminatd

cranuvles and no -acteria.
3- After filtraticen of the glassy material through
a UChamberland candle, it retained its ability to

cause the ¢lassy transfermaticn.
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4- Such transformation could be conveyed to fresh
cultures for an indefinite number of generations.

5- The affected colonies would not grow on any medium.

6- Lastly, 1if a pure culture of micrococcus was touched
with a small portion of one of the glassy colonies,
the growth at the point touched started to become
transparent and dradually made the whole colony

transparent.

5o, Twort concluded that the cause of the classy
transformation was an infectuous, filterable agent that

killed bacteria and in the process multiplied itself.

Ee coald havs very logically corcluded <+hat he

was d=alinc with a bacterial wvirus. Yet hs did not do

¢/]

sc, 1nstead hs sugoested soveral possible explanations

cl nis findires, of which one was <that: the microccccal
clssas< WwWatc Cals2d a virus "ac.te 1nTECrucugs cigeass
¢l microcecci”, sc wo oget a rerarkable discover. faced
bv 1ts discoverer with uncertainety (Diackworth, 19876,

Two years later, 1917, a <C(anadian bacteriolocist,
Felix d'Herelle, had indepcndently reached the same

conclusicon. On varicus occasions he had noticed circular
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clear spots 1n bacterial cultures arowing on the surface
cf nutrient agar. The spots were devoid of bacteria.
In d'Herelles 1917 report, proof is supplied that the
lytic agent is living and can replicate. This was based
on his observation that the agent could be passaged
repeatedly and the demonstration —that the clearinos
on an agar surface weras prodaced by the agent in lvsed

cultures. As a result d'Herelles ccined the word "bacter-

9]

lophage”", which means cater of bpacteria in =2k . Bacter-

R

[l

P
L

(¥R
[

1ophags, bacterial s znd tThags are used s=vnonvmously

~ the latter beinog most commonly used (Ratchie, 19835,

D'Herelle's visw of thes zactsriopnace as a filtrable
g=1lf resproducinT virus parvasi<tic on bacterial cells ,

1 spite c©f b=.ng cerrect, met with considerable cprosi-

“lon 1 The carly wvears T'isorells had net aknewlescec
Twort's rubhlisn-d o wors In 12_1, o2 wzs fac=d with +hs
Iwort Thencmer. Dot rT ses o voLid wmat o tnis owas noT whe
same af nils pactericerphaas. Thls no doubt  exacsrha<eaq
Lhe Qisacr.omont Dotwoon S'Horolle amed his o Criftans rars-

rcularly, as Gratia 1%21, was soon +2 =shcw  that the
classy transformation of s+taphylococcus was identical

in naturc with d'Herelle's bDacteriocphace losis. Staphyv-

8

lococcus is therefore, the first cram positive bacteriuan

for which an observation of transmissible autolysis

Central Library - Ain Shams University



In the 1920's, the potential use of these lytic
acents in the treatment and prophylaxis of bacterial
diszases led to 1isolation of Dbacteriophages against
bacteria of anthrax, chelera, diphteria, gonococcus
and a host of others. In 1925, Arrow Smith isolated
an agent capable of lysinag staphylococci. {Lipton and

Weissbach, 1969,.

L succestion that speciiic phagss might be u=zed
for typine was made Yy Williams and Timmins in 1938
{(Williams and Rippon, 1%32). at  the startino point for

the develcpment of the present method of bacteriophage

tvping of

staph L aureus wags Fisk's iscla+tion from strains

cf  staph. aur.is of =z series of bacteriophaces that

A2 ioreed whern  sror irnecula of s-coral strains owere

Wilson and Atkinson in 1943, a1solatuc 18 rphacgces
by Fisk's <c¢ross culture method and with puraficaticn
and proepagation of the phages to relatively high titre,
devised a mettod suitable for routine use {(Wilsorn and

Atkinson, 1945,
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durire  the followina vears, workers in  various
countries became interes+ted in  typing stavhylococel
and in 1¢53,the International Subcommittee  on  phace
tywing of staphvlococcl was foromed to  supervise  the

develcpment of the method and to cselect a basic s=2t

cf phaces Icr use by laboratories throuchout the world.
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