INTRODUCTION

The emergence of Pgeudomonag aeruginoggq in the laat

two decades as an important epportunistic pathogen in
nosocomial infection can be attributed to factors relat-
ing to both the organism and human host. PFirst, Pgeudo-
penas seruginogs has a wide spread distribution in nature.
Physiologiocal edaptability and innate resistance to many
antimicrobial agents. Second, there is an increasing
number of patients who are sussceptible to infection with
such organism because of age, debilitation, treatment with
antibiotiocs, immunosuppressive agents or antimetabolities.
The range of Pseudomonas infeotion 1s extensive and vir-

tually no part of the human body is sacrosanct.

 These ﬁ__fmt_o_ia and the difficulty encountred in suc-~
cessfully treating established infeciions make 1t essen-
tial constantly to monitor the different strains of Pge-
udomonas aeruginosga present in the hospital enviromment .
in order to determine the mode of npro.ad of a particular

strain in an outbreak (Clarke & Richmond, 1975).

Three methods have been used to type Pgeudomonag




aeruginoga, seretyping, phage typing, and pyoocin typing.

(Gillies & Govan 1966,  Govax & Gillies 1969 and Govan,

1978).
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Isolation of some straini'df‘legggnnﬂlljlﬁzuslniil 
from ~hﬁm, wounds and urinary infections in the hos~

pitals of Zifta and Benha.,

L e

Identification of the previous strains by biochemical

reactions and Gram Stain.

Determination of antibiotiocs sensitivity pattemms of

the isolated strains by the disc agar diffusion method
using the following antibiotic discs, emikacin, gent-
anycin, tobrumycih. polymyxin - B, colimycin, clafor-

ane and carbenicillin.

Determination of pyooin types of the isolated strains

of Pagudogopss geruzinogs using the indicator strains
of Goian pyecin typing set.

5= The use of some selected Pgeudomonag geruginosg strains
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Pg. seruginogs is the causative agent in bacteraemia
leading to the highest mortality rate (Bryan et al.,1983), °

Pgeudomonas was firat described by Schroeter (1872) under

the name Bgoteriup geyuginoga:
Becillug Pyocyaneug ~ (Gessard 1882)
Mic ;gcgccga Pyooyaneug (Zop? 1884)
_._:L;LL_a A_msm (Trevisan 1885)
Pg. Bygcyanea (Migula 1895)
and Pg. sexuginogg (Migula 1900)
Isolation -and Jdentifications
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Pg. aeruginosa, the primier pathogen of Pseudomonas
species, 18 a leading cause of mortality in compromised
hosts. Other species frequently encountered in the env-
ironment are genetically, biochemically and physiologic=
ally similar to Dg. aeruginosa but none shares its path-
ogenic potentislfties(Vasil 1986). Ps. aeruginogs is
a gr&nﬁnqqaiiid straigh£ or curved rods motile by means

of one or more polar flagella, some strains also have




lateral flagella of different lengths and one species is
non motile, non sporing and not acid fast, strict aero~
bes but some grow snserobically in the presence of nit-

rate (Toply and Wilson 1984).

Ps. aeruginosa grows readily on culture media does -

not ferment lactose and forms smooth round colonies w:lth-
fluorescent greenish colour and a sweetish aromatic odour.
From the colonies bluish green pignent diffuses into the
medium among pigments produced by Pas. w' is pyo-
cyanin, bluish material soluble in chloroform and water

(Jawetz et al., 1984).

When Pg. geruginosa grows in nutrlent broth it shows
uniform turbidity and surface pellicle. Colonlea formed
by streaking of Pg. geruginogs. On nutrient agar are |
large low convex rough and often oval. Pale colonies are
obtained on MacConkey's agar i,e lactose non fermenter
(cxuick-;imk 31 #les 1975). Using .blood agar aimilar
growth on mat.ﬂ.ont agar but the pigments are not well

demonstrated (iiison and Miles 1964). Haemolysi$ may be




detected as & result of production of soluble heemolysin
or lecithinase enszyme (Liu 91 al., 1961). pPs. m
can grow at higher temperature 43?0 than the enteric or-
ganism and can utilize over 50 simple organic‘compounds
for growth (Vasil, 1986) and it will grow in an anaerodbic
environment if nitrates are avuifablo. Zgnigg:ggiﬁglg, -
attacks glucose oxidatively with acid; Fourty percent of
Ps. geruginoss strains examined by Colwell (1964) produ-
ced acid from galactose. No acid is formed fruqﬁ;actqéé,
maltose, manaital sorbitol, dextrin and glycerol. Btaréh
ig not hydfolysed, cellulose and pectin are not attacked.

Voges proskaur aﬁd methyl red reaction are negative, me~

thylene blue is not reduced (Wilson and Miles 1964).

Litmua milk ig decolourised completely in j days at
30°C, there may be slight preliminary clot (Wilson and
Miles 1964). Casein is hydrolysed (Colwell 1964). Amm-
onia formed from erginine, gelatin is rapidly liquified,
H,S is not produced, indol negative (Wilson and Miles,
1964) oxidese positive (Gordon and Macload 1928 and Kovacs,

1956)., It deaminate acetamide. (Topley and Wilson, 1975).




Ps. asruginosa distinguished also from other Pseud-
omonas in its production of pyocyanin, blue phenazine
pigment thﬁt gives the colour blue pus. This pigment and
several others such as pyochelin and pyoverdin are seco-
ndary metabolities of Pg. m“ and are thought to
play an 1mportant role in its nutrition (Vasil, 1986).
Pyocyanin may play a role in acquiring inorganic phosph-
ate and compates with othér -microorganism by means of
its antibiotic mctivity. It may also be oritical-ia iron
metabolism by increasing the solubility of iron acoumul-
ated through ﬁroduction of pyochelin and pyovexrdin which
may be necessary for the aduisition of iron by Pg. geru-
glnosa in en infected host (Cox, 1985). King gt al.,1954
stated that under artificial conditions of laboratory
cultivation many strains of Ps. aeruginogg tend to loss
their ability to produce pyocyanin. Utilization of nit-
rates could explain the ability of Ps. aeruginosa to su-
rvive in eniironmenta such as socil and more important
certain hospital environment. The production of protease

and the ahaezobic exploitation of their end. Products




particularly arginine mey enahls Pg. seruginoga to initiate
infection in parts of the body where little or no molle-

culer oxygen is available_Qqui;,vl986).
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The observation that Pg. geruginogs endotoxin was
minimaiy toxic compared with other gram negative endoto-
xin, but the lethality of Pg. seyuginoss infections was
relatively high, led to search for the diacovery o_t an -
additional toxic factor, exotoxin A, the single most to~
xic substance on the basis of woi;ht. produced by-'n.
aeruginoge (Iglewski & Kabat 1975). Subsequent studies |
suggested that the exotoxin A acted on protein aynthesis
(Iglewski & Kabat 1975). The most significant finding
on the biochemistry of exotoxin A was presented elegantly
by Iglewski and Kabat in 1975 who reported that exotoxin
A datalyze-the transfer of the adenosine disphosphate
ribosyl-moiety of NAD onto eucaryotic elongation factor 2,
* which is oritical to protein aynthesis. This enzyme ac-
tively is identical to that of diphtheria toxin. VPur‘l:her
study of the biochemistry structure function relationship
and -genot_icc of exotoxin A has revealed interesting par-
~ allels betwsen diphtheria toxin and exotoxrin A, and some
. even more ‘interesting contrasts. Exotoxin A and diphth-
eria toxin lepn:l'prn to the 4 ~ B ntfucture function model

- of many bacterial toxins. The B fragment of the molecule




is necessary for interaction with eucaryotic cell recep~
tor. The A fragment is catalytic. 4An i.mportgnt d.{:t:to:h
ence between exotoxin A and diphtheria toxin which eould
account for the vast clinical diversity in the d.i_s_ga_paﬁ. _-
they cause, is that the apooi:rio:!:tiou of these toﬁ.n foi.'_
different kinds of eucaryotic cells are distinot, The
most probable explanation is that the eucaryotic cell
receptors for these toxins are not the same (Vaail ana
Iglewsic 1978). The production of both toxins is regul-
ated by environmental iron concenteration (Vasil et al.,
1985). When iron 1# limited exotoxin A is optimally
produced. If iron levels are sufficient for optimal gr-
owth of the organiema, the synthesi_u of toxin 1s repres-
sed (Vasil g% gl., 1985). The production of diphtheria
toxin depends on & bacteriophage designated (beta). This
phage and pther corynebacterium phages carry the struct-
ural gene for diphtheria toxin., In contrast, the struc-
tural gene to.r #o_tox:l.n A appears to reside on the chro-
mosome in-_a.‘.' -least one strain (Howe et al., 1983 and
Vasil ef gl., 1985). The possidility of a similar rela-

tionship between exotoxin A production and a bacteriophage




has not been rigorously excluded but none has been: found.
The exotoxin A gene has been cloned. Radiolabeled p.fo'bes
derived from the exotoxin A structural gene have been |
uged to study the epidemiology of the exotoxin gene 1!1 '
Pseudomonas (.Vasil et al., 1985 - Ogle and Vasil, -'1985')'..
It was found that only Pg. geyuginoga strains carry seq-
uences capable of enooding exotoxin A and there is only
one copy of the exotoxin A gene per cell, therefore gene
amplification is not & mechanism explaining thé highly
variable production of exotoxin A by different atrains

of Ps. peyuginosa. Four strainas have been found to lack
exotoxin A structural gene and three of these four sira-
ins were isolated from patients with cystic fibrosis.
Colonial varients of Pg. geruginoss from a single patient
with eystic fibroeis different considerably in their ab-
ility tb p._'roduco exotoxin A az well as phospholipase C
(heat .l.ab_ﬂo haemolysin) and elastase. It is unlikely
that thil ‘patients was colonized by multiple Pg. gerugi-
poss l‘tl'.‘:i!ll-. Some’ oolonial variants were of different

serotype and biotype but had identical restriction




endonuclease patterns (Ogle & Vasil, 1985). They reaoted
in an idontit;al manner with a DNA probe that has more -
discriminating power than serotyping and biotyping.obib-

ined (Ogle and Vasil, 1985).

In the‘chronically infected rat lung, the experime-
ntal animal model\that most closely mimics Pg. aeruginosa
infection in cystic fibrosis, produétion of exotoxin A
appears to contribute to disease, but it is not: ;uential

© for virulence (Woods gt gl., 1982).

Klinger et al.,(1978) and Jagger e} al.,(1982) demo-
- nstrated an inverse co.r.fela.tion between antiexntoxin A
antibody titre and clinical scores in patients w:lth cys=
, tic fibrosis. On the basis of these data. It seems pr-
obable that a.'prote:l.n as toxic as exotoxin A produced in
vivo dtir!.ng_ an '_m.foction, contribute to the pathogenesis
_of that inrcéfiog.'__- |

!!hopho-phol:lpuec or heat labile hemolysin of Pg.
ge_:.:y,g;ggnhal not been throughly studied in exotoxin A.

This ensyme hydrolyses certain phospholipids into diacyl




glyceral and phosphoryl choline. Phospholipase C has -
a limited substrate specificity, perferentially actipg-
on phoaphblipids containing quatqﬁ&ry ammonium g:bupa5 ‘ﬂ
for example, phosphatidylcholine, umpho-paatiay_;,cho‘i;"
ine and :phingomyelin (Vasil ;1.5L.. 1985). '!hono phos~
pholipids are abundant in eucaryotic cell membrane but
o scarce in procaryt;tic membrane. Phosphatidylcholine is
the major phospholipids component (75%) of lung surfact-
ant. This surfactant is eritical to lung physiology and
may function as a nonimmune opsonic factor for alveolar
macrophages (ﬁeynolds 1985). Based on the oqumatic ap-
ecificity of phospholipsse G, production of phospholipase
C could contribute to the virulence of Pg. geruginosa in
the lung. Preliminary atudies support this hypothesis.
Bronchial washing alone will support the production of
ﬁhom'liﬁil- by 2a. aeruginopga suggesting that this en-
syme oan bo produood 4n vivo (Liu, 1979). Production of
jhespholipan& 0 15 rusulatod by inorganic phosphate: as
environncntal Pi concentration decreases, phospholipase
C production increases. These ob-erfationa'suggeat that

this potential virulence factor is produced in vivo.




In a recent study, 100% of pafient: with oystic f£i-
brosis infected with Pg. seruginoga produced antibﬁdy
against phospholipase C (Granstrom gt al., 1984). The
titre of antiphospholipase antibodies correlated with
chronic colonization rather than intermittent colonizat-
ion. Southern et al., (1970) found that clinical strains
of Pg. aeruginoga producing the highest amounts of phos-
pholipase were poorly cleared from the lung and actually
able to multiply. In contrast strains producing relati-
vely_low amounts of phospholipase were cleared more rap-
idly and not obgerved to multiply in the lung; It has
been hypothesized that, together with alkaline phosphat-
ase and other P1 binding proteins, phospholipase C may be
c;it;cal for Ps. seruginosa to "scavenge®™ P} from phosp-
hplipidp.or other organic compounds. Infection, with
ticsucf&iéfxubtion. would then release Pi. JPg. aserugin-
opa has §n §xtrn ordinarily high requirement for Pi, pr-
obably bocaﬁac-of the high Pi content of its outer memb-
rane. Pi may bind cations and link the lipopolysacchoride
to other wall components. (Palleroni, 1984). Isolates

from infected lungs of patients with and without cystic
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£ibrosie are the most variable in their ahility te prod~
uce phospholipase C. More recently, using the clanid
phospholipase gene as a probe, it was found that 100%
of more than 80% Pa. geruginogs lesclates exmmined cuﬁy
the phospholipase gene. Examination of numerous Paoudo-
monads other than Ps. aeruyginpge indicates that they do

not have the gene for phospholipase C.

Proteagses have a limited role in the pathogenesis
for Pa. geruginpsa infection. Their action ia restricted
to the focus of infection because their activi*-t:l.es are
inhibited by the serum o< 2 - macroglobulins. Wretlind
and Pavlovaﬁis (1981) appropriately described elastase,
one of the ﬁro specific proteases as " a virulent - enha-
ncing factor in certein types of infections". Virulence
:ractnra"niikj proteases are also referred to as "aggressins".
In'adduio\nf-‘to' oceusal local tissue destruction, aggressins
may also &mce virulence. Recent studles suggest that
elastase and an alkaline protease inhibit neutrophil ch-

emotoxis in vityro. Elastase may inactivate 03 b and C5a




complement componenis and there by inhibit opsonisatign
and generation of chemotactic factors. It is conoeiva-
ble that this property promotes invasiveness of Pg. gor-
gg;gggg. Proteases have aljo been shown tc have activity

Doring et gl., (1983) have demonstrated that patie-
nts produce antibopdies to elastase anﬂ an alkaline prot-
eese. These enzymes were detected in bronchial secreti-
ons when specific antibodies to them were not present in
sera and bronchial secretion, suggesting that protease
are neutralized by production of specific antibodles.
Ohman end Chakrasbarty (1982) recently observed that muc-
oid .and non mucoid isogenic varisnts of Ps. geruginogs
strains from yqtientn with cystic fibrosis .varied sign-
ificaﬁti: ;n their ability to produce elastase. The non
micoid iirinnf-producod greater smounts than did the co-

rresponding macoid veriant.

One of the more recently discovered virulence fact-
ors of Pp. geruginosg is excenszyme S, also called exoto-

xin 8§ (Iglewski et al., 1978). It is particularly




interesting because it has ademosine diphosphate ribogyl
iransferase activity similar to but distinot from that .of
exotoxin A. There is no immunologic oross reactivity be-
tween these molecules, and the subatrate for exotoxin S
hes not been clearly deline.atod. Beoause exotoxin 8 is
recently discovered and has not been purified to homogen-
eity, little i known about the role of this extraooLlular
protein. Mutants deficient in their ability to produce
e:o'l:oxih S are less pathogenic in the chronic ret lung
model, or exntoxin S may be not required for maintenance
of the chrenic infection kl:l.cu _q_t_ al., 1985 - Woods and
Sokol, 1985). In some studies not even a simple majority
of oystio ﬁbrasil £8. aeruginoea isolates produce exnto-
xin 8. On- o.‘thato baged on the most sensitive method
1’,«.—&“ onl; 435 of ltra.ins fm patients with cystic
:tibrolil pndueo dotoctablo exotoxin g (Nicas 31 ale,1985),

but thess may bo the most virulent strains.

Perhaps the most important virulence factor in Pa.

 geruginosa infeotion in patients with oyatic fibrosis 1s




the a cetylated exepolysaccharide composed of B 1,1 111‘:1‘-"-
ked man_nuronic acid and L-guluronioc acid, This polymer
1s responsible for the mucoid nature of Ps. geruginoga
atraiﬁs isolated from ochronically colonized patients with
cystic fibrosies A synonymous term 1s “alginate". Algi-
nate production is the mest remarkable virulence trait
assoclated with cystic fibrosis :Lni'ection.oaused by Pa.
aeruginoga. More than 80% of oystic fibrosis isolates
produce alginh.to, whereas this phenotype is ro-und_ is no
more than 2.5% of other infections (Ohman et al., 1985).
Alginate production is an unstable characteristic, even
with streins isclated from patients with cystic fibrosis,
but tho-lung uppiars to selest or encourage it. It is
111:01: thst a.lg:!.nato production contribute to the patho-
gmail o:t Zl- ‘aeruginosa lung infections in ways similar
to those of other polysaccharide capsules (antiphegoocyt-
osls, adherence)., But more important, the production of
this material could eontri_but.e to pathogenesis in more
novel ways. Alginates in the presence of casloiwm ferm

agel that surrounds the ha W cells with a ma-
trix that may shelter large mumbers (microcolonies).from




host defenpes and protect them from some charged antibi-
otics, although the latter possibility is presently ocon-
troversial. It has been recently proposed that alginate
may induce immune complex like damage in patienta with
cystic fibrosis (Pier, 1985). Woods and Bryan (1985)
using the chronic rat lung model, recently reported that
gsome animals immunized with alginate developed pulmonary
immune complex deposits. However, it was not clear whe-
ther these complexes contained alginate. These obgerva-
tions, if verified and subsequently applied to Pg. geru-
ginoga infeotions in patients with cystic fibrosis add
another dimension to the capabillities of Pg. geruginoge
in causing q1aeése. This bacterium would not only be
1qvaaive and toxigenic, but pethogenic in a way limited
to”a few bacterial ﬁarasites: induction of immunologile

damage.

There are several stages in a protype Pg. seruginosa
infection: adherance, colonization, invasion and disase-
mination and systemic effects or toxemia. There may also

be multiple ramification of each of these stages.




Purthermore, the relative importance of each stage in
different types of Pg. geruginosa infection is variable.
For example, invasion is not a feature of Pg. aeruginoga
infection in patients with cystic fibrosis. Systemic
toxicity 1s also an uncommon manifestation. Virulence
factorsfdréfneeded to be classified to detect thelr int-
eractibn. .For example, what 1s the effect in vivo of
proteoclytic enzymes on other proteinaceous vifulgnce fa-
ctors? Proteases could enhance their activity or could

negate their effects (Vasil 1986).




2- Inanimate regervoir:

Mowt environment is the most Important source of
inanimate reservoir, contaminated fluid which have
caused infections with Ps. seruginosg include eye dr—
ops and ophthalmic solutions (Ayliffe et al., 1966). |
Also, it was reported in bottle replenished without
adequate disinfection, dilute phenolic solution, hand
cream pterold cream, incubators, respiratory ventila-
tors, shaving eand nail brughes, and clothes. Food has
beén found to carry Pg. geruginpsa in the kitchens,
the same type appearing subsequently in the faeces of

patients (Shooter et al., 1969 and Govan, 1978).




The role of Pseudomonas aeruginosa in epidemiology:

Hospital infection is the result of the tranamission
of pathogenlc orgenisms to previously uninfected patient
from source in the enviromment of hospital. Infection
i1s almost restricted to patients in hospital infection
may be acquired from external sources (Exogenous infect-
ion by air « borne route or by contact with human or in-
animate vectors or it may be self infection by bacteria
present in patient's skin, respiratory tract or intesti-

nal tract (Clarke and Richmond, 1975).

_ £8. aeruginosg 1s a normal inhabitant of human int-
estinal tract where it i1s present in small percentage
(about 11% of the normal population) (Ringen and Droke,
1952). Itincrease in the intestine when normmal coliform
flora has been suppressed by antimicrobial drugs (Yow,
1952). It is found sometimes on normal skin (axilla and
perineum) (Hojyo- Tomoka and Richard, 1973). It was iso-
lated from swage barnyards (2.5%) .soil 3% and poaluted

water but not natural water supplies (Ringen and Drake,




1952). Jawetz (1952) did not consider Ps. aer 0ga as
a pathogen in the usual sense of the ward and called it

opportunist.

Ps. seruginosa ig ineriminated in:

1- Urinary tract infection where 1t 1s introduced by ca-
theterization or other diagnostic or therapeutic ins-
trumentation (Kass 1955 ~ McLoad 1958 = Murphy and

McDonald 1961).

2=~ Infected wound (Sugsman and Stevens 1960).

3- Infected burns (Graber et al., 1961).
4= Opteomyelitis. |
as a complication of puncture of wounds of the
foot or haematogenous infection of urethra (Clarke &

Richmond, 1975).

5= Acute purulent meningitis:
It follows lumber puncture, spinal an aesthesia,
intrathecal medication or hand injury (Botterell and

Magner 1945 - Harris et al., 1946).
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7=

Chronic otitls media (Funk 1901).

Otitls externa (Hall et al., 1968).

Respiratory tract infection
Pneumonia (Finland 1960).
Chronic purulant bronchial infections (Pines,

1967 - Darrell and Water Worth 1967).

Gastro intestinal ulceration and localisged peritonitis

(Hubbard et al., 1957).

£8. gexuginoga may be responsible for typhoid like

infections and liver abscess (Pons, 1927). Severe ca-
ses of 1nrantile_diarrhoea associated with the organism

were also recorded (Hunter and Ensign 1947).

Septicaemia: It occurs as a complication of malighaney
also occur in new born infant (Margartten et gl., 1961).
Clarke and Richmond (1975) reported that bacterial vi-
rulence was enhanced by the possesion of a mucoid env-—
elop which protects the organism against phegocytes and

antibiotics.




IYPING OF PSEUDOMONAS ARRUGINOSA

Eg. aeruginosa is an important cause of infection
in hospital patients (Kominﬁs et al., 1972) and ig 4iff-
lcult to control owing to its resistance to many antibi-
otics (Jacoby 1974 & Eykyn and Phillips 1975). Various
methods of typing had been used in epldemiological inve-

stigation:
l- Serologio t 3

Bﬁaed on Osomatic antigen was easy to perfomm
and the results were generally reliable (Parker, 1972).
intisera were available commercially (Al-Dujeilias and
Harris 1974) and were convenient to use but there was
no information on their potancy . A disadvantage was

that certain serological types predominate.

2- Bacteriophage typing:

Bacteriophage typing requires facilities that mi-

ght not be available in routine diagnostic laboratories,




although a variety of typing pattern occur, reprodu-
cibility wes less satisfactory than in staphylococcus
phage typing. The combined use of phage typing and
serological typing mey be of value in subdividing

the common serotypes (Parker,. 1972).




PYOCIN

Pyocins are the bacteriocins of Ps. seruginosa i,e
antibiotic substances produced by strains of the gpecles
which have the characteristic property of being lethal
only for other strains of Pg. geruginosa or closely rel--
ated species (Govan 1978). Pyocinogeny meens the ability
to pioduca pyooin. It was firstly described by Jecop (1954)
and is stable characteristic which is normally repressed
in‘most bacterial cells. Govan (1978) indicated that
when synthesis is limited, it could be increased by ind-

uction with ultraviolet light or Mitomyein C.

Bacteriocins differ from most other antibiotics in
that the producer strain is immune to the action of its
own bacteriocin which is directed only %o bacteria which
are closely related to the strain which produce them.
Bacteriocin production was found to be regulated by pla-
emid or chromosomal elements where bacteriocin activity
was initiated by adsorption of bacteriocin to apeoificl

outer membrane receptors on susceptible cells (Govan,1986) .




Pyocins may be classified in two maln groups on the
basis of their molecular weight. The high molecular we-
ight groups (mol wt 106 - 107) ig composed of two types
of particle, the contractile and filamentous both vigible
in the electron microscope and apparently similer to ce-
rtain defective bacteriophage. The structure and activ-
ity.of these pyocins have been described in detalls by
geveral workers (Kageyama 1964; Higerd et al., 1967; Te~
xeya et gl., 1969, Govan 1974a). The other major group
of pyocins consist of substance of lower moleculas weight
(C.10%), which are not sedimentable by ultracentrifugation
and have not been resolved in the electron microscepe,
but are apparently simple proteins resembling some coli-
cines (Ito, et al., 1970; Ohkawa et al., 1973). Strailns
of Ps. aeruginoga are immune to their own pyocin but se-
nsitive cells are killed following attachment of pyocin
to specific receptors on the cell surfece. These pyocins
are known as S type or small. R type or_pydcine resemﬁle
the talil of contractile phage (Higerd et al., 1967; Govan,
1968, 1974 a ) whilst morphologically diatinct rod ash-

aped flexuous or F type pyocilns resemble the tail of non




contractile Pseudomonas phage (Takeya et al., 1969; Govan,
1974 ). R type pyocins may show immunological cross
reactivity with contractile phages (Ito and Kageyema 1970)
and synthesis of pyocin R is directed from a chromosomal
locus (Kageyama 1970a ). In case of R type pyocin the
receptors are lipopolysaccharides (Govan 1978), contrac-
tion occurs following to the ocell surface and is also
observed rollﬁwing attachment of the pyocins to purified
lipopolysaccharide from sensitive cells (Govan, 1974s).
Kazliro and Tanaka (1965) have shown that in case of pyo-
cin. R cells are most sensitive in the iogarethmic gro-
wth phase, synthesis of ENA, DNA and protein is interru-
pted at the ribosomal level without direct contact with

ribogemes.

Five R type pyocins have been reported which are
almost identical with one another in their morphology
and subunit composition, though distinct in receptor bi-
nding specificity Kumszaki and Ishii (1982) isolated fi—
bers from pyocin 82 - R3 - R4 by essentially the seame

procedure as used in isolation of pyocin R1 fiber with




unimpaired receptor binding ability. All the pyocins
igolated including Rl fiber were indistinguisheble from
one enother (Kumazeki and Ishii 1982). After adsorption
of pyocin Rl to the outer membrane of a sensitive cell,

a pyocin Rl particle undergoes sheath contraction and
oore.penetration through the outer membrane and causes
an increase in permeability of the membrane to hydropho-
119 solutes (Uratani and Kageyema 1977 - Uratani, 1982).
Inhibition of activé transport and macromolecular synth-
esls ocours and finally the cell dies (Kaziro and Tanaks,
1965). On the other hend the membrane electron transfer
system is not affected by pyocin Rl treatment although
oxygen uptake for certain substrate is interfered with
as a regult of inhibition of active transport (Kagiro and
Tanaka 1965)., In addition, 1t has been found that a nue
mber of pyocin particles added to culture decrease the
turbldity of the cell suspension because of cell lysis’
but the presence of a high concenteration of magnesium
represses the pyocin R1 induced cell lysis (Kaziro and

Taneka 1965 & Uratani and Kegeyama 1977). The inhibitory



action of pyecin R1 on active transport has not been in-
vestigatpd in detall under combined condition in which
respiration eontinues and cell lysis is repressed. Pyo-
cin R1 cauged depolarization of the cytoplasmic membrane
in addition to inhibition of acﬁiva transport. S type
pyocing also of low'molecuiar weight (approximately 105

Daltons) had been isolated by Ito et gl.,(1970).

Pyocing of Ps. aeruginosa:

Bacteriocin production and susoeptibility are more
commonly bbserved in streins of Ps. aeruginpsa than in
most other bacterial species. In addition the olasses
of bacteriocin like agents produced represent the combi-
ned range found in other specles. PFhage tall like R and
F pyocins (Govan 1974 - Kuroda and Kageyamé 1983 & shin-
omiya 1984) are produced by more than S0 per cent of cl-
inicel isolates and colicin like S pyocins are produced
by over 70 per cent of strains (Fyfe et al., 1984), sus-
ceptibility to these bacteriocins is found in almost 10
per cent of strains., Some strains of Ps. seruginoss

(Govan 1978) also produce a class of low molecular weight,




trypsin resistant bacteriocin resembling the microcins of
enterobacteria (Asensio et al., 1976 - Baquers & Mareno,
19845. Ohkewa et gl., (1§81) reported that the effecie-
nc& of killing by pyocin S, was very low when the pyocin
Sz‘susceptihlo strain Ppg. geruginoga PML 1550 was grown

in an iron derecienf condition (14 M or less), which was
necessary to produce a fully sensitive cell population

end was asceompanied by the appearance of an outer membrane
protein which appeared to act as the receptors for pyocin
S,. Competition experiments beitween pyocin 32 and culture
supernatant containing the yellow green Pseudomonsag sid-
erophere, pyoverdin suggest that the pyocin 85 receptor
wag not associated with pyoverdin mediated iron assimila-
tion. Studies have expanded these obgerxvation on the pj-
ocin susceptibility to other untreated pyocin -~ Pyooin S

a undef iron defeciené conditions. In addition in comp-
etitive growth eiperiments involving the pyocin Sa pro-
ducer strain 1003 and 1516, the gsurival of 1516 decreases

+4++

in a dose dependant manners as the Fe content of the

culture medium was reduced. Further studles suggested
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that the ﬁhenomenon was common in S pyocing but that low
iron qoncenteration did not enhance the killing ability

of other classes of pyocins including R and F pyocins and
those resembling the microcins, The.ubquitous nature of
Pg. geruginpopg would allow studies to determine the rel-
ative frequenoy of the different classes of pyocin prod-
uced by lsolates from various enviromment and in vitro
location. In ecological terms, it is lnteresting to note
that becteriocinogeny in strains of Pg. geruginoga appears
more frequently in .clinical than envirommental isolates.
Sinqe pyocin production appears to be unaffected by iron
concenteretion at leest in vitro. It ias poassidble that
carefully designed in vivo studies might show that suasce~
ptibility to pyocins might play a significant role in the
establiéhment of pyocin, producing strains particularly in
these infected tissues where the organism was known to gr-
ow under iron limitation such as chronically colonlzed

lungs of petients with cystic fibrosis (Brown et al.,1984).




ethodg of pcin t of . Ae inosa:

fyocin typing might be accomplished in two ways na-
mely "active™ and "passive". Active pyocin typing depe—
nde.on the pattern of growth inhibition produced by the
pyocina of the atraiﬁ being typed on a set of indicator
strains of Pg. aeruginosa. Pasaive pyocin typing dependé
on the susceptibility of the strains being typed to the
pyocins produced by a set of Ps. seruginosg strains cho-
sen for this purpose. The most widely used active method
1s that of Gillies and Govan (1966) and Govan and Gillies
(1969). This method has been used extensively in epide-~
miological studies (Tinne et al., 1967 & Henderson e} al.,

1969).

Pyocin typing has been the most popular method for
typing Pg. gé;gginosﬁ in hospital laboratory. Most wor-
ker used across streaking method. Indicator strains are
streaked across an area of medium that has supported the
growth of the test strain to see i1f it has produced bac-

teriocin and.comparing the pattern of inhibition of gro-

wth of indicator gtrains with standard table of type pa-
tterns (Pitt, 1980).




Pyocin typing can be performed with liquid pyocins
produced in oultures induced by mitomycin C (Rempling

et al., 1975).

An investigation was carried out to determine the
velue of active and passive pyocin typing in_the studing
of Ps. geruginosg infections acquired in hospitals. Ac-
tive {yping was a more reliable and reproducible method
than passive typing. Both methods were used in gtudies
of nine outbreaks of infection. In six of these eplsodes
there was good agreement between the two methods. ieas
clear - cut results were achieved in the remaining three
episode. In one of these, active typing gave more valu-
able information. However, both methods are easy, conv-
enlent and of value in epidemiological studies (Falkiner

and Kean, 1977).

Hollowey (1960) reported that pyocinogeny was ¢om-
mon in straine of Ps. geruginoga and suggested that pyo-
cin production might prove a useful epidemiological tool

of thils species. Darrell and Wahba (1964) described across




streaking teochnique based on the earlier colicin typing
method for Rgcherichia Coli. 1In 1966 Gillies and Govan
deacribed across streaking technique, which had been

developed over several years.

Streaking method: (Gillies and Govan, 1966)

The strain to be typed s | streaked diametrically
across the surface of a nutrient agar plate to give an
inoculum width of approximately loﬁ. After inecubation
for 14 - 18 hours at 32°C the growth was removed with
microscope slide which has been dipped in ohloroform and
the remaining viable growth was killed by pouring 3 ml‘
of chloroform into the 11id of the petri dish and replac—
ing the medium cohtaining portion for 15 min. The plate .
was then opened and the traces of chloroform were elimi-
hated by exposing the medium to the air for a few minutes.
Cultures of the indicator strain 1 - 8 grown in nutrient
broth for 4 hours at 37°C were gtreaked on to the medium
by means of a multiple 1oop inoculatoxr at right angles to

the line of the original inoculum. The plates were then
incubated for 18 hours at 37 C.




Any pyooins produced by the original inoculum diff-
uge into the medlum '.during the first period of incubat-
ion and then exert their inhibitory ection on the indid-
ator Quring the 5ubsequent incubation. The pyocin types
of the strains under examination were determined from the
patterns of inhibition which they produce on eight indi-

cator strains of Govan (1978).

evised pyocin t ethod for Pe. aeruginoga . ot

al 1984):

This method enables us io significantly improve the
speed and application of pyocin typing. In this msfhod,
after incubation of the tested strains for 6 hours and
expogure to chloroform, the indicator strains were appl-
ied in agar overlays without prior removal of the test
strain growth, the inhibition pattern of the indicator
strains was recorded and pyocin type was determined acc-~

ording to Govan (1978).




Relationahip of bgeterial enzyme production and pyocin
typing:

Strains of Pg. geruginogg were studied from 100 pa-
tients with bacteraemia. In-vitro quantitation of extr-
acellular enzymes (lecithinase, protease and elastase)
and pyocin typing of these isolates were performed. No
significant difference was found in the quantity of the
enzyme produced or in the pyocin types by isolates obta-
ined from patients dying from bacteraemia or surviving
this serious infection. Quantitation of the extracellular
enzymes and pyocin types of blpod lsolates were contrasted
with similar data obtained from sputum, urine and skin
isolates. One third of all sirains produced minimal or
no extracellular enzymes regardless of their source.
However, fhe'higheat enzyme-producing straing were obse-
rved in the blood isolates. Although a greater variabi-
lity of pyocin types were found in blood culture isolates,
there was no significant difference between the pyocin
typea found in blood, urine, sputum or skin isolates.

The lack of correlation between the in - vitro quantity




of lecithinose, protease and elastasge produced by Ps.
ﬁgggsinggg straing isolated from bacteraemic patients

and the prognosis of these patients supports the possible
local rather than aystemic significance of these extrec-
ellulas enzymes in the pathogenesis of Pg. gé;gg;gggg.

bacteraemia (Balth et al., 1979).

ocin gengitivity of Neiggseria gonorrhoea and itsg fe

ibility es an epidemiological tool:

Pyocin inhibition of Neisseria gonorrhoea and its
feasibllity as a gonococcal typing scheme were examined.
Mitomycin C. induced pyocin lysﬁtes of Pseudomonas seru-
ginpsa were able to selectively inhibit the growth of
gonococcal strains., The particles associated with the
inhibitory activity were non dialyzable, heat labile,
protease sensitiva, trypsin resistant and of large mol-
ecular weight by membrane and gel filtration techniques.
The inhibitory activity was shown to be specific by abs~
orption with sensitive and inmensitive strains of N. go-

norrhoea and Pg. aeruginosa. Partial purification of




pyoccin lysates by ammonium sulfate precipitation follow-
ed by ulirdcentrifugation revealed phage like particles
congistent with high molecular weight R type pyocins.

The particles were associated with inereased inhibitory
activity and could be seen associated with the gonococcal
cell surface. One hundred and six gonococcal straing
could be differentiated on the basis of their sensitivity
of 23 pyocin extracts. Thirty different pattergshot Py-
ocin inhibition were seen., Isgolates from ditfeient body
sites from the game patient could generally be identified
as beingrsimiiar'strains, in general agreement bet'eeh :
pyecin typing and available epidemiological information

(Sidberyy and Sadoff, 1977).




ANTIBIOTIC RESISTANCE OF PS. AERUGINOSA

Mechanism of aminoglycoside resistance of Pg. aerug-
inosa involve either resistance R~ plasmid -~ mediated en-
zymes that inaotivate aminoglycoside or mutation of ch;o-
mosomallgenes affecting the energy requirement for trana-
port of aminoglycosides into the cell (Bryan, 1979). The
resistance of :Ps. aeruginosa to the mejority of antibio-
tics due to impermeability of the bacterial cell wall and
enzymatic inactivation of the antiblotic (Jokliock ot al.,

1980).

T™e usage of antibiotic is an important factor in
the spread of antibilotic resistance by_providing salectivé
pressure for the resistance by gene products (Daschner
et al., 1978). In hospitalized patientis gentamicin resi-
stance in Pg. geruginosa has been associated with increa-
sed exposure to aminoglycosides and other antibiotics.

(Ruben, 1978).

The following antibiotics are commonly uged for the

treatment of Pg. geruginosa infections:




1- Gentemicin:

It is produced from Micromonospora purpura and
e

is active in vitro against Pe. aeruginosa (Barder and
Waterworth, 1966). It's mode of action probably inv-
plves the control of protein synthesis on the xiboso~
mal surface (Sonne and Jawetz, 1969). Gentamicin co-
ntains several components of which designated Gy, Gy A
and G, but isolation, identification and magﬁpulation
of furfhér components A, B, B1 and X have been repoxr-
ted. Gentamicin A_has one quarter to one eight the
activity of gentamicin C complex against Staphylocpocus
aureus and Escherichia cpli but has no antipseudomonal
activity. Gentamicin B. Bllare more active but their
toxicity is similar to gentamicin X. Gentemicin G is
a commercial preparation and supplied as sulphate
(Garrod et al., 1981). The actual MIC of gentemicin
varies from worker to another and thaf was explalned
by Garrod and Waterworth (1969) who fouﬁd that the

results depend on the magnesium content of the medium,




-magnesium ions are essential for the growth of Pg. ge-
ruginoga and enhance pigment production, also high co-~
ncenteration of the magnesium iens ridﬁce_the“gusoept-

ibility of these organisms to the antibio}i#ﬁ;.

micin 1s used in the treatment of urinary tr
tions caused by Pg. seruginogg. It is use
atment of Pg. aeruginoga pneumonis suoc;pqgn
19 also used in the treatment of Gram neéﬁt{ﬁifldﬁi L
caemia, in severe sppsis and uged foflaeveré abd&ﬁith

sepsls after surgical operation (Smith 1985).

Toxicity:

It is ototoxic: and nephrotoxic but this occurs
when high cohcenteration of gentamicin accumlated in
the kidney and in patients with impaired renal funoction.
Nephrotoxicity elso ocours when combination of genta-
micin and cephalosporins as the two agents act on the
same target organ and this 1g an example of synergic-

toxioity. (Garrod et al., 1981).

-;’iﬁ ‘ecant resigtance of gentamicin is due to R-




factﬁrs which confers on the previously sensitive gt-
rains the ability to synthesize enzymes that deatroys
aminoglycosides. It isg found that the most resigtant
strains to gentemicin are frequently isolated from
urine and from patients who have received the drug

(Bryan 1979).

Anikeoin:

It is a modified kanamyecin A, It ig more active
against Pseudomﬁnas than kanemycin but less active and
less toxic than gentamicin or tobramycin., Amikacin is
little or not affected by enzymes that degrade aminog-
lycoside, thus it is active egainst strains that owe
their resigtance due to enzymatic mechanism. (Price
et al., 1974). B85% of Ps. geruginose strains resistant
to gentamicin were susdeptible %o amikacin (Draser et

al., 1976).

Iobramyoin:

It 1s active against Ps. geruginosa (Klastersky et
al., 1974 - Price et al., 1974). Tt is more active than




kanamycin against the majority of susceptible bacteria.
It is more active against gentamicin resistant ;trains
(Garrod gt al., 198l1). Cross resistance is due to
reduction of the aminoglycoside transport into the
cell but independent resistance to gentamicin‘dependa‘
on resigtance of tobramycin to gentamicin degrading
enzymes elaborated by the reﬁistant strains (Garrod

et al., 1981).

Toxicity:

It is toxic agalnst elighth nerve and the kidney.
The renal toxicity is enhanced by concurrent adminst-
ration of cephalothin (Klastersky et al., 1974). To-

bramycin is superior in activity atainst Pseudomonas

than gentamicin.

Solintin methane sulphonste (oolimvoin):

It is lgolated from culture filterateas of B. co-
listinus, a microorganism obtained from soil by Mc
Millan et al., (1962). It is esctive against Gram ne-

gative orgenisms including Pg. geruginosa. (Yow 1952).




Toxicitys

Severe toxic effect have not been occured with
therapeutic dosage or in enimal experiments (Mc Millan

t alo., 1962) .

garbenioillin:

It 18 a semi-synthetic penicillin with a wide
range of aétiv‘ity then empicillin and cephaloridene
ageinst Gram negative bacterie particularly Ps. geru-
ginoga and most proteus species, Ps. aeruginpga is
sensitive but to a relatively high concenteration
(Pericival and Leigh 1967). Bodey et al., (1971) fo-
und that carbenicillin disodium was effective 1n the
treatment of 91% of the infections of Pg. geruginogs
however 7% of the infections responded partially.
The probably action of carbenicillin by inhibition of

cell wall synthesis (Sonne and Jaweiz 1969).

Joxicity:

Toxic effects are minimal consists mainly of tr-

ansient elevation in gerum glutamic oxalacetic trans-




aminase and serum glutamic pyruvic transaminage level

(Bodey et al., 1971).
Pol B:

There are peptide antibilotice produced by Be. po~
lymyxa (Stenly et al., 1947). It increase fhe per—v
meability of cell envelope (consisting of cell wall
and cytoplasmic membrane), presumbly by combination

with the phosphatide of the cell wall (Newton 1956).

Toxicity:s

Severe toxic symptoms and signs as nephrotoxicity
irritation at the site of inJesction and some neuroto-
xic symptoms have been reported on parenteral admins-—

tration of polymyxin B. (Jawetz 1952).







MATERIALS AND METHODS

Materials:

I- Case materigl:

This work was done on 235 patients:
100 patients from Zifta and 135 patients from Benha

hospital suffering from various septic lesions such as:

l~ Septic burns especirlly grade IXII burns.
2= Septic wounds especlally post operative wounds.

3= Urinary tract infections.

All ppecimens were collected during October, No-

vember and December, 1987.

II- Medias

III-

Nutrient sgar, nutrient broth (oxnid)lo.OJ% cet-
rimide agar and nutrient gelatin (Cruickshank, ¢t al.,
1975).

Chemic 3

Chloroform (El-Nasxr Compeny).




IV- Antibiotic sensitivity discs (Biomerieux).

Gentamicin 10 H&/disc.
Tobramycin 10 #&/disc.
Polymyxin B 300 #g/disc.
Amikacin 30 ug/disc.
Cefatoxime 30 vg/disc.
Colimycin 10 #g/disc.
Carbenicillin 100 pg/disc.

V- Indicator strains of Govan for pyocin typing:
The indicator strains of Goven (1978 (G} - 8)
were kindly provided by Dr. Wael El Naggaer lecturer
of Pharmmaceutical Microbiology, Mansoura Universit&,

Mansoura, Egypt.
Methods:
l= Collectio 4 cimens:

Swabs were taken from burns and septic wounds
while urine samples were teken from cases of urinary

tract infection.




II -~ Igoletio d i1dentification o a 8. ogat

Samples were collected in sterile containers or
swebs asccording to the type of materisl, then they were
cultured as soon es possible on nutrient agar and ce~
trimide eger and ineubated at 37°C for 24 - 48 hours
in case of nutrient agar. In case of cetrimide agar
24 - 72 hours. Susgpected colonies of Pg. seruginogs
were subcultured on nutrient agar slopes for further

identification.

Identification of Ps. geruginesga strains was ca-
rried out according to Bergey's Manual of systematic
Bacteriology (1984). In this respect, the lsolated
gtraing were tested for thelr negative gram stain,

| diffusible pigments, gelatin liquifaction, ready gro-

wth at 42?0 on ordinary media and oxidase test.

IIT -~ Antibiotic gensitiviiy test:

The method described by Anderson (1970) was ado-

pted, 1t included:




1- Plate preparation:

Twenty ml of melted cooled nutrient agar were
added to each 100 m m plate. The depth of agar will
be approximately 6mm. then leave plates to dry before

inoculation.

2~ Preparation of inoculum:

3~

Five colonies ﬁere picked with gterile loop ino-
culated in 4 ml of nutrient broth in a test tube, then
incubated at 37°c for 24 hours., The turbidity of the
overnight culture was adjusted by sterile nmutrient
broth until cloudiness equal to barium sulphate standard.
Prepared by adding O. 5 ml of 0.048 molar barium chlo-
ride (11.7 gm of barium chloride (Mtre) to 99.5 ml of
1% sulforic acld.

oculation:

The plate was flooded with the previous broth
culture culture left to dry for 30 minutes in incuba-

tor.

IV ~ Application of antibietic discg:

The tested antibiotic discs were then applied at




adequate spacing using a forceps formerly dipped in
alcohol and flammed. The plates were incubated at 37?0
for 18 - 24 hours, then examined for the presence of
inhibition zone around discs. The astrain was congid-
ered as sensgitive oY reslistant accoxding to antibiotic

charts.




TYPING G

The method of Gillies and Govan (1966) as modified

by Govan (1978) was adopted.

The atfain to be typed is -stfeaked diametrically
across the surface of a nutrient agar plate to give an
inoculum width of approximately 1lCm. After overnight
incubation foxr 14 - 18 hours at 32°C the growfh was rem-
oved with a microscope slide which has been dipped'in
chloroform and the remaining viable cells were killed by
pooring 3 ml, of chlorofoxm into the 1id of Petri dish
and replacing the medium containing portion for 20 minu-
tes, The plate was then opened and the traces of chlor-
oform were eleminated by exposing the medium to the ailr
for a few minutes., Cultures of the indicator strains
1 - 8 grown in nutrient broth for 4 hours at 37°G were
streaked on te» the medium by means of a sterile loop at
right angles to the llne of the.original inoculum. The

plates were then incubated for 18 hours at 37?0.

Any pyocina produced by the original inoculum Jdiff-
uge into the medium during the first period of inoubation




and then exert their inhibitory action on the indicator
gtraing during subsequent incubation. The pyocin types
of the strains under examination were determined from

the patterns of inhibition which they produce on the ei-

ght indicator strains of Gillies and Govan (1966) (Table 2).
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2 )inhtbition patterns of 105 pyocin types (pyotypéé) GE?AR
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Selection of the new pyocin ty get:

Of the 50 isolated strains of Pg. geruginogs, 8 st-
rains were selected on the basgis of antibiotic resistance
for study to develop a set of indicator strains for pyo-
cin typing. Ihese-indicators get were used to type ran-
domly selected 20 gtrains six times at time ihterval of
one week. Comparison was done simultaneously between the
proposed get of pyocin typing and Govan's one taking in
consigeration, reproducibility, discriminatory ability
and percent typability. The last itwo items were determ—
ined when all the tested 50 isolated strain were subjec-

ted to typing by both sets of pyocin typing.

Reprodueibility value:

Reproducibility value for an individual strain was
obtained by dividing the number of cultures in which re-
peated tesis ylelding exactly the same results by the
total number of cultures tested sgainst that indicator
strain multiplied by 100 to obtaln percentage (Schable

t al., 1986).

btk —




i.e.,

Reproducibility value:

number of cultures in which repeated tests ylelding

exactly the seme number
= x 100

The total number of cultures tested againgt that
indicator strain.

Discriminatory abilitv: It was defined as the number of

pyocin types that represented 50% of the igolates tested

(Schable et al., 1986).




