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Abstract a‘ \L
. . >

Slaphylucsccua epxdermxdm is the most I'reqllent cause of peritonitis
li bulatory peri | dialysis (CAPD). D\mng CAPD,
S. epidermidis pruumably enters thé"perltnneal cavityy through the surgical

incision along the outer surface of the catheter tubing or less frequently through

its lumen The catheter is a foreign body and the pentoneal- dmlysxs solution

:(PDS) may sipport bacterial attachment and gfowth. ’ T

. Virulence mechanisms of —S. epxderm:d-/ are pooyly understood “but__

adherence properties and the presence of slime on some strmns may nontnbute to

this organism’s ablhey to cause peritonitis.

* Tatheters were tested.

Using an in vitro mogel for sdherence, elght strains of S. zp:dcrm:du (two

p ) were tested in fresh and post-dialysis PDS.

sli and six shi

The effects of various additives (insulin, serem, albumin, and protamine sulfate)
b v

and antibioficé}génﬁmicin, penicillin, and t?pﬁalothin) on bacterial adherence to

The presence of slime production did %adherence to ‘polyvinyl
catheters used in this study Compared to fresh Pl there ﬁ:s 3 significan

decrease in bactena] adherence in post-dialysis PDS for all strains tested. Insulin

(5 units/mL), 5% serum, protnmme sulfate (125 and 250 mg/L), gentamicin (0.06 "
and, 0.12)ymg/L), penicillin (0.06 ‘and 0.12 mg/L), and cephalothin (0.12 me),{S

mg/Lf"decreased adherence of bactéria to the catheter by at' least four-fol

compared to coiitrols:' A 5.0% concentration of albumin ‘decreased ‘adherence
three-fold tompared to controls. ‘There was a 1.5-fold decrease in ndherence with
0.625% serum, a four-fold decrease with 1.26% and 2.5% serum, and a slx fold
decrease with 5.0% serum. The 10.0% se;um addxlwe produced nenrly a ten-fold
decrease in bacterial adherence to the cntheter, compared to contrals, Also, the
5% serum, heated at 60° C ‘for one hollr, deereased ldherence two-fold.

Scantiing electron microscopy confirmed these resutts. Adherence was greatest in -

* fresh PDS with no additive or anubmuc and least in post-dmlym PDs with an

nddmve or ah, antlbmt

-
K3




4\ -
These studies showea that certain therap{znhc additives and antlblqtms may

inhibit pathogénetic mechanisms’ of g epidermidis. In vivo studies are ﬂ:qmred

to evaluate whether these results'seen’ in vitro have relevance in the ¢linical

situagion, | . X .
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Introduction
@ + Lo
: 4 ¢s6 of¥ontinuouis smbulatry peritonesl dislysis (CAPD) Rasgroved
Sae o to be gﬂactwe in treutmg pahen'.s with Zenn] diseases. CAPD uses the continious

presence of a yentonenl dialysis. solution in_ thq pemonenl cavity (Fxgure 1-1),

y tmnspon Mxosa the peritoneal membrane l‘rom patient to dlnlyme occurl'mg

. ' - _. primarily "by -passive: diffusion. The removal. of water, nnd Inge and small
’ molecular \piﬂn substances durmg penhmeal dialysis results from the addition of
hyperk:mc glu:ose ‘to the, dmlynue creating an osthotiq gradient. Penods of
. drainage and instillation of fresh dialysis solution are perlo 'med four or six times
T i 5 daily, using the CAPD cathfter. . After each drnmage and fresh instillation; the
- patient is disconnected frony' all tubing, eliminlting'pxolonge;:l interruption from

“ daily activities, Patients can per{orm dmlysu alone. The CAPD b&g and tubing’
: are wearable'and pmtsble, and most patients appen to have an mcreased sense of

. "well-being, increased nnergy and a good appetite. -

' ‘The major limitation to the e of this technique is the bigh incid

of infection. The incidence of infection from CAPD is 10 mfeunon per patient

; per .year, with a ‘steady decrease from 1076 to 1080 (Gauntner, Feldman and
. Puschett, 1980). Peritonitis, an infl i ol’ thie p ito uuusl!y caused by

~ bacteris, is the mulee threstsnmg, ‘while catheter exit' nte m[ec*tlons are the -
“other serious t:omplu:l'ir ions of CAPD The exit slte is highly suscspnble to
ml’ectmn from mierc i an the skin. Di ing and the

couplm; between the cltheur and the dialysis tubmg also cause peritoneal :
' " conhmln;tmn with the patlant‘u own skin organisms, Material defects may also
promou infection. Surface i larities in CAPD cathetefs have been jated

.study by Locci, Petem and Pulverer (1981)

- ‘wni.h ths prmnce of colom?n




Figure 1-1: Diagramatic Representation of the Usual $
CAPD Techniques, Showing the Dislysis Tubing «
Being Introduced into the Abdomen.
+ Used with permission from Accurate Surgical
Instruments Co., Toronto, Ontario. N N ”







°lnt|"insic irregularities in the catheuri appeired to pravide convenient sites for
organism attachment. Infections have nls(;occul:red with CAPD patients in whom
the catheter surfaces were found to have breaks. In three cases of peritonitis
associated with the development of a defect in- the structure of the peritoneal
dialysis catheter (Roxe and Santhanam, 1083), bagteria were discovered in these
structural defects. T

Laboratory studies have ldentlﬁed several specla of mleroor;amsnu that
\

have- been isted with CAPD peritonitis. ~West et al. (1988) found that

staphylococei are the most common organisms isolated- and they gecoug‘t for the
majority of infections (71.49%).. These investigstors  further observed tHat
“enterococei and Bacillus sp. sccounted for 26% and 1.3% of infections
respectwely, and that Gram negativVe bacteris, such as FEacherichia coli,
Peeudomonas aeruginosa snd Klebsiella yneumnmnz ‘caused 10.4% of infections.
\Peritonitis resulting from Candida apd other fungi csused 24% of infections (Vas,
1083; West et al., 1988). Studies in children produced similar results, a study by
Watson et al. ( 108}%) revesling that 76% of the_epimda' of peritonitin‘were\due to

staphylococci.  In the same study, Streptococeus viridans  caused 18% of

infectious ‘episodes, Escherichiacoli 4%, and: B-hemolytic Streplococcus was
responsible for 2% of these episodes of infection. ’

" Staphylococius - epidermidia isthe most common bacterial isoldte from
infected CAPD catﬁg‘ n.(Kenne and Peterson, 198‘4; V;:s_. 1083; Maki, Weige and

" Sarafin, 1977; Christensen et al., 1082; Moy‘er, Ediwstds and Farley, 1083). Rubin.

et al. (1980) demonstrated that 31% of the episodes of peritonitis wire due to S.
epidermidia. | Also, 75% of the- pnielﬁa wit}l wecurrent inle:tiqns with the same
bacterial npec&u had S. epidermidis as the cause. There were 13- episodes of
peritonitis during’ 136 patient weeks in. the study by Popovich et al.” (1978).
Approximately 50% of these episodes were due to 5. epidermidia. Approximately
25% of patients with skin exit-site infections had staphylococci as the
‘predominant orgunmms (Kbanna, 1981). N

Over a three year period, an analysu of p;tlents wub CAPD cdthetérs by
Gauntner, Feldmsn and Puuc_hen (1080) revealed that several factots contributed




to & reduction in the incidence of peri itis. A transfer from the intensive care

unit to sn in-centre peritoneal dislysis wing reduced infection by providing a

special care unit for the patients. Strict aseptic techniques by a well trained and

. supervised dialysis nursing staff were essential. The incidence of, peritonitis has

also declined with the improvemeit in dislysate delivery ayatemz), including the

utilization of plastic bags rather than glass bottles and improved connectmg -
devices between cutheter snd extension ‘tube (the titanium adapter). The early ’
d’wcontlmuhon of CAPD in patantkwnh frequent infections has been hzlpful in -

controlling peritonitis. *C jological for 1 .
microorganisms uuamg infection helped in: l‘urther enco\lnters wnh thue

organisms. Also, the useof air and water-tight sterile surgical catheter dressings “

d itonitis. . Peril p ion, early iti «‘nnd prompt

p P

_thérapy ate major goals for CAPD patients. ‘Unds ding the pathophysiology

of the infectious process may also help in the prevention. 3

Peritonitis may occur after the S. epidermidis bacteria were introduced into '
the peritoneal cavity during fluid changes., It is.also bwible tl‘m’t the peritoneal
catheter itself, acting as a forelgn body, can pmvnde 8 site of .attachment and
growth for thie bacteria, introducing them mlo the pentoneul cavity.

Growth of Staphylococcus Izpldenmdlu varies depsiding on the type of
pelitonul dialysis fluid to which the bacteria are  exposed {Flournoy, Perryman
and Qadri; 1983). “When the l’resh peritoneal dislysis fluid is mstllled into the
sbdomen, there is a rapid equlhbmxon that occur!' Expenment.s by MacDonald,,
Watts and Bowiner (1986) bave shown that 5. cp:dmmdu does Dot grow in fresh
dislysate. There was, ‘however, significant promotion of growth m spent dialysate

*fluids. The main differences in unused ‘and used fluids were : & more acid pH i n
fresh  fluid, pH 5.25 (unused) versus™7.60-8.62 (used); a higher glucdse
concentration in fresh fluids glucose 1500 and 2500 mg/mL (fresh) versus 407-1227 ° ¥
.mg/mL (spent);. and a higher protein concentration in spent fluid (i"‘lourno_y, '
+Perryman and Qadri, 1983)." None of the bacteria tested grew in unused fluid,
but all ';uw in fluid which had been in the peritoneal cavity for as little as one
and one-hnll- hours (Flournoy, Perryman and Qsdr’i, 1983; Verbrugh et al., 1984).




A;uhough the organisms did not grow in unused fluid, they were still viable. It is
possible that the,dll'l‘eren! solutions may affect the attachment as well as the
colonization of the l’orelgn body or pentonesl membrane’

s 3.3 LA
Some strains of hyl. pide dis produce a 1} harid:

material cﬁlTed slime. This is a gl;ioculyx surrounding the cells (Costerton,
Geesey and Cl;e,/ng, 1978). The production of slime can be detected on the sides
of test tubes which have contained cultures of this organism, by staining with a
- cationic dye, alcian blue (Shéa, 1971). It has been postulated that the bacteria
stick to any surface by means .(;f this slimy material. Under experimcnl.al
conditions, Lhe ﬁ]ycocalyx also ‘contributes to the bacteria’s ability to resist
\surfactants, nnubodnes phagocytes and certain antibiotics (Costerton, Geesey and
, Cheng, 1078; Gray et al, de). Electron microscgpy studies have shown that
slime:producing . epidérmidis can adhere®tq and grow on catheter surfaces
(Marrie, Noble and_Costerton, 1983; Peters and Pulverer, 1084). Regul;;r
sampling of catheter specimens by Peters, Locci and Pulverer (W882) demonstrated
ndherence‘lﬁ’ the staphylococci to the catheter surface after 5-30 minutes, followed
by cell proliferation after one hour, and pitti;lg of the catheter surface after -an
incubation of bacteria and catheter for 48 hours. These pitg, visualized by

electron microscopy, were p 1

d to be iated with the p ion of slime”
covering the bacteria. In the study by Sheth et al. (1983), it’ w&j shown that after

a two minute i ion of catheters in bacterial some bacteria

adhere to catheter surfaces and-form colonies. Cultures of the final rinse solution-
were, negative," therefore demonshatmg that colonies .growd after rolling tHe
catheter on blood agar plates represent adherent bacteria/ The number of
colonies adherent per uhit catheter surface area was grenle/ for S. epidermidis
_than for S. aureus or Escherichia coli. Of the 5. epiderimidis strains tested,
adherence was most marked for slime-producers. ; K /

There is much controversy as to whether or /not slime production
contnbutes to the adhering ability of these bacteria. | a study by Mayberry-
Carson ¢! al. (1984), it was proposed that an extengive glycocalyx served a

protective function for the bacteria and was important in bacterial adherénce.




" Axtother prouctwe function of slime was that it pmvxded an nnnphngocyuc‘
barrier to the cellulsr and humoral defense ayscem;, and perhaps a physml
barrier to antibiotics. They speculated that this material could inflience the

Cavity. Incubatiops of cath ters with

survival of the i in the
S. epidermidis strains daily for five dsys, 'p’roduce‘d macrocolonies on the surface
.of the catheter incubated with the sli ducing strain but not with & nop-
slime-producer (Ghristensen "¢t al, 1083).  Scanning electron micrographs of
‘l\ : catheters incubated in broth cultures showed the slime-producers matted onto the,
catheter surface, whereas the non-slime-producers, grown under Ldeuhcsl ¥
condman!, did not ahow this accumulmon In animal models, three mn- 8

- many lifections occur with the sllm&pmducers 83 ogeur with non-slime-producers.
- However, ‘there are also studies in which adherence is not influenced by slime
production. Ishak ef al. (1085), using ‘sirnilar'methods to, those in this thesis,
‘.rep_orled that neither adh to cath nor ,,,‘ gocytosis and killing of

I gati phyl i) by * polymor 1 leukocy was

infl d by slime duction. . They could not show' s significant
relationship between catheter adherence and slime production. .
¥ The alleged effects of slime suggest that this substance may contribute to
the ‘extended course of S. epidermidis foreign body infections. If true, and if
v slimre production occurs in vivo as it does in vilro, new strategies must be
developed to prevent infections. . )
* .. A numbet-of variables nﬂect bacterial growth. The addition of prot.amme
/.;ullate to dialysate fluids deemsed bacterial numbers (Sacchi et al., 1082). They
| activity of ine.sulfate and d tlut it

- tested the ¢n vitro
4 . reduced ml‘ectlons in CAPD processes. Heparm also mlubm the nnhmlcrobml
effect of the prohmlno sulfate. Sodium ncatqte, has been utilized to reduce
_ peritonitis in CAPD patients (Richardson and_Borchardt, 1989). Peritoneal
’ dialysis solutions which contained acetate l;;l‘a greater antibacferial olfect than
those conninllg the previously used lactate Serum factors have also been
implicated in reducing CAPD ln&twm Leijh et al. (1979) suggested bacterial
killing by, complemom : :
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Systemic and locally instilled antibiotics have been used to trest peritonitis
. in CAPD patients. Gentsmicin was studied and used in patients undergoing
contindous ambulstory peritonesl_ dialysis (Hyams et al., 1071; Pancorbo and
Comty, 1081). Staphylococeal peritoniti was full treated with

in.approximately 80% of the patients. The concentrations of gentamnicin in .

peritoneal effluent are ,v?risble and may not always exceed the minimum

inhibitory tion for a particu): ism (Mandell, '1985). However,
even binhibitory d ti of ibiotics may, slter. nn organism's
pathogenicity and mby affect adherence or initial attachment. One-quarter and
one-balf the minimum ighibitory conceritrations (MIC) of certain sntibiotics-such

a9 clindamyc‘in‘,, nmpiciiiin. and gentamicin have been”shown to inhibit bacterial

toxin'pfuduction within 30 minutes of exp})sure to these sntibiotics (Gemmell,

' 1085). Clind‘smycily was discovered to l;ednce the ability of staphylococei to cause

bone inv;sion in vitro after a ¢8 hour incubation period, using sections of rabbit
tibia (Mayberry-Carson: et al., 1686). In tontrol preparations, in the absence of

}Iindamycin, S. auy‘-eua colonized the bone surface and formed extenuive

gly lyx-enclosed adherent mi loni At‘ b-b icidal concentrations of

ind. in, the production of gly lyx was reduced and there was less

colonization -g; bone surfaces. At higher clindamycin concentrations (1 MIC), no
*adherence of bactgrial cells to bone surface oc‘cnﬁ. Staphylococcus aureus was

grown overnight in the pregence of one-third of the MIC of clindamycin in 8 study
by Milatovic, Braveny and Verhoef (1983). Phagg is of the antibiotic-treat: "_
bacteria by’ human polymorphonuclear leukocytés was significantly enhanced

compared with untreated controls. Inhibitory 'concentrations (1-30 sg/mL)-of -
glycosid: ibioti d the sdherence ability of bacteria to human
N .epith.elhI cells in 8 study done by Ofek et al. (1979). addition of sub-MICs of
penicillin (27 us/mL)‘_;eslllted in the loss of tfe celladhering ability of
p y and Escherichia coli within a three hour period. Also,
;here_ wes no adherence detected - for bagteril grown with.. 10 g of
utrept.om.ycin/inl,. Daschner (1985) showed in his review thnt”peniclllins,

»shhal b

'y y snd clindamycin enhance ‘kill.ing of antibiotic-
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nlzsreqhbmerin by hllmll* polymorphonuclear leukocytes

'
Kaplan et al. (1985)
ngted that 75% of patients with I | peritonitis were full

« T
treated with the antibioti yin, snd tob in. Peritonits

uused by Staphglococcus aureus, has been :uccé&fully trented with
mtrnpeﬂtoneal vancorycin (Nielsen, Sorensen and Huuen, 1979). Pnt of the
effect of these antibiotics may be their, alnhty to affect adherence a3 well ag their
effic icacy in killing the infecting ormlsm.s. >

Deapl!e el’feehve therapies, pentomm still remsins a ml)or complication of - '

CAPD. Und ding the path ¥ mechanisms' and their control may
reduce both colonization.snd - subsequent duen.se states in fhese patients. This

thesis investigates the effec'. of various additives and sntibiotics on bacterial
adherence to the CAPD catheters in both fresh and spent peritoneal dislysis
fluids. .

\
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Chapter:2
' " . . Materials and Methods

This work. was performed during the interval of September 1985 -to
. February 1987 at the‘Heulth Sciences- Centre, . St. Johq"s, Newfoundland. During
this time pefiod, strains of Staphyle idis were ined Tor their

ability to adhere to peritoneal dilly.sl's catheters suspended in peritoneal dialysis
.aolutio'ns, with or without additives.

s ¢ -

2.1. Collection and Maintenance of Strains

Eight strains <;l' S. epidermidis, is;ilnted from patients with peritonitis, were
obtained from the Microbiology Laboratory of the General Hospital. Each isolate
was considered to be a separate strain if it originateq from a different patient.
Preliminary identification was made on the basis of Gram-stsin morphology,
negative coagulase 4est, and positive catalase test (Kloos and Jorgensen, 1985). .
Final identification was established by means ﬂle STAPH-IDENT system (APT\
Laboratory Products Ltd, St. Laurent, Quebec) which has been shown to be s -
reliable method for the identification of staphylococcal species (Almeida and
= qu_gensen, 1983). )
) All isolates were maintained on Mueller-Hinton II agar [Baltimore Biologics
Laboratory (BBL)Cotkeysville, Marylsnd] and in Mueller-Hinton broth, (Oxoid,
Basingstoke, Ha;npsh'm, England) at. 4°-8° C. Purity of the culttres was checked
| .periodicnlly by plating on this .I;ll- Test inoculs were prepared from o;rernighv, =~
cultures in Mueller-Hinton broth (Oxoid, Basingstoke, Hampshire, Engl:mi).
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2.2. Test for Slime Production”

Some strains of S. epi P a glycocalyx, a pol ide, slimy, - -

material surrounding the cells. This materisl may help them adhere ¥o catheter
surfaces (Costerton, Geesey and Cheng, 1978). The cationic dye, 1% alcian blue
in 3% acetic acid was utilized to test for slime production (Shea,1071). A‘l;w
drops of this dye were added to a tast tube containing about 1 mL of an overnight
S. epidermidia culture strain. After 1-2 minutes, the bgclem-dye mixture was
poured out and the test tube -incubated for 1-2 hom The tube wds then

examined for the presence or absence of a blue, slimy film lining the walls of the\ "

test tube. Formation of a ring at the liquid-air interface was not considered a

positive test (Christensen et al., 1082). Experiments were performed on strains

discovered as being slil d and lime-prod (Table 2-1).

23. DWuh Solutions .

Two types of peritoneal dialysis solutions werle utilized in the experiments.
These weré yhused or fresh peritoneal dialysate (Baxter-Travenol, Toronto) and

“used or spa peritoneal dialysate which had been in \mmfected patients at the
Heslth Smnces Centre, St. John's for 6-8 hours. The main differences noted in ’

unused and used fluids were, respectively, pH 5.25 and 7.60-8.62, glucose 1500 and
2500 mg/mL, and 407-1227 mg/mL, potassium 0 and 2.0-4.2 mEq/L, yhosphoro;;
0 and 2.5-5.5 mg/dL (Popovich et al., 1978). Used PDS was filtered through a
0.22 ym millipore filter. The dialysis solutionl weré dispensed in sterile test tubes
and refrigerated until used. For convenience the fresh and spent fluids were
predispensed in 9.9 mL(:nd 9.0 mL volumes in screw cap 16 x 125 mm test tubes
and stored in the remgenm Each test tube contained 9,9 mL of the fresh

dislysate or 9.9 mlL, or later 0.0 mL, of-spent dialysate. The use of 9.0 mL of .
spent dialysste did ot alter final calculations ofsbacterial colony counts.
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Slime
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Table 2-1:  Strains of Staphylococcis epidermidis
Tested for Slime Production.
STRAING

= Producers Ronisu.m - Producers

TEMOQW>
'




2.4. Enumeration of Bacteria

2.4.1. Turbldimetric Methods -

. A standmi inoculum density used in CAPD experiments is spproximately

10° <olony- forming uwits (CFU)/mL (Floursoy, Perryman and Qadri, 1083).

) Preliminary studies indicated that dilution of overnight Mueller- Hinton broth_
cultures, so ss to yield a 75% transmittanee (Spectronic 20, Bausch and Lomb)
(Wilson and Miles, 1075; Wistreich and”Le hY[m, 1976) at & wavelength of 5

The final cell concentration of ‘the moculum was ll)’ organisms. - A 1.0
inoculum ®as then added w the spent dialysate, while the rmh dialysate rec ed
minary testing mdlcnted that a 10—|‘old inoculum was

a 0.1 mL inoculum. Prel
required for experiments involving immersion “of catheter segmgnts in spent
dialysate so as to’ obtain catheter plate cqhnu within, or near, the 30-300 colony

range.
-

2.4.2. Viable PI‘-u Counts

- pnspending Finids) .

_ Ten-fold serial dilutiohs to 1:1000 of each fluid were prepared in 10-mL
volumes using sterile distilled water as diluent. One-tenth mL samples of the
1:100 end 1:1000 dilutions were transferred to the surface of Mueljer-Hinton agar
in 100 x 15.mm Petri dishes (Fisher) and spread - thoroughly with-a disposable

’Inocul;ling loop. “The plates were allowed to dry at room temperature and were

" colonies were selected for_counting and subsequent calcilation of CFU/mL in thp
re]avlntbsuspending fluid. g &
_b) Catheter Segments B o W ¥R et
Dialysis flaids Wetg: temoved from each test tube. Each catheter was
washed using sterile distilled w-ter (npproxlmllely 10 mL). ‘The tube ‘was then
vortexed to allow an adequate rm.nng of the qlheur Wuhlnp wen perlonned
~. & total of 10 (hnul for each catheter piece. After ‘washing, the catheter pleee was

nm; resulted in numbers of CFU within a desirable range of 30-300 per plate.

then incubated at 37° C overnight. As far as possible, plates with 30 to 300

Y




" removed, aseptically from the test tube 'usin'ga glass pipet inserted into the lutnen
of the catheter segment. The cathetar wab then rolled uy and down three times
ona plate, forming an"n'-shaped inoculation. Thde “catheter plates® weré
then isicubated overmght with' the other plates.

25. Additives snd Antibiotics ’

Both the Addmvu snd the a.nhbwmﬁ llsed in these expergments wefe added

to the test tuba of fresh and spent pemonaal dislysate. The sdditives utilized . ~

Biological Company, New Ymk), 5% Toronto beef And pork insulin "(Nova

Labonmrkeg Wlllowda.le, Ontano), and .- protein protnmme sulfate (Eh Lilly -

-Canada Inc., Tomnto) The antibiotics used were gentamicin (Roussel Canads,

Inc., Quebec), cephalothin (E‘.l.l. Lilly Cunda Inc, Toronwb, and pcmc)l]m (Glaxo

Labbratories, Toronto).

) Further expwu involved incubation in fresh PDS thh‘addmves 5%
humx.n serum albumin (Cannd:an Red Cross Soclalyr St. John’s), snd 0, 6%, 1.3%,
25%,_5.0%, and10,0% fetal bovine serum (Grand Island Biological Company,
New York). A 5 9 solution of letn.'l bovine serum, heated (80° C) for 1 hour
was also utilized.
strain G were tested.]

‘The mini inhibitory trati (MIC) of the p ine sulfate and
* of each antibiotic were determuined for each strain of S. epidermidis (Table 2-2).

The MIC value for prStamine sulfate wab established manually -ky serial two-fold
dilutions of the product in Mueller-Hinton broth. The end-point was read as the
lowest concentration which inhibited growth. The MIC values of the mubiotia
were ined using predispensed microtitration plates ( * Sensiti Glbcu,
Scotland) The experiments evalunted the effect of one-quarter nnd one-half M!C
of each of the antibiotics and protumm sulfate, oneach strain. Stock solutions of
the antibiotics, at concentrations of 1000 mg/L wefe prepared snd stored in 8
Reveo freezer (Reveo, Inc., South Caiolina) at 10* C to prevent deterioration of
the antibiotics. A concgnm’timll of 1000 mg/L was also prepared for protamine

were a 5% hnb-mactlvnted solution of fétal- bovine serum. (Grand Island,

e slime-producing strain F and the“non-slime-producing
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sulfate, as needed In order to obtain the appropriste minimum inhibitory
con:emrauou for a pnrtlcular.-s'.rmn dllutlons were done in 0.9% normal saline.
2.!!. Cathet.e;l . L ‘
The catheters utilized ‘in these experimen'.s’ wereof the type used for
cununuous ambulatory penwneal dmlysls pmenu They were polyvinyl cathet.ers
of the Oreopoulcs-Zellermsn Toronto Western Hospital design (Accurate Surglcal
Instruments, Toronto). A catheter was clit into 1-cm .portions, and sterilized by
.'Autoclnving. = i ) ' 5 "

LI

2.7 Prncedure

Overmght Mueller—Hmwn broth cultures of S. epuderm:dm from pemcnesl
dmlysls pnhents were -tested. Three tubns of refrigerated l'resh .and spent
pemoneal dialysate were collected, Tesl.mg in triplicate ensured being within 5%
* confidence limits. Fresh and spent’ dmlysate ‘gach with and without additives or
antibiotics were utilized, making a tohl of. twelve test . tubes of dxalysm
Therefore, each- test tube (16 x 125 ‘s{m) of dialysate, contained bacteria- alone,
“ bacteria and additive, or haclerm and antibiotic. * A 1.0-cm piece of sterile
catheter was added, aseptically, Yo each tests tube. As mixing was shown by
mncroscgpy. sto dzspersevcell clusten, the suspension was ag'étned well with'a vorl’ex
Ine., Spri Massach ). The twelve tesb-

mixer
tubes were then plued in an ice bath'to preVent bacteﬂal growth.
Nine test-tubes each-containing 9-mL sterile distilled water were prepared

Vlable .plate counts were. performed on the suspending fluids as prevmusly
described. The three tesb-tubes containing dialysis fluid and -additives were placed
in 2'37* C incubator for 10 minutes. i b %
Prellmlnny nhservauons revealed no ohservnble dll‘[erences in bactennl
nnmbers among 10 20 or 60 minute mc\lbntmn periods. Therefore the shorter
incubation time of m ‘minutes was chosen. Colony counts in the snspensron fluids

at 10 minutes wen also not observe‘d to be slgmﬁeantly differént from counts'at 0

* minutes: After lO mmutes the test tubes containing dialysis fluld were removed ”

1S

G




" Table 2-2:

~

lnlnbxwr .Cot

=2

of Several Additives for the Stsphylococcal
. Strains. A

" MINIMUM IR}!IBITOY(Y CONCENTRATIONS (us/ﬂ.)

Bacterial G-nemicin Penicillin - Cephalothin ‘ Protamine
Sbni.n o, ¥ 3 Sulfate -
K- 0.26 0.25 0.50 500.00
B 0.12 _0.26 " 9.50 500.00
. ¢ 0.26 0.2 1,00 500.00
D 0.12 .0.12 0.50, 500.00
D\' 0.12~ 0.25- 0.50 500.00
F 0.26 0.25 0.50 500.00
T '0.50. 0.25 1.00 500.00-
H- 0.26 0.25 . 1.00 500.00

_ ) :
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from'the incubator and plate counts were initiated as above in order to ensure
that appreciable bacterial pop{xlation changes. did . not occur duringﬂ the holdi;lg
periods. After the *10 minute plates® were inoculated and allowed to dry, they
| were incubated oveml;ht at 37° C.

The three test tubes :onnmmg,dulysls ﬂlllds, with theu' respective cnlheter .
iziecu, were kept in ice baths until dilutions and’plating of the suspension liquid
were performed. Chtheters were then removed and plate counts’ perlnrmed as
prevwluly described.

"After the overnight incubation, s Quebec colony counter was used to count .
the' calomu on -each plate The dilution plate wnl\ the highest number of GFU * N
within the 30 to 300 limits s selecbed The number of colonies was recorded for ’
the 0 and 10 mifute ﬂalea, as well as lor the utheter plates., This was' done for’
the- freski ‘and spent dislysis solutions with 'and without additive or antibiotic.
Data from- all bacterial.strains wete collected and recorded This procedure  {
followed that adopted by MuDona.ld Waltts and Bowmer 11986) A summnry of
7 the Jaboratory method utilized is d in Flgure 2-1. Adh indices were ; o

caleulsted for each ‘replicate, as prevm\uly described.
Ta determine whether the presence of serum would affect baeteml\\
dh the followmg i were perlc d in fresh PDS. Firstly, the,
cntheter pieces were pmncublﬁe}! in' serum for 20 minfites a4 37° C. Identical

experlmentll procedures were then performed, as préviously nndertnken, with
controls involving no premulbntlon Secqndly, the bacterial. cells were lmmersed d
in serum in’ the followmg amanner. The cells were pelleted by centnrugmon (IEC
Model HN S Cenmfuge, Munchusem) at 35000 RPM for 20 minutes. The ,
Mueller-Hmton broth was then remioved, and 3 mL of serum was added to the test
Y Iube The mixture was, vonexed and mcxbsced for 20 minutes. - After incubation,
7 mL of fresh PD§ wu' added. A further quantity of fl:esh dialysate was addgd
until a 75% transmittance at'a waveléngth of 550 nm was reached. ﬁ‘heu,normsl |
experimental procednren wero followed as b:{o‘e, with mocnlmon mto fresh PDS

-The in this iment, were preinct d in serum. As before,

controls wnth no premcubntmn were prepued ; . 1

AN
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Dilgrm;ntic Repruenlnlién of the
Experimental Procedures Utilized.
£
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The constituents of serum includ‘e albumin and complement. ln’ order to
ascertain if a component of serum could inhibit adherence, a 5% solution of
albumin was prepared and added to fresh dialysis solutions, as in the yreviousl
experiments. Also, varipus percentages of serum were tried for lhe{\r inhibiting
properties. ~ Solutions of 0.6%, 13%, 2.5%, 5.0%, 5.0% (60" C), snd 10.0%
serum were added to fresh PDS in the same manner as above. Colony counts for
all these experiments were recorded and adherence indices were calculated.
2.8. Adherence Indices

S

- External catheter surfsce sreas were” measured via s micrometer and
calcuiated according to the following formula: surface area = r x diameter x

length. Final adherence indices (Al) were calculated and expressed as roll culture

colonies/em? of catheter external surface area per 10% CFU/mL of ‘broth culture :
(Franson et al., 1084; Sheth et al., 1083). Adherence indices were calculated after -

the 10 minute holding time. The catheter surface area (SA) used in these

experiments was ds follows: SA = = x 0.51 cm x 1.0 cm =1.60 em?, -~ —

2.9. Statistical Methods -~ | N

i

Data from bacterial colony counts aj adherence studies were compared for
statistigal significance using several SRwith P<0.05 chosen to be the
significance level. The statistical design was analyzed by two-way and three-way

analysis of variance. As a result of having the three replicates, the degrees of N

freedom “from residual error were sufficient (Mul_)onl.ld, Watts and Bowmer,
1088). Therefore, the mean square due to error, or the variance, wu,obtained

with precision from the analysis of variance. This mean square due to error could

then be utilized in othier statistical tests. This mean square due to error is the
unexplained .variation; and it is the variance of the adherence indices that is used
to calculate confidence intervals or to compare averages. ‘The student’s mu‘t, or
the least sif

1980), was used wherever two ~arithinetic averages were being. compared

independently. - For example, the Isd test compared comftrol results with .

\

icant difference (Isd = t-value £ standard error) (Steel and Torrie,




experimental results, within the same bacterial strain, and experimental results for

the same - additive over two strains. Tukey's w procedure for multjple

. comparisons, utilizing 2 critical difference value w (Steel and Torrie, 1980), was

used wherever three or more averages were being compared in all possible

i combinntio‘n& Tukey's w 'test ansl_yzed differences between the controls of

additives or antibiotics for the same bacterial strain or over different strains. The

anfllysis of variance was'done using the computer and the SPSS-X packa;?e (SPssS

: Inc.). The Isd and Tui(ey'é w values varied from strain to strain (Table 2-3).

v

2.10. Electron Microscopy

The peritoneal dialysis catheters were examined by,scanning electron
mlcroscopy lSEM) to study- the-adherence nblht}) of the S. epidermidis strains.
Both frésh and wpent. conditions were considered, as well as the effects of the
addmves }md antibiotics. The following cathelers wer;a prepared for microscopy:
a contro{ trentments 5% serum and one—hall’ the MIC of ‘gentamicin. SEM was

performed on catheters tested in fresh dialysate ard spent dialysate, containing

‘these additives. vt
Using aseptic t@mques. catheter pieces were follected and placed in small

vials containing a fixative. This fixative was a combined formaldehyde-
glutaraldehyde fixative of high osmolality for use in electron microscopy
(Karhovsky, 1065), pH 7.4. The fixative was allowed to react with the specimens
for a minimal time of 1 hour or until processing could be done. The fixative was
then removed from the catheter pieces, tnd replaced with° 0.1 M sodium
cacodylate buffer, pH 7.4, for 30 minutes, under continuous rotatjon to allow
solution penetration. Samples were then placed in 2% osmium tetroxide and
rotated for 1-2 hours. Specimens were fm‘-ther bulfere& in sodium cacodylate
buffer before dehydrmon ‘Fixed samples were dehydrated for SEM .in a
graduated ethanol-water series of 40%- 70%- .95%- -absolute ethanal and were
critical point dried from liquid carbon dioxide in a Polaron E3000 critical point
drier. "The critié:’l point &ried_spgcimens were then mounted on aluminum stubs
and sputter coated with gold in an Edwards SIS0A\sputter 'toner.‘,Specimens
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Statistical Values from the Isd and

Table 2-3:
L Tukey's w Tests for Bacterial Strains
A to H at & 95% Confidence Level.

Strains lsd Tukey's w
A 4.2 9.8
B 1.8 4.1
c 1.7 ‘3.9
D’ 0.5 1.0
E 1.2 .28
F 0.4 . 0.8
G » 16 - 3.6
H 9.8 1.8
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“were then _examined v;ith a Hitachi S570 scanning electron microscope cperatinL -

.at an accelerating voltage of 20 kv. Scanning elgctron micrographs were
produced with Poln‘oid 665 black and white film. These were then examined for
the presence of bacterial clusters. :
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Results

3.1. Controls

It was nec’nsa‘ry to do a separate conh:ljhr each treatment over all ejght
strains (Tables 3:1 and 3-2) as there was v

significant differences existed among th& control results of the ten exp¥rin'1ent9.'

on in‘control values.- Stntistically X

3.1.1. Intra Strain V;rl-tlon ‘ E
Control v‘alua in !réh ﬁuid for Strain A (Table 3-1) were significantly
different when values' in Experimentf‘l were compared to the other nine
: experiments (w=9.6, P<0.05). The spent fluid had lower adherence indicesothan
the fresh solution, and thus significance with thesmaller control values from spent °
fuids-did not occur as frequently. Si:nihn;efults were eyident for the other
slime-producérs, as well as the non-slime-producers (Table 3-2).

¢ 3.1.2. Fresh Versus Spent Dialysate

Control adherence index results for fresh fluids were always significantly

higher than those of the 5pen§ fluids. For example, Table 3-1 shows ,'
approximately a 30-fold increase between fresh and spent solutions for strains D,
E. and F (Isd=05, lsd=1.2, lsd=0.4 respectively, P<0.05). Both the slime-

d and the n lime-prod showed this pattern,, :
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Table 3-1: Adherence Indices from Control Results ~
for the Ten Experiments for Strains A to F
in Fresh and Spent Fluids.
Strain A Strain B Strain C
Fresh Spent Fresh Spent Fresh . Spent -
__508 10 47 7 164 8
AT 10 1] 20 166 5
817 8, 62 8 126 18
. 879 20 187 13 173 9
. 607 . 38 136 6 102 3
5 . —- 994 17 116 7 167 8
- - 662 18 122 7 233 9 .
. 531 19 321 7" 138 4
1302 16 141 3 101 2
805 19 201 9 143 4.
" 8train D Strain E Strain F
Fresh Spent ' Fresh Spent Fresh Spn;r.
. 8
F 218 ‘8 176 12 232 8
238 8 204 ] 229 7
238 ] 270 L] 224 b
- 232 4 298 9 207 6
184 "~ 8 318 . 6 277 7
227 ? 208 8 288 8°
226 ? 243 9 218 9
204 8 247 8 217 L]
230 9 262 L) 260 8
L] a7z T4 8

24
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Table 3-2:  Adherence Indices from Control

Results for Strains

G and H

in Fresh and Spent Fluids for
the Ten Treatments.

Fresh

strﬂn H .

Spent
212 8 284 9
128 6 208 9
161 9 216 3
287 .8 204 ]
238 L] 213 4
148 3 234 4
163 7 197 7
361 13 197 L]
206 8 . 270 » -7
200 8 2569 16

o~




3.1.3. Inter Strain Variation 4

Significant differences for ll}b{_ontml results also existed from strain to

strain. All ‘eight adh indices wzieg istically significantly different from
each, other (w=(.5,'P<0.05)4 The spent ﬂm-d lower adherence indices, and
therefore did not show-as many #gﬂiﬁennt results. \\\ g

® B . & TS ——
' : \
3.2. Additives and Antibiotics

’ . B y -
. The various additives and antibiotics utilized in this thesis inhibited

adherence of the Staphylococeud epidérmidis-strains.

3.2.1. Serum’

Control results were llwnys slgmhcnntly different from expenmentll results
for all bacterial strains when the additive serum was \lllhzwlble -’93) Except
for strain C in spent fluids, tal results had signi lower adh
indices than did control results. Table 2-3 contains the sigﬁiﬁcmne values used.

Experiments performed in fresh solutions were always significantly different from
those in spent fluids. Among strains A to H,.experimental results were
mplﬁ:mtly dilferent, especially i in fresh fluids (w=2.8, P<0.05).

.

. 3.2.2. Insulin

Adh indices were significantly lower than control values when insulin’

" was added to fresh fluids (Table 3-4). Values in spent solutions were smaller and

were, therefore, uigniﬁclnt in five \ont of 0{ eight strains Lested."Experimc:nts
\done in fresh fluids were signiﬁclnily different from those in spent solutions.

Strain to strain variations occurred when the adherence indices were calculated .

(w=4.5, P<0.05). * CN

s 1




Additive Serum

Table 3-3: Adherence Indices for
Bacterial Strains in Fresh and
Spent Fluids with Serum.
Significance is at.the P<0.05 level.

_ Fresh

éant.rel Experimental

hoow

H
moBm

507.68

46.8
164.4
218.2
176.2
231.7

»
Control  Experimental
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control and experimental.




" Additive Insulin

Table 3-4: Adherence Indices for .
Bacterial Strngs in Fresk and
Spent Fluids with Insulin.
i Significance is at the P<0.05 level.

L y
ADHERENCE INDICES

Frash Spent
Strain Control Expo/x;uonnl Control Expar‘ﬂ.g-nnt 3
slime .
A 963.7 126.9 (5) 10.0 10.4 (NS)
B ~ 85.8 39.4 (8) 20.4 8.0 (8)
c 1645 02 7 O 46 3.9 (N5)
D 236.9 . 68.6 (8) -~ 7.8 5.8 (8)
E 293.5 | ve.8 . 7.6 2.2 (8)
F 228.7 63(7 (8) . 71 4T (8)
non-slime )
[ 121.8 9.3 (8) 5.1 . 4.1 (8)
H 208.4 | 61.1 (8) 8.1 3.5 (8)
7 .

'gu) indicates significance, (NB)' indicates non-significance:

en control and experimental.




Exupt for two mnns in sixteen -penmum 1/4 and 1/2 the miimum

ol itin loweted bacterial ldhqrmca values in the

fresh ﬂmds (Table 3-5). Likewise, in spent fluids, sngmﬁcmt differencés existed
between ¢ /mtfol and experimental yalues for all strains n:!pt one. Experimental

rsul's olitained when using fresh solutions were !lgmﬁnnlly hl[ll!r than if spent
I’Imds were used (w=28, w=38, P<005.for 1/4 and 3/2 MIC rupeetlvely) +
A;un with this antibiotic, strain to stnln iati existed with experi \|

- resul'z R .- ¢ B -
: 3.2.4. .Ceph-lotz in - o &

_* One-quarter the mini inhibil tation of cephalothin lowered .

: ) blcteml adherence in.fresh, fiuids, for six ol‘ the elght strains, bln one-half the

" MIC of ceph:lo‘hln lowered adherence in all sznlns, usln; Iresh fluid (Table 3-6).

In_the spent fluids,” Ilowever, 4/8 of the strains weu inhibited by 1/4 MIC

cephalothin; while 6/8 of the stfains_were inhibited_ from adhering by 1/2 MIC
cephalothin. The fresh solutions gave significantly higher adherence indices than

" did the spent.fluids (w=4.4, w=7.7, P<0.05 for 1/4 and 1/2 MIC respectively).

Adh results were sigil different for strains among both  antibiotic
concentrations. ¢ ) v E:
. © 3.2.5. Peniclllin . e i TN

All but one bacterial strain was significantly inhibited. from adhering " to
catheters when 1/4 the MIU of penicillin, and alss when 1/2 the MIC were used
as-compared with cdnlrof values. This occurred jn both the fresh and the apent
*» solutions (Table 3-7) Bolh 1/4 and_ 1/2 the minjmuri inh ibi
had significantly lngher adlnrance mdlces in- fresh llu

- solufions (w=29, w—32 rupecuvely, P<0 05)," Agnin with this antibiotic, all

83 compared with spent

renllu, speciall in fresh dlllylh
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Table 3:5: Adherence Indices for Bacterial Strains i
in Fresh and Spent Fluids with 1/4 MIC snd T
B ' 1/2MIC Gentsmicin.
Siguificance is at the P<0.05 level.

- ADHERENCE INDICES

Additive 1/4 NI Gentamicin | T -

E ~ Fresh - Spent ' \
Strain Control  Experimental Control . Experimental
slime £ i ) _ o
A 665 - ' “542.6(8) . 16.0. 9.2 (8) G
B 2.2 86.5 (5) 7.9 6.2 (8) ;
¢ 126.3 '4465.(8) - - 16.8°¢  “13.9 (8)
W - 236.8 142.0 (8) 4.8 - 28 (8)
_ E 260.8 198.4 (8) 6.7 - 3.3 (8)
‘ R 24.4 - 140.0 (8) 5.0 1.8 (8)
! ton-s1ime . § t
¢ 160.7 ° 81.0 (8) - 9.1 5.1 (82
1 25,9 - 69.8 (8) 4.6 4.5 (N8)

. Md1t4v"1/2 UIC Gentamicin

‘ -
Fresh -~ _Spent
‘Strain Conttrol: Experinental Control  Experimental
} 4" slime . N P g
3 A 879.3 900:1 (8) i9.9 14.7 (8)
B 167.3- 52.7 (8) . 12.7 4.17(8)
c. 173.2 67.4 (8) . - 8.5 28 (8)
D 1232.0 67.7 (8) . 3.8 2.6 (8) !
E 200.4 210.4 (8) . 9.4 , 2.8 (8)°
F . 208.8 . 40.0 (8) 6.0 2.3 (8)
t ~ . non-slime x i ¥ ¥
8 288.8 111.3 (8) - 8.3 3.8 (8) -
H \ 208.9 46.8 (8) 6.2, 3.1 (8)
®) ; (8) ind: jRon-sigaificace:

____between control and expérimetal. ° v

L L /
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N - d Table 8:  Adberence Indices for Bacterial Strains
inFresh and Spent Fluids with 1/4 und e
1/2 MIC Cephalothin.
Significance is at tl\e_P(l) 05 level.
ADHERENCE INDICES
Additive 1/4 MIC Cephalothin i

Froesh : “  Gpent

Strain . Control Experizental Control  Experimental
- slime T
% C A 607.2 566.6 (5) 37.8 04.5 (8)
) B 134.6 48.3 (8) a7 6.1 (N8) S
c 1020 . _72.4 (8) 2.7 2.2 (N8
D 184.0°° 112.9 (8) 7 6.3 (8)
E .318.2 -166.5-(5) 5.4 3.0 (8
F 211.0 .143.8 (5) 6.8 43
non-slime 4 '
' .G 237.7 268.7 (S5) 5.5 3.6 (®
H 212.9 140.8 (8) 3.8 3.1 (na)\_
* Additive 1/2 MIC Cephalothin . <
Fresh Spent
’ T SBtrain  Control Experinental . Control' Experimental %
& slime p ) ' —
. A 03,8 623.3 (5) 16.5 9.9 (8) Epe
B 116.3 67.5.(8) 7.0 (1.4 (N9) -
c 166.6 117.2 (8) 8.1 3.0 (8) «
X D 227.1 66.6 (8) 7.2 3.3 (8
= E 207.9 210.4 (8) © 8.4 5.2 (8) o
4 267.6 1312 (8) 6.5 2.8 (8) :
non-slime . -
. G ' 148.0 , - 3.6 (8) 3.1 3.0 "(NB)
4 H 233.7 70,8 (8) - . 3.5 1.4 (8 ,

(8) indicates significance, (NS) indicnn nen-ligni.ucheu
betwen conv.rol and experimental,
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Adherence Indices for Bacterial Strains
in Fresh and Spent Fluids with 1/4 md
1/2 MIC Penicillin.

- Significance is at the P<0.05 level.

ADHERENCE INDICES

. b Table 3-7:-

Additive 1/4 MIC Penicillin

' (8) indicates npiucncu,

—
Frish’ Spent
Strain  Control E:pofuunul Control  Experimental
sline i N
A 581.9 * 627.8 (8) 18.4 7.6:(8)
B’ 121.9 131.2 (8) 6.8 6.7 (NS)
c 3.0 139.3 (8) 9.2, - 3.9 (8)
D .9 © 133.7 (8) 8.7 2.7 (8)
E 242.5 166.4 (8) 8.8 3.6 (8)
F 216.3° 102.3 (8) 8.8 ‘4.8 (8)
non-slime
a 152.5 W@ . e¥  um
H +107.4 92.1 (8) 7.4, 3.8 (5)
Additive 1/2 MIC Penicillin -
oot Fresh ) Spent '
Strain  Coidroly Experimental Control Experimental
§7 i
-lhn .
A 631.1 612.9 (8) ' 18.8 8.5 (8)
© B G20.5 8.6 (8 7.0 4.7,(8)
4 137.6 96.4 (8) - 3.6 2.7 (N9)
D 208.6 97.8 (8) 8.4 3.8 (&
E 7.3 103.0 &* 8.2 40 (8
P 286.9 ,-19.9 (8) T 6.3 2.6 (8)
non-slime - g )
[ 360.6 241.2 (8) 13.0 11.6 (N8)
B 197.3 . 4.8 (8) 6.7 3.2 (8) .

(HB) indicates

non-significance
betwesn control and .xpu-l.n'nhl s




3.2.6. Protamine Sulfate

Five out of the eight strains of S. epidermidis @ fresh fluids were
sigoificantly inhibited from adhering to catheters with 1/4 MIC protamine sulfate,

. as compared with control results. Seven out of the eight bacterial strains were

inhibited from catheter adherence in the spent solutions (Table 3-8). One-half the
inil inhibitory jon-of ine sulfate, in both fresh and spent
dialysis solutions, significatly inhibited staphylococcal adherence for seven of the .

-elght strains compared with control results (Table 38). Adherence indices were

?;lways signiticantly lower in spent fluids than in fresh solutions for both 1/4 snd
1/2 the MIC of protsmine sulfate (W‘=4,5, w=4.4 rexﬁectively, P <0.05). Strain

to strain veriations existed -among experimental results with ‘this protéin,
_especially in fresh. dialysis fluids. v

3.2.7. Serum Ci ations and C

The presence of various concentrations of serum and serum components
reduced_adherence of Staphylococcus epidetmidis. For exsmple, for the slime-
producing strain F, cnt_.heten or bacterial cells immersed in serum significantly
inhibited adherence (Isd=04, P <005) (Table 3-0). Also, a 5.0% solution of
albu\nmin hested serum (60° C}, snd various percentages of serum significantly
reduced " adherence j P the fresh dxalym solution (Isd=0.4, P<0.05). ’

‘The' non-slime-producing stnm G was. also significantly “inhibited by the

- additives (Table 3-10). All nine addmves tested s)gmﬁcsntly reduced adherence
.of the S. epidermidis strain (Isd=1.5, P<<0.05) in the fresh dialysis solution. Thﬁ/ %

0.625% setum additive, .with strains F and G, (Tables 34 and 310) did not
reduce adherencé ss much as the higher concentnuons, but results were atill

significant.




f lele 3-8t Adherence Indices for Bacterisl Strains - ~__
in Fresh and Spent Fluids with 1/4 and
, 1/2 MIC Protamine Sulfate.
Significance is at _the P <0.05 level.- 2

ADHERENCE INDICES

Additive 1/4 MIC Protamine Sulfate 4 = "
Fresh B 6pey w
Strain  Control  Experimental Contrnlmnm.nnl =
slimé .
A 1301.6 306.3 (8) 6.1 8.1 (8) .
B 140.7 167.2 () 48" 2.3 (8)
¢ e 100.6 148.1 (8) 2.3 2.2 (NS)
D 220.6 113.0 (8) 9.4 4.0 (8)
E 264.0 197.6 (8) 6.1 3.2 (8) i
F 249.6 73.2 (5) 7.8 23 (8) :
non—sline ot = e
(4 204.9 203.7 (NS) ° | . 6.3 1.8 (8) )
H 270.3 104.3 (8) 6.5 2.6 (&)™
Additive 1/2 MIC Protimine Silfate .
Fresh ~ . Spet
Strain Control Experimmntal \Contru]. Experimental
slime . . ‘ &
A 805.3 337.1 (8) 18.7 14.9 (NS),
B 201.4 126.7 (6) 8.7 4.0 (8)
c 143.7 166.6 (5). - 3.8 2.4 (NS)
D 2414 113.3 (8) 5.7 2.6'(8) ;
E. g721 . 162.4 (8) 4.0 1.5 (8) :
F L2190 86.2 (8) 8.2" 3.3 (8)
non-sl. : i i
[ '200,0 93.6 (8) 9.1 6 (8) - -
" ‘2686 . . 81.8 (5) 4.8 8 (8),
be ~
8) I8) ~indic {ficance .

en control and experimetal.
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Table 3-9: Adherence Indiceés for
Strain F in Fresh Dialysis
Fluid Utilizing Various Additives. v
' - Significance is at the P <0.05 level. h : -
Strain F » .
+ ADHERENCE INDICES N
Control Experimental
" Additive ' Fiesh Fresh
“ Berun-Cathetsr "213.%. . ’ 31.6 (8)
Serun-Bacteria 244.5{ T, R 63.4 (8)
Albunin .0%) 223.8) - 76.4 (8)
Serun (0°626%) | 200 217.6 (8) )
Serun (1.25%) 241.9 : 79.9 (6) . ¢
‘Serun (2.65%) - 236.6 T 94.7 (8) X %
Serun (5.0%) 231.7 - - 32.1 (8)
Serun (10.0%) 238.2 -26.8 (8)

Serun (60° ©) . 220.7 117.4 (8)

~

(8) indicates lign“ic‘u:cl ho:-un ¢ontrol
and experimental. '
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Table 3-10:  Adherence Indices for
Strain G in Fresh Dialysis
y Fluid Utilizing Various Additives.
| Significance is at the R<0.05 level.
\
Strain @ ’ Ll
ADHERENCE INDICES
Control B Experimental
Additive Fresh Fresh
Sorum-Catheter 2303 1168 &
Serum-Bacteria 186.3 90.3 (8)
Albumin (6.0%) 217.4 . 104.3 (8)
Serum (0.626%) 229.0 207.8 (8)'
Serum (1.26%) 234.4 76.3 (8)
* Serum (2.5%) ' 2371 - 90.6 (8)
Serum (6.0%) 212.4 . 62.6 (8)
Serum 10.0%) 268.4 N, J 26.9 (8)

Serum (60° C)

228.3 123.5. (6)

(8) indicates significance between control

.- —— and experimental.
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3.3. Slime Produyction  Versus Non-Slime Production,

Significant differences in adherence to catheters existed for all eight strains
of S. epidermidis for the treatments. This included both the slim&prod\lci‘n‘g (A-
:F) and the ron-slime-producing (G, H) strains. Table 3-11 shows. the proportion
of sli ducing and - lime-producing strains which have adherence

signiﬁcnn}.ly reduced by the additives or the antibiotics, as compared to-control
results. A higher propotion of strains had adherence reduced in fresh 'ﬂpids than
in spent solutions for s treatment.

anhié p dtion of the adher indices for a slime-producing :smin we
ands non-slim&prodnc}ng strain are presented in histograms (Figures 31 to 3-4).
The adherence of the slime-producing strain F in fresh PDS (Figure 3-1) was
siguificantly inhibited by all gdditivea and antibiotics, compared with control
results. The adhernce of this strsin in spent PDS (Figure 3-2) was also
siguificantly inhibited by all treatments utilized, compared with control results.

T}'m dh of the limeproducing strain G in fresh PDS (FignYre
3-3) was signi {shibited by 8/10 of the pared with control
results, Results from 1/4 MIC of cephalothin and 1/4 MIC protamine sulfate
were not significantly less than control results. In spent fluids, all additives except
insulin, 1/2 MIC ‘cephalothin, sud 1/2 MIC penicillin reduced adherence of strain
‘G (Figure 3-4). ‘ o '

3.4. Electron M_lcmc;apy'

The electron r;xierognylu represent the control, serum, and 1/2 MIC
gentamicin results of Tables 3-3 and 3-5. Figure 3-5 shows numerous bacteria
‘which have adhered to the catheter suspended in fresh PDS and in the sbsence of
any additive. There was a decresse in bacterial numbers on the spent PDS
control catheter (Figure 3-6).. The serum lhq gentamicin additives further
decreased adherence to the catheter 1;ieees, especially in fresh dislysis fluid |
(Figures 3-7 snd 3-8 respectively), but not as large a decrense was_observed in the
corresponding spent fluids (Fikura 30sand 3-10 respecﬁvely).‘ Kl

The , Staphylococcus epidermidis strain  used for scanning electron




. Table 8-11: Proportion of Slime-Producing % x
. or Non-slime-Producing"Sttains of '
S. epidermidis in which Adherence
is Significantly Reduced-by a Treatmment.

P<0.05
N
. e 5lime .+ Non-slime &
B 2 . X P » S .
Adherence Significantly g . '
Reduced By: ©' Fresh  Spent ., ' Fresh  Spent’
. Serm o/ . /6 272 272
Insulin 6/6 48" - 2/2 1/2 -
| ¥ ' - .
(e 1/4 MIC Gentamicin'  B/8 /8 242 1/2
. ‘1/2MIC Gentamicin /8 6/ w2 ‘en .
1/4 MIC Cophalothin  6/8  3/6 vz 12 \F
172 MIC Cephalothin  6/8 5/8 2/2 172 R
-  1/AMIC Penicillin  6/8  5/8 72 22
1/2MIC Penicillin  6/8  B/8 < 2 an
1/4MIC Protanine - 4/8  6/8 2 2
. Sulfate < _
“7 1/2 MIC Protamine - 6/8 48 2/2 . ‘2/2

° Bulfate
L




Figare 3-1:  Adberence Indices for
Control and Experimentsl Data,
of Bacterial Strain F in Fresh
PDS. Values Plotted Represent
_ Mean £ 1 Standard Error.
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— Figure 3-2: Adherence Indices for
Control and Experimental Data,
of Bacterial Strain F in Spent
PDS. Values Plotted Represent
Mean + 1 Standard Error.
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Figure 3-3: Adherence Indices for
Control and Experimental Data,
of Bacterial Strain G in Fresh
PDS. ‘Values Plotted Represent

Mel%tlstmdnrd Error. .-
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Figure 3-4: Adherence Indices for
Control and Experimental Data,
of Bacterial Strain G in Spent
PDS. Values Plotted Represent
Mean + 1 Standard Error.
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- @ microscopy was a slime-producer. Slime is. present covering the organism, or in
waves on the catheter surface (Figure 3-11). Several bacterial cells immersed in
the slimy material are pottrayed in)Figures 312 to 3-14.
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Figure 3-6: S. epidermidis on a CAPD Catheter from
Fresh Dmlys:s Solution without Addmves or Antibiotics.
Magnification 3960 x.

Y .
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Flgm 3-8: S. epidermidia aﬂ" CAPD Catheter from
Spent Dialysis Solution without Additives or Antibiotics.
Magnification 3980 x.
. I







Figure 3-7: S. epidermidis on a CAPD Catheter
from Fresh Dialysis Solution with the Additive Serum (5.0%).
Magnification 3060 x.
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Figure 3-8: S. epidermidis on a CAPD Catheter
from Fresh Dialysis Solution with the Antibiotic
1/2 MIC Gentamicin.
Magnification 3960 x.







. Figure 8-0: S. szdenmdu on sCA.P/ D Catheter

from Spent Dialysis Solution with the Additive Serum (5 0%).
. Mlgnﬁcmon 3060 x..







Figure 3-10: 'S. epidermidis on a CAPD Catheter
from Spent Dialysis Solution with the Antibiotic
1/2 MIC Gentamicin.
Magauification 3960 x.
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_Figure 31 5. epldemudu on.a CAPD Cnlheter v
W Slime material covers the organism as well as
the surrounding catheter.
. Magnification 42000 x. ~

i
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. Flgure 3-12: . epidermidie on ‘s CAPD Catheter,

2 ( {Organisms are well embedded in slime.
Rt Magification 33000 x.
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Figuare 3-18: S. epidermidis on a CARD Catheter,
Showing Slime Production Surrounding the Colonies.
Magnification 36300 x. ,
1
» .
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Figure 3-14: 5. epidermidis Embedded
- . g in Waves of Slimy Material.
g . © Magnification 36300 x.







Chapter 4

Discussion

: 'Continuoun ambulatory peritoneal dialysis (CAPD) is an accepted treatment

for renal failure, and offers an effective al ive to the more
Iechniqﬁ_e of hemodialysis. A‘

The“iajor disadvantage, however; and alsq"tinvmnjor limitation to long-
* lerm CAPD ‘thefapy, remains recurrent peritoniti

It occurs in 5 to 50 pex’cent
“ of patients, with an ‘incidence of about one episode per patient year (Moriarty,

1.085). The pomlb of entry fqr'infection is most frequently the peritoneal catheter
" ‘orthe tunnel through which the "catheter bresks the normal skin barrier and
‘enters the ‘ |
during bag ‘clnngc;u or catheter - disconnections are less 7 common causes of

cavity. C ination of the ginlysnh: delivery system

infections.  Other .causes of infection, important ‘but less common, include

’p’erlopﬁon of the bowel, bladder, or vessels. .
- Staphylococcus epidermidis, the most common. cause of peritonitis (Pinella
et al 1083), is part of the skin's normal flora. The skin’ provides a natural nnd
effective barmr system whi h onee brokeén by the ukheter,/éan allow these

of low hogeniclty to a0t cause infection. Dunne and.

. Franson (1086) nported that the culamutwn of foreign bodies by S. epidérmidia

Is the first' step leldmg to serious infection.
In order for a microorganism to survive in the environment, it must first

sttach to a substrate, resist host. defense mec_hl‘.nis_'ms,‘zrow, and colonize the -

sufface, Studies by Christengen.et al. (1083) suggested that the ability fo attach
to & foreign body ‘and ‘colonize this body was imporhut in “the pntho;eneeis‘ of

foreign body infections with 'S, :pldenm‘dw Tbere ‘may be 3, considerable period .

of timo noeuny for butennl colonization, md uptoa two week yenod wu
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. . 4
assigned by these researchérs. Resgits from this thesis examined the initial
attachment of S. epidérmidia to catheters during the first 10 minutes.

. A number of mechanisms for the attacliment of bacteris to surfaces, such as

b have been d. - Ludwicks et al. (1984) noted that there are
specific binding mechanisms to cell membranes. These include atfachment factors
‘where the surface of bacteria. (nﬂwsnu) presumably ndhgru to host cell
membrane receptors.  They observed. a st{onger adhesion when extracellular

polymers produced by bacteria interact with the surface. There was a 25%.

increase in bacterial h when slime, produced by the S. epi idi;
coated® the polyethylene:~Electrostatic' forces were also postulated to be adherence
factors (Ludwicka ef al., 1984). The net charge between bacterial cells and solid

surfaces create forces for gitachment.. .The hydrophobicity of the surface of

. 'bgcbe,ri’n and solid surl‘ag:é also create forces between them for attachment.

Stlnpl{ylocncell growth is grester in spent dialysis fluids than in fresh
solutions (I-‘lournoy; Perryman and Qadri, 1983; MacDonsld, Watts and Bowmer,
1986).  Although studies have, been performed on both ‘staphylococeal growth in
fresh and upent ll\nd' snd adh toCAPD catheters by S. epidermidi
suphy]oeoec-l ﬁhnenee to catheters in different types of dulm solutions has
nol been prevm}y studied. ‘There are differences in buuml ndheyence to

& utlm.euln fresh and spent i There is significantly lower adh of

all staphylococeal strains in Jpent dialysis fluid when compared to fiesh PDS
(Tsbles 31 and 3-2). Adherence to-catheters in spent fluids is possibly inhibited
by the chemical or physical changes that have occurred in the fluid dliring
dialysis. Some identifisble changes | méluidc increases in urea, smino acid, and
electrolyte concentrations, as well u pH changes from . acidic to neutral,
‘Therefore,, these experiments di in h v in
the first ten minutes. - It can be concluded that mum attachment occurs within
this short period. These oxparimunu did not exumne longar mcnbnuon periods.

e




the ion or duetion of ‘slime bya
" the testing period of lppmxlmntely one year. Davenporﬂl al. (1986) also shawed N

_by additives such as serum, insulin, and p! iné sulfate in both sli
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4.1. Slime Production Versus Non-slhne Production

Buurhl strains und in this thesis were categorized on the basis of the:.

presence or, the’ nbsence ol slime productlon Slime production, as tested at
intervals during the d stable th hout. The data of
Chmtennn et al, (1083) supported these results in that they demonstrated that

strain was stable during

that ahme produchon is a stable trait of strains of S epidermidis.
" Studies by Costerton, Geuey and Cheng (1978), Mayberry-Carson et al.
(1984); Peters, Locci and Pulverer (1981); Peters, Locci and Pulverer (1982);

Peters and Pulverer (1984) ‘have .included electron micrographs of bacterial |

adhesion to cath Slime production by hyl i has been observed, and

‘has been d to pron‘mtu dh The electrot mi hs shown in

Figures 3-11 to 3-14 demonstrate S. eyldenm:lu surrounded by slime, nnd this .

may be considered a factor in adherence. However, t| \ results of this thesis do
not unppon nm euly luuhment is dependent on slime.- No difference was seen

between slime-p and lime-prod
Slime may- have adhesion i for the phylk 1 bacteria.

prever, the results of the experiments presented in {his thui:, especially those
presented in Table 311, indicate that adherence within the first ten minutes is
independent of slime production. .In addition, this initial adhérence was inhibited

and

amd li dudipg strains such as

¢ penicillin, Teduced adh " in both sli >ducing and li duci

ltn[nl There was strain to strain variations in adherence but these wara
independent of slime production.

There has been a divergence of opinion in the literature as to whether or not
slime enhances adhesion to catheters and prolongs infections. Franson et al.
(1088) dhcvv_eiad that there weré no differences in the adherence of organisms.

sroducing slime when comp. ‘m@ha"‘ ¢e by lime-product et;dnsv‘
of S. epidermidia during 06 hours of incubation. Both strain types had equal °
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b .

affinity for the catheter.. Their observations suggested that ulil’l{e‘prodnction did

not contribiite £ the increased adherence or path of ! gat
staphylococei. ‘There . was no. a between adh lysaccharid
‘production, and’ infection after rernight incubation of stapl 1 cultures

 with plastic devices (West et al,, 1086): Studies hy: Ishak et.al. (1985) showed that -
the presence or absence of slime did not correlate with adherence- ability when

catheter were i d’in’ susp ding fluid for 30 minutes. Slime-
producing strains adhered to catheters in approximately the same number as did
non-slime-producing strains. In vivo studies by several researchers have shown
that slime production does not enhance infection. Kristinsson and Spencer (1986)
examined patients who had pe\iwuitis caused by S. epidermidis and who were
ungergoing CAPD. They:did- not find slime production to be a prominent feature
"K:l:gnnisms isolated from patients. with itonitis.  Likewise, Kristi

Spencer and Brown (1986) found that there‘was no increase in the length on

\g strains of staphyl i were i;alnted.
A study by Cheesbrough, Finch and Burden (1986) indicated that the production
of slime by strains of S. epidermidis, which correlated with the presence of an

severity of peritonitis when sli

; ; - )
. extracellular glycocalyx, was not the cause of peritonitis with this organism. - This

finding was confirmed in a series of studies by the same authors.

l:lowever, some authors did repoh that slime production enhanced
adherence and infection. Sheth, Franson and Sohule (1085) observed that slime-
producing strains survived better and had increased adherean to catheters when
compared to non-slime-producing strains. They also showed that after a 2 hour
incubation, ‘there seemed to be an increase in slime p;pduction, and noted that it

was nearly impossible to eradicate a sli i ganism from an i

device. However, these workers incubated their catheters in trypticase soy broth
rather than dialysis solutions as used in the present study. In vitro studies have
d d i d adhe to cath -by sli ducing isolates.
Petefs, Locci and Pulverer (1981), using scanning electron mlcrolcopy; detected
+ colonies of S. epidermidis:closely packed in a slime matrix. Peters and Pulverer
(1984) proposed that slime may protect 'S, epidermidis against antimicrobial

.




sgents as well a3 natural host defense mechanisms. These latter two groups of
rmucheu did not state the lepgth of time for organism and- cnhem incubation.
Dunne and Franson (1086), in theu review, reported that the abxhty of all'species
of ahphylov:occl to adhere to md multiply on catheters correlated directly with
virulence. - Approxlmmly 60% of all clinically significant staphylococci were
slime-producil adherent strains. Davies and Stone (1086), in their review,
suggested that staphylococcal strains which produced slime were able to adhere to
catheter surfaces in m"uo, and t‘hn,.the slime pyotectzd the organisms apinst\
nntibody;\ and phagocytic activity. Non-sli ds were not as adherent, and

were more easily eradicated with tibioti Findings of D: port et al. (1986)
showed that repeated isolation of a slime-positive organism was four times more
likely to represent infection than isolation ofa non-slime-producer. Their findings
noted that slime production was i in the ization of
acted as a virulence factor in infections with staphylococei. 'l:'lme results were -

and

obtained from in vivo studies and did not involve incubations of ca’th‘eteu and

bacteria. T of thesé infections by antibiotics alone was 1 in only
30% of the cases involvi ': lime-positive organismat: Chri et al. (1983)
showed in an' experimental pemonm: model that & :hme-producmg strain of S.

idermidis produced three tlmu as mnny i 8s a non-s|

strain iu mice, after 10 days.

4.2. Additives and Antibiotics
.

Results from the experiments presented in this thesis and the literature show
that there afe additives and antibiotics which can inhibit the initial or early
bacterial adherence to catheters.

4.2.1. Additives

" Additives such as serum, insulin, albumin, nn‘d protamine sulfate used in this
report were successful in sigaificantly inhibiting adherence of S, epidermidis,’
compared with control adherence indices, This was especially true in fxulh fluids
and -less 50 in spent solutions.~ Although. inter strain variations existed, most,
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strains were inhibited by thg‘iﬁvg Heating the serum (60" C, 1 hour) served
to ensure the inactivation of any, complement that may have been present in’the
original fetal ealf serum. As adherence indices were reduced with heated serum, ity

) is unlikely that eompleme:? involved in the reduction of adherence. !

| Increasing eoncentrations of calf serum proportionately decreased adherence
indices (Tables 3-9 and 3-10). The least difference between control and
!xpenmenhl groups occfirred with the lowest concentration of serum used in
these experiments, 0.625% serum, while the greatest difference between controls
and additives existed with a 10.0% serum concentration.

Serum may coat the bacteria or coat receptoy sites on the catheter.
Adherence was significantly reduced when serum was incubated initially with the
catheters, then added to fresh solution containing bacteria (Téables 3-9 and 3-10).
This. also occurred when bacteria were initially .incubated with the serum, and
added to fresh #luids containing cnh;ten. Therefore, serum contains factors
which specifically inhibit the i di dh to cathet Fleer, Verhoef

#and Hemmdex"(lm) discovered that,in vitro adherence of S. epidermidia to
catheters proved to be a rapid pfocess (less than 4 hours), which was easily
inhibited by preincubating either the catheter or the bacteria in serum. Fletcher
(1980) noted that the presence of an zdsorbed serum or albumin protein film on
glass or plastic surfaces inhibited the _attachment of bacteria by ionvening-t.
favourable- surface to ome that had a protective coating. Fletcher (1980)

" speculated that this film p d bacterial h and adh ! Ofek et ,
al. (1979) proposed that'the use of inhibitors may reach the surface of epithelial
cells and that this coating prevents bacterial attachment. Hynes (1086) discussed
a cell-surface protein wmnt’ in serum, fibronectin. He noted that the fibronectin

+ could specifically bind to Pmt ris, block bacterial binding sites, or prevent

pruent in the serum’ bated with the locooei- used in i

prennted in this thuh could have lpeclf’cslly thked binding sites, md
vinhlblud adherence.
The hmunu\uuh mmy additives that inhibit tho adhefence of

adhesion by acting s s lser on the catheter. I} is possible that a ﬁbmnectin,' &

'
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bacteria. Bovine serum inhibited attachment of bacteria to catheters in a study
by Fletcher-(1980). Si ful eradication of int; catheter adherent S.
aureus occurred when serum-was added (Rshal, Chan snd Johnson, 1086).
Albumin non-specifically inhibited bacterial adherence to polystyrene and. glass
surfaces (Fletcher, 1980).. Ofek et al. (1986) concluded- that albumin specifically
inhibited the adherence of Slr;pl_uul 8 pyogenes to epithelial cells. Binding of. -
these bacteria t8 plastic plateg was I: preveﬁted. Albumip may have been the
factor in serum which.p d adh @ of S. epidermidis in the
of this thuu However, more fxpenmenu are required to verify tlm
Previous studies of the effect of insulin on bacterial adherence have not been
done. Studies presented in this thesis, however,‘ suggcwtbat insulin is also an
- inhibitor of bacterial adherence to catheters, Insulin is s charged molecule and
'_mty interfere with eleclmintic forces tho?'lnve been postulated to play a-role in

attachment.
“The results presented in this thesis utilizing protamine sulfate to inhibit
adherence supported findings of, several other researchers. Sacchi et al. (1082) ,
discovered that protamine sulfate reduced staphylococeaj infections in CAPD .
ptients. - In vivo studies, using an animal model of peritonitis, have suggestéd
that protamine sulfate (100 pg/mL) was effective prophylaxis against bacterial

peritonitis (Beam ef al., 1084).

Results showed that the antibioti halothi:
reduced . adherence indices of most strains of S. epidermidis. Significant

Antiblotics £

and pengaillin

diffgrénces between control and cephalothin results were not as apparent in spent
g&‘:‘h fresh solutions, especially for 1/2 MICecephalothin, strain G (Table
3-6). le‘wlu, significant differences ﬁwmntml and 1/2 MIC penicillin with
strain C (Table 3-7) and strain G (Figure.3-4) in spent fluids was not as npp;'rgnt
88 in fresh solutions,. Figures 3-1 to 3-4 show that there ‘was not a consistent -
decrease .in adherence with the higher concentrations of cephalothin and
penicillin, .- A ‘reason for there being notulnmemt differences between these

o T R




previously mentioned results of controls and antibiotics in spent PDS could be the
lower adherence indices which resulted from experiments in the spent fluids.
'l'l:emot \! ins is i und‘ pancies exist between in
vivo and in oitrd ‘studies. " Besm (1982) snd [-‘:.- et al. (1988) noted that
cephalosporins did nbt always inhibi terial growth. Both in vitro and in vivo,
pported the limited the cephal i S.
bacteremia did not respagd well to treatment with cephalosporins. Also, 10 mg/L' "
serum levels of cephalosporins were not effective in eradicating staphylococci in
vivo (Kesne and Cafferkey, 1984). Davies.(1985] noted that S. epidermidia and
S. aureus were multiresistant to-cephalosporins in vivo, but were sensitive in
vitro to. these sntibiotics. “Sabath and Mokhbat (1983) -noted that there ‘were
conditions in patients, such as the presence of a foreign body, that prevented %
b ricidal from being b icidal. Archer (1085) notéd that up to
.80% of the S. epidermidis bwuriu causing nosocomial infections were resistant to

evidence

cephslmponnx Not only are there- dlscrepmciu between in vitro and in vivo

o’ cepha.losponn activity, but in this thesis' mulu, the cephalosporins. have a

ovariable effect on adherence. -
Cephllothms and penicillin wefe chosen because literature studies hnve
noted that they are effective ibiotics against phyl 1 bacteria.

Antimicrobial-induced lysis and killing in vilro of staphylococcal colonies occurred

with a 32 mg/L ec'neenlnz‘on of cephalosporins, and :?2 mg/L concentration of
penicillin (Stratton et al., 1986). Penicillin reduced the adhering ability of
bacterial cultures to epithelial cells (Ofek et al., 1979). Many strains of S.
epidermidis studied by 17ass et al. (1086) were cephalothin susceptible. Arlchu
(1978) noted that 70% of S. epidermidis isolates were killed by & 3.1 mg/L
concentration of cephalothin. Ninety percent of the episodes of yeriwn‘ﬁ; due to
hyl i idjs 'were fully treated with' cephalothi ln
of Watson ef al. (19fgh Cephalothin was i
staphylococcal perlu)nith in a study,by Vas (1083) ‘The effect of ntlbioﬂe: und 0
in this thesis was mefbured after 10 minutes. It is unlikely that any effects

ih a study

used in ‘the of

_ observed .in these experiments were due to lysie or bactericidal activity of S,

"
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epidermidia. However, these antibiotics Aﬂm “gell membranes and are charged.
So immediate effects on adherence may La due to these actors. ' )

¥ Resnlu‘ from the literature show that gentamicin is an effective therapy
o " against staphylococcal infections.” Shibl (1985) d trated smaller lesions and
regluced toxin production sn mice mned with s\lbmhlbmry concentrations (one-

- ¢ighthMIC) of gentamicin for S. aureus infecti S. ep
isolated from CAPD catheters by Irwin, Hart and Martin (1673) and Kaplan et al.
(1985) were uuhwe to gentamicin. Gentamicin, given in dosages as low as one-

N enghzh the M]C resulted in significantly less episodes of peritonitis.

The previous studies indifate that, in most mscnncu, additives serum,

i " albumin, insulin and ine sulfate, and

and penicillin reduce bacterial adh and/or infecti E:
from this thesis showed that adherence of S. epidermidis was inhibited by
-~concentrations lower than required‘to inhibit bacterial growth. Th; clinical

relevnnca of these studies, especially with regards to the dlfferent eephaloeporm

concentntmns, remains to be Iunher investigated. . D ¢

4;_8. Statistical Signlﬂeanc_e or Bloloxlcal Signiﬂcaim

1 Adherence indices for the control and experimental data of additives serum
and insulin were diffefant from each ofher. That is, they ‘were statistically
significant at P<0.05, and also could be ized as ‘signifi

~ . meaning they collld: theoretically, inhibit bacterial adherence to catheters in vivo.
o Although nigniﬁn.n’t differences *between control and efperimental adherence

N ~, indices existed for many of the nnlibio&ics tested.in this thesis, it was difficult to

: ) accept some of these as beingébiologicllly significant. ' For example, the difference

. bétween control and 1/2 MIC gentamicin adherence indices for strain E in fresh

% _ «'Mids was not ;rult (Table 3-5). . Therefore, even though these were unmticllly
Aignificant, tllelr biological- si could’ be ioned. Also, biologi

* significance | mty not be ueepud for the control and experimental results of strain

A in 1/4 MIC penicillin for frmh PDS (Table 3-7). Therefore, lnu})xotlu used in

thh report were |t|li|¢lully significant based on : chosen l‘<o 05 level of

| results |
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significance between control and experimental data. However, whether or not

-.some of these were signjﬁemt biologically remains unclear.

4.4. Variations from Expected Findings

- Compared to the other strains, adherence indices for strain B in fresh PDS
with serum, insulin, and 1/4 MIC 3enhmi::in (Tables %3, ‘34, and 35
respectively) were lower. For an unknown ' reason, over these three -days of
testing, bacterial adherence to the catheters was lower than normal. This ¢bﬁld

have been due to such possibilities as poor overnight growth of the strain, or a

N non-supportive batch of Mueller- mhn media.
The li notes several b for in results. Results
N w could be infl d by the "ol and incub

(Fletcher, 1980). Temperature can influence the q;xantity of extracellular polymer .
produced by reducing ‘amounts at lower temperatures. Culture age has also been
proposed as a factor which decreases attachment. Cooling of specimens, as in the
methods-utilized in this thesis, can reduce this aging. Finally, the phase of growth
of the bacterial i lum (stationary, logarithmic) can infl ¢ results (Sabath
nn;l Mokhbat, 1983). Experiments on cultures should be performed when the
cultures are in the logarithmic growth phase.

thesis were assumed to be in the logarithmic phase of growth as staphylococcal
cultures  were newly incubated each: night. In-future expenments these factors
should be documented to ensure reproducible mulu '

f

4.5, Summnry and Conclu-lon.n

Ruult: pmema in this thesis demonstrate _that various additives and

", if not. always biol , reduce the adherence of several
mulm\q(_, phylococcia epidermidia to CAPD cath bacterial
adherence to cntheters in CAPD patients .would Go an important step in the
application of the invitro results presented in the present report.

Reduct:

Much study, and experimentation remains .to be parlormed on the
nmchmonl of S. epidetmidis to CAPD catheters. The |lyooc-.lyx, elmge

/ ' a

Bacterial specimens used in this v
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differences, pits in the mhem surface, and certain additives and antibiotics may
play & role in’ huteml adherence to the CAPD catheter, and these may be

; . responsible for ‘different stages in the colonization process. Mmy of the-additives
i and antibiotics may inhibit attachment to the catheter due to ‘their Jbeing large N
: molecular .weight chuged mnleelllu, since it “is pruumnbly not _due to
antibacterial effects of the Ireatmlnh within' & ten minute penod Hovlevar, the
exact mech for "adh has not been confirmed, but slime; a-postulated
virulence factor, may not be the major factor in the initial stages. More data on 5
the mechanisms of adherence may help avoid seriougg complications with

peritonitis. Future considerations should include the use of modalities that alter
organism_adherence and halt the initial steps of infection pathogenesis. = For
example; as both heat inactivated serum and serum heated for, 1 hour {60° C)
decrease control adherence indices, factors other than complement‘should be
investif¥ted which decrease adherenée. Also, other antibiotics than the ones

tested in this thesis may produge interesting results as.to adherence indices.

.
3 Antibiotic combinations may also.grovide useful results.
In vivo studies involving CAPD patients are required to evaluste whether
results pmented in tlus thesis in vitro, have relevance to the clinical situation. 4
Only with more expenmentamn and experience with bacteria infecting and -
adhering §o. CAPD cath can greater und ding of S. epi idia !
peritonitis be obtained. i .
) ¢
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