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'Ab$tract' 
" ,'J ~, 

~ rnduse mOdel'of surgically induce~ renal failure was , 
ut.ilized to investigate the pathogenesis of ~t~phylococcus 

f A, 
• , • t ....... 

epiderrnidis peritonitis which is a frequent and serious" 
, .~ 

co~plioation of eontinuous ambulatory ~peritoneal dialysis 
(, 

t CAPD) ., 
.,..~ 

Compared to sham-operated controls,' chronically 
- ) 

"l," "-

uremie 'mice were more ~usceptible to4intraperiton~àl ~. 

\... epi~ermidis inoculation, presenting decreased survival time 

and survival (109 cfu, 108 cfu), delayed bacteriai ' 

clearance and attenuated peritoneal inflammatory response 

(106 cfu). In mice bearing a peritoneal eathetet implant, 

the catheter was a pref~rred site for peritoneal,- bacterial 

persistence up to one month after intra6atheter inoculatiôn, 

Despite in ,vitro cytot~xiçity of commercial' per:itoneal 

dialysis solutions toward' peritoneal leucocytes" repeated 

peritoneal instillation of dialysis solutions did not 

influen~e S. epidermidis recoveries'following inoculation. 1 

Although the mouse preparation did not undergo peritoneal' 

dialysis, these studies nevertheless demonstrate that chronic , 

u~~mia and the perito~l.catheter may.be important " J 

etiologiéal factors in the development and~persistence'of 

CAPO pe~itonitis. . . 
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Résumé 
1 _ 

Un~ modèle' d' ins~ffisance ,réna).e induite chirurgicalement 

chez la souris a été utilisé pour investiguer 1a pathogénèse 
1 

de "la pé~itonite à Staphylococcus 

" 
~pidermidis qui est une . ; 

, ! 

complicà~ion fréquente et ,sévère de la dialyse péritonéale'"" 
f ' 

ambulatoire continue (DPAC). En comparaison aveè les ~nimaux . 
,contrales chirurgicaux, lea souris urémiques chroniques 

() 

étaien~ .plus susceptib1es à, l'iI'l.oculation intrapéri tonéale de 

S. epidermidis, présentant une :.;éductj.on dO. temps de survie 
• 

'et de la suryie (109 cfu, 108 cfu), une''clairance 

~ -
bactàrienne ret'ardée et une réponse' inflammatoire péritonéale" 

atténuée (10 6 c fu) . Chez les souris porteuses dl un 
- \ 

cathéter péritonéàl implanté, le cathéter était un site' 
. 

pré~éreritiel pour la per.sistance bactérienne péritonéale , , 

jusqu '~ u~ mois après l'inodulation bactérienne. Malgré la 

cytotoxicité in vitro 'des solutions commerciales' de dialyse 
l, 

l 

péritonéale .énvers les leucocytes péritonéaux; l'instillation 

péritonéale répétée de solutions de dialyse n'a pas influencé 

le recouvrement de S. 
J 

epidermidis après itiocu1ation., Bien 

que la préparation animale ne fut pas soumise à la dialyse 

.péri tonéale, ces études qémont.rent néanmoins que l'urémie' 

chronique et le cathét"er péritonéal peuvent être' d'importants 

facteurs étiologiques dans le développement et ,la persistance 

de la péritonite de OPAC. 
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Preface 

In accordance with tl}e "Guidelines c(:mcern~rt'g Thesis 
., 

,prepafati?n" of' 'the Fac\llty of Graduàte Stu.dies and Research,. 

papers which have a~ready been published or which have been 
.. 

submitted for publication have bee~. incorporated into the 

thesis. This format for thesis pre aratioIl' was app,roved by 

bhe Division of_ EX,ie~imental Med..,..iy. e, Department of Medicine. 

Th~ foll,owi.ng ~s ;uoted directly from "The Guidelines 

Concerni~g·Thesis pr~paration". 

"The Candidate has the option, subject -'t'o the 

'approval of the Department, of including as part of 

the thesis the text of an original paper, or papers, 

suitable for submission to learned journals for 

publication. In this case the thesis must stiil 

conform to all other requirements expl~ned in 

• • o. 
Guidelines Concern1ng TheS1S Preparat1on. 

Additional material (experimental and design data as 
, 

weIl as descriptions of equipment) must be provided 

" in sufficient detai~ to allQW a clear and preci~e 

judgement td be made of the importance and , 

originalityof the research«réported. Abstract, 

,full introduction and conclus{on'must be included, 

and where more tban one manus~ript appears, 

connecting texts and common abstracts, introduction 
<!) b. \ ~ 

and conclusions are required. A mere collection of 

manuscripts is not acceptable; nor can reprints of 
f -

published papers be accepted.· 

While the inclusion of manuscripts co-authored 
.a 

by the Candidate and others is not prohibited by 
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, " 
MeGill, the Candidate is warned' te malte an explicit , 
statement ,on who contributed to such work and to what 

extent, and Supervisors . and others will have to bear 
i ' • 

,w,itness to the accuracy of such elalrns before the Oral 
. 

eornmittee. It shoùld also be noted that the task of the 

External Bxarniner ~s made rnuch ~re difficult in sueh 

cflses, and it is. in the Candidàte' s interest to ,malte 

authorship responsibili ties perfectIy elear". 

Each paper ineluded in this 'thesis (Chapters 3, 4, 5, 6, 

Appendix 2) has its own Abstraet, Introduction, Materi~ls an~ 
Methods, R~sults and Discussion. 

. \ 
References a~e included at 

thê end of the papers and are not cornpiled elsewhere in the ... 

thesis. t The papers are dlrectly interrelated and were (1' 

therefore, found not to require conneeting texts. The 

Abstraet, General Introduction and Generai Discussion relate 

to the eombi'ned wou; .. presented in all the rnanl:lscripts. The 

referenees clted in the Generalilntroduction and General 

Discussion are cornpiled at the end of the thesis. 
r 

l am the first and 'primary author of the manuscripts 

repres~nted in Chapters 3 to 6 of this thesis. l designed' and 

executed aIl experimental assessments ~nd the subsequent 
, 

discussion of results represents My analysis and 
( 

interpretation of the experimental outcome relative to the 
J 

obje6tives of each phase of this work. Each of the~ papers 

prepared for publication is/;oauthored by my thesis 

supervisor, Dr. Raymond~ F. Gagnon. The manuscript appearing 

in Section 6.1 is aiso coauthored by Dr. Mary M. s~evenson in 
.1-

whose laboratory l received instruction in methods for' 

peritoneal leucocyte.ha~vesting, differential counting and in 
"".... 
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vitTo maintenance. ~pers.: presented in sect.ion 3.2, 4. l, 4.2 /, 

• 
5.1, 5.2 and 6.2 are coauthored by Dr. Geoffre~ K. Richa~d~ in 

j '. ".':"<> r'" 
" , '" ,;'hOS~ laborat~y" aIl microbiological evaluations wer~ ... ,:_ '-' 

-'\'11..~_ ~., 

conducted and who superyised this aspect of the thesis'j ,,:-, .. . . 
res~arch." l performed aIl of '~he ,proçedu~s desc::ribed e,,~ep't~ 

for hematology,. assessments which wer~ conducted by ,Gerry'" 
;. ,\1" ,'!> 

_, fiT _ /' \ • 

Bibeaul~. and the preparation of histological' s~€îmens fot 
, 

( " _ r" ","" " 
",.~~ght micros copy '" was conduS,1;.é.d by the department of pa thotogy" \ 

'\ .... ,\j) > ~1 ~- _t. ~.ç ..... '" ~ 

in:assQciation w~th D,~. H. D,:?Uid
J

• ~I co:.~~\~t~~_)'J..th .. D,r .. ,~: ~~ / 

Lougk; aiso of t,he path'ology depar~me,nt, ~for interpretat..fon of 

\ 

/ -
scanning "electron ml'crographs., ' On an ad' hoc b<;lsis, as time 

« J t> 

and resources permitted, Donna ,Toman and Maryann van den 
~ Cr t::>. ~~ ,) ... ~ -; G 

Hoeven ass~sted,me with animal surgery. 

~ppèndix l contains a report entitled "Peritonitis in .-
continuous ambulatory peritoneal 'dialysis:. Retrospective 

analys~s using computerize? patient. data files" that was 
. -'.~ , 

piepared for Abbott'Laboratories Ltd. (by R.F. Gagnon, B. 

Gallimbre, K. Langer., .. M. Kaye).. l-1y contribution to t'this 

report was the collat10n, tabulation and interpretation of 
t''' 

My specific interest in the data presented ~n Tables l to 12. 

inquiry was. the ,CAPD peri toni tis experience of patients of the 

Montreal General Hospital dialysis, unit ... Dr. Gagnon is the 

first author' and l am ~e cQ.Mlthor of the paper entitled 

"Characterization of' a mouse model 

which' .appears as Appendix 2., This 

of chronic -ren~\ 
paper integrated 

failure Il 

the .. 
results of numèrou~ experiments which were conducted by Dr. 

Gagnon and/ or ' my .. e'l f • , , 

\ 

vii • 

G 



, 

c 

Table ~f Contents 
Page No. 

Abstract i 

Résumé li . ~ 
• 

,Acknowledgements ~iii 
.'" " . 

•• Preface v 

Table of Contents 

CQ~pter 1 - General Introduction 
,:0 ç j ;: 

1. ~eritoneal Oi~ly.sis 

1.1 Peritoneal ptiysiol~gy and solute transfer 2 

1.2 Historical development' of peritonea"l dialysis 5 

i. Continuous Ambulatory Peritoneal Dialysis 
1 • ' 

" . 

2.1 CAPD: Theoretica1 ~onsiderations and practice 

2.2 CAPO demographics 

2.3 CAPO ,peritonitis: Causative microorganism, 
.,' diagnosis and treatment 

11 

15' 

17 

2.4 Staphylococcus epidermidis èharacteristics 
ahd host urunune response tl 22 

2.4.1 
2.4.2 
2.4.3 

Staphy1ococcal armaments 
Staphylococcal surface antigens 
ijost defense against,staphylococcal 
Îlnfection 

3.· Peritoneal' Host Defense and the Etiology of CAPO 
Peritonitis 

'. 
3.1 Host defense of the peri~oneal cavity 

3.2 Chronic uremiâ 

'3.3 The permanently dwelling CAPO peritoneal 
çatheter 

3.4 Perito~eal dialysis solutions 

4. Efforts to Resolve CAPD J?eritonitis 

, ~ 4.1 Teèhnical advances in anci~lary equipment 
o 

. " o 

viii 

24 
27 

29 

35 

40 

44 

'I&t;:a 47 

50 

. , 



V
" :.;."" 

" ,-
1 ;' 
! ~~ 
" 1.\ 

" 

1 • 

~ ,. 

• 

,i' 

o 

• 

\ 4 

-
Chapter 2 

Chapter 3 -

Aims of the present study 

Establishing a mouse model of chroni~ 
renal failure in which to characterize 

.0\ 

" , , response to ~ntraper~toneal Staphylococcus 
epidermidis challenge 

() 
3.1 Description and characterization of a mouse model for 

Page No. 
52 

55 

57 

the investigation of the etiology of CAPO peritonitis '58 

Abstract 

Introduction 
! 

~ 

Materials and Methods· 

Results 

Discussion ~ 

References '" , • 0 

, 
Chapter 4 - Response of renal failure mice 

intraperitonea~ S~aphylococèus 
challenge 

tco 
epidermidis 

j 

~l Intrape~itoneal challenge with Staphylococcus 
epidermidis in chronically uremie mice:, effect of 
J.noculum size 

Abst.ract 

Introduction 

Materials and Methods 

Results 
V" 

Oiscus)5ion 

-References 

4.2 Impaired bact9rial clearance and inflammatory 
response" in renal failure mice subjected-to 
int~aperitoneal Staphylococqus epidermidis 
challenge 

Abstract 

o ix 

\ 

61 

69 

77 

82 

85 

, ' 

86 

,87 

87 

88, 

89 
..:: 

95' 

97 

98 

99 . 



Introduction 

Materials and Methods 

Results 
. 

Discussion 

References 

• 0 

Ch,apter 5 - Th~ influence of a permanen~ly dwellin~, 
peritoneal cathetèr~on the response of ' 
rena'l failure mice to peritoneal 
Staphylococcus epidermi~is challenge., 

5.1 The role of an intraperi toneal catheter in the 0 

pathogenesis of experimental Staphylococcul 
epidermidis peritonitis in renal failure m~ce 

Abstract 
/' 

Introduction 
. 

Materials and Methods 

Results 

, Discussion _ 

Referençes 

5.2 Kinetics of·Staphylococcus epidermidis clearance 
from the peritoneal catheter site in renal ~ilure. 
mice following intracath,eter inoculation- -

Abstract. 

Introduction 

Materia1s and Methods 
1 

Resu1ts 

Discussion 

References 

.. 

, Chapter 6 - The influence of peritoneal instillat~on 
of dialysis,solution on the response of 
renal fai1ure mice to intraperitoneal 
Staphylococcus epidermidis challenge. 

x 

Page No. 
99 

101' 

104 
~ 

112 

119 . 

/123. 
124 

1r 
125 

126 

127, 

132, 

144 

151 

'( 
J ~ ~'. 

>-156 .. 
157 

158 
~..-- --

159 

166 

182 

189 

, 
192 

;o~;',~l\"r) 
\' , 

'" 

1", 



~....: 
" "-), , 

-; 

" 

" 

• 
'-

.' 

• 

6.1 cytotoxicity of co~ercial peritoneal dialysis 
solutions towards peritoneal cells of chronically 

,. 

6.2 

1 

uremic mice. 

Abstract 

Introduction 

'Materials and 

Results 

Discussion 

References' ( 

1 

Response of renal failure mice' to peritoneal 
Staph~lococcus epidermidis challenge: Impact 
repeatad peritoneal instillqtion of dialysis 
solution. 

Abstraat 

Introduction 

Materials and M,thods 

Results 

Discus!iion 

References 

of 

Chapter 7 ~ General Discussion'and Future Direçtions 

Chapter 8 - Statement of.Originality 

. (. 

References 

Appendix l -
\ 

Appendix 2 

'1 

'1 
r .~ 

Peritonitis in continuous ambulatory 
peritQneal dialysis: Retrospective 
analysis using computerized patient data 

,. files. 

Characterizatïon of a mouse model pf 
chronic renal failure. 

~ppendix 3 - Characteristi~s of the experimpntal 
StathYlocOCCUs epidermidis, clinical 
iao ate 29260. 

.- û xi 

• 
" , 

Page No. 

193 

194 

194 

196 

199 

211 

215 

217 

218 

219 

220 

228 

244 

251 

256 

278 

281 

307 

332 

359 

\ 
- \ 

\ 



( 

• 

( 

,T 

Chapter l 

General Introduction 

This thesis iné).udes a number of papers hlready" 

published or submitted for publication, each of which has 

addressed a separate, albeit interrelated, aspect of the 

,thesis topic. Therefore an introduction to the overall 
. 

thesls subject has not been comprehensively presented~ The ~ 
, " 
first section of, this chapter" is presented to -familiarize the' 

reade~ with peritoneal dialysis and the following sections 
- > 

,introduce ~e development of continuous ambulatory periton.al 

di~lysis (CAPD) and demonstrate the importance of peritonitis 
• 

1 

as a major treatment complication by, reviewing its 

prevalence, pathogenesis and clinical consequences. Finally, 

the potential etiological agents in the development and 

persistence of CAPD peritonitis are introduced and the 

outcomes of reported cl~nical and basic experimental' 

investigations of the etiology of CArD peritonitis are 

reviewed. 
, 

This gener(.al introduction is int·1ded -to provide the. 

clinical background and rationale for the subsequent 

experimental assessments of this thesls. The rnouse model 

which was developed and charact~rized for this investigation 
1 

was no~, {in fact, subjected t;O CAPO. However, the roles ofL-

several defined variables, associated with CAPO treatment, in . 
. \ ; 

the development and progression Qf peritoneal infecti~n~were 

evaluated utilizing the described animal preparations. 

( 

" 

, 1 



.... l 

o 

" ""." ,-. """ 

1. Peritoneal Dialysis 

. 1.1 Peritonea~ physiology and solute transfer 
~ 

The~peritoneal membrane covers visceral organs, forms 

the visceral mesentery that conn~ct 100ps/of bowel (visceral 

" . 
peritoneum) and ref1ects over the inner surface of the 

- abdomi~al wall (parietal peritoneum). The peritoneùm is a 

continuous, closed sac~ that has, a total surface area of 1 to 

'2 m2 in rnost adults (1). The surface of the' membrane is 
\ 

formed by a thin layer of mesçthelial cells whieh are covered 

by nu~erous microvikli. The underlying interstitium contains , 

extracellular fluid, connective tissue, blood vessels and ' 

lymphatics (1, 2). 
, "'--fi 

The peritoneum is a semipermeable membrane which is 

utilized during peritoneal dialysis. A given volume of 

dia1ysis solution- of known chemical compofd tion and tonici ty 

is instilled into the peritoneal cavity thereby creating a 

fl~id pool into which solutes and body water can move across 
'. 

the per~toneal membrane .. In contrast to artificial di~lysis 
0; 

membranes which are employed for hemodialysis~ the peritoneum 
/ 

1s a livipg membrane across which molecules of varying 

molecular weight can equilibrate. Solute exchange occurs 
,.. 

beblleen the blood of the peritoneal microeirculation and the 
~ . 

dialysis solution dwelling in the peritoneal cavity. Solutes 
, . 

diffuse acr6ss the membrane at a rate that is dependent on 

(a) their concentrat"ion' differe'nce across' the peritoneum, (b) 
, 

the s61u~e permeability characterisitics of the me~brane and 

(e) the rate of dialysate flow. Peritoneal solute transfer 

can be increased by instilling hypertonie ~ia1y~is sQlut~ons 

2 

--. 
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which cause solute moqement by convection or solute drag' (1, 

2). Peritoneal ulerafiltration which is accompli,shed by , , 

estab\ishing an osmotic p~essu~e gr~dient across the 

perito~al mem~ane, provides adequate c?ntrol of body fluid 

volume. 
1 ' j 

Peritone&l di-alysis so~utions are formulat~d to reguIat.e 

body flui~ volume, the co~centratio~~6f electrolytes and 
~ 

endogenous Metabolites as wéll as the acid basè balance in ' 

end-stage renai disease patients. In or der to meet these 
• . q 

requireme~ts, peritoneal dialysis solutions contain glucose 

as an osmotically active agent, the major serum electrolytes 

in quantities to norm~lize serum levels and either acetate or 
.. , '1 ( 

"lactate buffers. These ~'plutions ~re manufaètured having pH 

levels between 5.0 and 5.8 in order to reduce the generation . 
of glucose breakdown'products during -sterilization (3). 

Glucose is used exctusi~ely as the osmotically active 

agent of commercial~y ava'lable peritoneal dia~ysis 
~ 

solutions. Since glûcose is absorbed from the peritoneal 

,pool it is not an Ideal osmo ic agent. However, other 
_. 

compounds tested for this purpose (eg. fructose, xY,litol, 

dextran) ,have either been too expensive, toxic or 'both (2). 

Dialysis solutions ~aving dextrose concentrations ranging 

!rom 0.5 to 4.25% and respective osmolarit~es from 295 to 590 

MOsm/kg H20 are availablé. According to the patient's body 

weight and blood pressure the appropriate dialysis solutions 

are selected for dialys1s. 

Dialysis,solut{on electrolytes include sodium, calcium, 

Magnesium and chl6,ride wbile potassium is absent. Lactate ,ia 
~ 

the buffer Most frequently used in peritoneal dialysis 

3 

/ 
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available beëause of the potential problem of precipitate : Î '~l 
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1.2 Historicall development of per,i toneal dialysis 

1 { 

, 
The historical development of peritoneal dia1ysis has 

been ,revi'ewed by several authors (2, 4-6) ~ The evolution of 

this !form" of renal replacement therapy is' )lnderlined by the 
1 \ ' 
i-

mutual contributions of clinical~investigation and baaic 
, ~ 

. 
animal research. As early as 1894~the peritoneum ~as 

described as a semipermeabl~ membrane,across which , 
" bidirectional solute exchange between the peritoneal cavity 

"" and the blood was" demonstra ted <?). Subsequent animal 
.{ 

studies demonstrated that movement across the peritoneal 

'membrane of dextrose, urea, chloride and various dyes in 
1 

solution was not accomplished by active transport but rather, 

diffusion was dependent on concentration gradients and 

osmot~c forces (8). 
d 

The first clinical effort ':;:to r'emove uremie substances by 

peritoneal dialysis was reported in 1923 (9). After a single 

peritoneal instillation of 1.5 liter physiological saline 

there was a transient improvement in the symptoms of an acute 

-renal failure patient. Throughout the 1930's a number of 
, 

unsuccessful attempts of peritoneal dialysis including the 

1 first efforts to maintain patients which chronic uremla were 

reported however, peritoneal dialysis remained a poor'ly , 
l' 

u~derstood experimental treatment of uremia. In 1946 the 

results of experiments conducted in anephric dogs 

demonstrated that peritoneal dialysis did have practical 

clinicai applications (10-13). Uti1izing thi~s animal model 

the permeability cnaracteristics of the peritoneal membrane • 

and-the factors affecting diffusion across the peritoneum 
\ 
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were determined. Survival of anephric dog~ to 10 days post 

nephrecto~y demonst+ated that peritoneal dialysis was an 
• 

efficacious treatment of acute u~emia~ On the basls of these 

and previous studies the first patients underwent continuous 
j 

peritoneal irrigation. Two peritoneal catheters were~used, 

one for inflow and the ether eutflow, and continuous 

periton~al lavage utilized a lafge volume dialy~is solution 
\ 

reservoir.
o 

This method of peritoneal dialysis was empldyed 
l 

by most investigators from 1938 ~o 1959 however treatment was 

• frequently complicated bY~lealage ànd per\~onitis (4). 

Du~ing the' late 1940's i sight was gained into the 
( ..r 

,appropriate composition of peritoneal dia~ysis solutions. 

Initially un~uffered saline or ·Ringer's solution, with or 
<1 

without dextrose, ~as used for peritoneal dialysis (,2,.5, 6). 

The~>solutions contained exce~sive concentratio?s of sodium 

and chloride while bicarbonate (or acetate, la~ate) was 

absent. As a result, clinical complications ,of peripheral or 

pulmonary edema, hypertension, hyperchloremia and metabolic 

acidosis were reported (6). The concentrations of sodium and . 
\ '. 

chlori.de were subsequently reduced and bicarbonate w~s added. 
\ 

Dextrose was_used~as an osmotic agent and Wps added in 

various concentrations. -

In the early 1950's peritoneal dialysis was· still 

considered an experimental procedure that was largely lim~ted 
, 

by equipment and technical difficulties. As a last resort 

treatment for terminal uremi~ its use was frequently 

complicated by pulmonary edema, peritonitis and death (6). 

Large volumes of dialysis solution were required for each 

dialysis which presented technical problems and difficulty 

: 
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in maintaining sterile technique. In 1959, commer.cially 

prepared sterile peritoneal dialysis solution in 1 liter 

glass bottlea became 'av~ilable and intermittent peritoneal 
, -

dJ,alysls ("IPD) beèame a technically simpler rnethod of 

treatment~(14). Perltonea+ dialysis solution contained in 

two,' l liter bottles connected by a'sterile Y set was 

.in,st'illed into t;he peritoneal cavity where it ~uld dwell for 

30'minutes to 1 hou~ before drainage and subsequent 

instillation of fresh dialysis solution. 

By the late 50's and early 60's IPD had become an 

accepted treatment for açute uremia however complications of 
\ 

peritonitis were common. The frequent connection and 

disconnection of the Y set for each dialysis exchange was 

thought to favor periton~al contaminàtion and led to the 
j; 

development of semiautomatic an~ automatic cycling machines 
vJ 

which were bacteriologically 'safer (2, 6). The introduction 

of the reverse osmosis machines which produced sterile non ) 

pyrogenbic water wi th a low electrolyte content that ~was rnixed. 
, 

with a dialysate concentrate eliminat~d the requirement for 
1 

large volume dialysis solution reservoirs. These machines 

were costly and more difficult to'operate than other cyclers 

,however they did reduce the tech~ical difficulties of IPD and 

the risk of peritonitis. 

Since its inception the bottle neck of peritoneal 

dialysis has been peritoneal access. During its development 

an assortment of both rigid and soft Periton~al catheters 

were tried unsuccessfully resulting in leakager infection, or 

obstruction caused by kinking, clots,of bloOQ or fibrin and 

~omental wrapping. In 1959 a polyvinyl chloride catheter was 
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·. 
introduced thât had multiple side perforations and was 

transversely r~dged to preven~-kinking and ornental wrapping 
1/ 

(15). It was however technically difficult to place 

intraperitoneally and. required a trocar"o In 1964 the sarne 

. catheter with a pointed stylet at the end for piercing the 

abdominal wall was introduced (16). The stylet catheter 
1 

(Trocath) is currently the standard cathet~r for acute 

dialysis or for ternp~rary peritoneal aeeess in chronic renal 

f~ilure patients. 

The succes~ful applicàtioQ of IPD in acute renal failure 

led to repeated IPD for the maintenance of chronic renal 

failure p'atients however, permanent peritoneal ac'cess 

presented significant problems (4, 6). Initial atternpts to , 

leave the Trocath in place for multiple dialysis sessions 
~ 

were unsuccessful. Placement of a plastic c~nduit for 

repeated peritoneal access was also unsuccessful and resulted 

in- infection around the conduit, recurrent peritonitis, 

peritoneal adhesions ~nd death. During the eatly 1960'8 long 
.. 

terrn peritoneal d,ialysis utilizing a variety of devices for 

repeated access met-with discouraging'results. Peritonitis 

was a major complication and marked protein loss, 

rnalnutritioQ and progressive wasting also cornplicated 
.. . 

t:..-~atment ,- (6). Repeated epis<?des OfP 9'ito'ilitis caused 

peritoneal adhesion formation with partial or more extensive . ~ 
J ~ 

obliteration of the peritoneal cavity thereby decreasing 

dialy.lis ·efficacy. Most patients died wi th(n a few rnonths to 

a year of treatment (6). Because of the difficulties of 

maintaining a permanent peritoneal access site, repeated 

abdominal puncture with tne Trocath was practiced for long 
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term IPO. ~ , 

In 1968 the Tenckhoff catheter became a~ailab1e for 
" , 

chronic peritoneal dialysis (17). With this device long term 

access to the peritoneal çavity could be ~aintained and 

infectious complications were reduced. This silastic . , 

catheter had numerous side perforations at the di~tal end and 

two Dac~on cufts proximal1Y7 one ta be sutured just outside 

the peri toneum and the other in_ the_ subcutaneolls tunnel 
"-

before ent~ into the peritoneal cavity. Tissue grew into 

the Dacron cuffs thereby fixing the catheter in place. To 
, ~ 

minimize catheter dislocation and obstruction due to omental 

wrapping the basïc èatheter design underwent a number of 

modifications, ope of which included two silastic discs which 

were placed near the distal end of the catheter 

(Oreopoulos-Zellerm'an catheter) (18). \ In contrast to the 
~ 

Tenckhoff catheter, the Oreopoulos-Zel1erman device required 

surgi~al implantation. Both of th~se catheters are currently 

used for chronic peritoneal dialysis. 

Although peritoneal dialysis had evolved into an 

accepted renal replacement therapy for chronic renal failure 
..,.,.. . 

patients a major disadvàntage was a considerably longer 

treatment duration compared to hemodialysis (peritoneal . . -
dialysis: 3 sessions of 12 tq 14 hours per week, 

hemodialysis: 3 sessions of 6 hours per week) (19). In 1976 

continuous, ambulatory peritoneal dialysis (CAPD) was 

introduced by Popovich, Moncrief, Nolph et al (20, 21). 

" Early e~perience with CAPO utilized 1 to 2,lit~r glass' 

bottlés of sterile dialysis solutions which was technically 

awkwaod and the frequent connect/disconnect sequences 
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" contributed to high rates of periton1tis. In 197~ sterile 

fd~alysis solutions ~n polyvinyl chloride bags were i~~r~ucedJ 

anq CAPO became technically simpler and rates of peritonitis 

decreased (2). 
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2. Continuous Arnbulatory Peritoneàl Dialysis 
o 

2.1 CAPD: -Theoretical considerations and practice. 

Factors affectlng solute 'transfer during peritoneal 
0'\ 

dia1ysis also a;ply to CAPD however soiute- transfer 

characteristics during CAPD require sorne sRecial consid~ration 
'-- . " 

due to the longer peritoneal dwell of the dialysis solutions. . ' 
"-

In contrast to IPD i~ which .dialysis sélutions dwell in the 

peritoneal cavity for 0.5 to l hour, peritoneal dwell times of 

4 to 8 hours are common duripg CAPD. When hypertonie solutions 

are instilled into ~he peritoneal.cavity body fluid and solutes 
, '11 ., 

move into the peritoneal ~ool. These m6veme~t~ will procede 

with time until flUidS6~ sOlut?S equilibrate across the 

peritoneal membrane. During the perito~eal dwell dextrose is 

absorbed f~om th~ dialysis solution in the peritoneal cavity 
c 
• 

anq the peritoneal pool gradually loses hypertonicity and 

therefore ultraliltration capacity. Dîalysis solutions'having 

1.5% and 4.25%. dextrose reach isoosm6larity arter 4 and 6 hours 

of peritoneal dwell respectively (22). With continuing 0 . , 

peritoneal dwell accu~lating body solutes and rnetabolic end 
, ~, ... . 

products will transfer into the peritoneal pool and water and , 

• dialysate molecules can efflux from the dialysate into the body 
• 

, pool (3). 

Studies iavestigating the,equilibration of peritoneal 
\ 

, '1 \,/ \ ,,-' l , 

dl.alysl.s solutl.ons'" .~url.ng long àwell 'exchanges have 

demonstrat-ed that srnall rnolecules reach equilibrium within 2 to 

3 hours and transfer of larger Molecules follows an almost 

~ linear per.i t.oneal accumulation for at. least 8 hours of 

peritoneà1 dwell (22). In cornparison to IPD, dialysate flow 
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rates during CAPD are signi ficantly reduced 'and solute 

clearance' is dec~eased however, this is compensated for by 

increasing the total dia,lysis time from 36 hours per week for \ 

IPO to 168 hours per weel<: for CAPO (9). CAPO the~eby effects 
1 

efficacious clearance of small Molecules and clearance of 
, . 

larger molecular weight substances is improved compared te 

other convention?l dialysis t~eatmenes. 

CAPO is a self treatment, ,the practice of which entails 
< 

the' int~duction of a larg:e volume (usually 2 liters) of 

sterile dialysiè solution contained in a polyvinyl chlorid~ bag .. 
into the peritoneal cavi ty vla a transfer set and a permanently 
~ 

o , 
dwelling silicone rubber catheter. The dialysis solution which . . 
is warmed to body temperature before peritoneal instillation 

~ 

dwells wi thin the peri toneal cavi ty for 4 to 8 hours and is 
1. ' · 

then drained by gravit y ioto the original dialysis bag. In 
/If . . , 

order to limit ~he frequency of set connect/disconnect . ' 

sequences most CAPD programs instruct patients to clamp off the " ': . o ~ 

bag after peritoneal instillation Qf dialysis solution and le 

r9ll the empty bag into a'pouch that lS worn around the waist 
11 

of the patient. At drainage, the .bag is unrolled and the clamp . 
is opened. Drainage is normally completed in 10 to 15 minutes"'\. . 

and under a.~ptic conditions the patfent dis~onnects the . " 

transfer set from, the .,us,ed dialysis 'bag and èonnects te a fresh 

bag of 4ialysis solution. This procedure is repeated three to 

four times a day" seven days a weel<:. 

C~PD has a number of practical advantages tnat include 
b 

monetary and geographical factors. CAPO does not require a, " 

large initial capital investment and coat per patient ia either 

l~ss than (Can., U.K.) or equal to lu.S.) that of hoapital 
~ 
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he~odialYs~S (2). Furthermore it is practiced by the patient 

at hoJtle and requires a relatiyely s1u)rt training period of l to 

3 weeks. In those area& where dialysis facil! ties are limi ted; 

CAPD offers an alternate therapeutic rnodality however, a CAPO 

prograrn must be. supported by a hemodialysis facility (2,3). 

CAPD also offers a 'number of clinical advantages compared 
1 

to hemodialysis which include irnproved clearance of larger 

molecular weight substances, increased hemoglobin levels, 

improved managem!!nt of hy~ertension and improved continuous 
. -

biochemical control, in spite of fewer fluid and dietary 

restrictions (23, 24). CAPO is the first choice dialysis 

therapy for the old or diabetic renal failure patient as well , , 
those patients wi th serious cardiovascular disease or poor 

vascular access. Small children presenting end-stage renal 

o disease are also good candidates for CAPO (2, 23, 25). 
, 6,' 

'-'Altl'1ough data is limited, estimates of actuarial survival of 

CAPO patients were similar to those for conventionàl~ 

hemodialysis patients (26). 

Treatment· complications encountered during the clinical 

~management of ,end-stage renal disease patients with CAPD, 
" 

include hyperph~spJ:tatemia,' hypertriglyceridernia, hyperglycemia 
, 

in di~betes, continual loss of protein which increases m'-rkedly 
• 

during peri toni tis, chronic cbnstipation, hypotension and 
w • 

wl!ight gain (23,,24). Efforts to resolve some of these 

prOb:ems, i-n~lUde the use of Phosp~e binders and dietly 

'mantgeme~t. However a fr-equent and potentially seribus 

cam lication of CAFD that is. the leading single cause of 

treatment failure is peri toni tis (23, 24, 26-:.,~9). All CAprr 

patients are at risk of developing this complication and future 
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suceess of this treàtment moda1ity dependa on the adequat.e' 

management and prevent'ion of perttoni tis. 
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2.2 CAPO demographics 

( 
• 0 

Continuous ambulatory peritoneal dialysis is the practiced 
1 • 

method of renal replacement theràpy for a large proportion off 
, \ 

chronic renal "failure patients. In Canada in 1985, CAPO was 

practided by 1208 end-stage renal disease patients, accounting 

for 28.4% of all renal replacement therapy (30). Since 198~ 

the percentage of new patients in Canada who began CAPO as 

their in.i ti~l dialys is treatment modal i ty has remained 

relatlvely,constant and has ranged between 4f and 45%. These 

statistics exceed the CA~ expe:ience in Europe, where in 1985 
- . 

1 

8.2% of dialysis patients were practicing CAPO (31).) Attitudes 

toward first choice renal replacement th'erapy howe~er, vary • 

greatly between and wit~in countries in Europe such t~at in 
~' 

contrast to the European rate of 8.2%, CAPD accounted for 25 to 
""1 

30' of dialysis treatment in the United Kingdom (32) and 

although the overall rate of CAPD t~eatment was' 6% in 'Italy, 

sorne centers rèported that more than 50% of new pat~ntsl, first 
\ \J 

renal replacement treatment was CAPO (33). The American CAPD 

statistics lie between the Canadian and European experience and 

it was ~sti~ated that in 1985, 15.6% of U.S. dialysis.patien{s 

or 11,200 patients practiced CAPD (2)~ 

A large pr~portion of patients practicing CAPO will 

be subsequently transferre~ to hemod'ialysis for long term 

'maintenance. Of those new end-stage renal disease patient~ 

beginning tAPD in the U.S., 66.9% of them wilî be maintained by 

thi. form of renal replacement the,apy ~t the end of their 

-first year of dia1ysis and this percentage will decrease ta 

15 

! 

.. ',;1>""\1 
l' ~~ 

, " 



o 

o 

45.4' at the end of their' second year (34). The reasons for 

, pati~nt transfer from CAPO to·he~odialysis were as follows: . 
Medical reasons, unrelated to dialysis 

Excessive peritonitis • 
1 

-1. 

Pat!ient choice 
1 : 15' 

J 

Poor fluid/biochemical control : 10% 

Socioeconomic factors & other : 9% 
, 

Similar results were reported in th~ 1983 Canadian Renal 

Failure Register (35). Approximately 27% of CAPO treatment 

failures in Canada and the ~.S. were attributed to peritonitis 

which clearly demonstrates the importance of this treatment 
• t 

compli~ation as the slngle leading cause for the • ' 
.. 

discontinuation of CAPO. Furthermore, those patients wno 

Gontinue to practice CAPO will go on to present frequent 

episodes of perito~itis. Examining the U.S. statistics by life 
...... -, 0 

table analysis, after 3 months 25% of 'CAPO patients will have 

experienced their first ~pisode of peritonitis and by ~2 months ., 

this statistic will incregse to 66%. Estimates of peritonitis 
, , 

rates vary between centers and~by year but, national averages 
" , 

fr"om the Canadian ,(35) and U.S. (34) registry ot/ 1.2, and l~) 

episodes per patient year respect1vely, have been reported. 

The results of our analysis of CAPO patients of the Montreal 

,-) General Hospital practicing CAPO between 1980 and 1984 revealed 

an average peritonitis rate'Qf 1.4 episodes per eatient year, 

which compares favorably with American and Can~dian statistics 

(Ap~er.dix 1, Table 6). 
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2.3 CAPO p~rïto~i tis': Caus'ati ve microorg'anism, diagnosis and 

• treatment 

'" 
The actual source of thè bacterial contaminant responsible 

for a subsequent peritonitis episode is, ~n most cases unknown 

(29, 36). However, possible routes of bacterial entry into the 

. peri toneal cavi ty ïnclude a) the per i toneal catheter ei ther via 
,j 

luminal or periluminal contamination with skin commensals l 1-
~ , 

b) transmural migration of enteric microorganisms, c) 

introduction of endogel1-0us bacteria via the hematogenous r,oute ' 

ana/or peritàneal lymphatic9 and d) vi~ the genital tract in 

female CAPO patients (19, 28). Perit9neal contamination by , ' 

exogenou9 bacteria' is thought to occu'r primarily via' the 

pe-ritoneal catheter and is attributed to a break ÎJil st/rile 

technique ~uring the patienté' s dialysis exchange procedure, or 

to bacterial colonization along thé subcutan.e.-ou·s catheter \act 

to the peritoneal cavity (19, 2'). 
, 

The proposed sources of peritoneal contamination are 

supported by the nature of microorganisms reco~ered from CAPO 

patie~ts presenting peritonitis (27-29, 36). A majority of 

CAPD peritonitis episodes are caused by gram positive cocci 

from the skin and Staphylococcus epidermidis i9 most frequently 

isolated in culture and accounts for 50-60% of the 

microbiologically confirmed cases. Enteric bacteria account 

for a much smaller proportion (25-30%) of peritonitis events 

and when mixed organisms are recovered bowel per~foration may ,be 

responsible. Anaerobie peritonitis is rare and fungal 

infections account for only a small percentage (1-2%) of 

peritoni.tis episodes (28). These statistics compare favorably 
o ~ 
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with those describing
te 

the micrObiolOgica1 distribution of 

peritonitis episodes presented by CAPO patients of the Montreal 
" 

General Hospital (Appendix l, Table 9). Peri toni tis caused "by. 

skin borne gram po~it~ve cocci ,accounted for 68.3% of cases and 

59.3% of episodes were caused by Staphylococcus epidermidis. 
~. . 

-:"- - Enteric microorganisms accounted for a much sma~ler pr~portion 

of the microbiologically confirrned peritoni tis episodes. " 
'" ~.1 0 ' 

. \ The sig"ns and symptorns of CAPO peritoni 1;:-i8 do not conforrn 

t.o t~e criteria with which ~surgic'al peritoni tis is recognized. 

sedo~?ary bacterial peritonltis pati~nts.are consi~eréd 
criti~ally ill and manifestations include hypovolernia which may 

lead to severe hypotension and death, hypoxia due- to upward 

diaphragmatic displacement and reflex~ abdominal rigidity, il~us 
, 

and septic shock (37). Although in sorne cases peritonit~s ,may 

be a life thr,eatening complication of CAPO," rnost episodes of 
1 

CAPO perit<?nitis are treated while patients Lemain ambulatory 

and symptoms are much less severe" than those of secondary 
~ -

bacterial peritonitis. OiagJ;losis of CAPO peritonitis is based l , 

on the presentation of two of the following features: 

abdominal pain, elevated peritoneal leucocyte count (greater 

than 100 per mm3) causing visibly cloudy peritoneal fluid and 

, microbiological culture of the effluent dialysate. Culture 

positive blood cultures are not usually observed in CAPO 

peritonitis ~hile 3~% of patients with surgical peritonitis 

present~bacteremia (28). The relative se~erity of symptoms and 

progno&is of CAPO peritonitis vary with the natura of the 

infecting organism ranging from symptorns of mild abdominal pain 

and cloudy fl~with Staphylococcus ePider~dis peritonitis to 

prolonged more s~vere pain and cloudy fluid with Staphylococcus 
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aJreus (28) or abcess formation 'and loss of functional 

peritoneal membrane with PseùdQmonas aeruginosa (24). 

As clinical experience with CAPO and CAPD peritonitis 

grows, improved diagnostic method's and treatment strategies 
~ 

continue to evolve. Microbiological diagnosis of CAPO 
~ 

t peritonitis relies on culture o~ the peritoneal dialysate o 

effluent. Initially aftër the introduction of CAPD there~ere 
1 

~requen~ occurrences ,of "sterile" peritonitis where patients 

presented cloudy fluid and abdominal pain yet no bacterial 
<l 

'growth was recovered in peritoneal .fluid. Diagnostic methods 
. 

have improved however, a~d the use of large volumè culture 

and the prac~ice of filtëring effluent dialysate to concentrate 

bacteria and remove antimicrobial compounds have increased the 

likelihooJ of bacterial recovery from patients presenting 

peritonitis (28, 36). 

When a CAPD patieri't presents clinical signs and symptoms 

of peri toni tis antimicrobia'l therapy commences immediately. 

Antibiotic administration is frequently intraperitoneal via the 

inflowing dialysis solution thereby aChieving high 

'concentrations of antibiotic at the site of the infection. 

Broad spectrum antibiotics, (eg. Cephalothin, TObramycin) are 
• 

prescribed presumptivel1" and are altered if the results of Q 

microbiological sensitivity warrants another antimicrobial 

therapy. The duration of treatment remains cootroversial 

however, in MOSt centers uncomplicated peritonitis is 
..r 1 

successfully treated in 10 to 14 days which corresponds to a 

treatment sch,edule where antibiotics continue for 7 days after 

the effluent dialysat~ is clear to visual examination (24, 38). 

Recently it has been suggested that a longer duration of 
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treatment May be required to.prevent relapses, particularly of 

those peritonitis episodes caused by s. epidermidis (38). In 
" \ . 

ca~e~ of ~ersistent or recurrent peritonitis ~nd<episÔdes 
\ 

caused by fungal contamination, removal of the peritoneal • 

catheter i8 indicated after which symptoms MOSt often resolve 

(24, 28, 36). This ~reatment stratégy requires that patients 

be at least temporarily maintained with hemodialysis however, 

recently in â small group of CAPO patients persistent 

peritonitis was successfully resolved by catheter removal with 

immediate replacement and resumption of peritoneal dialysis . 

(39). Previously, treatment of peritonitis included r~peated 

. peritoneal lavage wifh la~ge volùmes of peritoneal dialysis 

solution. This approac~ was discontinued due to the possible 

loss of immune reactants from the peritoneal cavity as weIl as, 

the proposed inpibitory effect of low pH and hyperosmolarity of 

the dialysis solutions on peritoneal host defense and on , 

antibiotic activity (28). 
( 

There are numerous serious consequences of CAPO 

peritonitis. In addition to patient morbidity and 

bosPitalizat~n, CAPO peritonitis may cause significant changes 

in peritoneal function anœ morphology and in severe persisting 

episodes death may ensue (l9, 28, 37, 40-42). During 
A 

peritonitia the ultrafiltration capacity of the peritoneal 

membrane is temporarily lost as a result of increased vascular 
'" 

permeability, and absorption of the oamotie agent from the 

peritoneal pool. Concurrently protein loss to the dialysis 

soluti0n ia markedly increased frequent~y leading to a negative 

nitrogen balance 'in ~he patient. Peritoneal infection and· 

inflammation may also cause peritoneal adhesion and Q~~cess 
~ 
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formàtion which may compromise the dialyzing ~ty o~ th~ . 

membrane. Recently the development of,peritoneal sclerosis has 

" been observed in CAPD\patients and proposed etiological factors 

include discrete episodes of peritonitis and/or srnoldering 

sUQclinical infections (44-51)1 This se~ious, sornetimes fatal 

complication i8 characterized by sclerotic thickening ot the , 
, 

peritoneal membrane causing ,disruption of the mesothelium which 

is transformed into a dense ,layer of fibroconnective tissue 

/ in~ilyated wit~ ftcal. aggregates of mononuclear and 

polymorphonuclear eucocytes. As a result, the ultrafiltration 
- -' 

capacity of . the petitoneal membrane is impaired o~ may he 

abolished with subseque~t OVerhYd~ation ~nd increased uremia. 
1 'In severe 'cases the small bowel may- be ~otally encapsulated and 

partial or complete ~ntestinal obstruction as weIl as' fecàl 

peritoriitis have been reported (47). 

.. 
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2.4 Staphylococcus epidermidis characteristics and host immune 

'response 

Historically, coagulase activity of the staphylococci has 

been associated with virulence. More· recently the ,. 
pathogenicity of coagulase-negative staphylococci has been 

demonstrated, and while coagulase activity acts aS'a marker of 

si~phylococcal virulence, it is not an absolute virulence 

determinant. S. epidermidis is a common skin commensal.that is 

currently rega'rded as thè prirnary pathogen in infections 

associated with prosthetic devices. Norrnally of low virulence, 

prerequisites for the developrnent of S. epiderrnidis'infections 

j include 'lmmun~suppression or breaks in hosJ defense caused by 
\ 

surgery, catheter placement or prothesis insertion (52). 

Difficulties regarding the taxonomie classification 

coagulase-negative'staphylococci have hampered a better 

understanding of the pathogenesis of infections caused by these-
~ 

microorganisms. Sev.eral different class·ification schemes have 

been utilized with varying degrees of p~actic~l success 
~ . 

(53-55). Phage typing of s. epiderrnidis has been limited by 

the inability to type aIl 

be slow and is limited by 

ex~nt· of homogeneity of 

, 
Clinijl isolates while biotyping may· 

a srnal number, of_phenotypes and the 

human s rains (53, 54). Antibiogram 

typing has been utilized and, while multiple antibiotic 

resistance is' a conunon feature of disease causing strains of S. 

epidermidis, specifie antibiotic resistance patterns for) 

classification have not been clearly demonstrated (53, 55~57) . 
. ' 

Nevertheless, the coffibination of antibiogram and API 

. 
22 ( 



, . 

-. 

c 

Staph-Ident, identification of s. epid~rmidis '~y be useful for 
1 

the classification of clinical isolates (54). Recently, 

'plasmid pattern analysis of coagulase-negative staphylococcàl 
~ 

isolates from CAPO. patients w~th peritonitis has been utilized 

for classification and may provide a useful epidemiolog ical .} 

~er for future isolates (58-). 

) '1 Taxono~ic classification does not necessarily pred~qt the 

virulence of a clinical S. epidermidis isolate. Biotyping of 

clinioal isolates of S. epidermidis demonstrated that a large 
« 

o?~. propoJ,:"tion (64%) of ,disease causing strains belonged to 

Baird-Parker biotype 1 (59) and extracellular enzyme acti vit y 

(deoxyribonuclease,lysozyrne and several,proteases) was greatest 

'for 'the respective organisms (60). However, no Singl~ 

virulence determinant has been identified that is solely 

responsible for pa~hogenicity of S. epidermidis. The 

pos-session of multiple toxins, enzymes \~~d' cell wall compçments 
.. 

by --s. epidermidis as w~ll as changes in host resistance may 

c9llectively determine the virulence of this microorgaI)ism. 

cl 
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2.4.1 Staphylococcal armaments 
t~! 

The staphylococci possess numerous characteristics which 

faci1itate eo1onization of a wide variety of hast tis~ues. 

The ~ersatility of this microorganism is demonstrated by the 
\ 

utilization of ~ variety o~- substr~tes, during aerobic or 

anaerobic culture eondit\ons, and growth oceurs over a wide 

range of' temperature and pH levels (61, 62),. Furtherrnore, 

several ext~acellular products of ~he staphylocoeci 
, 

spedifically contribu~e ,to successful colonization within the 
\ 

hosto 

The pr<:»duétion of a polysaecharidê containing matrix' 
~\ ~ ~ 

1 .~ 

(glycocAlyx) which encapsulates the outer cell.wall of S. , ' 

epidermidis may be an importan~ virul,ence determinant of- ,,';'" 
_, '=- ,\ 5'1 

staphylococci (63-65). In addit10n to rnediating the ~, :, . . , 

attachment of the bacteria to smooth surfaces of'prosthetic 

devices '( Section 3.3), the glycocalyx May have a direct 
, 1 

inhibitory effect on host d~fense mechanisms. lmpaired 
, 

opsonization and phagocytosis of encapsulated staphylococci 
- . '" - ". 

-
bas been demonstrated (66, 67) and in vitro exposure of l:lurnan~ 

'neut.rophils to a s. epidermidis Il slime" preparation resul ted 

in a decreased bacteric~dal acti vit y (68) and lymphocyte .1 

mitogen response was inhibiteq (6g). Furthermore, in vitro . -
assessments demonstrated that slime producing S. epidermidis 

adhering to, segments of an intravenous catheter, survived 

c~dal antibiotic ~oncentrations that would have elirninated 

nonslime-producing strains (70). 

The staphylococci produc~ a variety of extracellular, 
/ 

enzyrnatically active factors which have potent effects on the 

{ 
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host and which contribute to the lnfect~ous process (60, 

71-13). For examp1e, the degradation of the intercel1ular 

ground sûbstànce of connective,tis~u~ by staphy1ococca1 

hyaluroni~ase facilitates tissue d~spersion. In addition, 
• ~ (l • v 

the extraqellular produçt~on' of st&pÇylocoçcal cat~lase may 
, / 

: ~e ot, particulâ.:, importance for the ~at~on of 

bactericidal hydrogen peroxide produced by h~st leucocytes. 
~ , 

Studies compar'ing extra-cellular enzyme production of clinical ~ 

S. epidermidis isolate~ with isolates from healthy 
i . 

iod:i.viduals h.ave demoqstrated that a larger p~oportion of 

c1inical isolates produced severpl enzymes including . . 
deoxyribonuclease, staphylokinase and lipase-esterases (~4). 

,Other exoenzymes which may be important ~n the pathogenesis 
1 

of S. epidermidis inf~ct~on~ include phospha~ase, gelatinase, 

lysozyme and B -lactamase._ 
0-

The staphylococci also produce several cytolytic toxins 
~ y 0 

(alpha, beta, delta hemolysi~s) which have profound~effects 

on host tissue. Delta hemolysin is the most commrn_hemolysin ", , 0 

produced by S'2 épidermidis and has been demonstrated in a 

large proportion of c~inical isolates (60, 75). Hemolytic 
" 

and leucocidal activi ties of d~l ta hemolysin have been 

dernonstrated and in vi.tro tissue cultur.e assessments have 

revealed cytopatnic'eÏfects (74, 76)., 
n 

Furthermore, delta 
" 1 , ,- ,. 

hemolysin product~o~ by S. epidermidis ~s associ~ted with . , , 

the 
; 

elaboration of several'~other extracellular enzymes (74). 
, .... 1 [J , 

The variety of staphylQco'ccal extracellalar products and 
, 

the range of their respective effects within ~h~ host mediate 
, :' • -) 1 0 

considerable adaptability to chang1ng environm~nts. In vitro 
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assessments of factQrs contributing to the pathogenesis of 

staphylococcal inf~ction; ~ not necessarily reflect in vivo 

interactive condition~ within the host. There 'is evidence to 
, 

suggest tha~ the elaboration of several virulence 

determina~s may be regu~ated by culture media an~/or in 

vitro/~n vivo 80wth condi~ons '( 77-79).· 
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, 2.4.2 Staphylococcal surface antiigens 1 
Peptidoglycans (mucopeptides) and techoic acids are- the , 

primary constituents of the cell wall of S. epidermidis and 

constitute the maJor antigenic determinants of this 

microor~nism. peptidoglycan is a primary cell wall 

component of most gram positive bacteri~. lt is a 

)" macromolecule_ co~posed of a network of- cr~ss linked, 

alternating B-l,4-1inked N-acetyl-D-glucosamine and . . 
N-acetylmuramic acid through which the peptide moiety is 

~inked (80, 81). 

The ~mmunogenicity of peptidoglycan has been extensively 

studied and the induction of both humoral (antipeptidoglycan 

antibody) and cell~mediated (delayed type hypersensitivity, .. 
lymphocyte blastogenesis) immune responses by peptidoglycan 

have been demonstrated (82-87). Peptidoglycan has 

demonstrated a wide range of biologi,cal properties which 

includ.~ comple~ent activation by both the classical and 

alternative complement pathways (83, 88), suppression of , 

leucocyte chemotaxis and phagocytosis (89) as well as the 

induction of histamine release from humafl basophils (90) .. 

Furthermore, staphylococcal peptidoglycan presented elldotoxin ' . . . 
like characteristics, causing fever, leucopenia, 

thrombocytopenia and hypovolemia after intravenous injection -
as weIL as a local Shwartzman reac~ion following intradermal 

injection in rabbits (86). ~ 
The cell wall of s. epidermidis is also comprised of a or 

S-glucosyl glycerol techoic acids wh~ch :penetrate into the 

p~ptido91Yfan laye~ of the cell wall from the cell membrane 

(91, -92). The extensive structural variety of techoic acids 
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within the celi wall of staphylococci contributes to their --antigenic specificity (91,93). Highly specific'antitechoic 

acid antibodies.have been demonstrated in animal models and 

clinical conditions of serious staphy~ococcal infections (91, 
l 

94, 95). Or 

Other staphylococcal surface aptigens that have been 

identified include lïpotechoic acids of the cell membrane, 
, \' 

which extend far enough into the cell wall structure to act 
,-

as'cell surface antigens (91). In addition, encapsulated 

staphylococci present antiphagbcytic 'surface antigens, the 

elaboration of which may be regulated by culture conditions 
o ' ' 

(78, 79, 96). Several serologically distinct capsular 

antigens have been identified in encapsulated S. epidermidis 

clinical isolates (64). 

( ' • 
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2.4.3 HGst defense against staphylococcal infection 
"-, 

i Phagocytosis and intracellular Killing 

Once staphylococci hav~ breached the skin and/or mucoF 

membranes of the .host, the most important arm of ho st defense • 
. 

is leucocyte phagocytosis and intracellular killing . 
• 

Resident tissue macrophages form the first line of this 

defensè which is followed by the rapid influx of 

polymorphonuclear leucocytes. Although both types of 
t ' 

phagocytes contribute to this' aspect of host defense, 

polymorphs are the more effective phagocytic cells 

-

demonstrati~g superior 'ingestion and inftacellular Killing of 

staphylococci (97, 98). Phagocytic leucocytes are 
. 

chemotactically di.~ected toward the infectious focus from 
'--

which eminates soluble chemotactic factors. Complement 

activation generates important neutrophil chemotaxins (C3a, 

CSa) and activation of complement by cell wall components of 

the staphylococci\as weIl as by staphylococcal proteases has 

been dernonstrated (83, 88, 89). 

'Recogni tion of the bacterium by the pha<1ocyte :LS 
, . 

mediated by serum opsonins which become firmly fixed to 

" bacterial surface structures, thereby rendering t~e . 
-

microorganism susqeptible to phagocy,tic ingestion (100). 

"" Both heat stable and heat labile opsonine are crucial for 

optimal staphylococcal phagocytosis. Heat stable'opsonins 
J , 

are comprised of immu~oglobulins of the IgG
o 
class (101-104), 

and the heat labile constituent is the 'C3b component of the.' 

complement system (103-106). Heterogeneous opsonic 

requirements among staphylococcal strains have been reported 

'. 
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(107), however, recent investigation of the opsonic 

requirements of several s. epidermidis strains, recoyered 

from peritoneal fluid of CAPD patients presenting 

peritonitis, revealed the consi~tent requirement of b6th IgG 

and C3b opsonins for efficient phagocytosis (108). 
" 

The peptidoglycan ll\Pity of the staphylococcal cell wall 

'has been revealed as the "'fII'Limary target of the IgG opsonin 

(66, 109). Al though, anti techoic acid antibod,ies have been' 

demonstrated in sera of patients presenting staphylococcal 

infections,.these constituents do not appear to have a ma10r 

ro1ê in staphyl~coccal opsonization (llQ). The generation of 
T the C3b opson~c constituent may proceed by the classical 

and/or alternative pathways of complèm~nt activation. Cell , 
l " 

wall peptidoglycan may activate complement by both pathways 

while techoic acid can do ... 50 by the classical pathway only 

(83,\ 88, 99, J.lO'). Compared to activation by the alternative 

pathway alone, opsonization proceeded more rapidly when . 
complement ~as activated by both p~thways (107,'111). 

Plasma fibronection may also serve as' a staphy1ococcal 
\ 

opsonin (112-115). Fibronectin in,a nonantibody, 

noncomplement, protein which.may become coya1ently bound to 

s. aureus (115). However, fibronectin alone is a poor 

.. 'st,aphylococcal opsonin ~nd i ts relati va importance té 

staphy~ococca1 opsonizat~on may be minor compared to IgG and 

C3b opsonins (1'13).' Nevértheless, fibronectin may have an 

important modulating influence on other opsonic serum 

factors. thereby function;ng as a cofactor for opsoniza~ion . .. 
, 

Thus fibronectin and comp1em~nt depleted, serum was associated 
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with a marked reduction in -~taphylococcal phagocytosis 

compared to fibronectin or complement serum depletion alone 

(~12, t14). 

Th~ ~ttachment of opsonized bacteria to the phagocyte is 

mediated by cell surface receptors which are specific for 
, 

either the Fc region of the IgG molecule or the C3b opsonic 
'il 

constituent (100, 107, 116~. The interaction between 

opsonins and surface receptors effects changes in the 
, , 

phagocyte membrane which indu ce membrane and cytoplasm 

movements that lead to engulfment of the bacterium.-- Once 

staphylococci are ingested and within the cytoplasmic 

- phagolysosome,' intracellular Killing is accomplished by 

~xygen dependent and oxygen independent mechanisms. The 

oxygen dependent bactericidal mechanism ia cruciQl to 

intracellular staphylococcal Killing (~l7, 118). In response 
~< 

to phagocytosis, leucocyte oxygen uptake increases with a 
1 

shift in metabolism t0'the hexose monophosphate shunt which 
t 

• 1 • 
generates staphylocidal hydrogen peroxlde, hydroxyl rad~cals 

and halide ions (via the halide-myeloperoxidase system). 

Evidence to support the,requirement of the oxygen 

dependent pathway for intracellu1ar staphylococcal killing 

cornes from studies of neutrophil function in chronic . 
granulomatous diaease p~tients (117-119). Leucocytes from 

such patients do not respond to phagocytoais wi th ihcreas,ed 

oxygen uptake or shift in metabolism to the hexose 

~onophosphate shunt and hydrogen peroxide i5 not produced; 

Staphylococci are phagocytized normal1y, but intracellular 

Killing i5 not effective.' Furthermore, catalase production 
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or fa~lure of the engulfed bacterium to pro~uce hydrogen 

peroxide promoted~, survi val wi thin the chronic granulomatous 

disease

2
eucocy te, while hydrogen peroxide producing strains 

underwent halogenation of the bacterial cell wall. In this 

latter c 'se. _the·bact~ial hydrogen peroxide acted~. 
s~bstra~e for the leucocyte myeloperoxidase system WhiCh., 

effected intracellular killing~ 

Although oxygen independent ~echanisms may act in 

concert with the oxygen dependent bactericidal pathways, 
,-

these systems alone, are not bactericidal against intact 

staphylococci (117, 118). Oxygen independent systems include 

low pH within the' Ph~90l;SOSome, lysozyme ~iCh h~o~yzes 
the cell wall pep~idoglycan, lactoferrin which binds iron and 

prevents its bacterial utilization, and cationic pr6teins 

several of which are~ive against staphylococci. 

1 

. ,. 
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ii Acqu1red ImmunityU t 

Humoral immune response of the ho st is the mos~ 

important arm of acquired irnmunity and is constituted by 
1 \. 

antitoxi~and antistaphylococcal ~mmunity. The production of 

toxin-neutralizing a~tibody readily occurs during 

staphylococcal infection, however a~titoxin antibody does not 

necessarily change the course of a ataphylococcal infection 

<-96) • 

All'species of animaIs have a high degrèe of resistance 
" 

to staphylococcal infection and antistaphylococca~ antibody' 

has been revealed in sera of normal subjects (84, 113). 

Numerous animal studies have demonstrated that staphylococca1 

vaccines pravide protection against rechallenge with the 
~ 

homoioguous strains and that type specific immunity can be / 
/ 

/ 

passively transferred by immune serum. Significantly, the/ ~ 
1 -

degree of irnmuni~y correlated with enhancemenê of 

phagocytosis (81, 96, 120, 121). In order to identify'the 

exact nature of tfe protection inducing ~ntigen,. passive 

immune transfer experiments were conducted in which specifie 

staphylococcal constituents were used to absorb immune sera 

prior to transfer. Accordingly cell wall components and 

particularly pèptidoglycan, were identfied as important 

protection inducing antigens (110, 122)'. 

Antibody response to staphylococcal. infection has been 

investigated in animal models as weIl a~ during'clinical 

infection and elevated titres of both immunoglobulin classes 
o 

IgM ad IgG have beef reported (77, 84, 95,123, 124). In a 

rabbit model of endocarditis, antibody titres were elevated ... 
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six days following bacterial challenge and were sustained in 
, . 

culture positive animàls to 31 da ys after inoculati?n 

(sacrifice day) (77). ' Injection of heat killed S. 

egidermidis invoke~ elevated antibody titers w~ich peaked 
. . )-

five weeks post injection and thereaffer declined (123.). 

Subsequently, a booster injection generated a markedly 

increased and prolonged ant~bOdY response. ~ 

, 

Delayed type hypersensitivity to staphylococcal antigens 

has also been. demonstrated in animal modela (83, 85, 125-127) 

and in human subjects presenting recurrent infections (128)~ 

However, the relative importance of cell-mediated immunity in 
. 

staphylococcal infection re~ains uncle~r since studies of T 

ce.ll depleted mice did not reveal increased susceptibility no 

staphyloçoccal i~fection (126). It is possible that 

cell-mediated acquired immunity may have a role in the' 

. ch'ronic, smoldering or recurr'ing staphylococcal infections' 
\ 

that have been associated with prosthetic devices. 

1 • 
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3. Peritoneal Host, Defense and the Etiology of CAPO Peritonitis 
" 1 
3.1 Host;..'def,nse of the peritoneal eavity 

/ , 
1 

1 

~nder normal conditions the principal route by which 

particulate matter, incl~ing bacteria, is, absorbed frorn the 

peritoneal cavity is via the diaphragm~tic lymphatics. 
.. t 

Bacteria appear in thoracic lympb ~1thin-minutes çf 
C> 

experimental intr.aperi toneal inoculation (37). Phagocytic and 

bactericidal functions of fixed {is~ue macrophages, 

ret~culoendothelial cells of the spleen or" liver as weIl as 

ofree macrophages and polymorphs are then directed toward~ 

bacteria in the thoracic lymp~ nodes and the systemie , ~ 

circulation (37, 129). I,n contrast to secondary bacterial' . 

peritonitis, CAPO peritonitis rare~y leads,to baeteremia and 

therefore, the importance of lymphatie absorption in baeterial 

clearance from the peritoneal cavity pf CAPO patients is 

questiona~le .• It has been proposed'that ~echanical distention 

- ) and disruption imposed by peritoneal dialysis may interf~re 
J , 

with normal mechanisms of lymphatic absorption of bacteria 

(129) • 

Host defense mechanisms of the peritoneal cavity invoke 

specifie humçral and cell mediated i~une responses as weIl as 

non specifie phagocytosis and intracellular bacterial killing 
, 

(37, 129, 13.0)'. Resident. peritoneal macrophages form the first 

line of peritoneal defense against bacterial infection. 'Î'l}ese 
... 

eells are phagocytic and importantly, play a key role in the . 

initiation and regulation of immune responses. In response to 

bacterial contamination of the peritoneal eavity, resident 

1 ,~ ---r " 
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macrophages are stimulated to,produce Interleukin-l which 
1 • 

induces lymphocyte proliferation and differentiation and which 

-triggers amplification ,of the immune response. Alternately, 

production of prqstaglandin by macrophages down regulates 

further amplification. Concurrently, during an incident of 
~ ( 

1 II' • • 

bacter~al contam~nat~on of the peritoneal cavity the complement 

cascade is activated and chemotactic, opsonic and vasoactive 

substances are generated. In resp~se.to chemotactic stimuli 

there iD a di,rected emigration of phagocytic leucocytes into 

the peritoneal cavity with polymorphs apP,earing within a few 

hours of conta~ination followed by an fnflux of activated 

macrophages several hours later (37, 129, 130). Opsonic 

molecules are produced at the iqflammatory site and ~lso 

accompany the effusion of le~cocytes and "fluid into the 

peritoneal ~avity. FollOwing phagocytic ~ptake by host 

leucocytes, the. bacterium ,. is contained wi thin a membrane bound 
, 

phagosome which fuses with a ~ysosome containing a variety of 

bactericidal and bacteriostatic factors (37, 129, 130). Witpih 

the pglymorph phagolysosome, in addition to other antibacterial 

'substances, the myeloperoxidase system generates a series of 

potent bactericidal compounds (hydrogen peroxide, superoxide, 
,1 

sin9~et oxygen and hydroxyl radicals) which effect bacterial 

killing. 

As a consequence of -host (bacter~a interactions " 

inflammatory product~ are released fram phagocytic leucocytes 

which initiate local serosal in jury and increased vascular 

"permeability. 
. . 

Fibrinogen containing-plasma ~s thereby released 
~ 

into the peritoneal cavity where fibrinogen is converted to 
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fibrine Since peritoneal inflammation inhibits the normal 

mesothelial fibrinolytic activity, 'fibrinous adhesions persist , >. 

until fibroblasts lay down collagen thereby forming fibrous 

adhesi?ns whieh funetion to localize-and minim~ze the spread of 

the contamination (37). Consequently peritoneal surfaces May 
. , 

adhere and abseess formation May ensue (37, 129). 

In stu?ying the etiology of CAPO peritoriitis, both 

patient, eharacteristics as weIL as treatment variables should 
-

be considered. The practiee of CAPO imposes a marked .... 
altetat~on of the peritoneal environment of end-stage. ~nal 

disease patients such t~at normal host defenses of the 

peritoneal cavity may be compromisèd. Normally the peritoneal 

eavity contains 50 td 100 ml of fluid whicn provides 
1 L ' 

lubrication of viscera as they slide over one another (130). 
- -~,,~:::: ... 

• ..' Ü l ,,:,. 

Peritoneal fluid cell~larity approximates 3000 c'élls per ml "of 

~hi~h the cellular constituents are primarily resident 

maerophages. With the praetice of CAPO A large volumes of 
~ 

hypertonie, '~cidic dialysis solution a~e instilled into the 
, ' 

p'eritoneal cavity. While the predominant peritoneal cellulci.r 
• 

~onstituent continues to be the macrophage, peritoneal 

cellul~ity is markedly redue~d to approxim~tely ~ cells per ml 

in CAPO effluent solution (130). In addition to e~llular 

compoqents, soluble 
o 

from the peritoneal 
./ 

imm~e reactants ~ay be diluted and lost 

cavity as a consequence of repeated 

• instillation and drainage of dialysis solutions. In cornparison 
1 

to serum concentrations, effluent dialysis solutions col1ected 

from C~PO patients pres~n~ed significant1y reduced tevels of 
'1;) 

opsonic Molecules (139). 
.• 

furthermore, the CAPO catheter is a 
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permanently dwelling foreign body which May also contribute to 
, 

impaired local host immune :çesponse (52J.' 

, CAPD patients are a highly heterogeneous population and 

-
" present a variety of characteristics, including chronic renal-

, 

I~ailure, which May influence immun~ 'response. AlI CAPO 

patients are at risk of developing peritonitis, however 

subgroups wi tl}in this population -present higher incidences of 

peritonitis than do others. The characteristi9s of this.hig~er 

risk group of patients have been the subject of several 

investigations .. It has' recently been reported that opsonic 

activity.of efflu~nt dialysis solutions of CAPD patients with a 

~istory of peritonitis was reduced compared to those recovered 
~ . , 

from patients that had not experienced peritonitis (131). Also 

in contrast to ~APD patient; with 'a lOW, rate of periton'1:F7 
peritoneal macrophages of high incid~nc~ patients pres~nted 

a }, 

increased suppressor activity during in vitro lymphocyte 
. -

blastogenesis, producing large amounts of prostaglandin E2 

and decreased levels of Interleukin-l. In vitro bactericidal 

. activity against s~ epidermidis was alsq ~ecr~ased in 

peritoneal macrophages of l}igh incidence' patients (132).p. 

The heterogenous nature of patient characterîstics, 
. . 

treatment variables as w~ll as per~tonitil? experience of CAPO' 

pa~ients complicate~ the .clinical investigatio~ of the . -. 
pathogenesis' of CAPD peritonitis. bThus,. the decreased opsonic 

capacity of effluent dialysis solution' and 'the increased 
1> 

suppressor activity of peritoneal macrophages of high risk CAPD 
...... 

patients May account of their increased incidence of , , 

peritonitis •. Alternatively, these features May be caused by 
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anttomical or <~iOlogical rnodifi9at~on of the peritoneal cavity 

resulting from peritonitis. The further investigati~n of these 

and related controversies could be reasQnably addre~sed in. 

controlled experiments ut'i1:iZin9 ambrnal, models. h~V~~9 the 

'-

appropriate control groups. 
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3.2 Chronic uremia 

" 
Chronic urernia has been° described as "nature 1 S 

inununosuppressi ve device" (133). An increased prevalence of 
, 

serious infections has been reported in patients presenting 
o , 

chronic renal insufficiency receiving regu1ar dia1y~is 

treatment such that 18-38% of patient fatality is attributed 

to infectio~ and 60% of surviving pati~nts suffer fram' 

serious infections (l34-l38). Nurnerous aspects of host 

de~e~se mechan~~s may be impaired in end-stage renal disease 

patients which, in addition to humoral and cell mediated 

immunity, inc1ude renal failure related alterations of the - \ 

skin barrier, tenacious mucus and crusting mucous membranes 

of the tracheobronchia1 tree,_impaired mucociliary ~learance 

mechanisrns as weIl as gastric hypoacidity (l34-~36). 
" C1inica1 investigations of humoral and cell mediated 

immune responses of chronic dialysis patients have frequent1y 
~ . 

generated conflicting and inconc~usive results. The relative 

influ~nce of chroni.c uremia and dialysis treatment on host 

immune response 'remains unclear. Furthermore,-the 

heterogenous nature of the patient population in terms of 

underlying disease, duration of renal failure, drug therapy, 

oprevious surgery or blood transfusion, and nutritional status 

may account for sorne of the existing controversy (138). 

Studies examining ~he influence of uremia on antibody ) 

synthesis in response to a variety of antigens have geneially 
1 

dernonstrated the production of somewhat dirninish~d ye~ 

protective antibody titres (136, 138,-~39). However, the 

,respo,nse of, hemodialysis children to live attenuated virus 
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vaccines" was reduced (135). With the exc'ption of decreased 

circulating levels of IgE, immUnOglObUlint .. ;il.eVelS were 
<> 

reported within the normal range in chronic hemodialysis 

patients in spite of a reduction in the absolute numbers of B 
, . 

lymphocytes (136-138).. D"minished leveis of complement 
... 

factor 3 have also been reported in both hemodialysis and to 
" 

a lesser extent peritoneal dialysis patients wh!le other 
, 

components of complement were within the normal range (137, 

140). In the literaturè many studies addressing cell 
u 

" mediated immune , response in ~nd-stage renal disease pat~ents 

present evidence of impairment including lymphopenia, wi~h 

normal relative proportions of Band T lymphocytes, and. , 
cutaneous anergy, while in vitro assessments have 

• 0 

demonstrated decreased mixed lymPh~te culture rea1tions and 

inhibition of the mitogenic response of lymphocytes in the 

pre~ence of uremic serum (1~5-138). 

Animal mode}" of chronic ren~l failure have been u"eful 

in the invest~gation of immune response in uremia since 

clinical variables reflecting the heterogenous nature of 

patients are elirninated and appropriate control groups ~an be 

included in experimental assessments. Numerous studies have 

b~en conducted in the rat model of renal 'failure (5/6 

n~phrectomy) ,and impairments" of cel1 mediated. immune response 
1< 

have been ~e~onstrated including impair~! mitpgen ,response,' 

decreased mixed lymphocyte reaction and reduced g.raft ·versus 

host response, (141-152) • These impairments were attribut,ed 
,~ 

to a suppressor cell, perhaps a macrophage, whose activity 

may have been( increased in renal failure animaIs. Other 

studies uti~izing intact animaIs have demonstrated prolonged 
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allograft survival and'impaired delayed type hypersensitivity 

reactions in ahronic renal failure animaIs (153, 154). . . 
Animal models of c!lroqic uremia have been of particular 

, 
importance in demonstrating the -immuno~uppressi ve effect ot 

sham surgery. These observations have clearl~ defined the 

necessf'ty of inc1uding sham--operated control animals in 

s udies of immune response (138, 143). 

Leucocyte Pha90cy toysand bact~ricidal function must 

be considered in the study of immune response in chronic 

1
n~1 failu~. Investigations that.have addressed this 

~spect of host immune response, hpwever, have generated 

conflicting results which remain inconclusive. Abnormalities 

of granulocyte fIIction in end-stagè rena disease patients' 

on hemodialysis have been demonstrate, owever the 

contribution of mechanical trauma resulting from 

extracorporeal circulation thrQugh hemodialYJis machinery t;o 
\ 

the observed deficit remains unknown (136). -Most studies 

have revealed normal phagocytosis by polymorphs of uremic 
~\ 

patients however results describing ba,ctericidal capacity are: 
\ 

controversial (136, 155). Furthermore in vivo assessments in 

renal failure rats have demonstrated that leucocyte 

mobilization toward an inflammatory foc us aS' weIl as 

.ciré:ulating leucocyte response to bacterial challenge may be .. 
impaired in chronic uremia (1~5, 156). 

All of the components of inunune' response that have been 

investigated in chronic renal failure patients and animal 

models may, if impaired, adversely affect the host 1 s ability 
. , 

to resist bacterial and viral infec"t.ion. Obviously the mos·t 

direct method of assessing immunocompetence in the 
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chronically uremie host is by direct challenge with viable 

, microorganisms • Altpo~gh few such animal studies have been , .~ 

r~ported, direct bacterial challenge of rats failed to reveal 

a marked reduction in host resistance to experimentally 
<, 

induced infections with Escherichîa coli, pseudom~pas, 
( . 

~ aeruginosa, St~phylococcus aureus and Clostridium we1chii. 

(138,' 157, 158). Th~s, a1though uremia has been associated 
. 

w:i, th an increased preva1ence of seri0':ls infectïon, direct 

'experimental evidence identifying uremia as the primary 

·factor increasing host susceptibi1ity to infection does not 
\. 

as yet exist. 

, 
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3.3 The permanently dwelling CAPO peritoneal catheter 

The role of the peritoneal catheter in the etiology of , 
- '1' CAPD peritonitis May be twofold. As a foreign body, the 

~ 

catheter may exert on irnrnunosuppressive influence and/or it May 

pr~vide a ~mooth surfac~~ithin the 'hast for bacterial 
, .,. 

\ 

colonization. In cases of persistent or recurrent CAPO 

peritonitis the infection 'frequently resolves once the 

peritoneal catheter is removed from the patient (36, 39). 
\ 

This 

,finding demonstrates the importance of the peritoneal catheter . .. , 

in the persistence~ if not in the develop~ent, of CAPO 

peritonitis. .. 

The increased risk of bacterial infection in the vicinity 

of foreign_implants has been weIl documented however, the 

pathogenesis of for~ign body infection is qat weIl Qnderstood 

(159). Such infections are characterized by (a).the increased 

infectivity of a small inoculum, frequently staphylococci, 

which in the absence of the foreign body would be effectively 

eliminated by host defense mechanisms, (b) their slow, 

-prolonged evolution, (c) their site specifie infection, 
,_ J 

exclusively.in the vicinity of the foreign body and (dl their 

persistence without removal of the prosthesis .( 160). In a 

series of key experiments conducted in a~ animal model~ the 

underlying mechanism of defective host defense at the site of a 

foreign' implant was extensively investigated (159-161). In 

vitro paagocytosis and bactericidal function of polymorphs 

harvested from sterile tissue cage implants of guinea piga was 
, 

reduced compared to that of peritoneal or circulating 
. , 

," 
polymorphs. This impairment was at~ributed to the continuous 
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interaction of polymorphe "'ith a nonphagocyto..-able foreign body. 1 
Cons"tant phagocyte, ,stimulation and degranulation W~~~d 

eventually exhaust phagocytic and bactericidal act~ç~ty of the. 

pol~orph~. ~ihen fresh blood polymorp~s were introduced int~ 
the tissue cage implants, at the time of StaphyV:>coccus aureus . 
inoculation, there was' a significant reduction in the rate of 

infection. Furthermor~, in contrast to polymorphs, har~'ested 

from sterile tissue cages, those recovered from infected tissue 
~~ " l' , 

\ 

cages presented-normal phagocytosis and bactericidal activity, 

perhaps reflecting'their emigration fram the peripheral blood. 
, 

Nevertheless, the lag-tirne between bacterial contamination and 

polymorph infiltration into the infected site may be sufficient 

to allow other pathogenic factors ta effect bacterial 

infection. 

Adhesion of pacteria on to mammalian tissue surfaces is 

recog~ized as an important initial step in the pathogenesis of 

an infectious process and may he simil~rly important in the 

devèlopment of infections a'ssociated with prosthetic implants 

(162, 163). S. epidermidis which is notoriously associated with 
(' 

foreign body infections, including those of intravenous 

(164-167) and peritoneal (168, 169) catheters, rnay be uniquely 

adapted ·to adhere to smooth surfaces, In contra st to routine 

laboratory cultures or contaminants, clinical isqlates of S. 
1 j 

epidermidis. fro~ catheter associated infections frequently 

produced an extracellular polysaccharide (slime) (52). Slime 

production by bacteria enhances adherence to smooth surfaces and 

may be a critical factor in the pathogenesis of S. epidermidis 

infections of medical implants (52, 166, 170). In an animal 

model of S. epidermidis foreign body infection, slime-
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production was demonstrated to be an important virulence 

determinant whil_e slime-producing and non s lime-producing 

strains had sirnilar virulence in the absence of a prosthetic 
i ,,1) • 'Il" 

implant (65). '. 

The kinetics of intravenous catheter colonization with 
\ 

'slime-producing S. epidermidis has been examined by scanning 
~ ~ - 1 

elèctron microscopy (171, 172). Initially (5 to 30 minutes 

after exposure) single cocci adhered preferentially t? any 

surface irregularities that were present o~ the otherwise 

smooth cathet~. Microcolonies of cocci, in a single. layer on 

the catheter surface, were se en 1 hour after exposure and 

heavily colonized surfaces with multiple layers of èo~ci 

embedded ih a "slimy'l materia1 are observed aft.er 6 to 12 

. hours. The amount of this amorphous cementing material clear ly 

increased with prolonged incubation time (171). Recently, 

naturally infected intravenous (165, 166) and peritoneal 

catheters (168, 169)Lhave also been examined by sca~ning 

electron mic~oscopy and the existence of S. epidermidis 

embedded in â. cementing "slimy" matrix, referred to as biofilm 

has been documented. 

In addition to enhancing adherence to smooth surfaces, , . 
staphylococcal slime production May also direct1y interfere 

with host defense mechanisms (66-70). The combination of slime' 

production by.\} S. epidermidis and immunosuppression in the 
1 • 

viçinity of the foreign implant May generate favorable 

conditions for bacterial colonization of implanted prosthetlc 

devices. Host defenses and antimicrobial therapy May be 

ineffective once the bacterial biofilm has been established on 

the prosthesis surface and resolution of the infection may then 

require removal of the medical ~mplant-. 
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3.4 Peritoneal dialysis solutions 

The non physiologieal characteristics of peritoneal 

dialysis solutions as wéll as the prolonged exposure of the 

peritoneal cavity to large volumes of these solutions during 

CAPO has led to the investigation of their influence on 

peritoneal host defense. Following peri_toneal instillation 

the pH of the peritoneal dialysis solution pool reached 
\ 

physiOlogical levels after approximately 30 mirtutes of ... 

pe,ritoneal dwell while isoosmola.rity was achieved aft~r 4 ta 

6 hours (22, 173). In addition to being hypertonie and 
. ... , 

havi~g low pH, dialysis solutions may contain unidentified 

constituents genera~ed during sterilization or compounds 

leached out of the plastic bag. 4I'herapeutic agents (eg" 

heparin, insulin) a~e also frequently added to the idflOwing ~ 
dialysis solution. AlI of these substances may affect 

peritoneal immune responses to varying degrees. 

. . " Results of 1n v~tro assessments have demonstrated that 

exposure of circulating and peritoneàl leucocytes -to 

peritoneal dialysis solutions tnhibited phagocytosis and 

'" bactericidal activity (173, 174). Furthermore, leucocytes 
, 

were rend~red non viable after incupation, ranging from 30 

minutes to 3 hours, in fresh dialysis solution (174, 175). 

The deleterious effect of dialysis solutions decreased with 

increasing peritoneal dwell time however, dialysate effluents. 

collect~d up to two ~ours after p~ritonea1 instillation 

significantly impaired leucocyte phagocytosis (174). After 
"\ 

dwelling in the peritoneal cavity of a CAPO patient ,for 4 
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hours, peritoneal dialysis solutions had ~ieved physiologie 

osmolarity and pH and did not subsequently impair leucocyte 

function (174, 175). t 
Mechanical disruption of the periton~al environment 

resu1ting from the peritoneal instillation of large -f1uid 

volumes mpy also interfere with ~ost dafense against 

bacterial infection. Presumably, increasing peritoneal 

volume dilutes soluble immunoreactive substances and reduces 
" . 

the frequency of bacteria phagocyte interaction~. In vitro 
. 

bactericidal activity of petipheral blood leu~ocytes against . 
~scherichia coli decreased with increas~ng fluid volume 

(176). Furthermore, in rats subjected to intraperitonel E. , 
r' 

coli inoculation, the LDSO d~creased with increasing 

inocula~ion vplutne (176, 177) as' did the rate of clearance of 

a non 1ethal inoculum (176). 

The ability of peri~neai dialysis solutions to support 
a 

bacterial growth and the efficacy of antimicrobial agents in 

the presence of dialysis solutions-has aiso been 

investigated~ Fresh dialys!s solution was not a satisfactory . 
~ 

medium for microbiological culture'(l7S-180) however 

conditions for growth improved markedly with peritoneal dwell 

time (ISO). Antimi~robial activity was impaired in ~he 

presence of dialysis solution such that Tobramycin's capacity 
.I.J • ,. • / 

to reduce. bacterial colony forming un~ts was on~y 10% o~ ~ts 

bacter~cidal capacity in standard nutrient broth (ISO). 

Furthermore, dialysis solutions severely compromised the 

opsonic and bacteriolytic functions of'serum complement 
1 

(-181) • 
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The non physiologic nature of dialysis solutions 

introduced in la~ge volumes into ,the peritoneal cavity may 

generate an environment in which immune reactants are 

diluted, leucocyte viability and functions are'challenged and 

antibiotic, opsonic aS.,Yleil as compl~ment function, are 

impaired. Yet, only one study has been r~orted in the 
la 

~iterature that has addressed the influence of dialysis 

solutions dwelling in the peritoneal cavity on the outcome of 

intraperitoneal bacterial inoculation in chroniç ,renal 

failure animaIs. Assessments were conducted in the rat~odel 
( . 

, 
of renal failure 24 hours after inoèulati9n of 2 x 107 cfu 

E. càli and a moderate el$vation in bacteria+ rec?very from 

the spleen of those anim~ls that had undergone peritoneal 

infusion of"dialysis solution was demonstrated (158). t / 
1 Further mor,e comprehènsive i~gations including differing 

. 
microorganisms, inocula size and dia1ysis solution infusion 

volumes may be required to fully explore the in vivo 

implications of the results of in vitro assessrnents. 
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4. Efforts to Resolve CAPD Peritonitis r .\ 
4.1 Technica1 advances in ancillary equipment 

, Since the introduction of CAPO, consistent~ efforts to 

resolve peritonitis have been successfu1 in reducing the 

incidence of this comp1icati~. Factors which may have 

coptributed to the achieved reduction in peritonitis rates 
, 

inc1ude improved training programs, better equi~ment 

') (particu1ar1y the introduction of plastic bags containing 

dia1ysis solutions), a better understanding of the sources of 

infection and improved the~apeutic methods (182). Oespite 

, these )mprovements CAPD peritonitis has not been e1iminatJd and 

remains d .serious c1inical co~p1ication. , 
The etio1ogy of CAP~ peritonitis and the factors that 

mJght contribute to its prevention remain 1argely unknown. 

COl'\siderable efforts have focus'ed on patient cornpliance to the 

sterile ~echnique required for the dialysis solution exchange 

procedure (183). A number ~f different approaches to improve 
, - ( . 

\ -
, the connection between the tubiag set and tl).e dia1ysis bag have 

been devised and range fr~m simple manua11y operated 

-connections.to more complex 'semiautomatic_devices. The cornmon 

objective ,of all des"lgns has been to limit to'uch contamination 

of the tubing set dUring~a1YSiS solution exchange. 

Technica1ly simple devices employ a sh~eld around the 

'" junction between the tubing set and the d~a1ysis bag which 

protects against touch contamination (184~186). Incorporated 
-

into sorne of these devices is a dis infectant, proviodine . . , 

iodine, which is either applied to the open' connection before 
" ' 

1 

1 

J. 
1 
1 

<,' 
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peritoneal instillation or to the closed junction with a sponge 

~nd clamp device. Qf particular interest is a double bag 

system with. a Y co'nnecting set in .which a disinfec~:ing solution 

(25 to 50% hYPochlorite) resides. This device has had more 

clinical success than the others tested (187-190). Clinical 
'1:' 

expefience has been limited yet a small prospective controiled 

st~dy has demonstr~ted a significant reduction of peritonitis 

in the group of patients using the Y connector compared to 

those practicing st~ndard methods of CAPO. However, 

pe:r.itonitis was not eliminated and the prevalent causative 

organism in both groups' of 'patients was staphylococcus 
i 

" epidermidis (187). More complex devices combine a mechanical:. 

connector with an active sterilization process which have 

included thermal sterilization with electrical, flame or 

microwave heating ('11-193) or sterilization with an: 

u1 travi01et sterilization system (194). In addition, ... 

ounidirectiona1 bacter-ia retentive filt~rs in the tubing set 

have a1so been evaluated rn att~Pts to improve peritonitis 

rates (195, 196). 

Considerable effort has been expended on the development 
~, 

c 

the resul ts of in pEo 
they May have an 

, 
of new connection -systems for CAPO and 

assessments of these devi~es show that 

effective clinical ppplication. However, to date, there is 

limited clinical experience with these devices and the ,lack 'of 

prospective randomized clinical trials makes evalua~ion 

difficult. Preliminary results suggest that although improved 

technology reduced the incidence of peritonitis, 'it rnay not 

eliminate this seri9us complication of CAPO. 
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4.2, Animal models 

Aàimal models have a 'fundamental importance in medical 
\ 
t • 

researc~, offering in vivo systems for experimental 

_investi~at~ons'that could not be 'otherwise conducted. A, 

primary objective of animal modelling is to mimic, as close1y 

as possible, the, pertinent clinical condition in a weIl defined. 

and controlled èxpe~imental setting .. In contrast ta the 

heterogeneous n~ure of cliniçal conditions,' animal modèl 

characteristics are less varial:He and the us~ of ir~bred animal 
o ,. 

strains further reduces inter~ndiyidual var~ation. 
",,-. . 

/ '1 , 
, . Small rodents are frequently utilized for animal models in 

experimental medicine. Rats or mice are -relatively , 
( ... 

inexpen~ive, are easily maintained, and animals of the same age 
u 0"" 

and sex can be readily acq~i:r:ed in quantfties sufficie~t for 

statistical evaluation. 

'"' -

In~red stpa~ns are genetically and 

immunologically w~ll defined; cbar~ct~ristics which are of 
. " 

par~icular importanc~ in animal models addressing host immune 

resp~nse. The scope of.experiments based on inbred animaIs may 

be increased by utilizing diff~ent inbred strains for several 
;') 

distinct models. ; ,,., 
J 

(} 

In spite of these advantagés, ~ne must carefully 

scrutinize th~ extrapolation of resul ts bastd on . animal mode l, 

experi~entation to clinical si 1:=-uations. The homogen0us 'nature 

of animal mo"dels> clearly does not rexlect the~ clinica1 settinç 

'" and therefore,"by design, the ,model does not exactly parallel 
c 

clinical conditions. Nevertheless, anima~ models provide â 

si~plified in vivo system which accommodates con~rollêa ~nd' 
\J 

reproducible experiments and interpretati(:)O of results is not' 

,impeded" by confounding clinical variables. 
- 52 
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(several anima.l models of peritonitis have been d!=!scr~bed ' 

i\ which peritoneal infectio~;: has bean induced by (-- :, 

devascularization of'a segment of intestine, intraperftoneal 

administration of fecal rnaterial or c inoculation of pure . ' 

bacterial culture (197). C1early the development of' an animal 
( , 

model of CAPO in which to investigate the deve10pment and 
1 

persistence of peritonitis would be extremely useful. In 

addition to variables associated with patient manag~ent, the 

heterogenous nature of the dialysis patient population _has 
t . . ,...... ., 

hinded the interpretation of clinical investigatiçns. "An 

animal model would al.!ow investigations to', be conducted' under 
,1 , 

controlled experimental conditions however, attempts to 

establish an infection free and oth~rwise thriving animal model 
-{ 

of CAPO have been unsuccessful. 
, 

The primary obstacle in dev~loping an ~nimal model of CAPO 

in normal and chronic rena1 fa~l~r~ animaIs has been peritoneal 

access. In rabb'i ts having normal, kidney function spontaneous 

bacterial colonization and occlusion oi the catheter was .. 
observed during the three weeks following peri~l catheter 

/ 

implantatIon (19à-199). Rats and guinea pigs having nOEmal 

kidney function underwent short term peritoneal dialysis ,(48, 

hours) however hemoconcentration developed and there was a 

marked protein loss to the dialysi~' solution (200). Chronic 

renal failure rabbi ts were maintained on CAPO for 14 days 

during which time total plasma protein ,and body weight 

-decreased significantly (201). Omental wrapping of the 

catheter and ob~truction by fibrin clotting also 'complicated 
1 

animal management. Anephric dogs s~rvived 37 to 83 daye wit~ 

,. CAPD as "h!'flal replacement therapy however animals devel~ped 
~ 
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peritonitis which required daily antibiotic'administration and 

a;l dogs presented significant weight loss (202). In chronic 

renal failure rats CAPO was limited to 48 hours due to one way 

catheter obstruction such that peritoneal instillation of , 
~ 

dialysis solution was accomplished but drainage ,was not 

possible (158)., 

Although chronic renal failure animals were successfully 
o • 

maintained with CAPO for varying periods'of time,-high , 
" 

'concentrations of heparin andlor antibiotics were added to t.he 

dialysis solution in order to maintain a patent catheter and an 

{,\', infection free q host. Furthermore .spontaneous bacterial 

contamination of the' peritoneal catheter was cornmon. Although 

tne developed animal models.1 may be useful for certain 

investigations the addition of therapeutic agents to the 

dialysis solution and the development of spontaneous 
< ; 

, 
peritonitis render these animal preparations unacceptable for 

'studies of controlled peritoneal bacterial challenge. 

4 , 

Î 
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Chapter 2 

Aims of the present study. 

. In spite of efforts to prevent the development of 

peritonitis it remains a major clinical complication of CAPO. 
, 

Furthermore, ,clinical investigations have failed to clearly 

define the etiological agents which contribute to the 

development, persistence and recurrence of CAPO peritonitis. 

Thé' development of an~' animal model in which to evaluate 

variables that may predispose to CAPO peritonitis in a , 

controlled ~xperimental system~would b~ of obvious value. 
1 ~ 

Although the anima~reparation utilized for the sUbse~uent 

investigation was not a model of CAPO, several variables 

associated with CAPD treatment were, nevertheless, d , 
• represented. 

The overall objective ofJthe current study was to 

invesJigate the relative rol~s of uremia and CAPO treatment 

,variables in the pathogenesis of peritoneal Staphylococcus 

epidermidis infection in a mouse pre~aration\ of chronic renal 

failure. The aims of each of the subsequent sections 

present~d in the thesis are as follows: 
.. 
1. To further ch~racterize the mouse 'model of chronic 

... 2. 

~n~l failure and to·expand the mouse model to 

include an infection free permanently dwelling 

peritoneal catheter implant. / 

To investigat\ the influence of chronic renai failure 

on response of\rnice to intraperitoneal s. epidermidis 

challenge. Response parameters include (a) survival .. 
time following large inocula as well 'as (b) the 

kinetics of bacterial clearance following' a smaller 
"-
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inoculum and (c) the peritoneal and systemic 

inflammatory response of mice following 

intraperitoneal inoculat~on. 

3. To investigate the role of a permanentIy dwelling 

p~ritoneal catheter in the development and 
1 

persisten~e of ~eritoneal· S. epidermidis infection in . . 
mice and to study the influence of chronic renal 

, 
failure on respon~. of mice bearing a peritoneal 

catheter to peritoneal S. epidermidis challenge.-
- 1 o 

4. To investigate the' abiliti of commerciaL~.f\ available 

5. 

peritoneal dialysis solutions to maintain mouse. 

peritoneal leucocytes (resident and elicited) durin~ 
, 

in vitro in 

e influence of repeated 

intraca.theter itoneal instillation of dialysis ' 

solutions on the response of sham-operated and renal 

tailure mice to peritoneal S. ePidermidis challenge . 
.. 
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Chapter 3 

Establis~ing a mouse model of chronic renal failure in which 

to characterize response to intraperitoneal Staphylococcus 

eeidermidis cha~lenge 

o 
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Section 3.1 

7 

Description and characterization of a mouse model for the n 

inve~tigation of the ~tiology of CAPD peritonitis' 

, , ) 
.1 

Presented in part at the 55th Annual Mee~ing of the Royal , 
Co1lege of Physicians and ?urgeons of Canada, T~ronto, Canada, 

of' 
September 21-25, 1986 

. , ' 

This ~~~criPt has been .ubmitte~ for publication in The 

l ';,: American Journal of Kidney Diseas. ", " 

\ " 
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Abstract 

Controversy exists over the mechanism(s) by which 

continuous ambu1atory peritoneal dialysis (CAPO) is cO~~icated 

by peritonitis. This animal model was developed to 

characterize the microbiological, inflammatory and 
, 

morphological responses of mice to peritoneal bacterial 

challenge and thereby provide a basis for the evaluation of 

factors ~that may predispose to peritonitis. The Inouse model of 

renal failure was prepared by a two step surgical procedure 

beginning.with electrocoagulation of the right renal cortex and 
\ 

followed two weeks later by left nephrectomy (renal failure) ~ 

surgical explorat.ion of the left renal area (sham-ope~ated) • .,. '"''\.p 

Two weeks after the second surgical procedure, a segment of a 

CAPO cathe,ter was implanted entirely within the confines of the 

pe~itoneal cavity of mice and experimental assessments were 

conducted one month after catheter implantation. This animal 

preparation has demonstrated (1) marked retention of 

nitrogeno.us compounds, severe anemia and gro~th retardation 

which are prominent features of chronic renal failure,' (2) that 

the preparatory surgi cal procedures as weIl as the 

intr~catheter peritoneal instilla)ton of dialysis solution was 
,~ 

weIl tolerated and did not lead to contamination of the 

peritoneal cavity and (3) that repeated peritoneal instillation 
, , 

of dialysis solution did, however, produce a local inflammatory 
\ 

rea~tion. Having characterized the mouse model, further 

investigat~on of the mechanisms th'at initiate and contribute to 
~ . 

the progression of CAPO peritoneal infection, and evaluations 

of antimicrobial treatment strategies can now be conducted. 
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Introduction 
, 

The management of end stage renal dis'ease patients wi th 

continuous ambulatory peritoneal dialysis is frequently 

complicated by peritonitis (1,2), however the relative roles of 

renal failur&, CAPO treatment variables and virulence 

determinants of the infecting microorganism in the pathogenesis 
" of this serious complication remain to be defined. The common 

skin commensal, Staphylococcûs epidermidis,ocauses a major~ty 

of CAPO peritonitis episodes (3-5) and is thought to gain 

access into the peritoneal cavity either by touch contamination 

when the permanent peritoneal catheter is open during dialysate 

exahange or by colonization from the skin along the 

subcutaneous catheter tract to the peritoneal cavity. Host 

defenses ag~inst bacterial infection which are impaired in the 
'. 

vicini ty of' fore'ig; implants (6) May be further compromised in \.. .. 
the presence of peritonea~~ialysis $olutions. Slime 

~ , , 

productiop qy certain strains of S. epidermidis favors ' 

, colonization of CAPD catheters by enhancing bacterial 

attachment to the catheter surface and interfering with host 

defense mechanisms (7,8). 

Models of peritoneal dialysis in chronic renal failure and 
• 1 -

nOrral animaIs have been limited by uncontrolled peritoneal 

inf~tion, obstruction of the peritoneal catheter and failure 

of experimental animals to thrive (9-12). In the current mouse 

model of renal failure, a segment of a CAPO catheter was 

implanted compl~tely within the confines of the peritoneal 
( 

cavity and fixed to the lateral abdominal wall. There waS no 
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exit site of the catheter through the abdominal skin thereby 

maintaining the integrity of the peritoneal cavity. 

Transcutaneous in jection into the catheter lumen was a simple 

procedure requiring light ether anesthesia of mice. This 

animal model was developed to investigat~ the role of a 

peritoneal catheter implant and repeated intraperitoneal 
, .~ 

instillation of peritoneal dialysis solution ,without peritoneal 

drainage, in.the pathogenesis of peritoneal Staphylococcus 

epidermidis infections in r'enal failure mice. Although the 

peritoneal cavity of mice was repeatedly exposed to dialysis 

solution, CAPD was not actually conducted . 

. 
Materials and Methods 

-preparation of animaIs 

Female C57BL/6 mice were obtained from Charles River 
. & 

Breeding Laboratories (Kingston, NY, -USA) at five weeks of age. 

The animaIs were allowed to acclimatize in holding facilities 

for one week prior ~o use. AIl animaIs had free access to 

water and mouse chow. 

Renal failure: 

The preparation of renal failure and sham-operated mice 

- - was accomplished by a two step surgi cal procedure which has 
, 

been previously described (13). Brief1y, ~ix week old mice 

. were anesthetized with ether and a ... ~mall flank incision was 

made through which the right kidney was separated from the 

adrenal gland and freed of pe'rirenal fat. Particular caution 

was taken to avoid trauma to the ureter. Using a single point 

cauterizer (Hyfrec~tor, Model X-7l2, Birtcher Corp, Los 

Angeles, Calif., USA) and excluding a 2mm margin around the 
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renal pelvis, the exposed surface of the kidney was 
-

electrocoagulated. _ The incision was closed with a runni'ng 

suture through the deep layers and surgical clips were applied 

to the skin. Two ,weeks after right renal electrocoagulation, a 

,left nephrectomy was done in those animals that would 

constitute the renal failu~roup and surgical exploratien of , 
/ 

the left renal area was conducted in sham-operated controls. 

In studies characterizing the mouse model of renal failure, 

normal control mice were also included in our assessments. 
1 , 9 

Catheter implantation: 
• 

The mouse model of chronic renal failure_was expanded to 

include a permanently dwelling peritoneal catheter. Two' weeks 
Il} 

elapsed between nephrectomy ~r sham surgery and peritone~l 

tmplantation of a custom made segment (length: 12 mm, outer 

di~meter: 5 mm) of an Oreopoulos-Zellerman CAPD catheter 

(Accurate Surgical Instruments Co., Toronto, Çanada). Both, 

ends of the segment were bevelled a~d six perfo~ations were 

regularly spaced along the catheter length (Figure 1). 

According to the manufacturer_' s ~pecifi~ations, cathet~~_ 

segments were washed in mild detergent, rinsed several times in ", 
distilled water and gas sterilized. Through a left flank 

incision the catheter segment was placed entirely within the 

confines of the peritoneal cavity and was sècured to the 

l~teral abdominal wall by a single anchoring suture passing 

through one of the side perforations. The free end of the 

catheter was ~irected toward~ the left lower quadrant of the 

abdominal cavity. The incision was closed with a running , 
. -

suture through the deep layers and surgical clips were applied 
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· Figure 1. A'schematic representation demonstrating the relative 
size of the catheter segment for mice and thè 
Oreopo~los-Zellerman peritoneal dialysis catheter used 
for CAPD. 
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t9 the skin. Four to six ~eeks later animaIs were used for 

experimentati9n. 

Access to the peritoneal cavity: 

Under light ether anesthesia, the iatheter segment was 
ft manipulated to palpate the lumen cavity. The abdomen was 

~ washed with alcohol and a 25 gauge needle was passed through 
1. 

the abdominal wall into the lumen of the free end of the 

peritoneal catheter-(Figure 2). During bacterial challenge 

ex~r~ments a l ml inoculation ~olume was thus injected 

transcutaneously into the catheter lumen. Peritoneal 
" '> 

~nstillation of larger volumes of peritoneal dialysis solution 
s 

was similarly administered through the catheter lumen and was 

conducted' daily for periods of up to two weeks •. Dialysis ,. 
solution containing 4.25% dextrose (Atbott Laboratories Ltd, 

Montreal, Canada) was prewarmed te 37°C before peritoneal 

infusion and a total daily instilled volume of 3 ml was 

administered once or devided into two eq~l infusions, morning 

and evening. Body weight ox mica was determined daily 

throughout the infusion procedure. ~ 

Blood analysis 

At sacrifice, mice were anesthetized with ether, weighed 

and exsanguinated by cardiac pqncture,' BloOO was collected in 

heparin-coated plastic syringes (Hepalean, Harris Laborator~es, 

1 Toronto, Canada) for biochemistry an~ hematology analysis. 

Blood urea nitrogen (BUN) levels were determined with an IL-9 

autoanalyzer (Instrumentation Laboratory Inc., Lexington, 

Mas~, USA). Routine hematology was done utilizing a Coulter 

counter (~odel 2Bl Coulter Electronies Ine., Hialeah, Fla., 
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Figure 2. A schematic representatioQ of transcutaneous injection. 
into the lumen of the peritoneal catheter segment in 

'mice. Drawing made from a lateral decubitus X~ray. 
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USA) and ~ifferential cell counts were performed on 
~ ~ 

wr~ght-~tained blood'smear preparations. 

Collection and processing of spe~imens for microbiological 

.assessment 
. . 

The abdomen of each animal was washed with alcohol and the , 

sk'in and loose connective tissue were iétracted aseptically to 

expose an intact tra~sl~eh~ abdomin~l wal~ (parietal 
c 

per~oneum constituting the inner lining). TFn ml of min~müm 

essential medium '(E~gle. Modified) containing 10% heat 
, '1\ 

inactivated fetal calf serum qnd 20 mM HEPES buffer was - , , 

injected .through thde abdominal wall dire'ctly intoj, the c~ 

peritoneal cavity and the peritoneal washout was slowly 

aspirated. Ce~lula~ity 9f each perito~eal washin9 was 
, . 

G 

enumerated in a Neubauer counting chamber and differential c'ell 
, '1 , ~ 

counts were determined from cytocentrifuge pre~arations ~tained 
, 

with Diff-Quick (American,Scientific Products, McGaw Park, 
g 't 

, 
. Ill., USA). An aliquot of each sample was quantitatively 

o • 0 " 

cultured onto 5% harse blood Columbia agar for bacterial 

content and identity. ) 

A specimen of ,tEe exposed abdominal ~all (app~oximatèly,2 

x 2 cm) was excised aseptically and was homogenized in 2 ml 
~ 

phosphate buffered saline (PBS). The peritoneal catheter 

segment was removed by c~reful dissection of any adhering 
• 

tissue and b~ cutting the anchoring suture, to the lat~râl 
, 

abdominal wall. Fluid within the catheter lumen was aSp'ira~ed 
, . 

" 
and total cellularity determi?~ti~ns as weIL as cytocentrifuge 

preparations for differential eell counts were conducted as, for .... 

peri to.neal washings. Granulat.ion tiss:le ~lways formed a, 
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continuous sheath around the catheter segment. This tissue was 

aseptically removed and homogenized in l ml PBS. Homogenized 

tissue specimens were'inoculated onto 5% horse blood.Columbi~ 

agar. 17 

Recovered catheter segments were assesed microbiolog~cally 

following a rnodïfication of a previously describE7d method (14). ~' 
~ ~ 0 

. 

Using )ight downward p~essure the catheter segmen~was streaked 

across a blood agar plate ten times. The catheter was rotated. 
, . 

90 0 and again streaked ten times across the agar plate. This 
• 

process was repeated four tirnes and the catheter was then 

incubated in trypticase soy broth. 

Histological assessment o ~. 

A 2.mm tran~verse section of the catheter associated . . 
tissue was peeled away from the anchoring end of each catheter 

> 
segment and was reserved for light microscopy. Following 

standard tec~niques, the tissue was fixed in 10% buffered 

formalin and stained wit'h hematoxylin and eosin. 

EX12erimental 12rotocol 
. 

The protocol for the preparation of the mouse model 
.. ' 

including peritoneal catheter implantation and peritoneal 

instillation of peritoneal.dialysis solution is summarized in 

Statistical analysis .. ' 

AlI results are expressed as mean±$D. Unpaired data from 

sham-operated and renal failure mice were.èomp~ed by Student's 

1 t test and techniques for analysis of variance. were used for 

muitiple comparisons between experimental oonditions of 

infusion and no infusion. 
, 

\ 
\ 
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Table _ r: Animal preparation protocol 

Proced!-lre 

~ , ...,,\\ 

. Electrocoagulation of _right kidney surface 
(sham-operated and renal fa~lure mice). 

Lef~ 'nephrectomy (renal failure mice) or surgical 
ex~+.or~tion of left renal area (sham-operated mice). 

• ! 

Implantation of the CAPO catheter segment within the 
peritoneal cavity of ~ice. 

Daily intracatheter peritoneal ~nstillation of 
peritoneal dialysis solution begins and cont;.inues 
for two weeks. 

Peritoneal infusion of peritoneal dialysis solutions 
ends and mice are sacrificed for assessment. 

+ Experimental assessment was conducted six to eight weeks after 
the induction of renal fai~ure or sham surgery. 
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Results 

Renal fai!l.ure 

ALI sham-operated and renal failure mice tolerated right 

renal electrocoagulation and two weeks later underwent a second 
f "'-" 

, surgical procedure. Following the surgical exploration of the 
• 0 

left renal area, aIL sham-operated mice survived indefinitely. 

Approxim~tely 20% of renal failure mi ce died within four days 

of nepbre,?tomy as a result of excessive renal 

e1ectrocoagulation and the ·remaining 80% survived until their 

designated experimenta1 sacrifice date 6 to 8 weeks -after the • 

induction of renal failure. Normal control li ttermates were 

also included in experiments conducted to characterize the 

mouse model of chronic renal failure. 
t \ 

Our assessment of serum creatinin,e in normal C57BL/6 mice 

demonstrated a level of 0.1 mg/dl which is at the lower end of 

the range of publishèd normal va1.ues for mice (15-17) and" i9 

app;-oximately one tenth the normal level in man. Routinely 

blood urea ni trogen (BUN) served as the Key biochernical r 
parameter for the' mea~urement of the degree of renal failure in 

tl1e mouse model. Mice present normal ~alues for severaI other 

parameters that differ from those of man (15-17), including the 

smaller size of red blood cells 1 the larger proporti'on of 
l ,,' 

lymphocytes in the differential count of, circulating leucocy;tes 
\ 

(o~er 90% lymphocytes, less than 10% polymorphs) and higher 

platelet counts. HOwever none of these species di fferences 

precluded the development of the present animal model . 
• 
v At the time of our a~sessment, six weeks after the 

\ 

induction of renal failure, mice presented markedly elevated 
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levels of BUN, significant anemia and growth retardation 

compared to sham-operated controls (Table 2 )-. Microbiological 

assessment of peritoneal washings and parietal peritoneum of 0 

o 

sham-operated and renal failure mice did not reveal evidence of 

bacterial conta 'nation. Peritoneal and circulating leucocyte 

population harvested from mice six weeks after nephrectomy or 

l' sham surger were similar in cel~ularity and differential 

nature to those of normal control mice (Table 3) . 
. 

Catheter implantation 

Initial attempts to implant the peritoneal catheter 

segment at either the first (kidney electrocoagulation) or 

second (nephrectomy or sham surgery) surgical~ procedure were 
, {'. 

not tolerated by renal failure animaIs. Catheter implantation 

was howev'er weIl tolerated _ by aIl -mice when a third surgical 

procedure fpr this pu~pose \wa~ performed two weeks after . 
1_, ,t 

nephrectomy or sham surgery. S4bsequent investigation of ~his 

phenomenon demonst'rat~d that oatheter implantation could be ., 
successfully accomplished at the time of the first or second 

surge~ if the interval between these procedures was extended. 

Neverthe~ess the current animal model is based on three 

separate prèparatory surgical procedures conducted over a six 

week periode 

Within 48 hours of catheter implantation, the formation of 

granulation ti8~ue around the catheter segm~nt was eyident. 
, 

After one month the implant was completely surrounded by a 

fibrous tissue sheath. Immediate peritoneal distribution of a 

l ml intracatheter injection volume was not, however, impeded 

by the catheter associated,granulation tissue as ~emonstrated 

70 

<,J. 



c 

• 

·' , -

Table 2: Characteristics of sham-op~rated and renal failure mice 
harbouring peritoneal catheter segmentsa,b ~ \ 

Animal status: Sham-operated 
(54) 

Blood urea nitrogen (mg/dl) 2l.4±4.7 

Hemoglobin (g/dl) 13.l±l.Q 

Body weight (g) 20.7±1.9 

expressed as mean±SD. 
is. indicated in parenthesis. 

Renal failure 
(57 ) 

85.8±25.4c 

9. Q±l. 4 c 

19.6±2.0c 

aResult: s::; 
bSample Bize 
CSigni ficant differepce (p<O.05) between the two groups of mice. 
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, 
3. Peritoneal and circulating leucocytes of normal, sham-operated.and 
failure micea,b 

Animal status:\ Normal Sham-operated Renal failure ,. 

Peritoneal leucocytes (24) (12) (15) 
~ 

Leucocytes/~l (xl06 
) o .8±O. 3 O.6±O.2 O.8±0."4 

"" 
Mononuclear cells (i) 95.8±2.8 97.2±3.4 ~98.l±1.5 

(i) "----' Polymorphs 2.0±2.4 ,. 2.5±3.4 1.4±1.4. 

Circulating leucocytes ~(13) (10) .. (15) 

Leucocytes/ml (xlO 3 ) 4.4±1.4 5.7±2.3 5.8±3.4 

~ . Mononuclear cells (i) 96.1±4.1 94.1±4.8 92.0±5.4 

'1 
Polymorphs (i) 3.9±4.l 

aResults are expressed as mean±SD. 
bSample size is indicated in parenthesis. 

5.914.8 

CMononuclear cells refer to lymphocytes and macrophages. . -
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by intracatheter injection of Renographin-60 (Figure 3). 

Histological examination of the granulation tissue revealed a 

,{lpoorly vascularized weIl established tissue which consisted 

primarilyof fibroblasts and lymphocytes (Figure 4). The 

1 cellular constituents of fluid aspirated from the catheter 

lumen were 15% erythrocytes and 85% leucocytes of which 

) approximately 28% were polymorphs. 

Experimental bacterial challenge and intracatheter infusion of 
\ 
peritoneal dialysis solution 

Mice underwent peritoneal bacterial challenge by 

transcutaneous injection through the abdominal wall either 

directly into the peritoneal cavity or into the catheter lumen. 

Microbiological assessment of peritoneal structures and 

recovered catheter segments did not reveal evidence of 

bacterial contamination and the only positive bacterial 

recoveries were those of the experimental challenge bacterium, 

'd ,La' S. epl erml 1S. 

Du~ng control studies, under conditions of twice daily 

intracatheter instillatio~ of pe~itoneal dialysis solution for 

a period of two weeks, mice did not present;, evidence of 

peritoneal contamination. No bacterial growth was recovered 

from perit6neal structures or catheter segments of five renal 

failure and five sha~-operated mice subjected ta this repeated 

infusion schedule. (There was, however, evidence of local 

inflammation measured by elevated peritoneal polymorph Jounts 

in renal failure and sham-operated' mice receiving daily 

peritoneal infusion compared to non infused controls (Table 4). 

Inflammation was most severe in renal failure mice in which 
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Figure 3. 
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Time sequènce of peritoneal distribution of 
Renographin-60 at ,( from left to righto) 10, 20, 30 and 
40 seconds after intracatheter injection of a l ml 
v.o1ume. 
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Figur 

.. 
, 1 

,1 

HistolOgi~al .~ectl ons of granulation tissue aSS:Ciated 
with the periton;tl catheter segment one month after 
implantation. Cellular constituents of tissue are 
predominantly fibroblasts and mononuclear leucocytes 
(Hematoxylin and eosin x 400). 0 

Left panel: A thicker tissue is ~ssociated with the 
end of the catheter sègment. Fibroblasts and 
mononuclear ~eucocytes are evident. 
Right panel: A thinner fibrous sheath, ~onsisting 
predominantly of' fibroblasts is associated with the 
length of the catheter segment. 
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Table 4: Peritoneal and circulating leucocytes of mice subjected to twice 
daily peritoneal infusion of 4.25% dextrosè peritoneal dialys~s 
solutiona ,b 

Animal Statua: 

Condition 

Peritoneal leucocytes 

Leu~ocytes/ml (x106 ) 

\, 

Shamfperated 

No Infusion 
(12) 

O.'6±0.2 , 

Infusion 
(5) 

-------------

0.1± 0 .. 1 
c 0 

'" 
'> 

Renal Failure 

No Infusion 
(16) 

~ 

0.8±O.4 

Infusion 
(5) 

1.5±O.7c-,d 
. 

POlymorphs (i) 2.5±3.4 l5.6±16.1C 1.4±1.4 41,.0 ±lS. 9c ,d 

Circulating leucocytes 
, 

Leucocytes/mm (xlO3-) 5.7±2.3 5 .S± 2.9 

Polymorpl)s (%) 5.9±4.8 l4.0±12.3 

aResults are expressed as mean±SD. 
bSample size is indicated in parenthesis. 

f>.8± 3. 4 6.l±2.7, 

8.0±5.4 6.6±4.7 

CSignificant difference (p<O.OS) between infused and non infused mice. 
dSignificant difference (p<O.05) between ren8i failure and respective sham-

operated mice. ! 
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peritoneal leucocyte counts doubled and polymorphs increased 

dramatically during the infusion procedure. Sham-operated mice 

receiving daily infusion presented a more moderate elevation of 

peritoneal polymorphs and an unexplained fall in the levels of 

peritoneal leucocytes compared to non infused mice. There was 

no significant systemic inflammation as a consequence of daily 

infusion in either renal failure or sham-operated mice. Body 

weight of mice remained constant throughout the period of 

peritoneal instillation of dialysis solution and was similar to 

preirifusion measurements. 

Discussion 

We have used this mouse model to study the mechanisms by-

which patients treated with continuous arnbulatory periton~ 

dialysi~ develop peritonitis. The development of this mOde3 
, , 

and the characteristics of the resulting animal preparation, 

however, have not been previously reported. Implantation of 
, , 

the catheter entirely within the confines of the peritoneal 

cavity and aseptic transcutaneous injection into the catheter 

lumen provided peritoneal access without risking bacterial 

contamination o,f an open exit site to the skin. Repeated daily 

peritoneal instillation of dialysis solution was successfully 

conducted however drainage of the instilled volume was not 

achieved. In spite of this obvious difference between our 

experimental preparation and the practiee of CAPO, this animal 

model has been sueeessfully used in the'investigation of the 

response of chronically uremie miee to peritoneal challenge 

with S. e~idermidis (18-21). 

The mouse model of renal failure was originally developed 
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to study the inflJ\nce of seve~e and chronic uremia on immune 

responses. In comparison to other animals, inbred strains of 

mice have been well defined immunologically and therefore the 
.. 

. mouse is a preferred experimental species for studies of host 

defense mechanisms. Characte~istics of the mouse model of 

renal failure have been previously described (22). Six weeks 
.... 

after the onset of renal failure, mice were azotemic and 

presented significant anemia and growth retardatl.on. 

Micro~iological assessment of peritoneal ttructures did not 

present evidence of peritoneal contamin~ion resulting from 

preparatory surgical procedures and the ~ature of peritoneal 

and circulating leucocytes was s.:hmilar tO,l that of normal 
~, 

control mice. for the investigation of CAPO associated 

peritonitis, the mouse model of renal failure was expanded to 

inc 1 ude a per:manently dwell ing per i tonea 1 ca thet'er . The nature 

of these studies required an infection free host in \.Jhich 

controlled experimental bacterial challenges could ~e 

conducted. Catheter implantation was never complida~ed by 
o 

bacterial contamination of tne peritoneum or the catheter site. 

onè month after catheter implantation, at the time of 
.. 

experimentation, the only culture positive reco~eries from 

peritoneal structures of mice were those of the experimental" 

inoculum. 

Granulation tissue invariably surrounded the peritoneal 

catheter segment of mice one month after implantation. 

Encapsulation of the p~ritoneal catheter in the rat model of 

CAPD has been previousiy reported (12). In ~ current study, 

histological assessment of the fibrous sheath~ncompassing the 
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catheter revealed a poorly vascularized tissue which consisted. 

predominantly of fibroblasts and mononuclear leucocytes and was 

characteristic of low grade chronic inflammatory response to. 

the foreign implant (23,24). Catheter segments for mice were 
-1 

manufactured from the same silicone rubber tubipg used for the 

oreopoulos-Zellermah CAPD cathe,ter. Al th04-9h any foreign 

insoluble material can provoke chronic inflammatory responses, 

silicones are chemically inert and induce Little inflarrunatory 

or immunological ,response' (25-27). In order to minimize the 

peritoneal response to the catheter ~mplant both ends of the 

--­catheter segment were bevelled smooth (23,28). In contrast to 

observations in rats and mice, a similar granulation tissue 
" 

reaction is not apparent when peritoneal catheters are 
~ 

surgically removed from CAPD patien~s (29,30). These, 
" 

differences may be explained by the varying lengths of time 
')c 

that the peritoneal ëatheters reside in the peritoneal cavity 

lone rnonth in mice, varying longer periods in man) or by the 

size and shape of the catheter segment. 

Repeated daily per~toneal instiliation of'peritoneal 

dialysis solution without peritoneal drainage was successfully 

conducted in mice for periods of up to two weeks. 

Characterization of the mouse model has demonstrated that renal 

failure mice frequently produce large volumes of dilute urine 

(22), which presumably allowed the renal failure mice in the 
~ 

current preparation to maintain COllstant body weight levels 

during the period of peritoneal infusion. In establishing the 

ihstillation volume of dialysis solution for mice, rat}os of 

body surface area or body weight of mice and man resul ted in 
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inappropriately large 0+ small ~olumes. Finally, visual 
, ~\ 

'J 
abdominal distension 9f the mouse following peritoneal 

instillation was the selection criteria for t.he infusion volume 

such that the abdome~ was moderately distended but animal 

mobility was normal. Even dhder extreme' conditions of twice 
1 

daily intracatheter infu,sion, microbiol-ogical assessment· of 
, 

peritoneal structures were always culture negative. There was, 

however, demonstrable local inflammation in response to the _ 

infusion procedure which was 'most '.apparent in renal failure 

mice. Although peritoneal dialys~s pet se was not 
,1 

accomplished, studies addressing the inf~uence 'of repeated 

" exposure of the peritoneal cavity to pe~itoneal diplysis 

solution on the respon~e of mice to peritonealObacterial 

challenge can be accornmodated with this animal prepdration. t 
• 1 

The development of models of long term p}ritoneal dialysis 

in animal~ having functional p~ritoneaJ. catleters h~S been .' 

hampered by numerous obstacles (9-12,). Peritoneal catheters 
, . 

were rrequently obstruct:ed by fibrin clots as well as omenêal 

wrapping and uncontrolled peritoneal infection was observed. 
() . ' 

Severe malnutrition and failure of uremie anîmals to thrfve 

also contributed to the serious complications encountered in ' 
1 

previously described animal preparations~ Therapeutic 

intervention to inhibit fibrin clo-f formation'~~d pre vent 
1 . ' 

peritoneal infection may resolve the immediate problems 
1 • 

presented by these animal models, however this would disallow 
1 

their \use in the study of, h~st d1eyse mechanisms; to -' 

experimental bacterial chal!enge. In the current mouse model, 
• 

implanting the peritoneal catheter segment entirely within the 
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confines of the peritoneal cavity and limiting the ,mode l, to 

'peritoneal instillation of dialysis sOlut,ion has overcome 
, " 

p~evious limitations. Controlled destruction of renal 

'. ~arenchrma produced chronic renal failure mice that survived 

. i.ndefinite~ witho~t dialysis support and therefore l~ge 
numbers of animale could be prepared for experimentat~n\ 
without unrealistic technical requirements for their 

maintenance. 

~ In concluSion, the detaiied characterizatron of the mOuse 

.~ 

r 

model presented in this report pJ;;ovides a firm basis for 

designing additional studies to investigate the factors and 

mechanisms promoting th~ development of peritoneal infection 
, 

and for asse~sing preventive and therapeutic measures • 

.. 
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Intraperi toneal challenge wi th Staphy1loeoecus epidermidis . 
in chronicall~ uremie ~ice: effect of inoculum size 

----

" 
Pre~ented in part at the lSth Annual Scientifie Meeting of 

the National Kidney Poundation Inc., New Orleans, Louisiana, 
, . 

Deeember 14-15, 1985-and the 6th Nat~onal Conference on CAPD, 

Kansas City, Missouri, F~bruary 5-7, 1986. 

, . 

__ ,' This manuscript was published in Advances in Continuous 

Ambulatory Peritoneal Dialysis, edited by R. Khanna, K.O. 
c 

Nolph, B. Prowant, J.Z. Twardowski, D.G. Oreopoulos, 
\ 

University of Toronto'Press, Toronto, 1986, p. 121-124. 
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Abstract 
r 

/ . Response to the intraperi,~oneal injection of 
, ., 

Staphylococcus ep.idermidis\~' in terms of animal survival and 
l ' 

bacterial 9,rowth from peri tonegl samples was measured in 

chronically uremie mice and their 'sham-operated controls. 

Renal failure was inducéd surgically by sequential 

elect~ocoagulati9n of the right kidney surface and left 
~ 

<:l\ ,nephrectomy and bact~rial challenge was performed, 6 to 9 weeks" 

after the ~econd su~gery. Over a wide range of inocula (106 

( 
) 

to 109 colony forming units), susceptibility to S. 

epidermidis ~s greater in uremie than in controi mice. 

failure was a~ociated with: 1) higher and accelerated 

<., 
Renal 

r • 

lethali~y after large inocula (108 , 109)"and 2) delaved 
, . 

bacterial clearance ~fter a smaller inoculum (106 ) or after a 

Thus renal j large inocu1um (108 ) in "~urviving animaIs. 

failure-rE7lated impairment of hO,st defenses te infection must 

be considered in the pathogenesis of peritonitis during 

continuous ambu~atory peritoneal dialysis.: 

Introduction ~ 

Staphylococcus epidermid'is peri toni tis ia an important 

c1inical complication of continuous ambulatory peritoneal 

" dialysis (CAPO). ,This infection might be attributed to a 

~reakdown of local defenses in an already immunocompromised 

host (1-3). Recent studies utilizing rat models of chronic 

uremia have failed to demonatrate increased susceptibility to 

intr1Peritoneal (ip) challenge with Escherichia coli and 

Pseudomonas aerugihosa (4,5}. In view of the mUltiplicity of 
\ ~ 

~ \ ~ 

\. / 
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'1 
factors operating in CAPO patlents, the signi ficance, of~ these 

C 1\\ 
observations remained inconclusive. 

~ 
To further clari fy the pathophysiology of-.,peri toni tis in 

" j l " , / ; 

CAPD patiénts, in the currer:tt 1 report we have,~ studied the 

.' response to ip challenge with S. epidèrmidis in mice made 
. . 

uremie by a ,combination of thermal in jury and ablation of renal q 
'\ ' 
1\ 

parenchyma. Studies were carried out 6 to 9 weeks after thê 
" \ . ~ 

surgical induction of r~~~l fa~~ure, when the)uremic state was 
:\..I"l'}.~ 

weIl established. Increâ~ed susceptibility te the bacterial 
, 

, , ... 
challenge, in terms of decreased animal surviva~ following 
• 
iarge ip inocula and delayed peritoneal clearance of smaller ~ , 

inocula) was eVldent "in uremie mice compared to' controls. 
; 

Material~ and Methods 
" Six week old female C57BL/~ inbred mice (Charles River 

, 

Breeding,Lavoratories, Kingston, NY/; USA) uQderwent 
; 

electrocoagulation of the surface of the right kidney as 

previously described (6). Either contralateral nephrectomy 

(uremie mice) or surgical exploration of the left renal area 

(.sham-operated controls) was performed two weeks later. 

AnimaIs had free access to water and standard chow •. 

Six ta nine weeks after the second surgery, mice received 

intraperitoneally either 109 108 or 106 cfu , 
S. epidermidis. Aliquots of bacteria {a clinical isolate from ( 

peri toneal fluid reference number 29260 kindly provfded by Dr. 

S.I. Vas, Toronto Western Hospital, Ontario, danada) were 
/ <\ 

frozen in glycerol broth and were grown overnight on Columbia 
\ \ 1 .. 

agar prior ,ta 'challenge. SeriaI dilutions were made in 

ea " . 



• 

o 

( 

phosphate buffered saline (PBS) and the i~ inocula wer.e 

'injected in a' one ml volume into the right lower quadrant undat 

light ether an~sthêsia. To exclude the possibility that the 

two surgical procedures used to induce renal failure might 
4 

alter ,local host defenses, the response to bacterial challenge 
• li 

~ f : 

was always evaluated in mice made uremic by)electrocoag~lation 

of 'the right renal cortel~~nd left nephrectomy a~d in ' 

sham-operated controls. In sorne experiments normal mice 'were 
j 

also included. 
c 

Followi~ bacterial challenge survival was r.ecorded and at} 
, ' 

selected times' surviving mice were anesthetized with et~r, 
-' r' $'~'> 

-weighed and blood ~as cpllected by cardiàc puneture: Under 

/ 

J-.;: 

aseptic conditions peritoneal washings were performed and 

samples of anterior parietal peritopeum were obtain~d according 
J' 

to previously report~ methods (7). Aliquots of peritoneal 

washings and homogenized peritoneum were inoc4lated o~to blood 
Gl 

agar and incubated for 24 hours. Recovered bacteria wer,e 

en~merated and positive identification was ascertained by gram 

stain, catalase production and the characteristic ~ibiotic 
L 

sensitivity profile. 
, 

Blood urea nitrogen (BUN) and -hematology 

aasessment p,f; blood samples were determined by an IL-9 
,1 1 .~ , .. ( 

~utoanalyzet~~nd a Coulter counter, respectively., 

Resulta 

Renal failure model 

Levels of BUN, hemoglobin concentrations and body weighta 

are preAented in Table 1. 

, 
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The ,,:v.alues ror ure~~ mice-are contrasted 'to those obsérved in 
, . 

normal and sham-operated littermates. Marked azotemia was 

presen~ in the uremie mice 6 weeks after the onset of renal 

fail,ure. At saèrif~, body weight was deereased'in uremie 

.mice and hemoglobin concentrations w~r~ markedly reduced in the 
" ., 

'uremic animals eClJllpared to cPt;ltrol s. 

~ )~ \ 
1 

....:, ... /.,.. , 

Table 1. Charac~eristics of normal, sham-ôperated and 
chronieally uremie micea '~ . 

Nor mat Sham 
'" 

Uremia 

"-

Blood urea 21.9t4.5 l16.3±42.3b ni,trogen 25: 1±5.3 
, (mg/dl) (35) (54) . '(57) 

Hemogl?bin (q/dl) l3.8±O.7 13.5±O.7 ~.1±1.6b 
(36) (42) 1 (33) , 

1 

~ . 
J. .. 

19'~3±2.9b Body weight (g) 22. 2± 2.5 21. O± l,. 6 

- (38) (54) \ (54) 

aResults are expressed as mean±SD with number 'éf mice i.ndicated 
in parentheses. 

bSignificant difference (p<O.~5) between ure~ic and control 
mice. ~ \ 
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JSurvi~l studies .: ! '\ }~ ,. , 

Survival of sham-operated and uremic mice following , 
inoculation of 109 and 108 ~fu s, epidermidis is o. 

illu~trated in F~gure 1. All mice succumbed wi thiI'l "24 h~u.rsGf 
the 109 c fu ;;p cha llenge" • T i,m~ [ta 5 O~ mor taU t y for' ure;"i c 

and sham controls. was 3.5 and 16.5 hoursJ respectively. No 
\ ~ 

mQrtality occurred in control mice following a 108 cfu ' 
'~ 

cainoc,ulum ho.wevpr the uremic 1f9uP suffered a 25% animal loss 

within the first 96 hours after challenge. No subsequent 
\ -

Challenge with a mortality was recorde~ to one week follow up. .. 
~ , 

smaller inoculum, 106 cfu, caused no mortality in uremic, 
.. ' 

shâm-operated or norm~l mice. 
) , ~ 1 
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15 20 25 0 10 2,2., 30 40 50 60 70 ~O 90 too 
Time post Il\oculation (hr) 

Survival~curves of mice following the ip inoculation 
bf 109 (left pânel) or 108 (iight panel) colony 
for~ing units of Staphylococcus epidermidis," The 
solid and dashed lines on éach panel repres~nt 
chroni~ally uremie mice and sham-~erated controls, 
respectively. 'Numbers of animaIs ln ,each group at~ 
the time of bacterial'challenge are indicated in 

• 6 

. parenthèses. .. 
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" \ Tissue rècoveries of S. epidermidis 

,. 
j The recoveri-es of S. epidermidis from peritoneal samples 

of mice .survi·ving one week after 108 cfu ip challenge -'are 
~ " ''0 1 

. presented in Figure 2. 0 Signi ficantlyl greater numbe-rs of 

bacteri'a, remained assoc'iated with the peritoneum of uremie mice ... 
o 

compared to sham-operated controls. AlI peritoneal washings of 

sham mice were culture negative whereas 3 of 19 specimens 
, ~. 

collected from uremie mice harboùred viable bacteria~ 
1 , 

Î . \ 

Figure 2. 

\ 
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Peritoneuni 
1 m' 

( (' s u 
-Peritoneal 
wa~hing 

Recovery of Staphylococcus epidermidis from parietal 
peritoneum {per gram) and peritoneâl wa~hings (per . 
ml) l week after 108 colony forming units 1 

challenge in sham-'operated .( S) and chronically 
uremie (u) mice. *Significantly greater (p<0.05) 
recovery in uremie mice compared to contraIs • 
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1 Total leucocyt.e and differential count.s in peritoneal' • ~ . , 
washings were similar for uremie and ,.sham-opei'ated mice (Table'--

. 
2). Cellularity'was twic~ t.hat. of a resident population (dat.a 

, not. sh,?Wn) narvested in t.he absence of bacterial ehaflenge and 

,a small elevat.ion of polymorphonuclear cells was eviden~., 

_ r q' 

Tfibl,e 2. Cellular oconstit.uents of perit.oneal washingsa 

l' 

Q , 

Leucocyt.es (xl06/ml) 
'" r_ .. ,. .. 

t,.S ~\ 

Mac~ophages (%) , .... ~ :~;J~ 
Lymphocytes (%) 

.. -polymorphs (%) 

Mast cells (%) 

" 

". 

.c< 

aResults expressed as mean±SD 
parent.heses. 
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Sham 
(15) 

4 

l.5~6 

43.7±l2.4 

~ '" 50 • 9°± 16.4 

5.4±4.7 

O' .. 1±O.3 

\ 

~- , 

Uremia 
(19 ) 

41.6;1:10.8 

"52.2±14.3 

6.2±7.2 

0.1 ±O. 2 

indicated in 
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The time course of S. epidermidis clearance from the 

peritoneum of mice fOllowing a 106 cfu ip inoculation ~s 
'. 

summarized in Table 3. Peritoneal washings of normal-and 

sham-operated mice were culture negative by 24 hours post 

challenge and,2 of 9 specimens from uremie mice yielded ~ 

epidermidis. In contrast specimens of parietal peritoneum 
'-

harbored large numbers of bacteria 24 hours post inoculation 

and recoveries were significantly greater from uremie mice than 
û \ . 

from controls. AlI animaIs effectively cleared the bacterial 

challenge but the process was delayed in ~remic mice. 

Table 3. Bacterial recoveries from normal, sham-operated and 
uremie micea 

'" 
Normal Sham Uremia 

"1) 

Log colonies per 9 
~parietal peritoneum 

4 heurs 3.2±1.2 (11) 3.8±0.9 (11) 4.0±1.1 

24 heurs 1.6±O.7 (11) 2.6±O.7 (12) 3.4±1.2 

48 hours l.O±O ( 8) 1.3±O.6 (8) l.9±1.0 

7~ hÇlurs l.!1±0.3 (8) l.ttO (8) l.3±0.7 

Log colonies per ml 
peritoneal washing 

4 hours 2.4±O.4 (11) 1.8±O.7 (11) L6±O.6 

24 hours 1.O±O ( 12) l.O±O (121 1.3±~~ 

48 and 72 hours No bacterial g~owth in aIl groups 
(8 each). 

'aResults are expressed as mean ± SO with number of "iee 
indicated in parentheses. 

. 
bSignificantly greater (p<O.05) recoveries in uremie mice 

eempared to sham-operated controls 0 
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Discussion 

Utilizing a mouse model of chronic uremia, the influence 

of renal failure on the response' to a range of inoculum sizes 

of s. epidermidis has -been -delineated. Lethality following a 

large ip inoculum of la? cfu was accelerated in uremie mice 

and mortality in this group was significantly greater fOllowing 
J 

the smal~er 108 cfu ip challenge compared to sham-operated . . 

_ controls. In those mice surviving one week after ~108 c'fu 

inoculation and in mice followed to 72 hours after a 106 cfu 

challenge, peri toneal clearance was delayed in renal 'failure 

mice in contrast to controls. 

Considerable contr-oversy exists règa.rding the possible 
-

raIe of renal failure in the increased incidence of infections 
" 

observed in patients with end-stage renal disease. It has been 

weIl documented ~at renal failure ~accompanied by a number 
~ . 

of immunological deficits affecting cell-mediated immu~ity 

particularly (1,2), however, a clear'correlatiqn between renal 

failure and increased susceptibility ta infection remains 
" 

elusive. 
.. • J ' 

Th~ heterogenous nature of pat lent populations in 

terms of underlying disease, duration of renal failure and 

treatment modality May partially account for the existing 
;t " 

controversy. 

Studies in which animal models of ·uremia have been 
-

challenged with viable baeteria are few and unlike results 

reported herein, the outcome of these investigations have not 
.. 

eoncluùed a fundamentally immunocompromised uremie host 

(4,5,8). To our knowledge ~o other animal s~udy has addressed 
-

susceptibility to S. epidermidis ip challenge-in renal failure 

o 95 
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animals-having duration and severity of uremia similar to that 

presented by this mouse model. 

Regarding the mechanism whereby renal failure inhibits 

response to bacterial challenge, one component May be the 

i~pairment of neutrophil mobilization towards an infected site 

(8). ' wJ have previously reported (7) that following ip 

challenge and concurrent with significantly greater S. 
fyf' -

epidermidis recoveties from parietal perito~eum of uremic mice, 

peritoneal neutrophil response in renal failure animaIs was • 
diminished compared to normal and sham controls. The increase 

in circulating neutrophils fOllowing bacterial challenge was 

similarly attenuated in uremic and sham-operated mice compared 

1 _. to normal controls. In this current r~port, peritoneal 

leucocrte and differential counts were similar in uremic and 

i sham mice one week following 108 cfu challenge even though 

~~sue recoveries of s. epidermid~s were significantly greater 

<' in renal failure animaIs. These findings May signify an 

inàppropriite inflammatory cell response to the p~rsistent ip 

presen~è of S. epidermîdis in chronically uremic mice. 

Specimens of parietal peritoneu~, although thoroughly 

rinsed, remained culture positive for s. epidermidis when 

~ __ ~-peritoneal washings presented no bacterial growth. These 

findings suggest a sec ure as~ociation between the bacteria and 

some aspect of the per i toneum and May correspond to the _ . 
clinical situation where culture negative dialysis effluents 

are recovèred in CAPO patients otherwise presenting symptoms of 

peritonitis. 

·In the current studiès, susceptibility to ip ~ 

epidermidis inoculation was increased by renal failure, and, 

96 
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therefore, the influence ofi'uremia on host defenses to 

infection must be considered in the pathophysiology of CAPO­

peri toni tis . 
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- I~paired bacterial clearance and inflanunatory ~esp(jilse in renal 
~' 

failure mice subjected to intraperitoneal Staphylococcus 

epidermidis challenge 
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ABSTRACT 

The role of renal failure in the pathogenesis of the 

Staphylococcus epidermidis peritonitis presented by endstage 

renal disease patients treated with continuous ambulatory 

peritoneal dialysis was investigated-in a mouse model of 

surgically-induced renal failure. Six weeks after the surgery 

an ip inoculum of 106 col9ny forming uni ts s. epidermidi s was 

administered to renal failure mice and their sham-operated and 

normal controls and assessment of bacterial clearance and 

inflammatory response was conducted over the next 72 hours. 
\ 

Peritoneal clearance of S. epidermidis was complete in most 

animals however the process was significantly delayed in renal 
, '+-.; .. 

failu~e mice compared to sham-operated controls. Viable 
, 

bacteria invariably remained associated with the peritoneum , ' 

afte~ peritoneal washings had become culture negative. 

Periton,al inflammator1 response was markedly diminished in 

renal failure mice, the early polymorphonuclear cell response 

being particularly affected. ·Peripheral response consisted of 

a prompt and short lived polymorp~ increase which was similar 
1 

~in renal failure and sham-operated mice. The factors 

responsibie for the observed impairment of local inflammatory 

response in association with delayed bacterial clearance tn 

renal failure mice following ip challenge with S. epidermidis 

remain to be defined. 
\ 

INTRODUCTION 

Peritonitis ia a frequent complication ef patients with 

endstage renal disease treated with continueus ambulatory 
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peritoneal dialysais (CAPD) (1-3). Recent technical advances in 

design of ancillary equipment have been aimed primarily at 

decreasing ~he risk of touch contamination which is thought to 

occur at the time of dialysis exchange. Despi te these 

efforts, the predominant offending organism remains the skin 

borne bacterium. Staphylococcus epidermidis. ''rhe~hanisms 
responsible for this potentially serious infection may be 

multifactori~l (4,5). Renal failure results in an 
u 

immunosuppressed state with severe dysfunction of cell-mediated 

immunity (6-8)~ its effect on resistance to infection however 
- ~ 

is less clear (9,10). As a foreign body, the indwelling 

peritoneal catheter may serve as a nidus for microorgariisms 

(llr or impair local immune responses (12). In addition, 

peritoneal dialysis solutions cause inhibition o~ peripheral 

leucocyte function in vitro (13) and are cytotoxic to 

peritoneal cells in vitro (14). Another consequence of 

peritoneal dialysis is the intermittent dilution and drainage 

of immune reactants, sq~uble and cellular, from the peritoneal . ~ ) 

( 
cavity (15-17). ) 

, \ 

We have addressed the relative role of renal failure "in 

the CAPD-associated S. epidermidis peritonitis employing, as 

model, mice with surgically-induce9 renal failure in which 

defects of cell-mediated immunity have been previously 

demonstr~ted (18-20). Using ip inoculation wit~ 106 cfu S. 

epidermidis we have investigated three aspects of the response 

to bacterial challenqe. The first is whether renal failure 

influences peritoneal clearance of the inoculum, the second is 

the characterization of the local and systemic inflammatory 

100 



• 
reaction to the bacterial challenge, w~ile the third is whether 

in vivo inflammatory response of renal failure mice differs 

from that of sham-operated controls. This latter consid~ration ( 

is of particular importance, given the reported deficit in host 

defense mechanisms during renal failure. 

MATERIALS AND METHODS 

.'. ~ AnimaIs 

o 

Female C57BL/6 mice were obtained from Charles River 

Breeding Laboratories (Kingston, NY, USA) at five weeks of age. 

The animaIs were allowed to acclimatize in holding facilities 

for -one week prior to use. AlI animaIs h~d free access to 

> watl'~ and mouse chow. .. 
Renal" failure 

The mouse model of renal failure, which includes 

sham-operated controls, has beep described previously (21). 

Briefly, six week cid mice' were anesthetized with ether and a 

small flank incision was made through which the right kidney 
• ,1 

was separatep from the adrenal gland and freed of perirenal 

fat. Particular caution was taken to avoid trauma to the 

ureter. Using a single point cauterizer (Hyfrecator, Model 

X-712, Birtcher Corpl Los Angeles, Calif., USA) and excluding a 

2mm margin around the renal pelvis, the exposed surface of the 

'" kidney.w~s electrocoagulated. The incision was closed with a 

running suture through the deep layers and surgical clips were 

applied to the skin. Two weeks after right ~idney 

electroc.:::>agulation, a left nephrectomy was done in those 

animaIs that would constitute the renal failure group and in 

sham-operated controls, surgical exploration of the left renal 
,\ 
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area was conducted. Six to eight weeks after the second 

.surgery the mice were lused for experimentation. Normal control 

mipe were also included in aIl experiments. 

Blood analyses 

Under ether anesthesia animaIs were exsanguinated by 

cardiac ~uncture and blood was collected in heparin-coated 

plastic syringes (Hepalean, Harris Laboratories, Toronto, 

Canada) for biochemistry and hematology analyses. Levels of 

urea nitrogen (BUN) and creatinine in plasma were determined 

with an IL-9 autoanalyzer {Instrumentation Laboratory Inc., 

Lexington, Mass, USA-}. Routine hematology was done utilizing a 

Coulter counter (Model 2Bl, Coulter Electronics Inc., Hialeah, 

Fla, USA) and differential cell counts were performed on 

Wright-stained blood smear preparations. 
-' 

Bacteria 

Aliquots of S."epidermidis, reference number 29260~ (a 

clinical isolate from peritone~l fluid kindly provided by Dr. 

S.I~Vas, Toronto Western Hèspital, Ontario, Canada) were 

stored. frozen in glycerol broth. The characteristic antibiotic 

sensitivity profile of this organism facilitated positive 

. identification. As demonstrated by trypan blue staining of 
, j 

glass adherent material following incubation in trypticase soy 

broth, this organism is a "s lime producing" S. epidermidis 

(22). The bacterial !uspension for inoculation was prepared 

from overnight cultuJes grown on Columbia agar. Bacterial 

viable units were enumerated by seriaI dilution and pour plate 

techniques. 

Experimental challenges 

( 
l, 

, 
.i Intraperi toneal injection of 106 colony forming uni ts 

(cfu) viable bacteria in 1 ml phosphate buffered saline (PBS) 
IO~ 



r 

o 

was done under light ether anesthesia into the right lower 

quadrant of the abdomen. After selected time periode animals • 
were sacrificed and the bacteriological status of peritoneal 

\ 

washings and specimens of the ventral parietal perito7eum was y 

~determined. Optimum inoculum size and sampling times l post 

challenge had been 'previously established in preliminary 

studi~s in normal C57BL/6 mice. 

Collection and processing of specimens 

t'Fo1lowing body weight rneasurement and blood collection, 

the abdomen was washed with alcohol and the skin was ,retracted .,. 
t 

aseptica11y to expose the intact abdominal wall. Ten ml of 

minimum essenttal medium (Eagle Modified), containing 10% heat 

inactivated feta1 calf serum and 20 mM HEPES buffer w~s 

injected into the periton~al cavity. The peritoneal washing 

was slow~withdrawn through a 21G need1e and syringe. Cells 

of each effluent were counted in Neubauer counting chambers and 

differential cell counts were determined from cytocentrifuge 

preparations stained with Diff-Quick (Arnerican Scientific 

" Products, McGaw Park, Ill, USA). An aliquot of each sampl~ was 

inoculated onto 5% horse blood Columbia agar and col?nies 

recovered were expressed as cfu per ml~"peri toneal washing. 

A specimen of the ventral parietal peritoneum 

(approximately 2 cm2 ) was excised aseptically and rinsed in 

PBS. Specimens were blotted dry and placed into pretared 

vess€ls containing 2 ml PBS. Vessels were again weighed, 

tissue specimens were homogenized and inoculated into blood 

agar to obtain bacterial numbers. After correction for 

dilution in PBS bacterial recoveries were expressed as cfu per 

gram of p~ritoneum. 
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Colonies were enumerated after ~4 hours incubation. 

Positive identification of bacteria recovered from collected 

spectmens·was ascertained by colony morphology, gram stain, 
e 

catalase production and the characteristic antibiotic 

sensitivity profile. 

Statistical analysis 

Colonies recovered were convert~g to log units and results , 
. 

are expressed as'meari±SD. studeni's "t~ test for unpaired data 

sets was used fo~ single comparisons between groups of 

sham-operated and renal failure mice and between baseline 

assessments and those of various test times after inoculation. 

Ncirmal mice were included ,in aIl experiments for interest but 

\ were not included in statistical analysis. 

J 
RESULTS JJ 

Renal failure model \ 

Some characteristics of thi. mousé- modei of renal failure 

are presented in Table 1. As tpese pararnete~~ wére not ~ 
/1 

influenced by the inoculation procedure, datai from animaIs 
" ' 
\, \ 

sacrificed at aIl test times following inoculation were pooled. 

Blood urea nitrogen, which is the Key asses~ment factor of 

renal function in this model, was appropriately elevated in 

renal failure animaIs compared to sham-operated controls. A 

tenfo~d increase of plasma creatinine was observed in renal 

failure animaIs c?mpared to control values. It should be noted 

that normal plasma creatinine levels of IDice are much lower 

than those of man. A strong inverse correlation (EKO.OOI) 

existed between levels of hemoglobin 'and BUN (data not shown) 

such that six to eight weeks after the induction of renaL 
1 

failure mean hemoglobin in renal failure animaIs was Got of 
" W4 ~ 

1 
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Selected chàracteristics of the mouse model of chronic renal 
failurea,b.' , 

Status of animaIs: Normal Sham Renal failure .... 

Blood urea nitrogen (mg/dl) 20 .1±S •. 6 27.l±S.8 111. 2±3S. 9c 
(88) ( 78) (75) 

, 
'/Plasma creati'nine (mg/dl) 0.1±0.). 0.1±0.1 1.0±0.7c 

(14) ( 12) (36) 

, . 

r 
(g/ dl) .Hemoglobin '13.5±l.O 13 .4± O. 7 . 8.6±1.6c 

(BO) (BO) (70) 

Body weight (g) 22.3±2.3 22. 2± 2.5 20. 3± 3.1 c 
i (B4) (71 ) L' (71) 

aResults expressed as mean±SD. 
( 

bsaJple size indicated in.parenthesis. , 

, . 

( 

CSign'ifica'dt differ~nce, (p<0.05) between uiemic mice and 
controls. , 

--
) 

.J 1 
" , 

( 
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controls levels. The' body weight of renal failure mice was t i • 

si9n~ficantly less than that of sham-opexated' controls. 

Bacterial recoveries from the peritoneal cavity and peritoneum 

after ip bactèrial challenge 

The time c~urse of~S. epidérmidis clearànce from 
, 

r peritoneal washings 

of mice is depicted 

and ~eta~ 
in Figures 1 

peritoneum in the three gcoups 

and 2, resfectively. With the 
, '"> 

exception of two mice in the renal failure group,.peritoneal 

washin#s were culture negative 24 hours after ip inoculation 

whereas the majority of pe~itoneum' samples harbored 

viable bacteria. Cul.ture posi ti ve peri toneu 0 specimens weli"e 

collected from' sham-operated and renal failure animaIs at 48 , , 

hours and by 72 hours post inoculation only one animàl in each 

of the 'groups presented positive peritoneum samples. 

The inoculum was effectively cleared by aIl mice, however, 

peritoneal clearance was delayed in renal failure animaIs. 
c, 

This delay was most apparent (p<O.OS) 24 hours after S. 

epidermidis challenge when 3.4±1.~ cfu (mean log±SD) p~r ~ram 

peritoneum was recovered from renal failure mice compared to 

2.6±O.7 cfu per gram peritoneum from sham-operated controls • 

. 1 Subsequently, at 48 hours after inoculation peritoneum 

Jpecimens fro~ 4 of,8 renal failure mice were culture positive 
, 

compared to 2 of 8 sham-operated controls. 

Cellular recoveries from the peritoneal, cavity after ip 

bac~erial challenge 

The nature of the cellular constituents of peritoneal 

washings harvested 'at various times after ip bacterial 
\. 

challenge are presented in Figure 3. Following inoculation 

thece was an immediate and significant decrease in peritoneal 
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leucocytes which was most- extreme i~ samples harvested from 

renal failure mice. In sham-operated contr,ols leucocyte counts 

returned to preinoculation levels 24 hours after challenge, and 

thereafter exceeded baseline levels however, peritoneal , ',~ . \ ' 

leucocyte counts in rénal fail~r~ mice remained depressed 

throughout the 72 hour follow up period. The fall in 
" 

peritoneal leucocytes could be attributed to an immediate 
a 

decrease in macrophages which was most extreme and prolonged in 

renal failure mice compared to sham-operated controls. Peak 

depression of pefitoneal macrqphages occurred between 2 and 4 

hours post inoculation and counts gradually increased to 48 
, 'I~ ~ 

hours after challe-nei::.. Concomitant to the .immediate fall in 
... ~ 

" 
p~ritorreal leucocytes the absolute number of peritoneal 

o • 

polymorphs promptly increased in aIl animaIs aftet inoculation. 
1 

Polymorph response was most apparent between land 12 hours 

after challenge and thereafter rapidly diminished. Within 2 

'hours of inoculation a rise in peritoneal polymorphs was 

observed in aIl mice. 
\ 

ô' 
Peak polymorph response 1 however, was 

markedly attenuated in renal failure mice compared ~o 
" 

sham-operated controls. 
o 

Peripheral response to ip bacterial challenge 

Hematology assessment of the th~ee groups of mice at 

various test times is summarized in Table 2. In the C57BL/6 

mouse strain, lymphocytes are the predominant circulating 

leucooytes and neutrophils are usually the only circulating 

pOlymoJ?phs' observed (23). In aIl mice there was a brisk and 

short 1;_ ved peripheral polymorph response ;hat peaked 2 hours 

after ~epidermidis challenge and small numbers .of stab forms, 

which were never observed in the resting state, crppeared 
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Figure- 3. Peritoneal inflammatory response of renal failure, 
sham-operated and normal control animaIs following 
intraperltoneal Staphylococcus epidermidis-- challenge. 
Mean values±SD are presented at each test time. Stars 
i~dicate significant dif ferences Cp <0.05) betwee~ renal 
failure and sham-operated control mice. Numb~r of 
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Table 2 . \ . \ 
Changes ~d circu1ating leucocytes fo11owing ip challenge with Staphy1oeoceus epideraldis in ehronica11y ure.ie .ice 
and iu nor.al and ahaa-operated control ani.alsa,b 

Tiae post inoculation (hours) 
0 1 2 4 12 24 48 72 

" 

Nor.al 
~ 

Leucocytes/ .. 3 (xl03 ) 4.41 1.4 5.312.1 4.21 1.2 4.2:1:2.1 1.U2.8 4.411.5 3.111.2 3.4±1.9 
polyaorphs (t) 3.914.1 13.811.6 20.3± 8.9 22 .li10.1 e 15.512.6 5.2±2.9 11.911.7 6.914.2 
Stab (i) - 0 0 0 0.410.7 ,0.310.5 0 0.3±0.5 1 .• 311.9 
Lyaphocytes (l ) 96.U4.1 85 .4±7. 2 19.318.6 77.3±l0.2 82 .6± 2.8 94. 7± 3.0 87.617.4 91.914.9 
Monocytes (t) 0 0.910.6 o .5± 0.8 0.3tO.7 1.6±1.1 0.210.4 0.3±0.7 0 

(14) (8) • (8) (14) (8) ,(1 V (8) (8) 

Sha • 

'Leucocytes/ •• J (xl03 ) 5.1:1: 2.3 3.9:1: 2.2 5.0:1: 1.8 3.8:1:L8 6.5:1:3.1 5.1±1.9 4.912.0 4.61:1.9 
polyaorphs Ct) 5.914.8 9.613.9 ,15.619.8 13.811.4c 10.9t4.1 4.613.2 8.4±6.2 8.9i5.l 
Stab (i) ,0 0.11 0.4 1.511.6 1.1±2.4 - 0.1±0.4 0 0 0.4±0.7 

. Lyaphocy tes (l) ~ 93.9t4.8 89.714.0 82.3± 11.0 85.618.5 88.91 3,.9 95.313.2 91.6±6.2 . 91.0±5.6 
Monocytes (1) 0.2:1:0.6 0.610.8 0.910.6 0.4±0.9 0.110.4 0 0 0.1 10.4 

(13) (1) (8) (16) (8) (12) (8) (8) 

Renal fai1ure 

Leucocytes/ .. 3 (x103 ) 5.813.4 0 2. 5± 0:8 5.4± 1.9 3.1 1.8 5.4± 1. 7 3.812.4 5.2±2.3 4.311.5 
Polyaorphs (i) 8.015.4 7.612.5 14.1i 13~4 12.2 7.0 9.8± 5.3 4.711.0 7.913.9 6.812.7 
Stab (1) 0 00 0.41 0.7 0.1 0.3 O.li:0.4 0 0 0.110.4 ~-

Lyaphocytes (l) 92.015.4, 91.512.2 84 .4f14.1 81.7 7.0 89.8:1:5.6 95 .3± 1.0 92.013.8 93.112.5 
Monocyteg (l) 0 0.91 1.0 1.UO.8 0.1 0.3 0.410.1 0 0.110.4 0 

(10) (8) (8) (13) (8) (6) (8) /(8) 

&Resu1ts expressed as aean:l:SD. 
bSample size indicated in parenthesis. 
CSignificant difference (p<0:05) between test time and respective zero tim~ controls. .... 
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within 4 hours of inoculation. Polymorph counts returned to 

baseline levels 24 hours after bacterial challenge. Peripheral 

leucocyte response did not differ significantly between renal 

failure and sham-operated mice. However, in comparison .to 

baseline levels, the rise in peripheral polymorphs following 

inoculation reached statistical signficance in sham-operated 

mice while tha_t of renal failure mice did" not, presumably due 
~ 

to their slightly higher resting state levels of circulating 

polymorphs • 

Response of normal mice to ip S. epidermidis challenge 
• 

, Mice that were not subjected to !ny surgi cal procedure 
1 

were included ~n all experiments and represented the normal 
. 

response to the bacterial challenge for mice of this strain, 

age and sex. 

DI~CUSSION 

\ 
\ve have previoûsly reported that renal failure renders 

mice more susceptible to ip challenge with a large ~ 

epide~idis inoculum (108 cfu) with ensuing mortality in 30% 

of 'animals and increased bacterial recoveries in surviving mice 

(24). Since these observations may find explanatiod in a renal 

f~ilure related impairment of host Jefense mechanisms, we 

examined the effect of renal ~ailure on bacterial clearance and 

development of inflammatory response to a small S. epidermidis 

inoculum (10 6cfu). \lhile this smaller S. epidermidis 

inoculum induced no mortality, its peritoneal clearance was 

delayed in renal failure. Local inflammatory response was 

strikingly diminished in renal failure animals compared to 

sham-operated controls. The deficit was primarily 
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characterized by a marked attenuatio~ of the ear~y polymorph 

rise in the peritoneal cavity following ip challenge. A sharp 

fall in the numbers of peritoneal leucqcytes and more 

specifically macrophages was observed immediately following 
,,/ 

bacterial challenge in all animal~, however, the magnic~de and 

duration of this decline was grea~est in renal failure mice . 
. 

Circulating polymorph response which readily follows ip 

bacterial challenge with S. epidermidis was similar in renal 

failure and sham-operated control mice. 

The use of an inbred mouse strain for this model of renal .. 
failure facilitated the investigation of the influence of , 

, " 
severe chronic renal failure/on the hostIe ability to resporrd 

to ip challenge wit'h S. epidermidis. Partial charac,terization 

of this mouse model has been previously reported (18-20). 

this current study renal failure animals had appropriately 
-

elevated levels of BUN and creatinine' and pr'esented 

significantly decreased hemoglobin levels and body weight' 
" . ( . 

compared t? sham-operated control mlce. These changes· 

subsequent to the surgical induction of renal failure àlso 

characterize sOrne of the sev~~e metabolic dlstu~bances 
~, 

pres~pted' by endstage renal disease patients. 
-~ " ... ~ 

In 

, 

~ l 

• The inoculum size' of S. epide,rmidis used in these 

e~periments was larger than that which would be introduced into 
1 

the peritoneal cavity of CAPD patients following an incident of 

touch contaminatiori. A ~uch larger inoculum is in fact 

requi~ed to cause infection in the C57BL/6 mouse st7ain which 

is rel~tively resiatant to extracellular pathosens (25,26). 

The selected inoculum size was small enough to avoid animal 
~ 

death yet large enough to cause a measurable response that 

1.13 
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could differentiate between the-animal groups. Indeed all mice 

survived and the bacterial challenge promptly stimulated 

inflarnmatory responses. 

. Within twenty, four hours of ip s. epidermidis inoculation 

peritoneal washings had become culture negati~ while viable 

organisms remained associated with the peritoneum. Given the 

aggressive nature with which,the peritoneal washings were 
1 

performed these findings suggest the existence of a secure 

association bet~een s. epidermidis and some' aspect (s) of the 

peritoneum. Adherence of s. epiderrnidis to the peri-toneum in 

the absence of culture positive peritoneal was~ings May 

correspond to the clinical situation where sterile dialysis 

effluents are recovered in CAPO patients otherwise preserlting 
, -

symptorns of peritonitis. The pathological ,assessrnent of 
'--- , -

samples of peritoneum from renal fai1ure mice and their 

controls at various times after ip bacterial inoculation is 

currently under study and may better define the nature of the 

association of S. epidermidis wi th the serosal·, rnernbrahe • 
~ 

The 106 cfu S. epidermidis ip inoculum was effectively 

cleared in aIl mice regardless of their degree of renal 

functlon, however, clearance was delayed in the ~enal failure 

group compared to sham-operated control mice. Although the in 

~. , '1 vitro assessment of immune functlon in renal fal ure has been 

frequently documented in the literature, relatively few studies 
- .. 

of renal failure animal models challenged wi th viable bacteria 

have been reported. In contrast to our observations, recent 
, 

investigations utilizing rat models of renal failure, have 

failed to demons~rate increased susceptibility to ip challenge 
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with Escherichia coli and Pseudomonas aeruginosa (9, 27). This 

apparent disparity of results may be attributed to the use of 

different animal models, test microorganisms, inocula sizes, 

various sampling times and tissue sites selected for 

microbiological assessment. Expansion of in vivo assessments 

to include a wider range of inoculum sizes and follow-up 
, 

testing to complete bacterial clearance May be requir~d.to 

settle these ditferences. , 
Following ip S. epidermidis inoculation, the prompt 

development of a local infl:ainmato;Y·'response characterized by a 

rise in peritoneal polymorphs was evident in aIl mice. Despite 
" , 

the peritoneal polymorph response to bacterial challenge a 

striking decline of peritoneal leucocytes was observed which 

was primarily accounted for by a marked reduction in 

macrophages. This observed fall in~macrophages cannot be 

attrib~ted te sampling error since the sarne ~ethodol~ was , 

applied to aIl animaIs throughout the follow-up period and 
."'" -

systematic examinatio~ of smears of peritoneal washings never 

revealed cellular debris o~ clumping. We cannot exclude th~ 
possibility that following bacterial challenge macrophages 

become more adherent and are lost through the processing of' 

peritoneal washings or, that macrophages accumulate on the 
, 

peritoneum from which large numbers of bacteria are recovered. 
\ 

However concurring with our observations, a reduction of 

,peritoneal leucocytes predorninantly due to decreased 

macrcphages, fOllowing ip staphylococcal challenge has been 

previo'lsly reported (28,29). The phenomenon was at tributed to 

the antiinflammatory influence of staphylococcal products which 

specifically inhibited locomotion of leucocytes predominantly 

115 

" 



c~ 
r 

c 

~ , 

of the monocytic càll line. In the current~study, systemic 

inflammatory response to the bacterial challenge was similar in 

renal failure and sham-operated mice and was not as profound as 

that presented by peritoneal leucocytes. 

The mechanism whereby renal failure influences bacterial 

clearance is unknown, however, integrating temporal 

relationS'~iPs" of bacterial cl~aran~e and inflammatory - response 

p~tterns leads to the fOllowing consideratio~s. In the early 
, 

phase following bacterial challenge peripheral mobilization of 
) 

polymorphs in renal failure and sham-ope~ated mice was similar 
.. 

yet emigrating cells qid not accumulate at-the peritoneal site 
/ t 

of bacterial challenge in ~enal failure mice. Similar 

observations have been reported elsewbere, in which the early 

phase of polymorph accumulation at an inflammato'ry site was 

diminished in renal failure rats (30) and in renal failure mice 

'(14) in spite of normal peripheral polymorph response. In this -

latter case eighteen hours after ip thioglycolate injection 

peritoneal accumulation of both polymorphs and macrophages were 

significantly reduced in renal failure mice compared to ~ham­

-operated controls. In the critical phase immediately following 

ip inoculation, initial destruction of staphylococqi is carried 

out by resident macrophages and thereafter the influx of new 

phagocytic cells is crucial- to control extracellular bacterial 

multiplication (31). Therefore, failure to promptly mount an 
..., 

appropriate peritoneal phagocytic cell response following S. 
-

epidermidis challenge may characterize a prominent 

immunological impairment of the uremie hosto The attenuated 

early local polymorph response and the i~ediate and prolo~sed 

reduction of peritoneal macrophages presented by renal failure 
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mice may forrn the baais for the delayed S. epiderrnidis~ 

clearance. 

, The detrimental influence of surgical trauma on immune 

responsiveness has been weIl documented (32-34) and 

necessitated the inclusion of sham-operated control mice in the 

current studies. Sham-operated mice underwent right kidney 

electrocoagulation and two weeks later surgical exploration of 

the left renal area was conducted. ~ll experimental 

assessments were done at least 6 weeks after the second 

s~rgery. Bacterial clearance from the peritoneum as well as 

inflammatory response to the s. epidermidis cpaltenge were 

attenuated in sham-operated mice compared to normal controls. 

The possibility that long lasting ip changes occur following 

surgery remains to be established, however, we have previously 

shown (14) that 6 weeks after surgical preparation, the number 
~ " 

and nature of resident peritoneal cells harvested from 

sham-operated mice was similar to normal controls. 

Although renal failure caused a delay in the clearance of 

an ip inoculum of S. epidermidis, the final outcom~ of the 

bacterial challenge was the sarne in aIl mice. Peritoneal 

contamination alone, then, with a single small bacterial 

inoculum may not invariably lead to infection in a relatively 

young and otherwise healthy subject with renal failure. In a 

clinical setting, however, when superimposed on advanced age, 
n 

Cl 

debility, associated illness,es and l,ocal conditions affecting 

immunocompetence, renal failure may well increase the 

prope~sity to infection in CAPO patients. 

T:~ÜS animal preparation' provides a useful system in which 

to study the effects of renal failure on the response to ip 

challènge with S. epidermidis. Results of this study suggest 
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that delayed bacterial clearance ,in renal failure mice is the 

conseq~ence of their inability to Mount an appropriate 
( 

inflammatory response to ip s. epidermidis challenge. Although 

the exact nature of the immunological "defect is; \obur.rently . ' . . \ (' 

unknown, this i8 t~ first evidence for an impaired ... 
inflammatory response in the pathogenesis of the increased ~ 

susceptibility to s. epidermidis infection observed in renal 
-' . 

~ failure. Further studies May he1v illuminate the,basic 

( 

~: 
~~~,:<: :.-.... _.,-~.,~ .. ,><,.. -.>_.I.~_-".-

,pathophysiology of peritonitis associated with continuous 

ambulatory per:itoneal dialysis. 

\-
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o 
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Chapter 5 

The influence of a permanently dwelling peritoneal catheter on 

the response of renal failure m~ce to peritoneal Staphylococcus 

epidermidis challenge 

... 
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o 
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The role of an intraperitoneai catheter in the patho~enesis of 
/ 

-
experimental Staphylococcus epidermidis peritonitis in renal 

f:..:...------ ...-J 
failure mice 
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ABSTRACT 

The influence Qf a permanently dwelling peritoneal 

catheter on the response of renal failure 'and control mice to 

peritoneal inoculation with 106 cfu,Staphylococcus 

epidermidis was assessed 48 hours after bacterial challénge. 

Two weeks after the surgical induction of renal failure or sham 

surgery a s'egmen't of a peri toneal 'dialys is,-ca.t.heter was 

implanted entirely within the confines of the peritoneal cavity 

of mice. One month later peritoneal s. epidermidis inoculation 

was performed by transcutaneous injection througt the abdominal 
1) 

wall either directly into the peritoneal cavity (ip) or via the 

catheter lumen (ic). Following ip inoculation, minimal 

bacterial growth was recovered from the peritoneal structures 

of all mice" including the pe~Ù.oneal catheter. In contrast, 

following ic S. epidermidis challenge, while peritoneal 

washings and parietal peritoneum again presented minimal 
.1"' • 

bacterial recover(~s, the catheter site remained heavily 

colonized. S. epidermidis recqvery from the catheter site of 
o 

renal failure mice was significantly greàter th an that of 
-

sham-operated controls. Scanning electron microscopy of 

catheter segments recovered from mice following ic inoculation 

revealed single cocci or microcolonies associated with the 

catheter surface an~ differential leucocyte,coùnts of fluid 

aspirated from the catheter lumen revealed evidence of acute 

inflammation. 
~ 

Signs of inflammatory processes in peritoneal 

washings and peripheral blood, however, were never observed. 
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These results are discussed in relation to S. epidermidis 

peritonitis and continuous ambulatory peritoneal dialysis. 

1. 

, 

INTRODUCT ION ... 

Since its inception, 11 1 • t e practl.ce of continuous ambulatory 

peritonealndialysis (CA~D) has consistently'been limited by the 

frequent complication of peritonitis. Despite co~tinued 

improvements i~ the design of anci~lary equipment, to minimize . 
the risk of touch contami-nation, skin borne Staphylococcus 

epidermidis remains the causative organism in a majority of 

CAPO periionitis episodes (1-4). Electron microscopy studies 

have clearly demonstrated the association of a variety of 

bacteria with the srnooth surface and cuffs 'of permanently • 
• dwelling peritoneal 'catheters recovered from CAPD patients 

(S-7). S. epidermidis has been notoriously associated with 

foreign body infecti9ns (8) and 

strains, facilitates attachment 

protection from eradication by 

slime productiOnjbY ~ertain 

to smooth surface~affords 

host defense rnechanisms and 

~ntimicrobial therapy (9-12). 

previous studies done in our laboratory have demonstrated-

that renal failure mice sUêcessfully clear, albeit slowly, a . 
small (106 cfu) peritoneal s. epidermidis challenge (13). In 

the current investigation, the influence of a permanently 

dwellinq peritoneal catheter segment on response to an 
o 

iden~ical S. epidermidis inoculum has been assessed in mice 

with surgically induced renal ~ailure and sham-opera~ed 

controls. The catheter segment was placed entirely within the 
-

confines of the peritoneal cavity in order to,preserve 
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p'eritoneal integrity which would otherwise be threatened by a 

functional peritoneal catheter having an exit site to the skin . 

Experimental bacterial challenge consisted of transcutaneous 

peritoneal inoculation through the abdominal wall either 

directly into the peritoneal cavity or into the lumen of the 

peritoneal catheter segment. The results of our assessment 

suggest that the peritoneal catheter represents an 
-

irnmunologically preferred site from which early clearance, of S. 

eeidermidis is impaired and that bacterial clearance is further 

compromised by renal failure. 

MATERIALS AND METHODS 

Animal model: 

Female C57BL/6'mice 'were obtained from Charles River 

Breeding Laboratories (Kingston, NY, USA) at five weeks of age. 

The ani~als were allow~d to açclimatize in holding facilities 

for one week prior to use. AlI animaIs had free access te 

water and mouse chow. 

As previously described, renal failure was-- induced in mic,e 

by two consecutive surgical procedu,res (14). Briefly, six week 

-"'. . old mice were anesthet~zed w~th ether and a small flank 

inc1sion was made through which the right kidney was separated 

from the adrenal gland and freed of the perirenal fat • 
• 

Particular caution was taken to avoid trauma to the ureter. 

Using a single point cauterizer (Hyfrecator, Model X-7l2, 
~ 

Birtcher Corp, Los Angeles, Calif., USA) and excluding a 2 mm 

margin around the pelvis, the surface of the" kidney was 

electrocoagulated. The incision was closed with a running. 

~ 
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sut~re through the deep layers and surgical cIips'were applied 
~ , 

~o the skin. Two weeks after the right kidney 

electrocoagulation, either contraiaterai nephrectomy (renai 

failure mice) or surgi cal exploration of the le ft ,renal area .-­

(sham-operated controls) was performed. 

Two weeks elapsed between nephrectomy or sham surgery and 

the peritoneal implantation of a custom made segment of an 

Oreopoulos-Zellerman CAPD catheter (Accurate Surgical' 

Instruments Co., Toronto, Canada). The'catheter segment (12 mm 

long, 5 mm outer diameter, 0.07 ml resldual volume) was 

regularly 

incision 

with bevelled ends and six perforations were 

~ced along its length. Through a left flank 

e catheter segment was placed entirely within the 
, 

confines of the peritoneal cavit~ and was secured to the 

lateral abdominal wa}l by a single anchoring suture passing 
) 

through one qf the perf9ratlons. The free end of catheter was 

directed towa!ds th~ left lower quadrant of the abddminal 

cavity. The incision was closed with a running suture -Ehrough 
. 

the deep layers and surgical clips were applied to the skin .. 

Four to six weeks later animaIs were used for experimentation. 

Bacterial challenge: 

Dr. S.I. Vas (Toronto Western Hospital, Toronto, Canada) 

kindly supplied us with a strain of Staphylococcus epidermidis 

that had been recovered from the peritoneal fluid of a CAPO 
j 

patient. Aliquots_ of this clinical isolate, reference ~ number 

29260, were frozen in glycerol broth. The characteristic 

antibiotic sensitivity profile of this organism facilitated 

positive identification. Compared to reference S. epidermidis 
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strains (kindly supplied,by Dr. G.D. Christensen, University of 

Tennessee, Memphis, Tennessee), isolate 29260 produced glass 
. 

adherent material when grown in t~ypticase soy broth (TSB) 

demonstrating slime producing:ability (9). The bacterial 

suspension for inoculation was prepared from ovérnight cultures 

grown on Columbia agar. Bacterial viable units were enumer~ted 

by seriaI dilution and pour plate techniques. 

Under 1ight ether anesthesia mice receive~peritoneal 

inoculation with one ml HEPES b~ffered (20 mM) normal saline 
~ 

containing 106 cblony forming units (cfu) viable bacteria. 

The transcutaneous injections through·the abdominal wall were 

eitqer intraperitoneal (ip), into the right lower quadrant 'of 

the abdomen, or intracatheter (ic), with the needle directed -
into the lu~en of the free end of the catheter. Forty-eight 

hours after inoculation animaIs were sacrificed for 

assessment. 

Blood analysis: 

Mice were anesthetized with ether, weighed and 

exsanguinated by cardiac puncture. Blood was co1lected in 

heparin-coated plastic syringes (Hepale~n, Harris Laboratories, 

Toronto, Canada) for biochemistry and hematology analysis. 

Blood urea nitrogen (BUN) levels were determined with an IL-9 

autoanalyzer (Instrumentation Laboratory Inc., Lexington, Ma~s, 

USA). Routine hematology was done utilizing a Coulter counter 

(Model 2Bl Coulter Electronics Inc., Hialeah, Fla., USA) and 

differential cell counts were performed on wright-stained ~mear 

preparations. 

Collection and processing of specimens: 
. 

The abdomen was washed with alcohol and the skin and loose 
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connective tissue were retracted aseptically to expose an 

intact translucent abdominal wall consisting of parietal 

peritoneum and seant connective and muscle tissue. The entire 
1 

tissue will hereafter be referred to as peritoneal membrane or 

parieta~ peritoneum. Ten ml of minimum essentia1 medium (Eag1e 

Modified) containing 10% heat inactivated fetal calf serum and 

20 mM HEP,ES buffer was injected into the peritoneal cavi ty. 

The peritoneal w~shout was slowly withdrawn through a 21 gauge 

needle and syringe. Tota~ cell counts of peritoneal washings 

were p~f?rmed in Neubauer counting chambers and differential 

cell counts were determined from cytocentrifuge preparations 

stained with oiff-Quick (American Scientific Products, McGaw 

Park, Ill., USA). An aliquot of each sample was spread onto/ '5% 
/ 

/ 

/ 

horse blood Columbia agar. Bacterial recoveries were expressed 
/ 

as cfu per ml of peritoneal washing. 

A specimen of the ventral parietal peritoneum 1 
(approximately 2 x 2 cm) was excised aseptically, rinsed, 

homogenized in 2 ml HEPES buffered (20 mM) normal saline and 
\ 

, 
inoculated onto blood agar. After correction for dilution, 

bacterial recoveries were expressed as cfu per gram of tissu~. 

The catheter segment was removed by fine dissection of any 

adhering tissue and ~y cutting the anchoring suture to the 

abdominal wall. Fluid within the catheter lumen was aspirated 

and detêrminations of total cell counts as weIl as 

cytocentrifuge preparations for differential cell counts were 
J 

conducted as for peritoneal washings. Gr~nulation tissue 

always formed a continuous sheath around the catheter segment. 

As for specimens of parietal peritoneum, this tissue was 

aseptically removed and homogenized in l ml HEPES buffered 
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normal saline. When necessary tenfold seriaI dilutions were 
, 

prepared and spe~imens were cultured on blood agar. After the 

appropriate correction for dilution, the colony counts were 

expressed as cfu per gram of tissue. 

Bacteria associated with the catheter surface were 

quantitated following a modification of a previously ~escribed 

method (15). Using light downwàrd pressure, the catheter­

segment was streaked across a blood agar plate ten times. The 

catheter was rotated 90° and again streaked ten times across 

the agar plate. After repeating this process four times, the 

catheter was incubated in 5 ml TSB. Bacterial recoveries from 

blood agar assessment w~re expressed as cfu per catheter 

surface and results of incubation in TSB were qualitatively 

expressed as culture positive or negative. 

AlI samples cultured on blood agar were incubated at 37°C 

for 24 hours before colonial enumeration. Confirmation of the 

constant identity of bacteria recovered from collected 

specimens was ascertained by colonial morphology, gram stain, 

catalâse production and the characteristic antibiotic 

sensitivity profile. 

Scanning electron microscopy (SEM) 
\ . 

A 2 mm transverse sectlon from the anchoring end of each 

recovered catheter segment was reserved for SEM. Speeimens J 

\ - . 
were processed for SEM using standard techniques. Catheter 

.specimens were fixed in cacodylate buffered glutaraldehyde 

solution (pH 7.3), dehydrated with increasing concentrations of 

acetone and dried to ~ critical point. Specimens w~re then 

fixed to metal planchets, coated with gold and examined with a 

seanning electron mioroscope (model JSM-3SU~ JEOL, USA, Ine.). 
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Histological assessment 

A 2 mm trans~erse section of the catheter associated 

tissue was peeled away from the anchoring end of each catheter 

segment and was reserved for light microscopy. Following 

standard techniques, the tissue was fixed in 10% buffered 

formalin and stained with hematoxylin and eosin. 

Expression of results and statistical analysis 
i 

Quantitative bacterial recoveries were converted to log 

units per gram. A log value of 1 p~r gram represents the 1ôwer 

limit of detection of,S. epidermidis by this microbiological 

technique. Specimens presenting -no bacterial g,rowth 0 were, 

assigned a value of log 1. AlI results are expressea as ~ean± 

SD. Student's t test was used to compar~ the unpaired sets of 

data. 

RESULTS 

Animal model 

Renal failure: 

Selected characteristics of this mouse model six weeks 
, , 

after the surgi cal induction of renal failure are presented in 

Table 1. Blood urea ~itrogen, which is the primary biochemical 

indicator of renal failure in this model, was appropriately 

elevated in the renal failure mice compared to sham-operated 

controls. Hemoglobin concentration as weIl as body weight of 

renal failure mice were significantly less than those of 
" 

- control animaIs. 

Catheter implantation: ' " 
t, 

J .' Peritoneal implantation of the catheter segment two weeks 

~ after the second surgery 

no eVid'nce of infection 

1-

was weIl tolerated and mice presented 

or inflammation as a result of 
132 
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Table 1 

Se1ected characteristics of the mouse model of chronic renal 
failurea,b ~ 

Statua of animaIs: Sham-oper a ted Renal ~lure 
(21) (22 . 

, , 

Blood urea nitrogen (mg/dl) 21. St'3. 7 88'.8 ±34. OC . 

(g/dl) 
.. 

Hemog~obin 13. S± 0.6 .9.3±1.6c 

Body weight (g) 20. S± 1. 8 19. 3±1. 9c 

aReaults expressed as mean±SD. 
bsample size indicated in'parenthesis. 

,cSignificant difference (p<O.OS) between the two groups of 
mice. .p' 

, , 

'1 

" 
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preparatory surgery. Immediate peritoneal response to the 

implant was ~emonstrated by the Tapid formation of granulation 

tis,sue which encompassed the ..catheter segment. Previously, 

histological assessments of the catheter associated granulation 

tissue revealed a thick, poorly vascularized tissue which 
""" 

consisted predominantly of fibroblasts and'mononuclear 

leucocytes (16). Although this tissue completely surrounded 

the catheter ~egment, immediate peritoneal distribution of the 

inoculation volume was not impeded as demonstrated 

radiologically by ic inJec~on of Renographin-60. One montH 

after implantation, ,the catheter and its associated tissue 
II. • 

almost always remained free of adhesion to peritoneal 

structures. 

Recovery of S. epiderm1dis followin9 intraperitoneal or 

intracatheter inoculation 

, The recovery 6f S. epidermidis fort y eigh~ hours after ip 

or ic inoculation of 106 cfu in mice harbouring peritoneal ' 

catheter implants is summarized in Table 2.' Previous studies 

done in our laboratory have' document~d the peritoneal recovery 

of S. epidermidis 48 hours after 106 cfu ip challenge in mice 

without peritoneal catheter implants (13). In com~arison to 
f/',"-

" 0 

those observations, the presence of a peritoneal catheter 

segment,did not influence the microbiological status of 

~eritoneal washings or parietal peritoneum following ip or ic , 

inoculation of 106 ~ S. epidermidis. Regardî~s of the 

route of inoculation or the level of renal funct~on, S. 

epidérmidis recovery from perftoneal washings and pa~ietal 

peri t.ç>neum wa'é minimal. However, after ic inoc4'tion large 

numbers of S~ epidermidis were recovered from ~h:rca~heter 
associated granulation tissue and a majority of recovered 
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, 
catheter segments were culture positive in TSB. In contrast 

catheter segments and associated granulation tissue recovered , 

from mice after ip inoculatipn were invariably culture 
. 

. negative. 
. 

~ Fort y eight ]lours after ic ino~ulation, recovery of S. 

epidermidis was ~gnificantly greater from catheter associated 
..--

granulation ti~sue of renal failure mice compared to 
• 

sham-operated controls (Table 2 and Figure l). Quantitative , , 
./ 

assessment of S. epidermidis associated with ·catheter segments 
, 0 "" '.-

recovered after ic inoCJlation is presented in Figure 2. A 

greater proportio~ of catheters from sham-operated animàls 

~ielded. n? bacterial growth compared to those recovered from . . » 
renal failure mice. Of those catheter segments presenting 

. positive S. epidermidis recoveries, colonies enumerated were 

less for catheters recovered from sham-~perated mice. 
o • 

Scanning electron microscopy 
j 

/"~ 

SEM assessments of catheters recovered from renal failure 

mice and sham-operated control animals were similar. 

Invariably, the luminal surfaces of cath~ters were littered 
--1 

with ho st cells which were ~ommonly macrophages that were,?ften 

activated, while lympho~ytes were seen less frequeritly (17) 
e. 

(Figures 3a-3c). Bacteria were not. observ~d on the surface of < 

catpeters recovered.from mice following ip inoculation (6 
• 

specimens examined). Sin~le ;occi "br is~lated mic'?ocolOlf-tJr!s ~-
.. 

frequently in association with host cells, were observed on the 
<> 

luminal surface of cath~ters recovered from mice subjected to 

, ic S. epidermidis inoculation (14 specimens examined) (Figure , 

4). Caccoid Jorms embedded in a matrix'which made clear 

distinction of bacteria impossible, were also seen on 
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... Table 2 

, 
: Recovery of Staphylococcus epidermidis from peritoneal structures ~f mice 48 hours after 106 

~ cfu inoculationa,b 

• 
Mode of peritoneal inoculation: 

~ 

Status of animaIs: 

itoneal washings 
log colonies per ml) 

~ ~ 

Par~etal ~r.itoneum 
(log colonies pero g) 

Outside the ,catheter (ip) 

Sham-operated 
(9) 

NBG 

NBG 

~ 

Renal failure 
( 10), 

... 
NBG 

1. 2± 0.4 

"~hrough the ca~1eter lumen (ic) 

Sham-operated Renal failure 
(12) (12) 

NBG NBG 

1. 2±,0. 4 1.4± 0.6 

NBG 2.8±1.6 5.8± 2.le ~ ~ Catheter associated tissue 
(log~ colonies par g~ 

NBG -
cv 

Catheter (growth in TSB) 
~ 

NBG NBG 6/12 10/12 

aResults expressed as mé~n±SD with NBG indicating 
bSampl~ size indicated in pa,renthesis. 

nc bacterial growth. 

CSignificant âifference (p<0.05) ·between the two gcoups of mice. 
~ 
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Figure 1. Recovery of Staphylococcus epidermidis from catheter 

associated granulation tissue from sham-operated and 
renal failure ~e 48 hours ~fter intracatheter 
inoculation (106 cfu). The horizontal bars represent 
Mean values for each group and the asterisk indicates a 
significant difference (p<O.OS) between renal failure 
and sham-operated controls. ~BG indicates no bacterial 
growth and such data points are clustered in the 
separate section at the base of the figure. 
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Figure 2. Recovery of Staphylococcus epidermidis frorn catheters 
of sham-operated (5) (open bars) and renal failure 
(RF) (hatched bars) mice 48 hours,after intracatheter 
inoculation (10 cfu). These data are derived from 
the sarne animaIs _represented in Figure 1. NBG 
indicates no bacterial growth. 0 _ 
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Figure 3. Scanning electron micrographs of host leucocytes on 
the luminal surface of peritoneal catheters recovered 
from mice 48 hours after Staphylococcus epidermidis 
inoculation (106 cfu). Leucocytes-were invariably 
associated with the surface of catheters recovere~ from 
mice following either·intracatheter or intraperitoneal 
inoculati~n. 
(a) The catheter surface ia littered with macrophages 

(M) and lymphocytes (L) (Magnification x 1,200). 
(b) Unstimulated macrophage. The cell surface is 

covered by numerous irregular ridges (Magnification 
x 13,300). 

(c) Activated macrophage. Cellular processes are 
extended over the catheter surface (Magnification x 
6,000). 
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Figure 4. Scanning e1ectron micrograph of the luminal surface of 
a catheter segment recovered 48 hours after 
intracatheter inoculation of 106 cfu Sta~hylococcus 
epidermidis. Single cocci or microcolonles are seen on 
the catheter surface and frequently in association with 
host leucocytes (Magnification x Il,000). -
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catheter surfaces fOllowing ic inoculation of mice. 

Microbiologie assessment of catheters recovered from mice 

following iq inoculation did not always concur with SEM 

assessment._ -

Inflammatory response 

Fort y eight hours after peritoneal inoculation (ip or ic) 

there was no evidence of infla~mation measured by total
o 

and 
t 

'differential leucocytes in peritoneal washings and peripheral 

blood of mice (Table 3). Total peripheral and peritoneal 
\ 

· leucocytes and polymorphs, which are predominantly neu,trophils 

in C57BL/6 mice (18), were similar to levels in non inoculated 

control animaIs (data no shown). Fluid aspirates from the 

lumen of recovered catheter segments presented elevated 
, 

leucocyte and polymorph counts compared to peritoneal washings. 

Fo+lowing ic inoculation, both total cell and polymorph cou~ts 

of catheter aspirates were elevated compared to those collected 

following ip inoculation. Significantly greater numbers of 

polymorphs were observed in aspirates of catheters recove~ed 

·from renal failOre animals compared to sham-operated mice 

following ic inoculation. ... ' 

Following ip S. epidermidis challenge, histological 
'. 

assessment of catheter 'associated tissue (~ specimens examined) 

was similar to that of specimens cOllectèd'under control 

conditions. In 'contrast, following ic inoculation (5 specimens 

examined) focal inflammation, marked by polymorph infiltration 

and interstitial edema, was evident (Figure 5). 
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Table 3. ... 

Nature of cellular constituents of peritoneal washing~, catheter exudate and peripheral blood 
of mice 4B hours after ~06 cfu Staphylococcus epidermidis inoculationa,b 

Mode of peritoneal inoculation: 

Status of animaIs: 

Peritoneal washings 
Leucocytes/ml (xI06 ) 
Macrophages (t) 
Lymphocytes (t) 
Polymorphs (t) 
Mast cells (%) 

Catheter exudate • 
Leucocytes/ml (xI06 ) 
Macrophages (%) 
Lymphocytes (t) 
Polymorphs (%) 
Mast cells (t) 

Circulating leucocytes 
Total/ml (xl03 ) 
Neutrophils (%) 
Stab (t) 
Lymphocytes (t) 
Monocytes (%)-

1 

Outside the catheter (ip) 

Sham-operated Renal failure 

(9) 
O.7±O.4 

49.4±9.5 
47. B± 9.1 

2 .B± 1.0 
o 

(6) 
1.9± 2.3 

46 .O± 10.9 
26 .B± 10.7 
27.2±11.1 

o 

(9) 
S.5±2.7 
6.1±1.9 
0;1±0.3 

'92.7±1.7 
l. O± l.1 

.,. 

~. 

(10) 
1.1±O.7 

3S.2±7.7 
63.l±9.9 
2.7±4.l 

o 
(6) 

2.G±2.S 
49.5 ±10,. 2 
22.7±12.8 
27.S±11.9 

o 
(10) 

S.8±1.2 
S.l±l.O 

o . 
93.Jl.3 
1. O± 1.1 

Through the catheter lumen Cic) 

Sh~m-operated Renal failure 

(12) 
O.6±O.2 

49.9±S.7 
47.2±7.0 . 
~.9±2.4 

o 

(9) 
7 .l± 6.3 

34 .3± 13.6 
21.l±12.l 
44.6±20.l 

o 

(12) 
S.7±2.5 
S.3±2.3 

o 
-'94,. 4± 2. S 

O. 3±0. S 

(12) 
l.0±0.7 

50 .o± 9.4 
46. 6±-9. 9 

3.4±2.9 
o 

(9) 
S.3±10.S 

l4.l±13.7c ,d 
6 .O±S. 2 c ,d 

79.9±lS.4 
0-

(11) 
4.6±2.0 ~ 

7.3±4.0 
o 

92 .'S±4. 5 
0.3±0.9 

aResults expressed as mean±SD. 
bSample size indicated in parenthesis. 
CSignificant difference (p<o.OS) between renal failure mice and respective sham-operated 
controls . 

dSignificant difference (p<O.OS) bet~en ip and ic inoculation conditions. 
'-
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Figure 5. Left panel: Section from catheter associated 
granulation tissue recovered 48 hours after 
intraperitoneal inoculation of 106 cfu 
Staphylococcus epidermidis. Tissue is poorly 
vascularized and contains fibroblasts and rnononuclear 
leucocytes. (Hernatoxylin and eosin, Magnification x 
400) • 
Right panel: Section from catheter associated 
granulation tissue recovered 48 hours after 
intracatheter inoculation of 106 cfu Staphylococcus 
epidermidfs. Focal inflammation is demonstrated by 
mononuclear and polymorphonuclear leucocyte 
infiltration. (Hematoxylin and eosin, Magnification x 
400) • 
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DISCUSSION 

We have assessed the influence of a perm~nently- dwelling 

peritoneal catheter segment on the response of mice to 

peritoneal S. epidermidis challenge. Two weeks after the 

surgical preparation of the renal failure model,' placement of a 

catheter segment entirely within the confines of the peritoneal 

cavity was well tolerated by the mice and the resulting animal 

preparation was free of complicating infections. Thus, 

experimental peritoneal s. epidermidis challenge was controlled 
\ 

and a comparison of intraperitoneal and intracatheter routes of 

) administration ,could be conducted. Beyond, the immediate 

'catheter site, the implant did not compromise the local immune 

response of either sham~operated or renal fai1ure mice to the 

peritoneal bacteria1 challenge, regardless of the mode of 

inoculation. The catheter site was invariably culture negative 

after ip inoculation whereas the catheter and its associated 
1 

tissue presented large S. epidermidis recoveries after ic 

challenge. fhe defective early clearance of S. epidermidis 

from the catheter site fOllowi,ng ic inoculation was further 

impaired in renal failure mice compared to sham-operated 

controls. -. 

The surgical preparation 'of this animal model of renal 

failure has been previously described (14). Many of the 
, -

manifestations presented by the renal failure mice are similar 

to those-encountered in endstage renal disease pat\ents and 

included severe anemia, florid osteodystrophy with striking 

bone marrow fibrosis and a state of malnutritio~ (19). ·In the 
( '. 

current series of experiments which were conducted six weeks 

aftQr the induction of renal failure, mice were azotemic and 

presented significant degrees of anemia and growth retardation. 
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Utilizing this mouse model, studies done in our laboratory have 

previously demonstrated an immunocompromised uremic hosti 

presenting reduced delayed-type hypersensitivity skin reaction 

(20-22) and Ancreased susceptibility to bacterial challenge 

(13,23). 

The development of long term peritoneal dialysis models, 

in animaIs having functional peritoneal catheters exiting 

through the skin, has been hindered by numerous complications. 

CAPO has been conducted in renal failure models in rabbits, dog 

and rats for periods ranging from two days to two months 

(24-26). Additions to the peritoneal dialysis solutions 
\\-

included high concentrations of heparin to prevent fibrin' clot , . 
formation and prophylactic antibiotics. Despite these 

preventive measures, management of these animaIs was frequently 

complicated ,by peritoneal infection and obstruction of the 

peritoneal catheter. Fin~lly, progressive bacterial 

colonization of the subcutaneous tunnel of the peritoneal 

catheter wi th res,ul ting inflammation has been demonstrated in 

normal rabbits subjected to CAPO (27). In the current mouse 

model, the implantation of a permanently dwelling cathet~ 

segment into the peritoneal c~vity of mice was never 

complicated by infection of the peritoneal cavity or surgical 

wounds. One mon th after implantati~n of t:he catheter, .j / " 

microbiological sterility of the peritoneal cavity was 

maintained presumably because the catheter did not exit thro~9h 

the abdominal wall. Although peritoneal dialysis was not 

conducted, access to ~he~peritoneal cavity via the catheter was 

a~ieved successfûlly by transcutaneous injection into the 

'" catheter lumen. The resulting animal ~reparation could 

therefore.accommodate cont~olled S. epidermidis challenge as 
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defined by our study objectives. 

Peritoneal reaction to the catheter segment in mice was 

clearly evident one rnonth after implantation, when a 

granulation tissue sheath completely surrounded the implant. 
f 

Encapsulation of the peritoneal catheter in th~ chronic renal 

failure rat model of CAPD has been previously reported (26). 

Like any insoluble foreign material, the medical grade silicone 

rubber of the Oreopoulos-Zellerman CAPO catheter may cause 

chronic inflammation, even though it is chemically non reactive 

and generally induces minimal immunological and inflammatory 

response (28,29).> In contrast to this animal preparation, 

similar evidence of foreign body reaction is not apparent when 

peritoneal catheters are surgically removed from CAPD patients 

(30,31). These observations rnay be explained b~ diff~rence§ in 

the length of time that the peritoneal catheters reside in the 

peritoneal èavity or in the size and shape of the catheters 

(32,33). 

The role of the 'peritoneal catheter in the development of 

\ . ~ S. epidermidis peritonitis in CAPO patients ~. currently a 

subject of great interest. Although the exact mechanism is 

Unknown, foreign bodies have long been known to interfere with 

optimal immune responses in their vicinity.' Zimmerli and 

90lleagues have demonstrated impaired phagocytic and 

bacterlcidal functions of polymorphe within tissue cage 

implants (34). Involvement of S. epidermidis in foreign body 

infection has been well documented (8) and the production of 

slime by certain? strains of S. epiderrnidis has been 
t 

epidemiologically related to intravascular catheter sepsis (10) 

! ~ ,<"t!"'r~,~ ..... ~ .. ~l 

", 

\ 

and recurrent S. epidermidis peritonitis in CAPO (35). s!A \, 
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assessment of peritoneal catheters recovered from CAPD patients 

has clearly demonstrated the presence of bacterial biofilms 

(frequently cocci) on catheter surfaces which May act as 

bacterial reservoirs causing persistent and recurrent 

peritonitis (5-7). 

In the current investigation, the microbiological status 

of peritoneal washings and peritoneum following ip or ie S. 

epidermidis inoculation was not influenced by the presence of 

an indwelling peritoneal catheter segment. We are unaware of 
~ 

previous studies demonstrating the lack of influence of a . , ! 

peritoneal catheter implant on local response to bacteri~l 

challenge. Following ip inoculation the catheter site was 

invariably free of s. epidermidis, whereas ~ollowing ic 

inoculation large numbers of bacteria were recovered from the . 

catheter and i,ts associated granulation tissue. Evidence 

presented here indicates that when the inoculum is administered , ~ 

into the catheter lumen the, catheter site May act as a'nidus 
, , 

for bacterial growth. Since the 106 cfu inoculum was 
, ... 

administered in a one ml volume and the res1dual volume of the 

catheter was 0.07 ml, 7% of the original inoèulum (log 4.85 

cfu) at the most could remain within the catheter at the_time 

of inoculation. Absolute recoveries of s. epidermidis from the 

catheter site exceeded log 4.85 in 40% of the renal failure 

mi ce while none of the sham-operated controls presented similar 

evidence of bacterial growth9 

In spite o~ persisting s. epidermidis at the catheter 

site, there was no evidence of ongoing inflammatory processes 

measured by total cellulari ty and differential leucocyte counts" 

of peritoneal washings and periph~ral blood of mice. These 
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observations May be relevant to reported cases in which SEM 
, 

assessments havè demonstrated that peritoneal qatheters 

recovered from CAPD patients were coloni~~d with bacteria 

without apparent evidence of inflammation (5-7). 

Although the immun~suppress~ve influen~e crf renal failure 

on cell mediated immune response has been well documented 

o (36-38), previous in'" vi vo asse~smerits, freq~ently conducted in 
t ,)". 

rat models of renal failure, have not demonstrated a marked 

increase in susceptibi li ty to bacterial challenge i.n the uremic 

o Wost (26,39,40). Utiliz'ing the current mouse model, increase5i 

mortality and accelerated lethality fOllowing large ip ~ 
v 

epidermidis inocula (109-108 cfu) was observed in renal ~ 
o 

failure mice (23). Peritoneal clearancè of a smaller S . 
.---"""!!W ----

epidermidis challenge (106 cfu) was delayed in r~nal failure 

mice in contrast to sham-operated. controls and early local 

inflammatory response during the fi:st 24 hours after 

inoculation was strikingly attenuated in renal failure animaIs 

(13). Incorporating an indwelling peritoneal catheter into 

this model, the influence of renal failure on the response~f 
mice to ic inoculatiorr,owas again evident. Renal failure, mice 

conshtently presente~ greater bacterial rec~v~ries t;J'the 

.... . .. .'" catheter and lts assoclated tlssue than dld sham-operated 

controls. At tHe time of our assessment, fort y eight hours 
> 

after inoculation, there was no evidence to support' ~ defectivè 

inflammato~y response and, in fact, concurrent with greater 

bacterial recoveries, renal failure mice presented elevated 

neutrophil counts in aspirates collected from the catheter 

lumen compared to sham-op~rated contraIs. 

In agreement with microbiological assessments, SEM of 
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catheter segments recove~ed from mice following ip S. 

epidermidis challenge revealed no bacteria on the catheter 
1 , , 

surface; Single cocci or microcolonies of cocci were 
-

demonstrated on the. surface of catheters following ic 

",:i-,;;;tinocuiation, however, microbiologica+ and SEM assessments' of 
-"''\"1./ 

::::;,rspecimens did not always concur. This dispari ty may be 

ascribed to sampling error. ' Only a small sect ion of each 

recovered cath~ter was reserved for SEM and when s. ~pidermidi~ ) 

col0I1:ies were observed, bacterial growth wàs never even'ly 

distributed across the catheter surface which was frequently 
.~ o 

obliterated by host rcells. ~ , 1 1 

The in vitro colonization of intravenous catheters by 
\ 

slime producing strains of coagula se negative sta~hylococci has 

been assessed by SEM (9). Colonization begins by adhesion of 

; single cocci to the smooth catheter surf~ce follo~ed by the 
" establishment of microcolonies which can induce surface erosion 

of the plastic m?terial. In tater, stages the 'catheter surface 
. ~ . 

is coyered by a confluent single layer or thick multilayer of ,. 
bac'teria which is embedded in.r.oa.n amorphous cementing matrix, 

collect~vely referred ta as biofilm. Fo.rty eight hour's after 
• 1 

" 
ic S. eprdermidis inoculation pf mice, early·stages of 

1 r .. ~ ~ D a 
1 <"J ~ 

staphylococcal coloniza t-ion of' t'hè catheter segment were 

apparent. Whether or not long term coloni~tion of the 

cathet~r, in the current animal preparation, would ~ontinue to 
. 

the stage of establisned confluent biofilms remains to.be 

determined. Unlike the in vitro dynamics of catheter 

cOlonization, the ynfluence of host defe~se mechanisms·opposing 

t9é development of the babterial biofilm on peritoneal catheter 
- 0 

segment~ must be considered. 
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C The current animal pr~parm.~ provides a system in wh'ich 

o inveS~igat'e the, relative roles of renal failure a:nd s, 

1 

peritoneal catheter ~mplan~ation ?n susceptibility of mice to 

bacterial challenge. Through microbiologie studie,s and 
, 

analysis of inflammatory responsesf we have established that 

the catheter and its associated tissue remains the sole 'site of 
," 

bacterial growth and inflammation-49 hours after s. epidermidis 
o , 

intracatheter inoculation. ~he microbi,ological fate "of this " . 
"infected" site, ~emains an enigma. lIt is not yet kt;0wn 

whether bacteria can be cleared from the catheter anp. if'so, 
1 

the factors that regulate clearance, including the effeét of 

renal failure, have not been defined. Longer term experiments 

addressing these issues are currently being conducte~ in~our , 
laboratory. 

( 

, 

, , 
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Section 5.2 

Kinetics of Staphylococcus epidermidis' clearance from\the 

peritoneal catheter site of renal fail~re ~ice following 

intracathetei inoculation. 
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Abstract 

The response of mice with surgically induced renal failure 

and sham-operated controls to intracatheter peritoneal 

inoculation of 106 or 108 cfu s. èpidermidis and the 

kinetics of bacterial clearance from peritoneal structures, 

including a peritoneal catheter implant was investigated. All 

animals survived experimental challenge with th~ smaller 

inoculum however significant mortality was observed following 

108 ~fu intracatheter inoculation and animal survival was 

always less in groups of renal failure mice than in controls. 

One week after 106 cfu inoculation Most animals had cleared 

the bacterial challenge however a small number of renal failure 

mi ce continued to present culture positive specimens frmm the 

peri toneal catheter site up to "one month after inoculation. At 

weekly intervals to ?ne month~st 108 cfu intracatheter 

inoculation, micr0biological ai~essment of peritoneal 
1 - , 

structures of surviving mice demonstrated that the peritoneal 

catheter site was a reservoir for .persi~ting S. epidermidis, a 

finding that was confirmed by'scanning electron microscopy., 
-......... ' 

Phenotypic variation was observed in isolates of S. epidermidis 

recovertd from mice at least two. weeks _ after inoculatio,n. 

:Vnexpectedly, S. epidermidis recovery from the catheter site of 

renal,failure mice was significântly less than that of 

sham-operated controls three and four weeks after 108 cfu 

inoculation. Inflammatory response was similar in 

sham-operated anA renal failure mice in Which peritoneal 

leucocytes and polymorphs were e'levated dur1..ng the first three 
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weeks after 108 cfu inoculation while systemic signs of 

inflammation consistlng of a rise in circulating polymorphs 

persisted for the duration of the follow-up periode The 

results of the current investigation concur with previous 

studies of the early peritoneal distribution of s. epidermidis 

following intracatheter inoculation and' reveal' that the 

catheter site provides a preferred site for persistent 

bacterial colonization up to one month after inoculation ...... 
pa~ticularly after a large bacterial challenge. 

Introduction 

The objective of the present study was to investigate the , 

ki~etics of Staphylococcus epidermidis clearance fram the 

peritoneal catheter site of mice with surgically induced renal 

failure and sham-operated controls. This investigation is one 
'f 

of "a series in which the pathogenesis of peritoneal ~ 

epidermidis infection, a major complication of continuou's 

ambulatory peritoneal dialysis, was st~died in a recently, 

developed mou se model of renal failure. ~le have previously 

demonstrated that' chronic renal failure has an 

immunosuppressive influence on the response of mice'to 

p~ri toneal S. J"iidermidis inoculation (1-3) '. The original 

mouse model was expanded to include a permanently dwelling . 
peritoneal catheter which was implan~d one month before 

expe~imental inoculation. Fort y eight hours after 

intracatheter inoculation, s. epidermidis was effectively 

cleared from other peritoneal structures however bacteria 

remained associated~with the catheter site. In addition, S. 

epidermidis recovery from the catheter site was significantly 
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greaber- in rena~ failure mice compared to sham-operated 

controls. On the basis of our previous studies we have 

addressed two questions: 1) Is S. epidermidis cleared from the 

catheter site during a long term (1 month) fOllow-up? 2) Ooes 

renal failure have a measureable influence on long term ", -

response of mice to intracatheter S. epidermidis inoculation? 

Groups of sham-operated and renal failure mice underwent 

intracatheter inoculation f either 106 or lOB cfu ~ ~ 

epidermidis. At specifie intervals during the following month 

animaIs were sacrificed a microbiological, hematologiQal and 

biochemical assessments were conducted. In addition, surfaces 
Oi? • 

of recovered catheters were examined by scanning electron 

microscopy. The bacteriologic status of peritoneal structures , 
as weIl as the local and systemic inflammatory response of 

1 ~ 

sham-operated and renal faJlure mice to the experimehtal 

inoculum were compared. 

Materials and Methods 

Surgical induction of renal failure 

Female C57BL/6 mice were obtained -from Charles River 

Breeding Laboratories (Kingston, NY, USA) at -five weeks o~ age. 
, _ 0 

Thé animaIs were allowed to acclimatize in holding facilities 

for one week prior to use. AIl animals had free access to 

°water and mouse chow • . 
The surgical preparation of renal failure and 

sham-operated ~ice has been described previously (4). Mice 

were anesthetized with ether and a small flank incision 'was . 
~ 

made through which the kidney was separated from the adrenal 
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gland and freed of perirenal fat. Using a single point, 
\ 

cauterizer (Hyfrecator, Model X-7l2, Birtcher Corp, Los 

Angeles, CA, USA) and excluding a 2 mm margin around the renal 

pelvis, the éxposed surface of the kidney was 

electrocoagulated. ' The incision was dlosed with a running 

suture through the deep layers and surgi cal clips were applied 

to the skin. Two weeks :after right' kidney electrocoagulation, 

those animaIs that would constitute the renal failure group 

underwent left nephrectomy while sham-operated controls 

underwent surgi cal exploration of the left renal area. 

Catheter {tmplantation 

Two weeks elapsed between nephrectomy, or sham surgery, 

and peritoneal implantation of. a custom made segment of an 

oreopoulos-Zellerman CAPO catheter (Accu~ate Surgical 

Instruments Co., Toronto, Canada). Both ends of the segment 

were bevelled and the 1.2 cm length contained six regularly 

spaced perforations. According to the manufacturer's 

spec\f~cations, catheter segments were wasped in mild .. 
detergent, rinsed severai times in distilled water and gas 

sterilized prior to implantatiQn. Through a left flank 
) 

p 
incision the catheter segment ~as placed entirely within the 

. confines of the periton~al cavity ~nd was secured to the 

lateral abdominal wall by a single anchoring suture passipg 

through one of the side perforations. The free end of the 

catheter was directed towards the left lower quadrant of the 

abdominal cavity. The incision was closed with a running 

suture through the deep layers and surgical clips were appli~d 

to the skin. Four to six weeks later animaIs were subjected to , 
experimental inoculation. 
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Bacterial çhallenge: 

The test S. epidermidis, reference number 29260, was 

recovered from the peritoneal fluid of a CAPD patient with 

peritonitis and was kindly supplied to us by Dr. 5.1. Vas 

(Toronto Western Hospital, Toronto, Canada). Aliquots of this 

clinical isolate were maintained frozen in glycerol broth. The 

ch~racteristic antibiotic sensitivity profile of this organism 

facilitated positive identification. 'Compared to reference 

slime-producing S. epidermidis strains (kindly supplied by Dr. 
J 

0.0. Christensen, University' of Tennessee, Memphis~ Tennessee) 

isolate 29260 produced glass adherent material when grown in 
1 • 

trypticase soy broth (TSB) demonstrating slime-producing 

~bility (5). The bacterial suspension for inoculation was 

p~epared from overnight cultures grown on Columbia agar. The 

density of viable'bacteria (colony forming -units) was . , 

enumerated by seriaI dilution and pour plate techniques. 

Under light ether anesthesia mice received peritoneal 

inoculatîon with either 106 colony forming units (cfu) or 

108 cfu S. epidermidis in 1 ml HEPES buffered (20mM) normal 

saline. The)catheter segment'was manipulated to palpate the ,,,, 

" 

catheter lumen and transcutaneous intracatheter injection was 

performed with a 25 gaug~ needle directed into the lumen of the 

free end of the catheter. In one experiment mice without 
~ 

, peritoneal catheters received 108 cfu S. epidermidis 

inoculat.ion intraperit,oneally, by injection into the right, 

lower quadrant of the abdomen. Assessments of mice were 

conducted at the specified weekly intervals after inoculation. 

Blood analysis: 

Mice were anesthetized with ether, weighed and_ 
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exsanguinated by cardiac puncture. BlbOd was collected in 

heparin-coa~ed plastic syringes (Hepalean, Harri$ Laboratories, 
J 

Toronto,,~A~ânada) for biochemistry and hematolôgy analysis. 

Blood urea nitrogen (BUN) levels were determined with an IL-9 

autoanalyzer (Instrumentation Laboratory Inc., Lexington, Mass, 
1 

USA). Routine hematology was done utilizing a Coulter "counter 

(Model 2Bl Coulter Electronics Inc., Hialeah, Fla., US~) and 

differential ce Il counts were performed on Wright-stained blood 

smear preparations. 

Collection and processing of specimens: 
; 

The abdomen was washed ~ith atcohol and the skin and loose 

connective tissue were retracted aseptically to expose an 

intact translucent abdominal wall consisting of parietal 

peritoneum and seant connective and muscle tissues. The"entire 

tissue will hereafter 

parietal peritoneum. 

be ref~red to as \3Peri toneal r{embrane or 

Ten ml of minimum essential m~ium (Eagle 
a • 

~dified) containing 10% heat inactivated fetal' calf serum and 

20 mM HEPES buffer was injected directly into the peritoneal 

cavity and the peritoneal washout was slowly withdrawn. Total' 

cell counts of peritoneal washings were performed in Neubauer 

counting chambers and differential ce Il Counts were determined 

from cytocentrifuge preparat~ons stained with Diff-Quick 

(American Scientific Products, McGaw Park, Ill., USA). An 

aliquot of each sample was quantitatively cultured onto 5% 

horse blood Columbia agar for bacterial content and identity. 

Bacterial recoveries were expressed as cfu per ml of peritoneal~ 

washing. 

A specimen of the ventral parietal peritoneÜm 

~ (approximately 2 x 2 cm) was excised aseptically, rinsed, 
o 
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~omogeni~ed in HEP ES buffered normal saline .and inoculated onto 
{.. 

blood agqr. After'eorrection for dilution, bacterial 

recoveries were expressed as cf.u per gram'of tissue. 
", , 

Thepcatheter segment was removed by fine dissection of any 
, ~ ~' q 

'adhering tissue and cutting the anchoring suture to the 
o 

abdominal wall. Fluid within the cath'eter lumen was aspirated 
o 

and determinations of ~tai cell co~ts as weIl as 

cy~ocentrifuge preparatiops for differential cell counts we~e 
; 

conducted as for peritpneal washings. Granulation tissue which, 
• ~ J 

, .. . -
surro~nded the cathete~ segment was aseptically removed and 

.. " , 
,-

~omogeni,zed in HEPES buffered normal saline. Wh7,n' nec~à.r-y 

tenfold ser~al dilutions were prepared and specimens were 

inoculated enta blood agàr. After the appropriate correction . " 
o for dilution, colonie's recovered were expresséd as, cfu per gram 

, 
of tissue. 

Bacteria associated with ~he catheter were quantitated 
!} , Il , 
following modifications of previously described methods (6,7). 

IP'" fJ r> ç. 

°Using light downwara pressure the catheter segmenb was streaked 

ten times across the agar plate. The catheter segm~nt was , 

rotated 90 0 and was 'again "streaked across th~ agar plate. 
, 

After repeating this process four times the catheter was 

incubated i,n TSB. Bacterial recoveries from blood agar 

assessmept were expressed as cfu per,catheter and results of 

incubation ih TSB were expressed as culture positive o~ 

negative. Alternately, the recovered'catheter segment was 
\ > 

spli t lengthwise. One half of tJ1e catheter was processed "as, 

above. The remaining half.wa~ aseptically scraped with a 
, 

sterile blade into HEPES buf~ered normal saline and the scraped 
, 

material was broken up by'Vortex mixing with glass beads for 30 
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seconds. When necessary tenfold seriaI dilutions of the saline 

wash were prepared and spec,imens were inoculated onto blood 
/ ~ 

agar. After correction for dilution, colonies recovered were 

expressed as cfu per catheter. 
{I 

Colony enumeration of aIl samples on agar was' conàucted' 

after tw~ty-~our hours incubation. Positive identification of 

recovered, bacteria was ascertained by colony morphology, gram 

stain, catalase production and the characteristic antibiotic, 

sensitivity profile. In selected cases, procedures fot 

posi tive iètenti fication included automated identificat'ion, by 

Vitek. (Vitek Systems, McDonnel Douglas Health Systems Co., 
, 

Hazelwood, MO, USA). 

Scanning elect.ron microscopy (SEM) " 

~ A 2 mm transverse section from the anchoring end of 
/ 

recovered catheters was reserved for SEM. Specimens were . 

processed for SEM using standard techniques. C~theter segm~nt~ 
'. , 

were fixed in cacoaylate buffered glutaraldehyde solution (pH 

7.?), dehydrated with incre~sing concentrations of acetone ~nd 
, 

dried to a critical point. Specimens were then fixed to metal~ 

planchets, coated wi th gold and examined wi th a scanning 

electron microsco~ (model JSM-35U: JEOL, USA, Inc.). , . 
Exper1mental protocol 

Table 1 summarizes the experimental protocol of the 

preparation of the-animal model and the schedule of inoculation 

and microbiological assessment of mice. 
'" Expressi-on ,of results and statist·ical analy~is 

Bact'erial recoveries were converted to log uni ts. 
, 

Specimens presenting no bacterial growth on agar were assigned 

a value of log 1-(10 cfu per ml) which represents the lOwer 
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Table 1. Experimental protocol 1 

Weeks 

0 

2 

4 

8 

9 
1 

10 

Il 

12 

Procedure 

,Electrocoagtlation of the right kidney (aIl mice) 

Left nephrectomy (renal failure mice) or exploratic>n-of 
the l~ft renal area (sham-operated mice) 

Imp~~ntation of the peritonea~ catheter 

Intracatheter inoculation with Staphyloc9ccus 
epidermidis (106 or 108 cfu) 

\ 
Assessment 1 w.eek post 'challenge' (l06. and, 108 cfu) 

Assessment 2 weeks post challenge-(108 cfu) 

Assessment 3 weeks post challenge. (108 cfu) 

Assessmetlt 4 weeks post challenge -( 106 and, 108 cfu) 

, . 
.. 

, 
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limit of detection of the microbiological assessment. AlI 

resul~s are expressed as mean±SD. Statistical analysis was 

conducted utilizing Student 1 s t test for the comparison of 

unpaired data sets, one way analysis of variance and 

correlation analysie. 

o 0 

Results 

Animal model 

Table> 2 summarizes selected chara'cteristics of the mouse 

model seven to ten weeks after the surgical induction of renal 

failure. Blood urea nitrogen (BUN) was used to assess the 

degree of renal failure in this animal preparation and in 

comparison to sham-operated controls, renal.failure mice 

presented appropriately elevàted BUN levels. M~an hemoglobin 

concentration was always significantly ieduced in renal failure 

mice compared to sham-operated controls and as previously 

reported hemoglobin leve~s of renal failure animaIs were 

significantly correlated to BUN. Hemoglobin levels of renal 

fai-Iure mice subjected to e\ther 106 or 108 cfu S. 

" epidermidis challenge were simi lar. In ~ontrast, sham-operated 

mice that were sacrificed at weekly intervals after 108 cfu' 

s. epidermidis inoculation presented significantly reduced mean 

hemoglobin concentration compared to respective animaIs that 

received 106 cfu inoculation or non inoculated sham-operated 
, f -

mice (data not ~hown). The reduction of hemoglobin 
i , 

concentration was not affected by the sampling time following 
J, ~ 

_ 108 cfu i~oculation or by the magnitude of bacterial recovery 

from the catheter site. Mean body weight of renal failure ~nd 
l' 

sham-operated mice was similar. 

Peritoneal implantation of the c~theter, two weeks after 
( 
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Table 2. Characteristics of the Mouse model of renal failurea 

Animal status: 

Blood urea nitrogen (mg/dl)b 

Hemo~lobin (g/dl) 
10 cfu. 'inoculationC 

lOB. cfu inocula.t.iond 
4 

(g) b '" Body weight 

Sham-:operated 

23.9.±5.0 (52) 

l2.7±l.7 (17) 
l1.0±1.3 (30)f 

22.5 ± 2.3 (53) 

Renal failure 

98 ~"4 ± 29 • 5 ( 52 P 

9 • 6 ± 1. 5 ( 1 7 )e 
8.7 ±l. 7 (31)e 

2l.7±1.8 (52) 

aResults are obtained in 15-19 week o1d C57BL/6 inbred mice 7-10 
weeks after the surgical induction of renal failure or sham 
surgery. Results are expressed as mean±SD and sample,size is 
indicated in parentheses. 

bNo significant difference (p<O,05) was observed between animals 
subjected to 106 or lOB cfu Staphylococcus epidermidis 
challenge and therefore results were pooled. 

cResults from mice sacrificed one week and one month atter 
in~raca~?7ter inoculation with 106 cfu Staphylococcus 
ep1derm1d1s. 0 

dResults from mice sacrificed at weekly intervals from one to 
four weeks after intracatheter inoculation with 108 cfu 
Sta h lococcus e idermidis. 

eSigntficant difference 0 p<O.OS) between renal failure and 
sham-operqted mice. 

fSignificant difference (p<O.05) between mice subjected to 106 
and 108 cfu Staphyiococcus epidermidis .inoculation'I 

\ . 

\ 
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nephrectomy or sham surgery, was weIl tolerated by all mice. 

One month later, at the time of experimentation there was no 

evidence of peritoneal contamination as a result of prepara tory 

surgical procedures or catheter implantation: Invariably, 

granulation tissue encompassed the catheter segment and has 
• r 

been characterized previously as a low grade inflammatory 

response of the peritoneum to the implant (8). Histological 

assessments of the catheter associated granulation tissue 

revealed a thick poorly varcUlarized tissue which c~nsi~t~d 

primarily of fibroblasts and mononuclear leucocytes. Immediate 

peritoneal distribution of the inoculation volume was not 

impeded by the catheter associated tissue. With the exception 

of rare occasions, the catheter and its associa~ed tissue 

remained fr~e of adhesJon to peritoneal structures. 

~sponse of mice to 106 cfu intracatheter S. epidermidis 

challenge 
, 

.' , 
Reqovery of S. epidermidis from per'i toneal structures of 

mice one week and one month after a 106 cfu intracatheter 

peritoneal challenge is summarized in Table 3. AlI animaIs 

survived during the follow-up period and, with the exception of 

a small number of mice, S. epidermidis was effectively cleared 

from aIl peritoneal sampling sites, including the peritoneal 

càtheter. One week after experimental challenge, ~ 

epidermidis remained associated with the catheter site of one 

animal in each of the sham-operated and renal failure groups. 
.... 

~~ month after S. epidermidis challenge, two of s~en renal 
-II 

failure mice 'presented positive recoveries from the catheter 
c 

site while specimens from sham-operated animaIs invariably 

presented no bacterial growth. 
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Table 3. Recovery of Staphy1ococcus epidermidis from peritoneal structures of mice at 
various times af~er 106 cfu intracatheter peritoneal challengea,b 

Time after inoculation 
,. 

1 week 

Anima1.status: ,Sham-operated 
(9) 

Renal fai1ure 
(10)' ' 

o 

Number o~mice with positive 
S. epidermidis recoveries 

Si,te 

r-

of bacterial recovery: 
peritoneal 'ashings ~ 
parietal peritoneum ~ 
catheter site J 

1 

o 
o 
1 

1 , 

0 
1 
1 

1 month 

Sham-op-erated 
(8) 

~ 

a 

0 
0 
0 

Renal failure 
(7) , 

2 / 

0 
0 
2 

~----------------------------------------------------------------------------------------
aRes~ts are obtained in 15-19 week old C57BL/6 

induction of renai failure or sham surgery. 
bsamp1e 4ize is indicated in parenthe~es.-

l 
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inbred mice 7-10 weeks after the surgical 
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There was no evidence of ongoing inflammatory processes as 

measured by total and differenti«l leucocyte counts in 

j peripheral blood, peritoneal washings and fluid aspirated from 

the catheter lumen (data not shown). One week or one month 

followi~g 10 6 cfu S. epidermidis intracatheter challenge, 

peritonea~ and circulating leucocyte populations were not 

significantly different than the normal resident or resting 

state conditions. Leucocytes aspirated from the catheter 
M • 

lumens did not present evidence of acute inflammation and their 

differential nature was similar to that of leucocytes collected 

from lumens of non infected catheters. 

Response of mice to 108 cfu S. epidermidis challenge 

,survi val-: 

Survival of mi~e to one month after 108 cfu 

intracatheter S. epidermidis challenge is summarized in Figure 

... 1-.. Previ,ously:, during the, develepment of this animal model, we 

investigated the response of sham-operated and renal failure 

mice without peritoneal catheter implants to intraperitoneal 

inoculation of 108 cfu S. epidermidis. For interest, results~ 

of this previeus inves~igation are aIse included in Figure 1. 

Depending on the route of inoculation, there was a striking 

difference in the pattern of survival ef mice such that 

mortality was least following intracatheter challenge with a 

majority of deaths '6ccurring 3 _ta 4 weeks post inoculation.
v

, In 

contrast, in those animaIs that underwent intraperitoneal 

,inoculation mortality was much greater and occurred within a 

shorter period of time after inoculation. with the excep1tion' 

of one sham-operated control, all mortality was accounted for 

by renal failure mice. 
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Figur~, J.. Survival curves of sham-operat.ed CS) (solid l'ine) and 
renal failure (RF) (dashed line) micê during a one 
month period after 108 cfuoStaphylococcus epidermidis 
inoculation. The top panel represents results 
following intracatheter inoculation and the bottom 
panel summarizes experiments conducted in mice ~ithout 
perit.oneal catheter implants subjected to 
intraperitoneal inocûlation. Number of mi6e is 0 • 

• indicated in parentheses. 
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Recovery of s. epidermidis from peritoneal structures: 

The microbiologic status of peritoneal structures of' 
'f 

surviving mice at weekly intervals to one month -after 108 cfu 

intracatheter inoculation is summarized in Table 4 and Figures 

2 and. 3. In contrast to large recoveries of s. epidermidis 

from the catheter site, minimal or QO bacterlal growth was 
Q ~J 

recovered from other tested peritoneal structurés at aIl 
, 

assessme~ times. S. epidermidis recovery from the ~atheter 
) 

and its associated tissue was similar in sham-operated and 

renal failure mice for the first two weeks after inoculation. 

Thereafter, three and fq~r weeks post ~noèulation, recovery of 

S. epidermidis from the catheter associated tissue of 

. )Sham-operat~d contrais was unexpecte41y_greaf (p<O.ûS) than 

-- - that from renal failure mice .. One month after s. epidermidis 

challenge 5 of Il renal failure mice presented culture positive 
J , 

specimens,'while specimens from_aIl of 15 sham-operated mice 
o 

/' remained S. epidermidis culture positive. Recovery of ~ 

epidermidis from catheters, assessed by streaki"ng across blood 

~gar, followed a similar pattern (Figure 3). Large numbers of 

bacteria were associa~ed with the surface of catheters fto~ 

,. 

renal failure and sham-operated mice, however, three and four 

w~eks after inoculation, a large proportion of catheters 

recovered- from renal failure mice presented smaller bacterial 

'" recoveries or no bacterial growth while those.of sham-operated 

coI'ltrols continued to present large S. epidermidis' :epoveri-es • 

Inflammatory response: 

Total leucocyte and polymorph counts of peritoneal 

washings and p~ripheral blood of surviving mice at weekly 

intervals to 1 month following 108 cfu intracatheter 
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Table 4. Recovery of Staphylococcus epidermidis fro~'mice at various times after 108 cfu 
cha11engea ,b 

Sampling site: 

\ 
/Peritoneal washrRgs 
(ldg colonies per ml) 

..:. 

'Parietal peritoneum~ 
(log colonies p~r gram) 

...... 
Animal .status: Sham-operated Renal failure- Sham-operated Renal failure 

\ 

Time~after inoculation 
(weeks) 

1 NBG (8) 

2 NBG (5) 

3 NBG (8) 

4 1.04±O.2 (15) 
'. 

1.03±0.S (12) 

NBG ~6) 

NBG (7) ... 
, 1.3±O~9 (11) 

~.~±1.8 (8) 

1.S±1.l (5) 

NBG (8) 

1.1±O.:p. (15) 

1 . 6± 1 • 2 ( 12 ) 

NBG (6) 

NBG (7) 

1.2±O.7 111) 

aResults are obtained in 15-19 week'old C57BL/6 inbred mice 7-10 weeks after the 
surgica1 induction of renal faïlure or sham surgerY.· 

bResults are expressed as meaq±SD and sample ftize is indicated in -parentqeses. 
cNBG indicates no ba?teria1 growth. 
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Recovery of Staphylococcus epidermidis from catheter 
associated granulation tissue from sham-operated (solid 
line) and renal failure (da shed line) mice'during a one 
month period fOllowing 108 cfu intracatheter 
inoculation. Mean values and standard deviations are 
indicated at weekly intervals after inoculation. An 
asterisk indicates a significant difference (p<O.OS) 
between renal failure mice and respective sham-operated 
controls. 
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inoculation are presented in Figure 4. Compared to peritoneal 

and circulating leucocytes of non inoculated mice (data not 

shown) local and. peripheral inflammatory response was evident, 

in aIl mice following inoculation. Peritoneal polymorph counts 

were posi tively correlated (p< 0 .05) with the magnitude of 

bacterial recovery from the catheter site. Peritoneal 

polymorph response was greatest during the fir~t two weeks 
J 

after S. epidermidis challenge and thereafter declined such 

that three (sham-operateà'mice) and four (sham-operated and 

renal failure mice) weeks post inoculation peritoneal 

polymorphs were significantly less than levels of respective 

mice one week ,after challenge and compared favorably to a 
~ 

normal resident leucocyte population in spite of positive 

recovery of S. epidermidis from the catheter site. Total 

peri toneal 'leucocytes were also elevated for three weeks 

following inoculation compared to non inoculated mice. 

Circulating total leucocyte counts were not measurably affected ... 

by the experimental inoculation however there was a significant ) . 
increase in circulating ,polymorphs OVer resting state 

conditions (no inoculation) which persisted for the duration of 

the follow-tlp~ Inflamm\tory response, measured in terms of 

peritoneal and circulating leucocytes, was not significantly 

different between renal fa,~lure and sham-operated mice followed 

to one month after 108 cfu intracatheter S. epidermidis 

çhallenge. 

Total leucocyte and differential counts of fluid aspirated 

from the lumen of catheters recovered from mice demonstrated 

acute inflammation. At one and four weeks after inoculation 

the leucocyte differenëial counts were similar, ranging from 75 
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indicated in par'enthe es. Asterisks indi atê 
significant differ~nc~s (p<0.05) between values 
récorded at one week post inoculation an the indicated 
test time. r 
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tQ 90% polymorphs, . and we~e not apparently influenced by the 

renal fUfilction of the mice. DifferentiaI cOJ,mting at 2 and 3 
) 

w~eks after' 'inocu-1ation was not possible becaus'e of extensive 

cell diumping and debris. 

Phenotypic colonial variation of S. epidermidis isolates , . 
Và':uiation of, colonial morphology was observed in S. 
"" -;-

epidermidis isolat es recovered from mice two to four weeks 

after 108 cfu inoculation-{Figuré 5). Three to five colonies 

of each type were successively SUb~ul~ured three 1mes and, 1 

colonial morphology ~emained ",stable. Colo~ies va'ried in size 

and color, ranging from Hale grey to opaque' white (parent 

phenotype) and having a diameter of 0.5 to 3.0 mm (lattèr 
• 1 

me4sure is that of parent phenotype). Assessments of the 

isolated éolonial variants which included automated 

iden..tification by Vitek revealed that the recovered phenotypes 

had identical antibi'Gtic .sensitivity' profiles and biochemical~ 

" reactions. 
~ 

Tlssue and catheter specimens recovered one week afte; ~ 

108 cfu inoculation presented 1nly the parent ô. epidermidis .. 
u 

colonial phe~otype. In contrast, two to four~weeks after 

~ inoculation a majority (59.7%} of specimens of ct.. theter 
{ 

associated granulation tissue and recovered catheter segments 

'\ ' 
rcvealéd phenotypiç colonial variants of the inoculated ~ 

epiderfuidis. Ali three of the culture positive specimens of 

parietal peritoneum recovered from mice during this perlod also 
"-

produced colonial morphology variants. 
, " 

, re mbst cormnonly observed phenotypic colonial variant was 

similar in size to the white parent phenotype, but was grey in 

color. The frequency with which phenotypic colonial variation 
\ , 
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, .. 
primary culture on 5% horse blood Columbia'ag~, 'of 
catheter associated -granulatlon tissue recovered from a 
mouse three weeks' after 108 cfu intracatheter -- -­
Staphylococcus epidermidis inoculation showing 'large 
whjt~ (parent phenotype) large grey and small white 
colo~ial morphologies. The right panel is a 
photographie enl\argement demonstrating the observed 
phenotypic variants. Photographs were taken after 24 
hours incubation at 37°C. \.." 

y. 
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was observed and the proportion of colonies presenting this 
. 

phenotype in culture was not apparently affected by the 
." 

sampling time (2, 3 or 4 weeks after inoculation.), the sampling 

site (catheter or associ~ted granulation tissue and peritoneum) 

or the level of renal function of the host,- pooling aIl 

iso~ates present~~g phenotypic colonial ~artants, the percent 

of recovered s. epidermidis colonies p~esenting the grey 
1 

phenotype was 38. 7,±32 .3. One other. colonial. morphology variant .. 
which was much less.f~equently observed (9%) was markedly 

smaller than the parent phenotype but was similarly white. 
-

Microbiologie assessments of catheter segments 
• 

Fifty four cathçter segments were spli~ lengthwise and one 
, 

half was streaked across blood agar while ~he.other half was 

1 scraped- and the', s'craped material was broken up by Vortex mixing 

. ~ith glass,beads. This latter method of assessment was 

c~nducted;a-in order to detach any bacteria adhering to' the 
q 

catheter surface in a bacterl~l biofilm. The results of both 
, (J 

microbiological assessments generally.concurred. Catheters 

assessed accordin~to these 'methods wère recovered from renaI.$ 

fai~ure and sham-operated mice 3 and 4 weeks after lOB ofu 
" 

inoculation and land 4 weeks after 106 cfu inoculation. 

Qualitative assessment of' growth by the two methods was in 
~ • 

~th agreement :Cor 49 of 54 catheters (91%). In 29 cases, 

methods of assessment yielded culture negative results and the 

remaining 20 cases we~e culture positive. In 12 of the 20 

(60%) culture positive assessments, greater S: epiderm,idis 

recoveries were recorded following assessment by catheter 

scraping compared to catheter streaking. Of the 5 of 54 (9%) 
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SEM of the luminal surface of catheters recovered from 
mice following intracatheter inoculation of 108 cfp 
Staphylococcus epiderrnidis. 
Left panel: Macrocolony of cocci isolated on the 
surface of a catheter reco~ed one week after 
inoculation (Magnification ~ 4,000). ' 
Right panel: Macrbcolony of cocci isolated on the 
surface of a catheter recovered one rnonth after 
inoculation. Coccoid forms are evident in an 
amorphous matrix (Magnification x 7,200) . 
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discordant pairs, 4 were accoùnted for by culture negative 
~ 

scraping assessment and culture positive streaking resu1ts. ~ 
Of 

/ Scanning e1ectron microscopy (SEM) 

The 1umina1 surface of catheter segments recbvered from 

miqe, one week (6 specimens) ~nd four weeks,(14 specimens) 

after 108 cfu intracatheter S. epidermidis challenge, were 
Il 

examined with SEM (Figure 6). One week after 108 cfu 

challenge, isolated macrocolonies of S. epidermidis were 

visualized on the catheter surface in association with. 
, 

, , 

macrophages and lymphocytèS. After one month colonies OI:cocci 

were no longer clearly visualized however, coccoid shapes were 
q , 

Ifrequently observed, in 0 isolated masses of amorphous material 

that littered the catheter surfaces. Leucocytes ~ere alwa~s 

abundant on the surfaces examiRed. One week aft~~6 cfu 

intracatheter challenge, catheter segments (6 specimens') 
\ 

recovered from sham-operated and ~ena1 fai~ure mice were also 

examined with SEM. Cocci were not observed on the catheter 

surfaces while lymphocytes and macrophages were evident. SEM 

assessments of catheters recovered from sham-operated and renal; 

failure mice were similar. 

Discussion 

We have investigated the kinetics of S. epidermidis 

clearance from peritoneal~ structures of mice up to one month 

after either 106 or 108 cfu intracatheter peritoneal 

inoculation. AlI mice survived following inoculation of 106 

cf~ and one month after bacteria1 challenge, a small number of 

, renal failure mice presented persistent S. epidermidis at the 

catheter site while aIl sham-operated controls had effectively 

cleared the.inoculum. Survival of renal failure mice during 
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the one"month, fol~owing. 108 c,fu S. epidermidis intracatheter 

(' 
,':(: inoculation was markedlY"",Jess th an that of sham-operated 

• ) .,., '.t 

contro.Ls anù the\perifonea1 catheter site provided a preferred 

nldus for bacterial persistence in a majority of surviving 

animaIs. unexpect~d1y, s. epidermidis clearance from the 

catheter site of renai fai1ure mice was significantly' 

accelerated,3,and 4 weeks after 108 cfu inoculation compared 

to sham-operated controis. Inflammatory response· was simil~r 

°in aIl animaIs and p~ritone?1 inflammation was evident for the 
, 

first 3 weeks after 108 cfu ch'allenge while a.--srstemic 
~ / 

polymorph response persisted throughout the one month fOllow-up 

periode 

The mouse model of chronic renal faildre has been 

previously descri,bed (4,9) and was originally developed to 

study the influence of chronic uremia on host immune response. 

In order to address the influence of CAPD treatment variables, 
, 

on the--response of mice to peritoneal bacterial challenge, the 

animal preparation was expanded to-include a permanently 

1 dwelling peritoneal catheter (8). Placement of the catheter 

segment entirely within the confines of the periton~al cavity 
., 

preserved the microbiological sterility of the peritoneum and 

the resulting 'animal preparation was not limited by bacterial 

contamination related to a catheter exit site to the skin. At 

the ti~e of our assessments, seven to ten weeks after the 

surgical induction of renal failure, mice were azotemic and 

presented significant anemia. Presumably as a consequejfe of 

per'sisting S. epidermidis infection of the catheter re, 
sham-oRerated mice presented significant anemia during the one 

month follow-up after 108 cfu intracatheter inoculation 
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compared to those saerificed one month after 106 cfu 

. inoculation' or non infeeted sham-operated controls,. 

Fùrthermore, unli'k,e previous observations where body weight of 

sham-opèrated miee was signi ficantly greater than that !bf renal 

failure animals, oody weight of both groups of mice in this 

ser~es wer..e s'imilar. 

Il In the literature there i5 a scarcity of in vivo 

" investigations in which chronic renal failure animals have been 

ùirectly challenged with·viable bacteria and results qf the few 

reported studies have failed to demonstrate a fundamentally 
....,fI 

irnmunocompromised uremie hast (10-12). The results of the 

current studies, and those conducted previously in our 

laboratory utilizing the same animal preparation, may help to 0 

clarify sorne of the'difficulties in the investigation of the 

~nfluence of chranic uremia on susceptibility t? infection. In 

previou5 experiments which weie 'designed to differentiate 

between renal failu~e and sham-operated mice we have 

demonstrated the importance of the experimental inoculum size" 
. 1 

the parameter choseq" to measur~ response and the time of 

assessment relati,ve to bacterial inocula,tion: Comparing our 

current o~servations ~ith those of preliminary studies, the 

outcome of 108 cfu inoculation in terms of survival o~ mice 
< 

varied betw~en conditions of intracatheter or intraperiton~al 

inoculation. These apparently conflicting, results may find 

explanation in a multifactorial relatio~ship between renal 

failure, host immune response and virulence of the infec'ting 

. ,.( 
m.lcroorç,an~sm. 

Through' a systematic approach with consistent 0 

~ ~ 
(1 

microbiological assessment, we have investigated the roles of a 
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series of CAPO treatment variables in the pathogen~,sis of 
Il 
Il 

peritoneal S. epidermidis infection., Utilizing the mouse 

model, the immunosuppressive~hfluence of chronic renal failure 
ri 

has been demonstrated in terms of accele~ated lethality (with 

109 cfu), increased mortality with (10 8 cfu) and impaired 

peritoneal clearance (with 106 cfu) following peritoneal S. 
\ --
Il 

epidermidis challenge (1,2). Peritoneal èatheter implantation 
, ' \ 

~ne month before peritoneal inoculation dia not influence the 

response of sham-ope~a'ted or renal failure mice to the S. 

epidermidis chal'lenge (3). In mice bearing peritoneal ca,theter 

iIçlants, intracatheter S. epidermidis inoculation revealed 

that bac~eria remained preferentially ,associated with the 

catheter site and repeated peritoneal instillation of 
r 

commercial peritoneal dialysis solution did not markedly 

influence the outcome of the experimental inoculation' (3,13) . 
l' 

.,.. 
-The inv~stiga'tion of the long, term clearance of S. epidermidis 

from the catheter site was undertaken as a result of previous 

studies in which the early clearance of a 106 cfu inoculum l 

from the catheter implant was ineffective and was further 

impaired in renal failure mice (3). In the current 

investigatio~, most mice' had cleared the 106 cfu S. 

epidermidis inoculum one month after challenge while a majority 

of those animaIs that underwent 108,cfu inoculatipn continued 

to present large S. epidermidis recoveries from the catheter 
l ' 

site ohe month after.challenge. The accelerated clearance from 

~ the catheter site of renal failure mice three anh four weeks 
r 

after 108 cfu S .. epidermidis inoculation was an unexpected 

finding which may reflect an unfavorab'le e'nvironment for 

" persisting S. epidermidis at the catheter s~t.e of chronic renai 

failure' mice. 185 
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One week after 1~6 cfù '~. epidermidis intracatheter 

inoculation there was no evidence of, inf 1ammatory response 4n 

sham-opera ted or' ,rena1 fai lute mice; An impaired early 

peritoneaf in~lamma~ory response during thè first twe1~e hours 
, . \, . 

post inoculation in rénal fai1ure mice has beèn previous1y 

d (2) . th .... \f reporte , yet ln e current lnvestlgat~on ln 1ammatory 

response of." 'rena1 failure and sham-operatedi mice 'was simi1ar.cU 
b . '\..- / 

one week to one month after 108 cfu S. epidermidis' challenge. 
~ 

Ouring the fo110w-up period, peritoneal po1ymorph respon~f was 

positively corre1ate~ to bacteria1 recovery from the catheter 
, 

site. However, four weeks post challenge, in spite of 
1/ .. '" ---- ., persisting a1beit diminishing numQers of S. epidermidis, there 

was no measureable peritoneal inflammatory response 1n mice. 
, 

In cont'rast, periphera1 po1ymorph response continued throughout 

the one month fo11ow-up period ref1ecting a peI'sistent , 

inf1ammatory .. stimulus. 

Slime production, by certain strains dt S. epidermidis 

enhances bacteria1 attachment to smooth surfaces and interferes 

with the phagocytosis an~ bactericiàa1 functions of host 

leucocytes (14-17). Catheter co1onization with slime-producing 

S. epidermidis resu1ting in confluent biofi1m formation has 
i 

be~n dernonstrated on peritoneal catheters reoovered from CAPO 

patients (7,18,19). Fort y eight hours after intracatheter' 

inoculation of mice with slime-producing S. epiderrnidis" SEM_ 

assessrnent of recovered catheters revealed early stages of 

biofilm formation (3). Our current SEM assessments of 
, 

catheters recovered one week and one rnonth after 108 cfu S . . 
epidermidis intracatheter challenge did not r~veal· bonf1uent s. 

epidermidis biofîlms. However, isolated rnacrocolonies (1 week) 
il 

'u 
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and coccoid forms embedded in an amorphous matrix' (l mon th ) 

were observed on -;;he iuminal 'surfa)e': o~ ca~het~rs and 

represent later stages of biofilm formation (15). • • • 

Microbio1ogic assessment of catheters colonized with 

slime-producing S. ~pidermidis may ~e hampered by the f:;~· ~ 
1 .. < .. 

attach~ent df bacteria to the smooth surface or the catheter 
<l 

( 7 1 20) . I~ the current investigation two methods of 

microbioJogical assessment (streaking the ca~heter, across agar 
~ 
or scraping and>Vortex mixing with'glass beads) were compared 

and the results agreed qualitatively in most cases (91%). 
, 

However quantitative results variéd 

assessment, 0ther me~h~d yielding 

betweep the ~wo methods of 

consistently larger or 
1 

smaller recoveries. Furtber studies may,be required to 
d' 

'indentify a method of reliable quantitation of slime-producing 
.q , 

strains of s. epidermidis wh'ich colonize the smooth surfa.ces of 

CAPD catheters. 
" 

'r" ~ 
The abilityof microorganisms, inclqding staphylococci, to 

.... " 
adapt to altered or un favorable growth conditions is 

• • b 

demonstrate.d by the emergence 'of phenotypic arld genotypic 
.... 

variants (2).-25).' A, balance bet~en host cellular and humoral 
1 

bacteriostati~ mechanisms,and modified microbial metabolism ,may 
; 

allow persistent bacterial growth to occur without symptoms of 

infection (22). Variation of colonial morphology was 
... , 

demonstrated in the current in~estigation by S. ePidermidis 

isolates that were reçovered from mice at least two weeks aft'er 

108 cfu inoculation. 
\ 

The proportion of colonial variants 

recovered was not apparently influenced by the site of recovery 

(catheter 1 catheter associated tiftsue or parietal Pe'ritoneum) 

o~ ?y the status of the host (renal failure or sham-operated 
• 'Q 
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mice). Whether the variant isolat es have com~ar~ble viFalence . -
as the parent S. epiderrnidis remains ,to be lnvestigated. 

~ . 
Utilizing this animal prepara.tion,- we have demonstr.ated 

1 1 

tna't0 the peritoneal catheter is a pref~rred site for long terrn 

persistence of S. ep\dermidis. The accelerated clearance of ~ 1>' 

epidermidis from the catheter site of .r-enal failure m~ce was, an 

....• - '" .0"'. ,~."'.'R: 
.. • ~a -~7 

• , 

\ . 
" 

unexpected finding however, our result,s nevertheless reveal the , , 
~ potential ,~mp6rtance of the peritoneal catheter in the . . , 

pathogenesis of persistent CAPO peritonitis. The results of 

ouü current investig~tion provide a basic animal model in which 

" 

to assess antimicrobial the~apies for the eradication of 
-

persisting bacterial -colonization of peritoneal catheters. 

Finally, the em~rgence of phenotypic colonial,variants of S. 

epidèrmidis at least two weeks following intracathet'er 

inoculition may be a signif~cant observati8n and further study 

to 'characterize the dure of the recovered variants is 
,/ 

.. 1 , 

warranted. .. . ~ . 
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-- ~./ 
.. -Cytetoxici ty of commercial peritoneal dialYfa.is solutions ~ 

towards peritoneal cells of chronically' uremie m,ice 
.1, 

Presented in part at the III International Symposium on 

Peritoneal Dialysi~, Washington, D.C., June 17-20, 1984;-the 

53rd Annua1 Meeting of the Royal College of ~hysicians an9 

Surgeons of Canada, Montreal, Canada, September 10-13, 1984, 

and the 2~st National Reticuloendothe1ia1 Society Meeting, 

Montreal, Canada, October 14-17, 1984 • 
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/ 

This manus6ript was publîsbed in Nephron 43: 283-9, 1986. 
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1 ADstract 

)' 
A gradual loss of cell viability was observed during ~ 

vitro incubation of peritoneal cells from'chronical~y uremie 

mice in commercial peritoneal dialysis solutions •. The 
. \ 

magnitude of this cytotoxicity toward peritoneal cells 

harvested from uremie m~ce and controls was comparable. 

Resident peritoneal cells were always found to be more 

susceptible than thioglycolate-elicited peritoneal populations 

of either macroPhjtes or polymorphonuclear cells. ~In order te 

elucidate the factors contributing to this phenomenon, resident 

peritoneal cells recovered from normal mice wer'e incubated in .. 
vitro for one hour in various solutions of known pH and 

osmolarity consisting of buffered and unbuflered commercial 

P7ritoneal dialysis solutions. ~~e results clearly show that 

" the major par~ of the cytotoxicity is attributable to the low 

" . /: - '-pH of the. solutions. Once -lili was corrected, the 
,":- .,' ., 

hyp~rosmolarity of these solutions had no effect on cell 

vlability: howevèr a small but significant cytotoxicity 

remained. Factors other than those adc;iressed_ ~in this study 

probably account for the observed residual cytotoxicity. 

,,' 
Introd~çtion 

Recent studies in ~ich in vitro assays have been used 

to assess the impact of commercial peritoneal dialysis (PD) 
, 

solutions on immune cell functions have increased our 

understanding of the deleterious effects of the extreme pH and 

osmoJarity characteristics of these solutions. 1- 3 
--.,. , 

Application of these assays to circulating blood leucocytes of 

normal individuals showed that the combinat ion of low pH and 
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high osmolarity of PD solutions adversely affected the 

phagocytosis pnd bactericidal activity of polymorphonuclear 

cells. Both of these functions were markedly impaired when 
, 

polymorphs were incubated in culture media having a pH adjusted 

to that of cornmerc~l PD solutions. Comparing 4 different PD 

solutions having dextrose concentrations ranging from 0.5 to 

4.25%', these investigators observed inhibïtion of both 

polymorph phagocytos i:â and bactericidal acti vi ty by the --2.5 and 

4.25% PD solutions. In addition, cornparison of the effect on 

polymorphs of various substances, either drugs frequently added 
\ . , 

to PD solutions or ~ndogenous metabolic products, showed that' 

heparin~urea, lactate and acetate depressed cherniluminescence 

whereas insulin and creatinine did note These investigators 

did not comment on the viability of cells maintained in PD 

solutions. 

To further investigate this inhibitory effect of PD 

, solutions and to determine its relationship to cells -obtained 
, 

from the peritoneal cavity of uremie sUbjects, we assessed the 

viability of peritoneal cells recovered from normal, 

sham-operated and chronically uremie mice dur(tng in vitro 

incubation in PD solutions. We found marked cytotoxicity of 

aIl tested PD sol ut ions (0.5, 1.5 a'nd 4.25 % dextrose) compared 

with phosphate buffered saline (PBS). Resident peritoneal 

cells were much more susceptible than thioglycolate ,~licited 
.( 

ones, either macrophages or pol~orphs. The sarne pattern of 

cytotoxicity was found across the three mice groups. Cell 

viability irnproved strikingly with correction of the pH of PD 

solutions, although a smaii but significant cytotoxicity was 

still present independent of osmolarity. These results 
1:1 

195 



• 
." 

demonstrate that the low pH of PD solutions is the most 

significant factor affecting cell viability. Sorne factors 

influenc;ng the viability of peritoneal cells ~aintained in PD 

solutions have been defined put those factors responsible for 

the observed residual cytotoxicity have yet to be identified. 

Materials and Methods 

AnimaIs: Female C57BL/6 mice were obtained from Charles 
• 

River Breeding Laboratories (Kingston, N.Y., USA) at five weeks 
--

of age. The animaIs were left to acclimatize in holding 

facili tles for one week prior to use. Ali animaIs were allowed 

free access to water and mousei~ow. 
< J. 

Induction of renal fai,lure: Renal failure was induced 

surgically by a two step procedure as previously describe~.4 

Under ether anesthesia a small incision was made through which 

the right kidney could be freed of the adrenal gland and 

perirenal fat. Particular caution was taken to avoid trauma to 

, the ureter. Using a single point cauterizer (Hyfrecator, Model 

X-7l2, Birtcher Corpl Los Angeles, Calif., USA)nthe entire 

kidney ~urface w~ electrocoagulated. The abdominal incision 

was closed with a running suture through the deep layera and 
t .. ~ ; 

surgi cal clips were applied to the skin~~ The second surgery. At 
was performed twelve to fifteen days later. In those animaIs 

which would constitute the uremie group a left nephrectomy was 

performed. In those mice which would constitute the 

sham-op~rated controls, alleft flank incision was made through 

which tqe kidney was only visualized. Six weeks after the 

second surgery animaIs were used for experimentation. 
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Blood analyses: At the time of sacrifice mice were 

anesthetized wi th ether, weighed and blood was colle'cted by 

cardiac puncture in heparin-coated plastic syringes (Hepa'lean, 

Harris Laboratories, Toronto, Canada) for hematological anq _ 
, Il 

bioche'mical analyses. Routine hematology was done uti U.-z{~g a 

Coulter counter (Model 2Bl, Coulter Electroni~ Inc., Hialeah, 

Fla, USA) and differential cell counts wer'e perf~med on . . 
Wright-stained blood smear preparations. Levels of urea 

\ 

nitrogen (BUN) and creatinine in plasma were assessed by an 

1L-9 autoanalyzer (Instrumentation .Laboratory Inc., Lexington, 

r-iass, USA). 

Collection of peritoneal cells and incubation conditions: 

To obtain an elicited peritoneal cellularlpopulation, mice 

received an intraperitonêal injection of l ml Brewer's 

thioglycolate broth (Difco Laboratories1 Detroit, Mich., USA) 

either 18 hours (polymoipnonuclear cells) or 3 days 

(macrop~ages) prior to.sacrifice. 5 Following exsanguination, 

the abdominal sldn was retracted~1 to expose the intact 

t peritoneum. Ten ml of peritoneal wash solution was rapidly 

injected into the peritoneal cavity·and the effluent was slowly 

withdrawn. Peritoneal cells were harvested in this manner 

using either commercial PD solutions containing lactate (Abbott 

Laboratories Ltd., Montreal, Quebec, canada: Travenol Canada 

Inc. 1 Mississauga, ontario, Canada), 'PD solutions' supplemented 

with 20 mM H~PES buffer or phosphate buffer saline (PBS) as-the 

periton~al wash solution. The colleeted volume was measured, 

transferred into poly~ropylene conicGl tubes and stored on iee 

for the remainder of~the.processing. Cells of each effluent 

--were counted in Neubauer eounti~g chambers and differential 
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cell counts were determined ~rom cytocentrifuge preparations 

stained wibh Diff-Quick (American Scientific Products, McGaw 

Park, Ill., USA). Peritoneal effluents were centrifuged (1500 

.rpm, 10 min, 4°C) and the pellet was resuspended with the 

respective solution to a concentration of 2xl06 cells per ml. 

Aliquots of 0.5 ml of each effluent were added to three , 

polypropylene incubation tubes; one a zero time control and the 

others were incubated for 20 or 60 minutes at 37~C and 5% 
~- , 

C02' At zero time and following-the specified incubation -

period, exposure was stopped\ by the addition of 3 ml cold 

minimal essential medium (MEM Eagle modified) containing • 

Earle's salts, glutami~e, 10% heat inactivated fetal calf serum 

(FCS) and 20 mM HEPES buffer. Samples were then returned to 
.~( 

the incubator to complete a total 60 min 'incubation periode 
~ 

Following the addition of MEM the osmolarity and pH of the 

suspending solution approximated physiological conditions. 

Samples were again centrifuged (1500 rpm, 10 min, 4°C) and the 
~ 

pellet was resuspended to the original volume with cold MEM 

with 10% FCS and 20 mM HEPES buffer. DifferentiaI cell counts 

and viable cell counts, measured by ~rypan blue exclusion, were 

recorded for each sarnple. Osrnolarity was measured on fresh 

samples with an Advanced Cryomatic Osmometer (Model 3C2, 

Advanced Instruments Inc., Needham Heights, Mass., USA). 

1 • f' 
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Statisticial analysis: Results are ptesented as the mean 

and standard deviation. Significance was established_at levels 

of p<O.05 using student's t test to compare means of 
"j 

independent samples. 

Results 

Renal failure model 

Data on the metabolic and hematologiéal features of mice 

with renal failure and their control littermates are summarized 

in Table I. The BqN and plasma creatinine levels of renal 
o ! 
failure mice were 1l4.9±34.5 and O.7±O.3 mg/dl (mean±SD) 

compared to normal control values of 19.8±5.4 and O.l±O.1 

mg/dl, respectively. Values of BU~Of uremic mice varied 

considerab1y ranging ~~om 77 to 191 mg/dl. The retention of 

nitrogenous compound~ ~as inversely corre1ated to hemoglobin 

concentrations, the mean of which had fa11en to 7.7±1:1 g/d1 by 

the ti'me of sacrifice. None of the other usual hematological 

parameters, inc1uding circulating leucocyte counts and platelet 

numqers, were affected in the present series. No change was 

observed in leucocyte differential counts (data ~ot shown) 

where lymphocytes account for over 90% of circulating 

leucocytes in this mouse strain. 6 The body weight of uremic 

mice was ~oderately but significantly reduced compared to sham 

operated and normal controls. 
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Table 1 ..... 
• 

Characteristics of the mouse model of renal failurea,b' 

) ~ ? 
Normal Sham Uremie 

1 

\ " 

Blood urea 19.8± 5.4 26.3 ±6.8 114. 9± 24. Sc 
nittogen (mg/dl) (50) (35) (37) 

Plasma creatinine O.l±O.l 0.2± 0.1 0.7±0.3c 
(mg/dl) . ( 14) (8) (~l) 

Hemoglobin 13.l±O.8 13 .o± O. 7 7.7±L1c . 
(g/dl) (28) (30) \ (25) 

Leucocytes/mm3 / 4 .. 4:!:1.6 4.9± 2(2 . 4. 7± 2.8 
(xl03 ) (28) (30.) {25} 

~ 
Plat~lets/mm 3 670±294 ---7ll± 158 840±96 

(18) (19) (19) 

Body weight (g) 23.4±LS 22.l±1.5 20.9±L9c 
(34) (31 ) '( 34) 

aResults are expressed as mean±SD. 
bNumber of animaIs examined in each.group is indicated between 
parenthesis. 

CSignificant difference (p<0.05) between controls and uremic 
mice. 
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Peritoneal cell recoveries 

Data' on the peritoneal cells recovered from mic~ with 

ren~l failure and their control littermates are presented in 

Table II. Uremia per se had no influence on the differential 

nature of resident and elicited cell populations recovered from 

the peritoneal cavity. However, eighteen hours after th~ 

intraperitoneal injection of thioglycolate, cellularity of the 

peritoneal washuut was significantly less in uremie mice than 
'\. 

in controls. ~e predominant cell types recovered 18 ho~rs and 

3 days after thioglycolate injection were p01rmorphs and 

macrophages, respectively. No effect of surgery on peritoneal 

cell populations was seen in the sham-operated group. 

Effect of commercial PD solutions on peritoneal cell viabilit~­

Data on the ability of commercial ~D solutions to maintain 

mouse peritoneal cells in vitro are p~esented in Figures land 

2 and Table III. When mouse peritoneal cells were incubated in 

a PBS control solution, loss of viability was minimal after one 

hour (Figures land 2). This was true for resiaent as well as 

both elicited peritoneal populations recovered ~rom mice with 

renal failure or their control littermates. The overall c~ll 

viability after one hour incubation in PBS solution was 87.0± 

7.0, 81.5ty.4, and 85.4±7.6% for normal, sham-operated and 

uremie mice, respectively. In contrast, a significant 
, 

proportion of peritoneal cells incubated in 4.25% P~ solution 

were nonviable after one hour. The incubation produced 
" 

greatest losses'amid the resident cell population with more 

than a half of the cells dead at the end of the incubation 

period (Figure 1), whereas over 60% of tbe e1icited population 

'" consisting predominantly of· macrophages (3 day exudate) and 75% 
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Table II 

l' 

Characteristics of recovered peritoneal cell populationsa 

Normal 

..... 

Resident cells 
Number of animaIs 24 
~ucocytes x lO6/ml O.8±O.3 
DifferentiaI count 

Macrop~ges(%) 49. 9± 8.2 
Lymphoeytes(%) 45.8±8.9 
Polymorphs ( % ), 2. O± 2.4 
Mast cells(%) 2.2±1.6' 

18 hour inflammator~ 
exudate 
Number of animaIs' , 13 
Leucocytes x lO6/ml 2.6± 1.0 

. DifferentiaI count 
Macrophages(%) 30. 6± 8.9 
Lymphocytes(%) l2.8±9:6 
Polymorphs(%} 56. 5±12. 6 
Mast cells(%) O±O 

3 da~ inflammator~ 
, exudate 

Number of animaIs 26 
~eucocytes x 106/ml 2.3±0.7 
DifferentiaI cou nt "'t. 

Macrophages(%) 7440±8.l 
Lymp1)ocytes(%) l6.8±6.7 
Polymorphs (% ) B~±4.3 
Mast cells(%) o ±0.9 

," 

Sham 
./ 

12 
0.6 ±O. 2 

61.1 ±11.-4 
36.0:t:lO.O 
2.5±3.4 
0.3 ±O.9 

1 
2.6 il. 2 

, 
. 35.3:t:5.5 
11.0 ±7. 7 
53.6±12.5 

O±O 
'" 

i 

23 
2.4±1.1 

73.7 ±8.:2 
16.1 ±6. 7 
10.7 ±3. 7 
0.0 ±0.2 

Uremie 

16 
0.8 ±O. 4 

47.S±13.6 
SO.6±l3.6 

1.4±1.4 
. 0:5 ±O. 9 

14 
1.5 O.8b .,..,.1 

36.4±7.7 ' 
8 .8±S. 7 

S4.8±lO.8 
O±O 

21 
2.4±1.0 

,,; 
70.4±7.l 
1'9.6f6.4 

9.6 ±4. 3 
0.1 ±O. 2 

aResults are expressed as mean±SO. 
bSignificant d~fference (p<0.05) ·between controls and uremie 

mice. 
/ 

l 
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~ime course of cytotoxicity of commercial 4~25% ~ 
peritoneal dialysis solution (dashed line) exhibited 
in vitro towards mouse resident peritoneal ~ells 
compared to'phosphate buffered saline control 
solution (solid line). Mean±SD percent viability of 4 

cells obtained from normal, sham-operated and 
chronically uremie mice are shown. Significant 
differences (p<O.05) between each incubation 
solution for the three test times'are indicated by 
asterisks. 
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of the one having' predominantly polymorphonuclear cells (18 

0) .' (, (i ') hour exqdate rema~ned vlable F gure 2 ~ 

\ 
It is noteworthy that the viability of~he zero tirne 

controls of the elicited populations harvest~l'in>~.25% 
.' 

dextrose PD solution was,consistently less than that of the PBS 

controls. The cytotoxic effect observed during ~e incubation 

'period was cornparal?I~1 for cells harvested from normal, 0" 

sham-operated and uremic mice. Therefore results were pooled 

ac70ss ,the three grouPF of-mice (Table III). A similar 
, 

magnitude of cytotoxicity is observed when resident 'cells 'are 
, c ~ 

~ incubatea in 4.25% or 1.5% dextrose even though the osmolarit)C 

.. 

and pH characteristics of the latter solution are nat as 

extreme a~ those of the former. In contrast, incubation o~the 

elic·i ted population consisting primari ly of macrophages in l. 5% , . , 

PD solution resulted in a significant. ,reduction in viability 

but to a lesser degree"than that observed during incubation in 

4.'-25% dextrose. 

To deterrnine if one given cell type was more sensitive to 

the PD solutions, diff,erential counts were performed at the end 

of éach incubation periode No. apparent difference in 

differential counts ?f the 4 remaining cells was ~een. 
. 

In sorne 

instances, however, such as after the 60 min incubation of , ~ 

r~sident peritoneal cells in 4.25% PD solution, differential 

counting could not be carriea out because cell morphology was J 

changed beyond recognition. 

, . 

\ 
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.0 

./ 

Time course of cytotoxicity of commercial 4.25% 
peritoneal dialysis solution (dasned rine) e'xhib"ited 
in vi t'ro towar,ds mouse elici ted peri tone-al cells 
compared to phosphate b~ffered saline control r. 

solution (solid line). Peritoneal cells were 
recovered 18 hours (short dashes) and 3 days (long 
dashes) after a thioglycolate intraperitoneal 
injection. Mea~SD percent ~iability of cells 
obtained from normal, sham-operated and chron~call~ 
uremic mice are shown. Significant differences 

. (p<O.OSl between the peritoneal dialysis solution 
and a PBS'control solution for the three test times 
are indicated by asterisks. 
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Table III 

Effect of PD solution on the viabili ty of 
mouse peritoneal cellsa,b 

Cells 
Nature of 

,solution 

Resident . 
N=l9 
N=13 
N=20 

Inflammatory 

o 

PBS 
l.5%PD 
4.2S%PD 

18 hour exudate 
N=9 PBS 
N=25 4.25%PO 

Inflammat~y 
3 day exudate 
N=24 
N=24 
N=22 

o . 

PBS 
01 • S%PD 
4.2S%PD 

c:1 

Percent viability 
o time 20 min 60 min 

89. 6± 7.9 
8l.2±4.2 
8S.5±6.6 

84. 2± 7.8 
No:I 

72.0±9.Sc 

'93.4±3.8 '94.9±2.6 
84.4±5.l c 80.7±7.OC 

91.7±3 .• 6 
89.5 ±8.2 
82.3 ±ll. 6c 

88.2 ±4. 7 
NOd 

78. 8±14. SC 

83. 2± 8.0 
52. 9± 9.4= 
49.US.OC 

88. 3± 2.2 
75.0±5.4 c 

85.2±8.l 
76.8±lO.9C 
65.2±9.8 c 

apooled viability of peritoneal cells harvesed from normal, 
·sham-operated and uremie miee incubated in either PD solution 
or PBS-. 

bResults are expressed as mean±SD. - . 
cSi.gni ficant di fference (po< 0.,95) between control PBS and test PD 
solutions. 

dNot determi ned. 

..' 
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Effect of buffered commercial PD solutions on leri torreÇll cell 

viability 

Data on the characteristics of buffered commercial PD 

solutions and their ability to maintain mouse peritoneal cells 

in vi tro are presented in Tables IV and V, respecti vely. IR. 

order to investigate the mechanism of the cytotoxicÙY of PD 

solutions towards mouse peritoneal cells, we s~t out to 

delineate the respective .contribution of the high osmolarity 

and low pH of commercial PD solutions to the observed 

cytotoxicity. Accordingly viability of resident peritoneal 

cells from normal mice was determined before and after 60 min 

incubation in unmodified and buffered commercial PD solutions. 

ln this series of experiments, the entire range of commercially 

avai!able (PD solutions was tested from 0.5 to 4.25% dextrose ~ . . 
concentration. The addition of 20 mM HEPES buffer adjusted the· 

pH of th PD solutions to that of the control PBS solution an'tl 
b. 

al 0 augmented their osmolarity by approximat~ly 20 units • 

... Thus, aIL buffered PD solutions had similar pH values (.7 .. 1-7.2) 

but di ffered markedly in osmolari ty which ranged from 304 to 

507 mOsm/kg. 

In such a system, the incubation of resident peritoneal 
, 

cells from normal mice in ,unbuffered PD solutions induced a 

ma-rked loss in cell viability as shown earlier (Table V). The 

addi tion of HEPES buffer to the 1.5 and 4.25% PD solutions 

significantly improved the resulting cell viability, which was 

then comparable for both buffered PD solutions al though they 

varied greatly in osmolari ty. This data suggel!ts that the 

observed cytotoxicity of PD solutions was largely accounted for 

by their low pH and that 10ss of viability was independent of 
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1 • . 
values of Measured pH and osmolarity .f 

buffered and unbuffered PD solutions 

t.' 
c 

Nature of Osmolar-ity 
solution pH (mOsm/k9201' 

PBS 7.2 301 

0.5% PD 5.8 ' 281 
, Buffered 0.5% PD 7.2 304 

~ 
1.5% PD 5.6 333 
Buffered 1.5% PD 7.2 351 

'v-
4.25% PD 1 5.3 485 
Buffered 4.251 PD l 7.1 501 

\ 4.25% PD II 5.0 '491 y., 

Buffered 4.5% PD II 7.1 507 .. 
... 

o 

o 

\ . 
. . 

, .. 

. 0. 
208 

.1 



1 ... 

c 

( 

hyperosmolarityonce the pH had been adjusted to physiologic~l. 

levels. However, a similar loss of viability was exhibited by 

cells incubated in buffered and unbuffered 0.5% PD solution 
~ 

havtng pH levels of 7.2 and 5.8 respectively. With the 

addition of buffer, pH and osmolarity values of the 0.5% PD 

solution were similar to those of PBS yet fOllowing 60 min 

incubation there was a small (16%) but sign~ficant reduction in 

cell v~ability co~pared to that in the PBS control solution. A 

similar degre~ of residual cytotoxicity was observed following 

incubation in aIl buffered PD solutions thereby suggesting that 

factor(A) other than pH and osmolarity are responsible for part 

of the cytotoxicity exhibited by commercial PD solutions. 

Vi'ability of 1>eri toneal cells harvested from normal mice 

and incubated in 4.25% PD solutions supplied by two different 

manufacturers is also prese~ted in Table V. - After a one hour 

incubation, both PD solutions induced a marked cytotoxicity 

which was more pronounced in PD solution II. The addition of 

HEPES buffer to both PD solutions resulted in a signi~icant-

reduction of this cytotoxicity, wqich was then comparable for 

the two brands. The greater cytotoxicity of unmodified PD 

solution II May he due to its compa;atively lower pH (Table 

IV). 
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Table V 

Effect of buffered and unbuffered PD solutions on the viability 
of mouse peritoneal 'cellsa,b 

Percent 
~ 

reduction in 
Nature of Percent viability viability at 

solution (N) o time 60 mïn 60 min 

PBS (16) 90. 3± 5.7 84.4±7.l 6. 5± 5 .4 

0.5% PD (8) 8s.1±10.3 68 .6±9. SC 18.9±10.7c 

Buffered 0.5% PD (7) 84. 7± 4.0 71. 4± 7. g::: ls.8±7.2 c 

1.5 PD (12) 78 .4± 5. 2 C 50 .l± 7. 3c 36.4'1±8.l c 
Buffered 1.5% PD (8) 84. 4± 8.3 69.6±9.4c 17.7±9.·9c 

4.25% PD l '( 16) 83.8±7.7 c 48.7±11.lc 4l.8±13.2c 
Buffered 4.25% PD l (16) 89. 2± 4. 7 10.1±9.0c 2l~9±8 .8c 

4.25% PD II (12) 78. 2± 7 .O·c 21.6±7.8c 72. 3± 10 .6c 
Buffered 4.25% PD II (8) 92. S± 5.2 77.4±6.6c 16. 2± 10. 3c 

aResident peritoneal cells recovered from normal mice. ' 
bResults are expressed as mean±SD. 
cSi9ni~icant difference (p<O.05) ,between control PBS and test PD 
solutions. 

• 
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DiscusSion 

This study has extended previous observations of early 

reduction in cellular function after incubation with commercial 

PD solutions. 1-3 We have found in this stpdy that a 

significant loss of cell viability in both resident and 

elicited peritoneal cell populations occurred within one hour 

of incubation with PD solutions. In addition, the/PD solutions. 

affected ihdiscriminately aIl cell types recovered from the 

peritoneal space regardless of their origin from animals with 

varying degress of'renal function. In an effort to dissociate 

between the low pH and high os~olarity characteristics of PD 

~olut~ons it was possible to ascri~e the greater· pa~t of the 

observed cytotoxicity to th~ low pH and a lesse~ part to an as 

yet undefined factor distinct from osmolarity. \ 
, 

The experimental preparation used in this study 

facilitated assessment of the influence of chronic r~al 

failure-on viability of peritoneal cells maintained in PD 

solutions. With this model one is dealing with an entire 

animal preparation of a chronic and severe metabolic disorder 

and experiments can be carried out with mice whose peri~one~~ 
cell attributes and functions have been well characterized in 

normal ~hYSi010~cal states. 7- 9 Six weeks after the onset of 

renal failure, mean values of blood urea nitrogen and plasma 

creatinine were appropriately elevated when compared ta normal 

and sham-operated animals. It is important to note that levels 

of plasma creatinine in mice of the strain used in these 

experiments are about one tenth of the normal values in man. 

The ranal failure animals also manifested prominent 

hematological changes having markedly decreased hemoglobin 
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concentrations characteristic of the level observed in , 
~, 

end-stage renal disease patients. In addition, uremie mice 

showed significant growth retardation in comparison to 

sham-operated controls. These observations, taken altogether, 

suggest that the surgical damage incurred by the kidneys is 

sufficient to induce the severe disturbances associated 

c~inically with chronic uremia. 

Uremia per se did not __ influence the differential natul:'ë"-·of ", 

the peritoneal cell ,populations harvested nor their 

" susceptibility to ~the cytotôxic e'ffe~t of the dialysis 

solutions. However, eighteen hours after treatment with an 

inflammatory stimulus 'peritoneal cellularity wa~ significantly 

less in uremic mice"as compared to contro1s. The elicited 

populations were consistently more resistant to the deleterious 

effect of the PD solutions than was 'the resident population yet 

viability of al1 populations was significantly reduced. This 

greater resistance may reflect the normal function of elicited 

cell populations in the relatively acidic microenvironment of 

inflammatory sites. 10 ,11 Differenti,al cell counts did not 

,change during incubation in PD solutions, thus the èytotoxic 

effect appears to affect aIl cellular constituents equally. 

From the experiments designed to identify the separate 

contributions of high osmolarity and low pH of the PD solutions 
\ 

to the observed toxicity the fol~owing conclusions can be 

drawn. Osmolarity did not appear to be a contributing factor 

once pH had been corrected since similar residual cytotoxicity 

was ob~·erved across the wide range of osmolarities examined. 

witthe more extreme conditions of low pH presented by the 1.5 

an 4 25% PD solutions the correction of pH wi th HEPES buffer . 
212 
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considerab1y increased celi viability during a one hour 

incubation. However, in the 1ess \extreme condition presented 

by 0.5% PD solution (pH 5.8) correction of pH did not alter the 

observed cytotoxicity. Since a residual cytotoxic effect was 

observed fo~lowing one hour incpbation in aIL buffered PD 

solutions including the buffered iso-osmo1ar 0.5% PD solution, 

factors other than those addressed here must,account for the 

remaining 1988 of viabi1ity. Other possible contributing , '-

factqrs include dextrose degradation products and/or 

pla8ticizers leached from the dialysis solution bags bath of 

which would be enhanced during heat sterilization processes. 
( 

Potential factors that we did not study include the effect of 

the buffer (lactate, acetate or bicarbonate) in the commercial 

PD solutions.' 

It would'be erroneous to extrapolate the observed 

cytotoxic effect during in vitro incubation of peritoneal cells __ 
- ~ 

in PD solutions to the clinical practice of peritoneal 

dialysis. The harvesting and processing of the cellular 
1 

constituents of the pèritoneal cavity may delete substances 
, . 

that afford cellular protection agai~st the detrimental effects 

of the PD solution. Furthèr, the physicochemical 

characteristics of the dialysis solutions which remain constant 

for the duration of the in vitro incubation period do not , 
parallel the changing characteristics of dialysis solutions 

following their instillation into the peritoneal cavity~ 

Iso-osmolarity is achieved after four and six hours of 
, 

peritoneal dwell by 1.5 and 4.25% PD solutions, respectively, 

and pH equilibrates at 7.2 after one hour. I ,12 Although loss 

of cell viability increased with in vitro incubation tLme to 
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one hour, there was an immediate (0 time) and significant 

cytotoxic effect O~4.25% PD solution towards e1icited 

perit~nea1 ce11~ared to PBS contro1s. In addition 

resident peritoneal ce11s incubated in 4.25% PD solution for 20 

min incurred a significant 10ss of viabi1ity. 

The cellular constituents that have been examined in this 
, .. 

study are those that play an integra1 ro1e in host defense of 

the peritoneum against bacteria1 infection. Since the" 

, inception of peritoneal dialysis, many advances ~ave béen made 

with regards to anci1lary equipment to reduce ~he occurrence of ( 

peritonitis resu1ting from touch contamination and yet few 

patients "are spared an event of peritonitis. Concurrent with 

an event of touch conta.mination at dialysis exchange, the 

inf10wing PD ~olution presents the Most extreme 

non-physiologica1 characteristics of pH and osmo1arity. It 

remains plausible that frequent exposure to large volumes of"PD 

solutions May challenge local immunocompetence of ~he 

peritoneum. The influence of dialysis solutions dwelling in 

the peritoneal cavity of chronica11y uremie mice on their, 

susceptibility to intraperitoneal bacteria1 challenge ia 

currently under investigation. 
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. 
Responsè of chronic renal\ failure mice to peritoneal 

Staphylococcus epidermidis challenge: Impact of repeated 

peritoneal instillation of dialysis solution. 
~ 
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Abstract 

The effect of repeated peritoneal instillation of 4.25% 

dextrose peritoneal dialysis (PD) so~ution on the peritoneal 

clearance of a s. epidermidis ch~llenge was investigated in a 

~ouse model of surgically induced renal failure. Mice bearing 

peritoneal catheter i~plants underwent daily (3 ml) o~ twice 

daily (1.5 ~l) peritoneal instillation of PD solution without 

peritoneàl drainage, for periods of up to two weeks. 
1 

Peritoneal infusion by transcutaneous in'jection !into the 
1 

catheter lumen was conducted repeatedly without ~acterial .. 
contamination of the peritoneal cavity or catheter., Peritoneal 

o " 

instillation of PD solution did not have a marked influence on 

the microbiologic'a1 status of peritoneal structures of~ mice 
. 

following experimental intracatheter s. epidermldis inoculation 

, with 106 cfu (assessment 48 hours po~t inoculation) or 108 

cfu (assessment 1 week post inoculation). Microbiological and 
o --

scanning electron microscopy assessment of recovered peritoneal 

catheters,demonstrated that s. epidermidis remained associated 
-- . . 

with the catheter site afte~ other peritoneal structures had 
. 

become culture negative. A renal failure related impairment of 

·bacterial clearance from the catheter site was apparent in mice 
, 

following experimental challenge with the smaller 106 cfu 

inoculum only. Dur~ng control experiments conducted in the 
1 

~ absence of s. %epidermidis inoculation repeated peritoneal 

/ 

instillation of PD solution caused acute local inflammation 

without evidence of a marked systemic inflammatory respon,se. 

Furthermore, peritoneal inrlammatory response to s. epidermidis 

challenge was augment~d by the infusion propedure. Scanning 
'1 

1., 
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electron mi?roscopy ofethe parietal peritoneum revealed 
~ ,-

st~iking morphological alterations of, the mesothelial surface ~ 

as a consequence of daily ~ritQneal'instillation of PD 

solutibn. Al~ough the animal preparation was limited to > 
. 

peri toneal infusion wi thou~ ëirainage, the influEfnce of repeated 

peri toneal 'instillation of hyperosmolar acidic PD solution on. 
" 

response of mice to peritoneal S. epidermtd1s challenge was 

successfull~ addressed. 

Introduct ion 

Continuous ambulatory peritoneal dialysis CCAPO) is a 

widely accepted form of ronal replacement thetapy however. its 

. development has beeQ/c~nsistently complicated by peritonitis 

-which is frequently caused by Staphylococcus epide}midis (1-5). 
1 

Superimposed on the re~al failure patient harbouring a 

perman~ntly dwelling CAPO catheter is the practice of repeated 
~ 0 

peritoneal instillation of large volumes of peritoneal dialysis 

(PD) solutions which regular~y, albeit temporarily, alters the 
• 

peritoneal environment e to conditions of non physiologie 

osmolarity and pH (6). In vitro investigations have 

demonstrated that PO'solu~ions iqh\bited phagocytic and 
-).. , 0 

bacteri6idal functions of human periph~ral blood leucocytes (7) 

and were cytot?xic to peritoneal leucocytes of. renal failure 
1 

mice (8) •. Pèritoneal instillation of large fluid volumes of PD 

solutions May further impair local host defense mechanisms as 
" 0 

has been demonstrated in studies conducted in rats where 

susceptibility to experimental bacterial peritonitis incr~ased 
t.. ( a oJ • 

with increasing inoculation volume '(9, 10). 0 Furthermore during 
-

CAPO, the repeated instillation and drainage of PD solutions 
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imposes a continual dilution and loss of cellular and soluble - ~ \ 
immune reactants from the peritoneal cavity (11-13). 

j. 

Utiliz'ing a mous~ model of chr.on~c renal failure w~ ~ave 

previously demonstrated the r.eljltive roles of. renal "failure and . . . . 
the permanently dwélling peritoneal catheter in the developemnt 

and persistence of peritoneal S. epidermidis infection. 

Suspeptibility to peri tpneal s. epidermidis challenge was' 

incrëased in renal failure mice (14,15) and following .\ 
o ~ 

intracatqeter inoculation, bacterial clearance from the 

catheter site was ineffective (16,17). In the~current 

investigation, we have assessed the influence of ;epeated 
û 

o 

peritone~l instillation of PD solution, without peritoneal 

C,dr,ainage, on the response of chl'onic renal failure·mice to 

p~ritoneal S. epidermidis challenge. previous in vitro studies 

of the effect of PD solutions on host leucocytes have th~reby 
1 . , 

been extended to an in vivo assessment in which regponse 
(,f 

parameters included microbiological status of,inoculated mice 

and host inflammatory responses. Although CAPO was not 

conducted in this animal preparation, the experimental 

procedure nevertheless permitted the evaluation of the effects 
; 

of multiple variables- (degree of renal function ;nd perit~neal 

infusion pt-ocedure) on mechanisms of bacterial clearance. 
'-
Materials and Methads 

Animals 

Female C57BL/6 mice were obtained from Charles River 

Breeding Laboratories (Kingston, NY, USA) at ftve weeks of age. 

'The animals were allowed ta- acclimatize in hO~ing facili ties 

for ,?m' week prior to use. All animals had free access to 

wa·ter and mouse chow. 
) 

-The preparation Qf renal failure and sham-operated mice 
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was accomplished by two consecqtive surgical procedures as 

described previously (la). Under ether anesthesia the right 

kidney was exposed and separated from the adrenal. gland and 

perirenal fat. Using a single point cauterizer (Hyfrecator, 

Model X-7l2, Birtcher Corp, Los Angeles, Calif., USA) the • 
exposed surface of the kidney was electrocoagulated. The 

incision was closed with a running suture through the deep 

layers and su~ical clips were applied to the skin. Two weeks ..., 

after right kidney electrocoagulation, a left nephrectomy was 

done in~se animaIs that would constitute the renal failure - ) 
, 1 

group and' surgical exploration of the left renal area was , 
conducted in sham-operated controls. 

_ Two weeks elapsed between nephrectomy or sham surgery and 

the ,per'i toneal Implantation of a custom made segment of an 

oreopoulos-~ellerman CAPO catheter (Accurate Surgical 

Instruments Co., Toronto, Canada). Both ends of ,the segment 

w~re beVeIled and the 1.2 cm 1ength cont~ined six regularly 

spaced perforations. Through a left flank incisioj the 

catheter segment was placed intraperitoneal1y and was secured 

to the latera1 abdominal wall by a single anchoring suture 

passing through one of the side perforations. The free end of 

the catheter was directed towards the left lower quadrant of 

the abdominal cavity. The surgical wound was closed as above 

and an{mals were used for experimentation four to six weeks 

after catheter implantation. 

Peritoneat dialysis solutions, 

Commercial1y availàble peritoneal dialysis (PD) solution 

(Abbott Laboratories Ltd., Montreal, Canàda) containing 4.25% 

dextrose (pH 5.3, 485 mOsm/kg 820) was warmed to 

to peritbneal instillation. Peritoneal infusion performed 
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under light ether anesthesia by transcutaneous injection 

directly into the catheter __ lumen. 

Bacteria 

Dr. S ~ I. Vas (Toronto Western Hospital, Toronto, can,a..<!a') 
" 

kindly supplied' us with a strain of S. epidermidis that had 
, 

been recover~d from the peritoneal fluid of a CAPD patient with 

peritonitis. Aliquots of this clinical isolate, re~ence . 
\ 

number 29260, were frozen in glycerol broth. The 

characteristic antibiotic sensit~yity profile of this- orgariis~ 

facilitated positive identification. Compared to reference . 
slime producing S. epidermidis strains (supplied by Dr. G.D. 

~ Christensen, Yniversi~y of Tennessee, Memphis"Tennessee, USA), 

isolate 29260 produced glass adherent material when grown in 

trypticase soy broth (TSB) demonstrating its slime-producing 

ability (19). The bacterial suspension for inoculation was 

prepared from overnight cultures grown on Columbia agar. The 

density of viable bacteria (colony forming units) was 

enumerated by seriaI diIU~Ô~ and pour plate techniques. 

Experimental protocol 

Three different experimental situations we~ studied in 

mice with surgically 
# 

induced renal f,ilure and sham~operated 

controls accdrding,to the experiment~ protocol outlined in 

Table 1. Experiments in which mice underwent peritoneal 

infusion and bacterial challeng~ were compared to control 

experiments in which mice received inoculation without 

infusion. 

I. Peritoneal instillation of PD solution without bacterial 

challenge .\ 

Over a two week period sharn-operated and renal fa'ilure 
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mice underwent twice daily peritoneal infusion of 1.5 ml PD,' 

solution. After 14 days animaIs were sacrificed for 

assessment. Body weighot was recorded daily ,throughout the 

infusion period. 

II. ,Peritoneal instillation of PD solutions and 106 cfu "S. 

epidermidis challenge:'assessment 48 hours after inoculation. 

For one week prior to bacterial challenge, sham-operated . 

"and renal failure mice underwent daily infusion of 3 ml PD 

'solution. On day eight, animals received an intracatheter 

inoculation of 106 cfu s. epidermidis in 1 ml 'phosphate 

buffered saline (PBS). Daily infusion of PD solution continued 

for the next 48 hours after which animals were sacri ficed for 
, Z \ 

assessment. During the period of pe~itoneal infusion, body 

weight of mice was recorded daily. In control experiments in 

which animaIs were not subjected to daily infusion, ( 

sham-operated and renal fail~re mice received an intracatheter 

inoculation of 106 cfu S. epidermidis in 1 ml PBS and were 

sacrificed for assessment 48 hours after bacterial challenge. 

III. Peritoneal instilla(Îon of PD solution and 108 cfu S~ 
epidermidis challenge: assessment 1 week after inoculation. 

As above,~ham-operated and renal failure-mice unde~went 

per i toneal ins 'Il tion of PD solution for one week prior to 
" 

bacterial challenge, butJ in this series of experiments, they 

'received twice daily infusion ot' 1.5 ml PD solution. On day 8, 

108 cfu S. epidermidis in 1 ml PBS was injected into the 

catheter lumen. The twice daiIy infusion procedure continued 

for one more week after which ani~als were sa~iced for 

assessment. Daily determination of body weight was conducted 
, ~ 

throughout the infusion procedure., Control experiments 'were 
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... Table 1. Experimental protocpl 

Time (.wp.eks) Procedure 

o 

2 

4 

8 

9 

:. 

10 ... ~;; 

Right kidney electrocoagulation (aIl mice). 

Left nephrectomy renal failure mice) or surgical exploration of 
~~f t 

left renal area ( ham-operated mice). 
Jo 

Implantation of peritoneal catheter segment (aIl mice). 

Start of daily peritoneal instillation of peritoneal dialysis 
solution (4.25% dextrose). 

1. No bacterial. 
challenge 

(1.5.ml infusion 
twice daily) 

Assessment 

II. 6 10 cfu S. 
epidermid1s 
(3 ml infusion 
once daily) 

III. 108cfu S. 
e~idermidIS 

(1. ml infusion 
~ twi~e daily) 

Intracatheter 
bacterial challenge 

Intracatheter 
bacterial challenge~ 

Assessment 
(48 hours 

after challeng~) 

\ 

'\ 

Assessment 
'(1 week after 

challenge) 

/ 

-.. ~~ 
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conducted in sham-operated and renal failure mice in which 

animaIs l, were subjected to intracatheter inocula~ion wi th 108 

!' 

cfu s. epidermidis without daily infusion and wer~ sacrificed 

one week after inoculation. 

Blood analysis . .' , 
At the time of' sacrifice mice were anesthetized with 

e~her, weighed and blood was collected by cardiac puncture in 

heparin-coated plastic syringes (Hepalean, Harris Laboratories, 

Toronto, Canada) for biochemistry and hêma~ology analysis. ~ 

Blood urea nitrogen (BUN) levels we~e determined with an IL-9 

~ ~ autoanalyzer (Instrumentation Laboratory Inc., Lexington, 

Mass., USA). Routine hematology was done utilizing a Coulter 

.count'er (tJtode1 2B1, Coulter Electronics ;rnc., Hialeàh, Fla., 
.. 

USA) and diffetential cell counts were performed on 

~right-stained blood smear preparations. 

Collection and pr~cessing ~ specimens 

Th'e abdomen of each animal was t'ashed wi th alcohol and tj!.e 

skin and loose connective tissue were retracted aseptically to 

expose an intact aqdomina1 walL. Ten ml of minimum essential 
~ 

medium (Eagle Modified) containing 10% heat inactivated fetal 

calf serum and 20 mM HEPES buffer was injected through the 1 

abdominal wall directIy into the peritoneal cavity and the 

peritoneal washing was slowly aspirated. Total cell counts of 
, 

peritoneal washings were enumerated in Neubauer counting 

chamber~ and differential cell counts were determined from 

~tocentrifUge preparations stained with Diff-Quick (American 

Scientific Products, McGaw Park, ILL., USA). An" aliquot of 

each sample was quantitatively cultured onto bloQd agar for 

bacterial content and identity. Bacterial recoveries were 
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expressed as cfu per ml of peritoneal washing. 

A specimen of the exposed abdominal wall (approximately 2 

x 2 cm) was excised aseptically. The translucent abdominal 

wall, which consisted of the peritoneal membrane and scant , 

'connective and muscle tissue, will be hereafter referred to as 

\ parietal peritoneum or peritoneal membrane. Tissue samples 

were homogenized in PB~and inoculated onto S% horse blood 

/~olumbia agar. After correction for dilution bacterial 
-~-- . 

recoverles were expressed as cfu per gram 9f tissue. 

The peritoneal catheter implant was removed after fine 

dissection of any adhering tissue and cutting the anchoring 

suture ta the lateral abdominal wall. The granulation tissue 

surrounding the catheter was asep_tically removed and 

homogenized in PBS. When necessary tenfold serial dilutions 

were prepared and specimens were inoculated onto blood agar. 

After correction for dilution, bacterial recoveries were 

expressed as cfu per gram of tissue. 

Bacteria ass~~ated with the catheter were quantitated 

following a modific~tion of a previously described method (20). 

The catheter segment was lightly streaked across a blood agar 
• 

plate ten times, rotated 90° and again streaked ten times 

across the agar plate. This process was repeated through 360 0 

and the catheter was then incubated in ~SB. Bacterial 

recoveries from blood agar assessment were expressed as 

colonies per catheter surface and results of incubation in TSB 

were expressed qualitatively as culture positive or negative. 

Colony enumeration of all samples on blood agar was 

conducted after twenty-four hours incubation at 37°q. Positive 

identification of bacteria recovered from collected specimens 
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was ascertained by colony morphology, gram stain, catalase 

production and the characteristic antibiotic sensitiv!ty 

profile. 

Scanning eiectron microscopy (SEM) 

A 2 mm transverse section from the anchoring end of each 

recovered catheter was reserved for SEM. A 5 x 5 mm specimen 

of the ventral parietal peritoneum was excised from the upper 

right quadrant at a site far removed from that of the multiple 

intracathetér injections or that of the single intraperi toneal 

injection required for peritoneal washing. The excised 

specimen was spread fiat on a piece of fil ter paper previously / 

dampened with 10% puffered formalin. All'specimens were ~ 
1 

/ 

processed for SEM using standarp techniques. Samples were/I 

fixed in cacodylate buffered glutaraldehyde solution .(pIV'? 3), 
/ , 

dehydrated with increasing concentrations of acetone ~hd dried 
, 

to a critical point. Specimens were then fixed to met al 

planchets, cbated with gold and examined with a scanning 

electron microscope (model JSM-35U: JEOL, USA, Inc.). 
1 

Expression of results and statistical analysis 

Bacterial recoveries were converted to log~units. Samples 

presenting no bacterial growth on blood agar were a~signed a 

log value of l (10 cfu per ml or less) which represents the 

lower limit of detection of the microbiological assessment. 

AIl resul ts are expressed as mean± SD. Unpaired data for 

sham-operated and renal failure mice were compared by Student's 

t test and techniques for analysis of variance were utilized 

for multiple comparisons between experime~tal conditions of 

infusion or no infusion. 
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Results 

Characteristics of' 'the animal model 

The surgical procedures for the preparation' of the mouse 

model of renal failure were·well tolerated. Within four days 

of nephrectomy approximately 20% mortality was observed in the 

renal failure animaIs due to excessive destruction of the renal 

parenchyma while the remaining 80% survived until their 

designated date of sacrifice. No post-operative mortality was 

observed in sham-operated control mice. 

Selected characteristics of the mouse model, six to eight 

weeks after the onset of renal failu~e, are presented in Table 

2. Severe impairment of renal function was present in renal 

failure mice as shown by the fourfol~ rise in blood urea 
. 

nitrogen levels. Both hemoglobin levels and body weight of 

renal failure animals were significant~y reduced compared to 

sham-operated mice. " 

The peritoneal implantation of the CAPD catheter segment \ 

two ~eeks after nephrectomy or sham surgery'was well tolerated 

by aIl mice. As previously described, four to six weeks after 

ca~~eter implantation, granulation tissue which consisted 

predominantly of fibroblasts and mononuclear leucocytes 

invariably surrounded \the catheter segment (21). This catheter 

associated tissue, however, did not intèrfere with the 

immediate peritoneal distribution of the infusion volume as 
, 

previously demonstrated radiologically by intracatheter 
~ ~ 

injeètion of a radioopaque medium (21). 

The.peritoneal instillation of PD solution was well 

tolerated by.all-mice and their mobility and level of.activity 

were not apparently influenced by the infusion procedure. Body 

1 weight of mice remained constant througho~t the infusion period 
228 
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Table 2. Characteristics of the mouse model of chronic 
renal failurea,b 

Animal status: Sham-opera ted Renal failure 

Blood urea nitrogen 21.8±4.9 88.1±23.5c 
(mg/dl) (41) (41) 

, 
Hemog1obin (g/d1) 12.8±1.1 9.2±!'.5C 

(36) (39) 

Body we~ght (g) 21. 2± 1. 9 20. 2±2. oc 
(41) (41 ) 

aResults obtained in 14 week old C57BLj6 inbred mice 
6 to 8 ~eeks after the surgi cal induction of renal failure' 
or sham surgery. 

bResults are expressed as mean±SD and samp1e size ie 
indicated in parenthesis. 

CSignifiqant ·differ~nce (p<O.OS) between renal failure and 
control mice. 
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and Qid not differ from their preinfusion weight. 

Peritoneal instillation of PD solution without bacterial 

c"hallenge: 

" 

After 14 days of twice daily peritoneal instillation of PD 

solution, sham-operated and renal failure mice were sacrificed 
,\ -

for assessment., No bacterial growth was recovered from 

peritoneal structures including the catheter and its 'associated 
~ 

granulation tissue in any of the mice: However, in contrast to 

'd ~ , 1 l t l' h' .a normal reSl ent perltonea eucocy e popu atlon, t ere\~as ~ 

> '" marked peritoneal inflammatory response as a consequence of che 

infusion procedure which was Most severe in renal failure mice 

(Tabl~ 3). In renal failure mice bath total peritoneal 

leucocyte and polymorph counts inc~eased markedly as a 
/ 

consequence of the infusion procedure while sham-operated 
~ 

controls presented an unexplained fall in total peritoneal 

cellularity and a moderate increase in percent polymorphs. 

Sham-operated mi?e presented evidence of a mild peripheral 

inflammatory response while peripheral leucocytes of infused 

renal failure mice were simi1ar to non infused controls. As 

previo'usly shown in this mouse strain, 'lymphocytes are the 

predominant circulating leucocyte (22). 

Effect of peritoneal instillation of PD solution on response of 

mice to 106 cfu S. epidermidis challenge 

Recovery of S. epidermidis 48 hours after 106 efu 

intracatheter inoculation from mice that had received once 

daily peritoneal instillation of 3 ml PD solution far one week 

prior to bacterial challenge is presented in Figures 1 and 2. 

Compared to control experiments in which mice received the 

identica1 inoculum without infusion t~e microbio1ogical status 
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Table 3. Local and peripheral inflammatory response to peritoneal infusidn of 
PD so~utiona.b 

Il 

., . 
Perltoneal leucocytes 

Total leucocytes per ml (xlD~) 
Macrophages (i) 
Lymphocytes (%) 
,Polymorphs (%) <D 

Mast cells (i) 

Circu1ating leucocytes 
Total leucocytes per 
Neutrophils (i) 
Stabs (i) 
Lymphocytes (%) 

ml -(xl03 ) 

No infusion 
Sham- Renal 

operated ~failure 

( 1-2) 
O.6±O.2' 

6l.l±11.4 
36.0±lO.O 

2. 5± 3.4 
O~. 3±O. 9 

(13) 
5. 7± 2~ 3 
5.9±4.8 

o 
93~9±4,8 

~ (16) 
O.8±O.4 

47.5±4· 6 
50.6±13.6 
1.4±1.4 
O.5±l.O 

(ID) 
5. 8± 3. 4 
8.0±5.4 

• 0 
92.0±5.4 

'-_ 'Infusionc 

Sham~ Renal 
operated failur~ 

(5 ) 
. O.l±O.l e 
40.2±10.1 e 
44.4± 18.0 

• l5.6±16.1 e 
.. 0 ... 

(5) 
5.5±2.9 

14.0±12.3 
o ' 

85.0±l3.7 

(5 ) 
1.5±O.7 d ,e 

33.4±7.Se 

25. 6± 17.6 El 
41.0±15.ge 

o 
(5) 

6.1±2.r 
6.6±4.7 

o 
~3.0±4.9 

aResults obtained in 14 week old C57BL/6 inbred mice 6 to S weeks after the surgiçal 
induction of reTal failure or sham surgery. 

bResults ar~essed as mean±SD and sample size is indicated in parenth~sis. , 
cTwice daily peritoneal infusio~ of 1.5 ml 4.25% dextrose PD solution.~ 

. . 
dSignificant difference (p<0.05) between sham-operated and renal failure igfused mice. 

eSignificant difference (p<O.05) betw~~n infused and respective non infused mice. 
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of aIL tissues tested Wëls unaffected by the, peritoneal 

instillation of PD solution. Minimal bacterial growth was , 

present in specimens of peritoneum and peritoneal washings from 

all mice irrespective df their level of renal function. In 
, 

contrast, large numbers of bacterià were recovered from the 
~ 

catheter associated granulation tissue of aIL animals and 

recoveries from renal failure mi~e were significantly greater 

(p< 0.05) than those of sham-operated controls. Furthermore, 

s. epidermidis reco~ery from peritoneal catheters was not 

greatly influe.nced ~ the ~infusion procedure.1 In view of the 

small frequencies within each of the categories of bacteria - \ \ 

re~overed per catheter, statistical analysis was limited 
~ 

however à larger proportion of catheters pr~enting no 

bacterial growth were recovered rrom non inf~sed compared to 

infused renal fai lure mice (Figure 2)'- Regardless of 

peritoneal infusion, a greater proportion of catheters ...... ., 
J 

recovered from sham-operated controls presented no bacterial , . 
growtH compared to those or ren'al failure mice. 

'II 

·In mice that did not undergo peritoneal instillat'ion of PD 

solution, there was no evidence of inflammation, in' the . , . \ 

peritoneal cavity or in the' peripheral blood, 48,hours after 
, , 

106 cfu inoculation (Figure 3). An identical inoculation in 
r ..... 'V 

.mice subjected to daily infusion generated a local polymo~ph 

response which achieved" statistigal significance compared to 

non infused mice in sham-operated controls only. Alth~ugh 

there was a rise in the Mean peritoneal polymorph count of 
....... 

infused renal failure mice compared to non infused controls, - . 
1 

~he response was variable and statistical ~ignificance ~as not 
, 

established. Leveis of peritoneal and circulating t6tai 
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Figure 1 • 

Petoloneurn Calheler 
(per gram)" assoclated 

Ilssue 
(per gram) 

Penloneal 
washmQs 
(perml) 

Perlloneum Calheler Perlloneal 
(per gram) assoclaled washlngs 

IIssue Iper mil 
(per gram) 

Sham-operated Renal failure 

Status of animaIs 

Recovery of Stàphylococcus epldermidis from parietal-
. peritoneum, catheter associated tissue and peritoneal 
washings of sham-operated and renal failure mlce 48 
hours after 106 cfu intracatheter challenge. 
Specimens from mice subjected to once daily peritoneal 
instillation of 3 mi 4.25% dextrose peritoneal dialysis 
solution (circles) are compared to respective non 
infused animaIs (triangles f: Mean values are 
represented by'horizontal bars and an asterisk 
indicates a signif~ant difference (p<O.OS) between 
ranal failure and respective sham-operated mice. NBG 

·indicates no bacterial growth. 
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5 RF 
NBG 

0 

Colonies recovered ' 

5 RF 
102.103 

c 

5 RF 
103+ 

Recovery of Staphylococcus epidermidis from peritoneal 
catheters of sham-operated (S) and renal failure i RF) 
mice 48 hours after 106 cfu intracatheter challenge. 
Recovery from catheters of mice subjected to once daily 
peri toneal infusion of i ml 4.25% dextrose peri toneal 
dialysis solution (open bars) is comp-ared to respecti-..,e 
non infused (hatched bars) animàls. NBG indicates no 
bacterial growth. 
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leucocytes as 

" significantly 

of .peritoneal 
o 0 

, 
weIl as peripheral polymorphs were not 

affected by the infqsion procedure ~ Total counts 
/ { 

VI' 

an~ circulating leucocytes and polymorphs of 

sham-operated and renal failure mice were not significantly 

different. 

Effect of peritoneal instillation of PD s2lution on the 

response of mice to 108 cfu S. epidermidis challenge 

Recovery of S. epidermidis one week after 108 cfu 

inoculation from mice subjected to twice daily peritoneal 

infusion of 1.5 ml PD solution for a two week period is 

summarized (tn Figures 4 and 5. In c:ntrast to assessments 46 

-hours after 106 cfu .inoculation, sizable S. epidermidis 

recoJeries were obtained from specimens of peritoneal membrane 

and peritoneal washings one week after 108 cfu inoculation. 

Wi th the exception of peritoneal washings from which recovery 

of S. epidermidis was moderatly elevated i~ infused mice, the 
o 

infusion procedure did not affect the microbiological status of 

any other peritoneal structure.' A majority of mice in both 

experimental conditions presented heavily colonized peritoneal , 
cathet~rs (10 3+ colonies per catheter). Recovery of s. 

"~. .-
_,"'1, .-

epidermidis was similar in sham-operated and renal failure mice 

which again is in contrast to assessments following 106 cfu 

inoculation in which a renal failure related impairment of 

'bacteri~l clearance from the catheter site was evident. 
o 

Local and peripheral inflammatory response of mice 1 week 

after 108 cfu intracatheter S. epidermidis challenge is 

sum~rized in Figure 6. Under conditions of twice daily 

peritoneal infusion with PD solution, peritoneal inflammatory 

response to S. epidermidis inoculation was increased as shown 
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Animai Inoculum InfuSion N PERITONEAL WASHINGS 

~ 
PERIPHERAL BLOOD 

status (clu) 

Sham 106 No (12) H1_ 

Sham 106 Yes (6) * 
Renal 10' No (12) f1J-I 
lallure 

Renal 106 Yes (6) ~ 
lallure 

1 1 1 1 1 1 1 1 
06 08 '0 , 2 '4 '6 0 10 20 30 40 50 60 70 80 

Number of ceUs Number of cells 
per ml(x 106) per,ml (x 1Q3) 

Figure 3. Mean peritoneal and circulating leucocytes (horizontal 
bars) and polymo~ '(hatched bars) of sham-operated 
and renal failure~ 48 hours after 106 cfu 
intracatheter Staphy1ococcus epidermidis challenge. 
Inflammatory response of mice subjected to once daily 
peritoneal infusion of 3 ml 4.25% dextrose peritoneal 
dia1ysis solution is compared te respective non infused 
animaIs. Horizontal lines represent standard 
deviatiens and the number of mice 1s indicated in 
parentheses. An asterisk indicates a significant 
difference (p<0.05) 'between infused and respective non 
infused mice. 
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Sham-operated Renal failure 

Status of animais 

Recovery'of Staphylococcus epidermidis from parietal 
peritoneum, catheter associated tissue and peritoneal 
washings of sham-operated and renal failure mice one 
week after 108 cfu intracatheter challenge. 
Specimens of mice subjected to twice daily peritoneal 
infusion of 1.5 ml 4.25% dextrose peritoneal dialysis 
solution (circles) are compared to respective non . 
infused animaIs (triangles). Mean values are 
represented by horizontal bars and asterisks indicate 
significant differences (p<0.05) between infused and 

NBG 

respective non Jnfused mice. NBG indicates no ." 
bacterial growth. 
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Figure S. Recovery of' Sta h lococcus e :i.dermidis from peritoneal 
catheters of sham-operated Sand renal failure. (RF) 
mice one week after 108 cfu intracatheter challenge. 
Recovery from catheters o~ mice· subjected to twice 
daily infusion with 1.5 ml 4.25% dextrose peritoneal 
dialysis solution (open bars) are compared to non 
infused animals (hatched bars). NBG indicates no 
bacterial growth. 
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by eleyations in the numbers of peritoneal leucocytes and 

polymorphs. The number and type (differentials) of peritoneal' 

and peripheral leucocytes wefe similar in renal failure and 

~sham-operated mice. Local inflammatory response l week after 

108 cfu inoculation markedly exceeded that observed 48 hours 

àfter 106 cfu challenge with peritoneal and peripheral 

leucocyte and polymorph counts two to fourfold greater than 
, 

those following 106 cfu'inoculation. 

Scanning electron microscopy (SEM) , 

Catheter segments recovered from mice receiving daily 

peritoneal infusion of PD solution and their non infused 

controls were assessed with SEM. Neither the infusion 

procedures nor the renal failure had an apparent influènce on 

the bacterial association with the catheter surface. Fort y 

eight hours after 106 cfu S~ epidermidis intracatheter 

inoculation, single cocci or microcolonies were observed on the 

surface of catheters recovered from infused and non infused 

mice (data not shown). One week after 108 cfu intracatheter /, 

challenge, large colonies of cocci or isoiated areas of 

confluent growth on the catheter surface were observed (Figure 

7) • 

SEM assessments of the mesothelial lining of the parietal 

peritoneum of -sham-operated and renal failure mice one week 

after 108 cfu intracatheter s. epidermidis ino~ulation were 

compared to those of mice that received. the identical inoculum , 

and underwent twice daily peritoneal instillation of 1.5 ml PD 

solution. Mesothelial ~orpholo9Y underwent striking alteration 

as a consequence of the ihfusion procedure and specimens 
r 

recovered from renal failure or sham-'Operated mice were . . 
239 
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Animai looculum Infusion 
status (ctu) 

Sham 108 No 

Sham 108 Yes 

Renal 108 No 
fallure 
Renal 108 Yes 
fallure 

N 

18) 

(9) 

(13) 

(9) 
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PERITONEAL WASHINGS 

005101520253035404550 

Number of calls 
par ml( x 108) 

.. ;;.... ',) 

PERIPHERAL BLOOD 

o 20 40 60 !l0 100 120 140160 

Number of ceUs 
~ per nt-( x 103) 

Figure 6. Mean peritoneal and circulating leucocytes (horizontal 
bars) and polymorphs (hatched areas) of sham-operated 
and renal failure mice 1 week after 108 cfu 
intracatheter Staphylococcus epidermidis challenge. 
Inflammatory response of mice subjected to twice dai1y 
peritoneal instillation of 1.5 ml 4.25% dextrose 
peritoneal dialysis solution is compared to respective 
non infused animaIs. Horizontal lines represent 

, standard deviations and the number of mice is indicated 
in parentheses., Asterisks indicate signif~nt 
differences (p<0.05) between infused q~d respective non 
infused mice. 
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.Figure 7. SEM of luminal surface of a peritoneal catheter segmen~ 
recovered from a renal failure mouse subjected to twice 
daily peritoneal instillation of 1.5 ml 4.25% dextrose 
peritoneal'dialysis solution and one week after 108 
cfu intracatheter Staphylococcus epid~rmidis 
challenge. 
Top, low power SEM: Cocci are distributed across the 
catheter surface and leucocytes are also evident 
(Magnification x 1,600). . 
Botto., hi9h power SEM: Cocci are r~vealed in a fibrin 
web on the catheter surface (Magnification x 10,000). 
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Figure 8. Left panel, low power {~EM=- Mesothelium of parietal 
peritoneum of a sham-operated mouse one week after 
108 cfu intracatheter Staphylococcus epidermidis 
challenge (Magnification x 200). 
Right panel, low power SEM: Mesothelium of parietal 
peritoneum of a renal failure mouse subjected to twice ~ 
daily peritoneal instillation of 1.5 ml 4.25% dextrose 
peritoneal dialysis solution and one week after 108 
cfu intracatheter Staphylococcus epidermidis challenge. 
Granulation tissue reaction with engorgement of the 
capillary lattice i8 evident and leucocytes litter the 
aesothelial surface (Magnification x 200). 
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Figure 9. 

0, 

( 

f 

(a) High power SEM: Mesothelium f parietal 
peritoneum of a renal failure mouse one week after 
108 cfu intracatheter Staphllococcus epidermidis 
challenge. Microvillus projections obscure 
individual mesothelial cells (Magnification x 
2,000) . 
(b-d) High power SEM: Mesothelium of parietal 
peritoneum of mice subjected to twice daily 
peritoneal instillation of 1.5 ml 4.25% dextrose 
peritoneal dialysis solution and one week after 108 
cfu intracatheter Staphylococcus epidermidis 
challenge (Magnification x 2,000). 
(b) Mesothelial c~lls are separated exposing , 

~ntercellular junctions. Microvilli are markedly 
attenuated (specimen from a sham-operated mouse). 

Cc) There i8 focal disruption of mesothelial cells 
(arrows). Microvi lli are absent (specimen from a 
sham-operated mouse). 

(d) Mesothelial cells are severely damaged --,," 
demonstrating disruption and degeneration 
C specimen from a renal fâi lure mouse). 

243 

J' -' ,'~ '1,-. ~ 

\ -



" 

o 

undistinguishable. Compared to non infused controls (Figure 8, 

left panel), the mesothelium of infused mice (Figure 8, right 

panel), appeared to undergo a granulation tissue reaction and 

num~rotis leucocytes littered the mesothelial surface. At 
..;:J JI' 

higher magnification, ,SEM of parietal peritoneum of inoculated, 

non infused mice (Figure 9a) demonstrated,'bundant- microvilli 

whic~ obscured the contours of the mesothelial cells to which 

they wererattached. The parietal peritoneum of mice subjected 

to inoculation and inf';lsion presen'ted varying degrees of 

mesothelial damage (Figure 9b~9c) which included attenuation of 

microvilli expos~ng intercellular junctidns as weIl as focal 

disruption and degener,ation of mesothelium. 

Discussion 

The results of the current investigation have demonstrated 

that repeated peritoneal instillation of hyperosmolar, acidic 
, " 

PD solution did not have a marked inflUence on the 

microbiological statua of peritoneal structures of mice 

following peritoneal S. epiderrnidis challenge with either a 

small (106 cfu) or large (108 cfu) inoculum. Clearance of 

S. epidermidis from the peritoneal catheter was ineffective, 
. 

regardless of PD solution infusion and SEM assessment of 
J l ; 

recovered catheters demonstrated colonies of cocci associated ... 
with the catheter surface. The impact of renal failure on the-

ability of mice to respond to bacteria~ challenge was only 

evident follo,wing the smaller,5. epidermidis chal~enge where 

renal failure mice presented greater bacterial recoveries from 
1 

the catheter site. The peritoneal infusion procedure itself 

caused acute local inflammatio~ and when combined with S. 

epidermidis inoculation peritoneal polyrnorph response was 
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augmented. The systemic inflammatory response however was not 

significantly influenced by the infusion procedyre. Scartning 

~l,~~tron microseopy of the mesothelium of, the parietal 

p~ltoneum revealed striking morphological alterations as a 

consequence of peritonea~ instillation of PD so~ution. 

The surgieal preparation and the resulting characteristics 
. 

lof chronie uremia prêsented by this mouse model uf renal 
, , 

failure have been previously described (18, 21, 22). In this • 
" 

series of experimen:s, Si\t~_ eight weeks after the induction 

o ot renal failure, mie~ Wé:~ ~otemic and presented signifieant. 

anemia and growth retardation;' Previously,described models of 

peri~oneal dialysis in animaIs having functional peritoneal 

catheters exiting to the skin have frequently been complicated 

.by peritoneal contamination a,nd catheter obstruct,ion (23-27). 
, 

In the current mouse model, peritoneal access via the cath\~er 

was ~ccomplished by transcutaneous ihjection into·the cathiter 

lumen. The sterility of the peritoneal eavity was thereby ! 

maintained and repeated intraeatheter instillation of PD 
~ 

solution was not complicated by peritoneal contamination. 

1 
1 

1 'e 
, 

volume of the peritone~l instillate was selected sinee i~ 

produced only a moderate abdominal distention and it did not 

. adversely affect the a"ctivity or mobility of thè mice~ / 
Infusion volumes" based on ratios of body weight or surface °area 

qf the mouse and man proved impractical. Unlike the practice " 

of CAPO, the resulting model was limited to peritoneal infusion 

without drainage, a procedure that was weIl tolerated by aIl 
/ 

mice, including renal failure animals presumably due to their 

ability to produee large volumes of dilute urine (22). 

Concurring with our results, investigations conducted in 
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sham-operated and uremie rats have demonstrated that twic~ 

daily peritoneal infusion of la ml 4.25% dextrose PD solution 
, , 

via a O permanent peritoneal catheter for 8 days did' not impair 

the clearance of a peritoneal inoculation of 2~107 cfu 

Escherichia coli (26). Twenty-four hours after experimental 

, // 

inoculation, bacterial recovery from the spleen of infused rats 

was moderately elevated compared to non infused controls while 

aIl other peritoneal structures presented comparab~e E. coli, 

recover,ies during conditions of infusion and no infus'ion.. In 

the current investigation, tbe modest inc~ease in the recover~ 

of .5. epide~midis from peritoneal washings of ~nfused mice 

tollowing 108 cfu .'intracatheter inoculation May have resul ted 

~fro~_t~e infusion of PD solution th~ough a heavily colonized 

catheter site causing peritoneal dissemination of bacteria. In 

contrast to the cathete; site, peritoneal washings and parietal 
.. Q q r , 

per:i.toneum consistently 'presen't~d no bacterial growth or much 
. ; 

smaller bacterial recoveries' 48 hours or 1 week after t,''l06 or 

~. 108 cfu 5. epidermidis inoculation, respectively. , 
The influence of renal failure 'on the response of mice tô 

the bacteri~l challenge was not consistently demonstrated in 
." 

the prèsent studies insofar ~s ~ renal fai+ure related 
1 r.~ J ( t'l. 

impairment of bacterial clear~nce from the catheter site was 

dem~nstra~ed only following 106 cfu s.·e~dermidis 

ino~ulation. This impairment was observed in experiments. wlth 

,or without the daily infusion proéedure. ln previous ' 

investigations i~which mice without p~ritoneal catheter 

,implants underwent peritoneal s. epiderJ,tlidis inoculation" renal 

tailure mice presented fncreased susceptibility in terms of 

8 9 - \J 
survi~al time and mortality (with 10 -10 cfu) and delayed 
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~itoneal clea~a~ce of the inoculum ~ith 106 cfu) compared 

\. to sham-operated controls (14,15). In the 'current '. 

..., 

~ 

o 

investigation one, week after 108 cfu lintracatheter 

inoculation sham-operated' éf,nd r~nal failure mice could 'not be 

distingu~shed on the basis of ba~~erial recovery from 
o 

peritoneal structures. The'observed inconsistencies regarding 

the effect of renal failur~ on host defense to bacterial 

challenge May reflect differing experiméntal variables of . . 
sampling time (18 hours vs 1 week) or the inoculatlon size 

l 

(106 vs 108 cfu) . For example, a maximal stimulus' (10& 

cfu) May be required to evoke an appropriate hosb defepse 

response in ren~l failure mice which was pot demonstrated 

following inoculation with a smaller inoculym. 

Peritoneal infusion of PD solutions in mice, by Itself 

caused a local polymorph response and inflammatory response to 

bacterial inoculation was augmented in mice subjected to the 

per i toneal infusion procedur~.. Our current observations which 
• 

reflect later stages of the inflammatory response, do .not reveal 
\ 

différences between sham-oBerated and renal~lure mice ana 
( . 

are in contrast to our previous findings in which earlier 

phases of peritoneal infla~atory response were impaired in 

renal failure mice (15). 

In vitro assessments of PD 'solutions have d~monstrated 

their inhib~tory influence on phagocytosis and bactericidal 

function of human leucocytes (7), their cytotoxic efÎect toward 

peritoneal leucocytes of mice (8) and their deleterious 

in~luence on opsonizing and bacteriolytic functions of human 

complement (28). These cellular and soluble components of the 

immu~s~em play an integral ta1e in host defense of thé" 
~ ~ 
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peri toneal cavi ty against bacterial infection (12) yet our in 

vivo findings do not reflect the results of in vitro studies. 

Unlike in vitro conditions, where hyperosmolar and acidic 

characteristics of PD solution remain constant, pH and 

osmolarity of PD solutions approach physiological levels after 

one and four hours of peritoneal dwell, respectively (6). 

Furthermore, constituents within the peritoneal cavity May 

protect leucocytes from the deleterious e~fec~s of PD solution 
fi 

a such that local immune' responses are not apparently 

compromised. Aiso noteworthy in considering the impact of PD 

solutions on peritoneal defense to bacterial challenge is the 

fact that PD solutions do not' provide an optimum growth medium 

for in vitro bacterial culture however, conditions for growth 
J 1 

improve quickly with peritoneal dwell time (29,30). Finally 

if, in CAPO patients, host defenses are impaired as a 

consequence of exposure to PD solution they may not be of 

fundamental importance if the permaneritly,dwelling peritoneal 

r~Jt catheter provides an environment in 'which the same host defense 
> 

mechanisms against bacterial gr/owth are normally ineffective. 

In previous stud;es and in the,curren~ investigation, 

microb\ological and SEM assessments ,of peritoneal cathe~ers 

recovered from mice following intracatheter,S. epidermidis 

cHallenge demonstrated that bacteria remain associated with the 

catheter site after other peritoneal structures have become 
~ 

culture,negative (l6,l7)~ SEM revealed macrocolonies of, cocci 

and areas o~ confluent bacterial growth which, according to in 

vitro dynamics of colonization of catheter surfaces by 

slime-producing coagulase n~gative staphylococci, represent 

i~ter stages of biofilm formation (31). A role of bacterial 
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biofilms in refractory bacterial infections such as the 

recurrent episodes of CAPO peritonitis has been proposed (3'2). 

The biofilm ie envisioned as a "defensive'" mode of growth in 

which the bacterial population embedded in the glycocalyx 

material has protection from antimicrobial therapy and nost 
, 

defense m~chanisms. SEM assessments of peritoneal catheters 

-recovered from CAPO patients with or without symptoms of 

.peritonitis ha~e also demonstra1~d the existence of, bacteri~l 

biofilms on the catheter surface {33-35}. Whether or not aIl ~, 

CAPO patients harbour bacterial biofilms on their peritoneal 

catheters and if the biofilm microorganism is in fact 

responsible for observed peritonitis episodes is presently 

unknown. 

In contrast to experimental conditions of inoculation 

arone, the mesothelial cell lining of the peritoneal cavity of 

mice underwent striking morphological alterations as a result 

of inoculation and repeated peritoneal instillation of 4.25% 
() 

dextrose PD solution. It is unlikely that these ch~nges could 

be attributed to mechanical distention-of the p~ritoneum of 

infused mice since the instillation volumes were small (1.5-3 -• 
ml), and particularly in the case of the 1.5 ml volume, there 

was no evidence of "lbdominal distention following peri ton'ea1 
~ 

infusion. In agreement with prèvious studies in CAPO patients 

and experimental animaIs subjected to peritoneal infusion with 

PO solution (36,37), repeated exposure of the peritoneal cavity 
1 

to hyperosmolar, acidic PD solutions caused attenuation of 

mesothelial microvilli, shrinkage of mesothelial cells 

abolishing tight junctions between adjacent cells and in sorne 

areas caused cellular denudation. In addition, the peritoneum 
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of infused mice presented evidence of granulation tissue 

reaction and the mesothelial surface was frequently littered 

with inflammatory cells. These findings concur with the 

augmented local inflammatory response to peritoneal ~ 

epidermidis challenge which was observed in mice subjected to 

repeated peritoneal instillation of PD solution. Whether or 

not the observ,ed morphological changes of the mesothelium 
, 

could interfere with dialysis, processes ~cross the peritoneal 

membrane remains to be defined. • \ 

Utilizing this animal preparation, we have demonstrated 

that repeated peritoneal instillation of PD s~ution, without 

peritoneal drainage, for periods of up to two weeks, did not 

have a marked influence on the outcome of peritoneal S. 

epidermidis challenge. Bacteria remained preferentially 

associated with the catheter site and in this milieu, growth 

and persistence of S. epidermidis was not measurably influenced 

by exposure to PD solutions. Since the bacterial biofilm . 

affords protection from eradication by host defense mechanisms, 

the deleterious effects of PD solutions on leucocyte 

populations that have been observed in vitro may be of little 

consequence to host defense in vivo conditions. 
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Chapter 7 

General Discussion and Future birect~ons 

Since the introduction of continuous ambulatory peritoneal 

dialysis, peritonitis caused by Staphylococcus epidermidis has 

consistently been a major complication of this dialysis . 
modality (24, 27, 28). In order to gain a better unde~sta~ding 

of the pathogenesis of CAPO associated S. epidermidis 

~eritonitis, a mouse model was utilized to investigate the 
- ~ 

relative roles of (a) chronic uremia, (b) à-peritoneal catheter 

implant and (c) repeated exposure of the peritoneum to 

peri toneal dialysis solutions, in the devélopment and 

progresa~on of this infectious process. Although actual~ 
li 

peritoneal dialysis was not condu~is animal 

prep.aration, this did not preclude the investigation o~ the 

role of thos~ defined variables in the etiology of peritonitis 

associated with CAPD. ' ~ne results of these investigations have 

demonstrated the immunos'uppressive influénce of chronic uremia 

and' the role-or-the-~peritoneal catheter implant as a nidus for 

protracted S. epidermidis colonization~ Repeated peritoneal 
.. 

exposure to hyperosmolar, acidic peritoneal diqlysis solutions . 
did not influence the,response of mice to peritoneal S. 

epidermidis challenge. 

i. The mouse models 

The development of appropriate animal models was 

imperative to the conduct of this'research project. Thus, 

three related mouse models were utilized: (a) the mouse model 
, 

had been ~reviously' developed 
'-.... 

of chronic' renal failure, ,which 
{ 

(203), was further'characterized (b) the renal failure mouse 
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bearing a permanent periton~al catheter implant was developed 

and was extended t9, include (c) repeated \eritoneal 
"' 

instillation of dialysis solution. The use of well defined, 

inbred mouse models provided homogeneous, and therefore 

simpli~ied, in vivo systems in which to investigate the 

progression of th~ peritoneal S. epidermidis infectious process 

under controlled experimental conditions. The investigation of 

the roles of the defined variables in the pathogenesis of 
~ 

peri tone'~l S. epidermidis infection ~was conducted while keeping 
1 

aonstant, the inbred mouse strain, the test bacteria and the 

characteristics of the catheter implant'. However, inherent to 
(, ,. 

the theoretical advantages offered by inbred\animal models and 

controlled experimental conditions in the absence of 
.. ,1 

confounding clinical variables are the pbvious and significant 

differences between the defined experimental conditions and 

those that prevail clinically. Furthermore, with the objective 

of mimicing all possible clinical conditions, the experimental , 

microorganism used in the current investiqation was a.human S. 

epidermidis strain isolated from a CAPD patient. The 

inoculation of mice with a human S. epidermidis str~in clearly 
Ji 
r 

does not repro~uce natural events. 

The preparation of the ~ouse mode,ls was labour intensive, 

requiring two or three surgical procedures, however la~ge 

numbers of experimental animals could be prepared at one time 

') without unrealistic technical requirements for their 

maintenance. The severity of the surgically induced renal 

failure was graded by the ~xtent of kidney electrocoagulatioJ. 

Animals w~~e prepared-with the objective of moderate uremia 

that did not preclude indefinite survival without dietary 

restriction and dialysis support and which .correlated to BUN 
257 

, 



• 

o 

levels approximating 100 mg/dl. 
(, 

Blood urea nitrogen levels of . 
a similar magnitude may be observed clinically, particularly in 

dialysis patients maintained with intermittent therapy and in 

underdialyzed CAPD patients. 

The C57BL/6 inbred mouse strain was selected for the mouse 
,\ 

model of chronic renal' failure. This strain was readily 

available from animal breeders which were located at a 

reasonably short distance from the'laboratory. Furthermore, . , 

this strain was'Suitable for the mouse model of chronic renal 

failure since congenital renal abnormalities and spontaneous 

hypertension are rare (204, 205). The C57BL/6 mouse is 

i~unologically well defined, is without major immunological 

difficiencies and is resistant to many extracellular pathogens 
- ,. 

(205-206). It was, therefore, a good candidate mouse strain 

for studies of host response to bacterial challenge . . ,. 
The' normal values of several biological parameters of' mice 

differ from those oof man, however thes~ differences did nQt 
f 

precluge the development of the" current mouse model of renal 
" , 

failure.. Plasma creatinine which', in mice, is approximately 

one tenth the normal level in man was, nevertheless, . 

significantly elevated by the experimental induction of renal 

failure. In comparison to man, a,la~ger proportion of 

lymphocytes (90%) and a respeètive smaller prcportion of 

neutrophils (less than 10%) compromise circulating leucocytes 
, 

of mice. However, systemic neutrophil response was promptly 

mounted in mice following experimental inoculation. 

Furthermore, renal failure mice presented several 

manifestations of chronic uremia including growth retardation, 

severe ane~ia, hyperphosphatemia, hyperkalemia, acidosis and 
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changes in bone histology which were consistent with secondary 

hyperparathyroidism. 

The mouse model aiso included sham-opetated animaIs to 

control for the immunosuppression and increased susceptibility 

to infection that is associated with surgical manipulation. 
1 

Several defects of ho st immune response following surg~cal 

trauma have been reported and include depressed cellrmediated 

immune response measured by delayed type hypersensitivity 

~esponse, decreased'circulating lymphocytes, impaired 

blastogenic response and mi~ed lymphocyte reaction which may 'be 
-

'" a'ttributed !=-o increas-ed suppressok" cell activity (207-209). 
~ ~ 

Furthermore, decreased leucocyte chemotaxis,' impaired polymorph 

delivery to an inflammatory focus and reduced neutrophil 

bactericidai function have aiso been demonstrated in surgical 

patients (210-212). In the current m~se ,model, ~am-sùrger~ 
was conducted at Ieast six weeks before experiment~l ' . 
inoculation, yet peritoneal clearance of S. ePidermidis, as 

weIL as local inflammatory response of sham-operated mice, was 

significantly impaired compared ta normal control animaIs. 

These results underline the importance of including 

sham-operated contraIs in experimental" animal models and 

reveal the potentially end~ring inlluence of surgery on host 

immune response." 

The mouse model of c:hronic renal failure was extended to 

include a peritoneal catheter' implant. Unlike functional CAPO 

catheters" the mouse catheter segment resided entirely within ..... 

the confines of the peritoneal cavity (no skin exit site) and 

did not, therefore, compromise the sterility of the p~ri~oneurn. 
-

Pre~iously described.animal models, having peritoneal catheters 
~ 0 
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,exiting~through the skin, have been limited by un~ontrolled, 
t­

spontaneous peritoriitis which has required continuous 
• r '" .. /, 

antibiotic therapy. The use of, suéh animat modela would 
'" '-

clearlyPlimit the current investigations which reqqired , .. 
controlled experimentalobacte;ial challenges. 

. ' 

o 

The mouse pre~aration was subjected to repeated peritone~l 

ihstillation of comme~iailY' avail!ble peritoneal ~i~lySiS 
scflution. However, drain~ge of tl:\e dialYSi; SOlutJàn from-·the 

1 
" , 

peritoneal cavity .was· ,no.t accomplished anq. t1}erefore, this , 
model! was ,not utilized tp a<j1dress the roles of peritoneal 

dialysis and/or the continuaI loss to drainage pf< so~~le and 

ce'llular peritoneal consti tuents (rnany of which may be 
t~ . , 

imrnunoreactl~el in the .pathogenesis qf peritone~l infe'ction. ,_ 

Rathe;r, 
, (JI" 0 

this mous'e model facilitated the investigation df the . \ -
influence of repeated exposure qf the peritomeum to nqn 

9 physiologi~ pe~iton~al 4ialysis solutions on the d,evelopment" 

and progress"ion of a peritoneal S. epidermidis infection. , 
,. ç • 

Repeated peritoneal ins~illat~on of dialysi~ solution' was 

not complicated by bacterial.contamination of peritonehl . \ 

J ",:, 

structures, however, there was evidence _ Df peri'toneal' . 

inflammation. In response to the infusion rt)C8"l~'r'e , rena l 

failure mice presented increased numbers 'of total 

leucocytes and polymorphs, while' peritoneal·, l.eucocyte counts of 
" ') Q ~ 

sham-ope~ated controls wère markédly decreased in spite of 

mOderately elevated polymorph counts. _, The' undérlying ,mechanism . . ~ . 
, (s) responsible for these o?~ervations is" unknown, however,' 

possible.explanations inciud~ varying degrees of dilution of 
" 1 

peritoneal leucocytes by the instillation volume as~ weIl· as 
", ~ ~; 

differing inflammatory respon~e patterns in rehal failure 'and , ' . 
. ' 
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sham-operated mice subjected to infusion. Investigation of the 

response of normal mice to peritoneal instillation of dialysis 

solution may be useful in clarifying these issues. 

The final extension of the mouse mOdel to one of CAPD was 

not realiz'ed due to unresolved technical diffiGulties. 

Drainage of the instilled peritoneal dialysis solution was 

-at~ernpte~bY intracatheter aspiration and ~lter~~tivelY b~o 
o 

peritoneal aspir-ation using a needle and syringe. ln aIl cases 

drainage was blocked by omenturn or granulation tissue 

associated with t~e,catheter segm~nt. This limitation 

prrecluded further investigations of the influence of CAPD on 

host defense of the peritoneum.' 

The three successfully defined mouse models facilitated 

the following investigations. The influence of: chronic urémia, 

in th~ absenc' of dialysis tr~atment, on host susceptibility to 

s. epidermidis challenge was investigated. In a noninfected 

~ preparation of renal Ifailure mice bearing an intraperitoneal 

catheter segmen~, the role of the catheter implant in the 

pathogenesis of peritpneal s. epidermidis infection was-

determined in a controlled experimental setting. Lastly, "the 

impact of- repeated exposure of the peritoneum (as well as the , -

e~p~rimental inoculum) to peritoneal dialysis solution, wit~out 

drainage of the instilled vOlJrne, on the response of renal 

failure mice to experimental s. epidermidis'challenge was 

as'sessed • 

.' 

\ 
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ii. Th~ ~nfluence of chronic renaî failur~ on response of mice 

to S. epiderrnidis- inoculation 

The influence of chronic renal failure on response of mice 

to intraperitoneal S. epidermidis inoculation was investigated 
1 

~ '" 
extensively therebYs revealing a moderate, although s-ignificant, 

renal failure related immunosuppres~ion. Time to 50% mort~li~y 

following l09'cfu S. epidermidis inoculation was r~duced in 

" renal failurë mice as was percent survival following 108 cfu 

challenge compared to sham-operated controls. Furthermore, s. 

epidermidis clearance of s~aller ipocula~ from.the parietal 
1 

peritoneum was,signficantly delayed in renal failure mice 

compared to èontrols. 

An increased prevalence of serious infections in end sta,gè 
..., 

renal disease patients maintained with hemodialysis has been 

previously reported (134-136), however the relative importance 

'of a number of clinical variable, inc1uding renal failure, 
• Q 

rema1 ns unknown . In addition to ,di~fering underlying diseases, 
..\ 

end stage rena1 disease patients may be maintained by several 

dialysis moda1i~ies and may bè exposed to a variety of 
, 

therapeutic agents. Uhether the dialysis procedutes 

themselves (hernodialysis requiring repeated vascular access 

and extracorporeal circulation, peritoneal dialysis requiring 

peritoneal access and repeated peritoneal instillation and 

drainage of dialysis solutiop) predispose the patient to 

infection, or whether the removal of u~mic toxine ~y dialysis 

reduces the propensity toward infection has been the subject of 

conjecture. Many of tht1e factors may interact 

to an increased prevale'h~e of infection in"', this 

( 
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population. However, the results of the current investigation 

in th~ mouse model of renal failure clearly demonstrated that 

uremia itself, in the absence of other confounding clinical and 

therapeutic variables, accounted for a signficant increase in 

the susceptibility to s. epidermidis infection. 
s 

Following intraperitoneal inoculation, s. epidermidis was 

quickly cleared from peritoneal washings of mice, while 

bacteria remained associated with the parietal peritoneurn for a 
, Q 

relati vely prolonged period in all mice. '!'hese 'findings 

suggest that bacteria which are free floating in the peritoneal 
, 0 

cavity are rapidly eliminated however, thos~ that are 

associated with the peritoneal membrane may be more resistant . 
to hosf defense mecqapisms and thereby survive for a prolonged 

1 

period of time. 

I?creased susceptibility of chronic renal failure mice to 

106 cfu s. epidermidis intraperitpneal inoculation was 

associated with a markedly atterttuated early local inflammatory 

response which was primarily characterized by diminished 
~ 

peritoneal polymo~ph counts. Previously reported studies have 

demonstrated that circulating leuèocyte response of chronic 

renal failure rats 'was impaired during the firet twenty four 

hours after intraperito~al or in~ravenous Escherichia coli 

inoculation compared to/controls (l56). In addition, leucocyte 

emigration into subcutaneous !mplanted sponges of chronic renal 

fail~re rats was signifi6antly impaired dfring the first six 

hour~ after implantation compared to sham-operated controls 

(l55). In the current mouse model of renal failure, peritoneal 
1 

polymorphonuclear leucocyte response, to intraperi toneal 

thioglycolate inJection was also diminished compared ta 
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controls. An impairment of the early systemic and/or local 

leucocyte response to infection in the chronic renal failure 

host May significantly co~romise host defense mechanisms, 

especia~ly during the initial stages of bacterial 

colonization. 

iii. (he role of the peritoneal catheter implant in the 

" progress~on of peritoneal infection in mice 

Investigation of the inf~uence of à peritoneal catheter 
fi 

implant on the response of mice to intraperitoneal inoculation 

demonstrated that bacterial infectivity was not apparently 

increased in the preeence of' the implant, however, fOl,lowing \ 

intracatheter chall~nge the catheter offered a surface for 

prolonged bacterial/colonization. The outcome of 

intraperitoneal S. epidermi~is challenge was unaffected by th~ 

perïtoneal imp1ëtnt, regardless of the level of renal function 

of mice, and resul ts compared favorably with those of previous 

'experiments conducted in the absence of a catheter implant. 

The resul ts of eXperimental intrac,atheter inoculation 

demonstFated that the peritoneal catheter was a preferred site 

for S. epidermidis persistence for as long as one rnonth after 

bacterial challenge. Scanning electron microscopj of·recovered 

catheters revealed progressive stages of biofilm formation on 

th~ catheter su.face. Although S. epidermidis persisted at the 

catheter site, persistent colonization of other peritoneal 

structures did not occur. 

One month after intracatheter iqoculation of 108 cfu 5. 

epidermidis, mice did no~ present evidence of peritoneal 

inflammatory response in spite of persistent bacterial 
1 
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'colonization of the peritoneal catheter. The growth of 

microorganisms within a biofilm has been proposed as a 

defensive mode o~ colonization which provides protection from 

host defense mechanisms and which elicits minimal host 

inflanunatory response (2 ~3) . Periodically, Il swarmer" bacteria 

are released from the biofilm population. ln this free 

floating state, bacteria elicit host inunune response and are 

more efficiently eli~inated. Recently, scanning electron 

microscopy studies have revealed bacterial biofilms on 

peritoneal catheters recovered from CAPO patients with and 

without clinical symptoms of peritonitis (168, 169). These 

clinical observations,~~e results of the current-
l ' 

,investigati9n in the rnouse model reveal the occ~lt nature of 

catheter associated infections. - , In addition to providing a surface for bacterial 

colonization, the influence of the peri"toneal catheter {dtplant, 

as a foreign body, must also be· considered in the development 
-

and progre~sion of peritoneal infection.· Immunosuppression in 

the vicinity of a foreign body i9 weIl known and has been 

demonstrateq clinically and in ani~al models of foreign body 

infection (52, 159-161). Foreign body infections are 

characteri~ed by their slow evolution, site specific infection 

and persistence without removal of the foreign implant • . 
1 

Several of these features are also conunon to~isodes of CAPD 

peritonitis,and have been further demonstrated by the 

persistent and site specifie S. epidermidis colonization of the 

catheter imp!;nt in the current rnouse modela 
.~ 

The results of studies addressing the influence of chronic 

renal failure on the response of mice to intracatheter 
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peritoneal s. epidermidis challenge present a seeming paradox. 

In contrast to impaired early clearance of a small inoculum 

from the catheter site, the later stages of clearance of a 

larger inoculum were accelerated in renal ~ailure mice. These 

findings may be explained by a number of hypotheses including a 

immunomodulating influence of the inoculum size such that the 
--

smaller inoculum did not-sufficiently stimulate host defense 

mechanisms of renal failure miç~ while the larger inoculum 

elicited a,significant response. Alternately, these findings 

may ref1ect a renal failur~ related impairment in the early 

stages of host response while later stages of host defense were 

efficient. Furthermore, these observations may reflect a -- ~ complex interactive relationship between the renal failure host 

and the test microorgani&m. The immunosuppressive influence of 

, , > chronic renal failure may be measurable only during the early 
o 

phase of this infe~t\ous process. Thereafter, the growth 

conditions imposed_by the uremie environment of the host may 
J 

not be conducive to persistent catheter coloni~ation. If slime 

production is an important determinant in catheter colonization 

by S. epidermidis, then this latter hypothesis may be supported 

o by possible modulation of slime production by varying growth 

conditions--(7B, 213). These- hypothe~ may n~t be mutually 

exclusive and aspects of each may be operative in the . 

infectious processes investigated. 

Ongoing host bacterial interaction was evidenced ëy the 

emergence of s. epidermidis phenotypic colonial variants in 
.\ . 

specimens recovered from nuce at least two weeks after, 
~"' 

intracatheter inoculation. I~lates recovered 1 week after the 

experimental challenge presented the parent phenotype only. 
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Phenotypic colonial variants recovered from mice 2 to 4 weeks 

after inoculation were slime producing and th~ir antibiogram 

and biochemical properties did not differ from the parent 

phenotype (Appendix 3). Phenotypic colonial variants of 
1 

staphylococci, representing encapsulated and nonencapsulated 

variants, have been previously described (64, 77, 78), and·it 

has been proposed that' animal passage may indu ce the 

elaboration of capsular material. In the current investigation 

the experimental S. epidermidis was a slime producing strain. 
, ~- ~--~-----~~~ 

Whether the variant, iso+ates presented differing colony 

morph~logy as a result of varying degrees of slime production 

remains to be investigated. 

It is noteworthy that following 108 cfu intracatheter 

inoculation, renal failure mice presented increased mortality 

in spite of accelerated bacterial clearance during the later 

'stages of the experiment. These findings are currently without( 

explanation however, interpretation of' these results must be 

t~mpered by the fact that animaIs that succumbed to the 

o 0 inoculum were not assessed microbiologically at the time of 

death. 

The interpretation of the relevance of the rol~ of the 

peritoneal catheter implant in experimentat peri~oneal S. 

epidermidis infection of mice to the clinical practice of-CAPO 
If 

should be tempered by the limitations of the animal model. 

Unlike CAPO patients, renal failure mice were not dialyzed and, 

'therefore, the potential influence of nondialyzed metabolic 

wastes and uremie toxins on host defense me9hanisms and on 

bacterial growth conditions within the chronic renal failure 

mouse must be considered. Also in contrast to CAPO patients, 
( 

267 

/ 



o 

o 

the cathete;' segment of mice waSI) invariably surrounded by 

granulation tissue. This poorly vascularized fibroblast sheath 

may have impeded the direct communication of the catheter lumen 

wi th the peritoneal cavity however, following bacterial 

challenge there was a rapid and significant influx of 
, ! 

polymorphonuclear leucocytes into the catheter l~men. 

Furthermore, since the catheter ~mplant 'Of mice did not have an ., 
open exit site -to the skin, ~kinetics of catheter 

colonization following intracatheter inoculation may differ 

from that of a functional, peritoneal dialysis catheter. For 

example, the bacterial colonization of a CAPO catheter may 

include a number of different bacterial species and strains 

whose growth may be influenced by bacterial interference. T~e 
current mouse model, subjectfd to in6culation with a single ~ 

epidermidis species, do~s not reproduce thesè conditions. The 

results of the current experiments, nevertheless, demonstrated 

that the cathetèr implant provided a 'preferred site for . . 
protracted S. epidermidis growth: a finding which may,be 

relev~nt to the pathogenesis of the persistent and recurrent , . 
per-i toneal infections that have been observed in CAPD 

_patients. 
f 

iv~ The influence of peritoneal exposure to dialysis solutions 

on response of mice to S. epidermidis challenge 

Tne in vitro cytotoxicity of commercially available, 

hypertonie, acidic peritoneal dialysis solutions towards 

rèsident and elicited peritoneal leucoc~~e populations of mice' , ,,, 
was demonstrated in the current investigâion. Adjustment of 

the pH of the dialys:ls solutions to phy:S'iological levels . 
1)', 
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reduced subsequent cytotoxicity, J~ut a significant residual 

loss o~.viability persisted which was independant of the 

osmolarity of the incubating solution. The residual 

cytotoxicity rnay be attributed to several constituents of 

commercial dialysis so~utions such as platicizers, leached out 

of the plastic bags containing the dialysis s9lution, or 

glucose degredation products generàted'by heat sterilizaiton . .. 
. Previously, in vitro assessments have demonstrated the 

deleterious effects of fresh peritoneal dialysis solutions 'on 

leucocyte viability and function (173-175). Since peritonea'l 

leucocytes, have an integral r~le in peritoneal defense against 
• 

bacterial tnfection, the relationship between the in vitro 

?eletei.~is influence of peritoneal di~lysis so~ .. Mons· on hast 

leucocytes and the clinicai, conditions of peritoneal dialysis 

is of obvious concerne Numérous characteristics of the 

peritoneal environment differrrorn the constant prevailing 

co/ditions of in vitro incubation. Followins instillation into 

the peritoneal cavity, the pH and osmolarity of dialysis 

solutions achieved physiological levels after 1 hour, and 4 to , . 
6 hours, respectively (22). Furthermore, soluble constituents 

present within the peritoneal cavity may protect host 
, . 

leucocytes from damage by inflowing dialysis solutions. 
, .; 0 

, 
N~vertheless, in vitro assessments have demonstrateq that even 

after 2 hours of peritoneal dwell, 'effluent.dialysis solution~ 

from CAPD patients inhibited the phagocytic functiQn of 

peritoneal polymorphs and macrophages (174). 

In the current studies, in spite of the observed in vitro 

cytotoxicity of peritoneai dialysis solutions toward peritoneal .. 
leucocytes, repeated peritoneal instillation of dialysis 
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solution did not affect the outcome of intracathet"er peritoneal 

S. epidermidis inoculation in mice. These findings may 

ihdicate that in vivo conditions interfere with the deleterious 

effects of the peritoneal dialysis solutions such that, if host 

leucocytes are damaged, the resulting deficit is not sufficient 

te impair host response to the bacterial challenge. 

Alternately, if the catheter associated bacterial biofilm 
_ 

protects the colonizing bacteria from host defense mechanisms, , 

an impairment of leucocyte viability and function by inflowing 
. 

dialysis solutions may not be measurable in terms of increased 

bacterial recovery. In this way the detrime~~l influence of 
" 

dialysis solutions on hast defense of the perifoneum could be 
""""-

masked. 

\ Scanning electron microscopy of parietal perito~eum of 

mice r~vealed extensive morphological alteration as a 
Il' 

:;~~ated peritoneal instillation of d~alysi$ consequence of 

solutions. In contrJst to specimens from mice subjected tQ 

intracatheter ~. epide~idis .inoculation without infusion, 

those mice that underwent inoculation and peritoneal inrusion 

presented evidence of peritoneal membrane degeneration which . ' 
ranged in, severity from attenuation of mesotnelial microvilli 

to areas of complete denudation. Similar observations have 
'\ 

been r~ported in scanning electron microscopy assessments of 

specimens of parietal peritoneum of CAPO patients as weIl as 

those of rats subjected to perit)real instillation of 

peritoneal dialysis solutions (~~~, 215). 

The animal preparation utilized for this series of 

experiments provided a system in which ta assess the impact of 

~repeated peritoneal instillation of cornmercially available 
"t 
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dialysis solutions on response of mice to intracatheter S. 

epidermidis inoculation. Peritoneal drainage of dialysis 

solutions and, in effect, dialysis, was not conducted in the 

mouse model. Therefore, the impact of the actual practice of 

~ peritoneal dialYSiS( on host sus~eptibility to infection was 
- \ 

not addressed in this investigation. CAPU imposes a continuaI 

dilution dnd 105s of soluble and cellular immunoreactive 

substances from the peritoneum. Consequences of this dilution 

and 105S may be reflected in the poor opsonizing capacity of 

effluent dialysate collected from CAPO patients (130, 131). 

Reduced opsonization of staphylococci would impair phagocytic 

uptake and may, theEefore, be an important factor in ,the 

development of peritonitis. Furthermore, the outflow of spen~ 

dialysate, would regularl~ expose the catheter associated 

bacterial population to a pbtent~ally rich nutrient source 

which could contribute to the successful colonization of t~e 

~ peritoneal catheter. Even though the experimental animal model 

was not one of CAPO, the results of this investigation have 

demonstrated that repeated exposure of the peritoneal cavity to 

hypertonic, acidic dialysis solutions did not measurably affect 

the10utcome,of intracatheter s. epidermidis challenge. 

Nevertheless, in vitro assessments revealed a cytotoxic effect 

of the dialysis solutions towards peritoneal leucocytes and 

scanning electron microscopy of parietal peritoneum of 

• 
inoculated ~nfused mice demonstrated degenerative rnorphological 

1 
'1 t 

alterations as a consequence of repeated peritoneal exposure to 

dialysis solutions. 
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Future Directions 

The preceding investigations utilized a weIl characterized 

mouse model ta address the relative roles of~ chronic renal 

failure and the defined CAPD associated treatment variables in 

the progression\)Uof peritoneal S. epidermidis infection. ,In 

considering the results of these studies and the 

characteristics of the developed animal models, a number of 

future directions for investigation are warranted. 

-i; Irnmunosuppression of chronLc 

previous attempts l to dem6nstrate increased usceptibility 

to bacterial challenge in an animal model of chr nic renal 

failure have been unsuccessful and therefore, 
If 
.' 

investigation of irnmunosuppressive mechanisms in chronic uremia 

has been preclu~ed. In tlié current mouse model, increased 

susceptibility to S. epidermidis inoculation, in terms of 

survival and delayed bacterial clearance was demonstrated in 

renal failure animaIs compared to controls. Clearly, one 

aspect of ,future investigations would be to address the 

underlying mechanism of the obs~rved immunos~ppressién. S;fore 

turning to in vitro assessments for the examination of discrete 

components of the immune system, additional in vivo 

experimentation May generate valuable new information. 

The staphylococci are extracellular pathogens whose 

elimination from the host is effected by leucocyte 

phagocytosis. The 'use of other experimental organisms, whose 

elimi~ation from the host requires alternate aspects of host 

defense mechanisms would be u~eful to further characterize the 

nature of the currently reported renal failure related 
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immunosuppression. Thus, an extensive study of'the response of 

chronic renal failure and sham-ope'rated mice to experimentaf 

challenge>~ith an obligate intracellular pathog~n, such as' 

Listeria monocytogenes would more particularly address 

cell-mediatèd immune function in chronic uremia. The 

contribution of defined'aspeats of the immune respons~ to the 
, 

observed irnmunosuppression may also be inves1tigated by 

utilizing inbred strains of irnrnunodeficient mice (eg. T cell 

deficient mice) for thè mouse model of renal failure. 

Renal failure mice demonstrated an attenuated periton~al 

leucocyte response to s. epidermidis challenge compared to 
.J 

control -ani/Tlal s. Following intraperitoneal challenge, th~ 

peritoneal leucocyte count promptly decreased in aIL animaIs, 

nowever the depression was greatest"in renal failure m:i,ce. 

The deficit. was accounted for 'by a ~arked attenuation of 

peritoneal polymorph response and macrophages were also 

diminishe~. The specifie nature of peritoneal leucocytes, in 

terms of their identity and function, shou~d be .further 

studied, over time fQllowing peritoneal inoculation, and 

compared in renal failure and control animaIs. 

Another approach tOI, the future inveE!tigation of immune 

response in chronic renal failure which may merit 

consideration is the use of immunomodulating agents as 

investigational tools. For example, an ~ncreased level of 0 

suppressor cell activity has been reporte1 in chronic renal 

failure subJects (141-152). Investigation of the role of 

increased suppressor cell activity in the deficient response 

of renal failure mice to bacterial challenge dould be 
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. 
conducted by pretrea~ing animals,with cyclophospharnide t~ 

reduce suppressor ~ell activity. 

, Following intraperitoneal inoculation S. ep,idermidis was 

rapidly el imina te!l.l from pari toneal washings while i t remained 

associated with ~h~ ~ariet.al perito~eum" of a majority of 

animaIs up to 24 hours after inoculation. In spite of 

aggressive peritoneal washing, bacteria remained firmly 

assoctated with the peritoneal membrane. In arder ta better 
Il. 

understand the nature of this ~sociation between S. 

epidermidis and the parietal peritoneum, future studies of 

peri toneal histOlogy, including scanning électron microscopy 1 

would be useful. 
(, 

. .. 
ii. The peritoneal cathe~er i~plant and associated bacter\al' 

biofilms, 

T~e mouse model of chronic renal failure having a 

peritoneal catheter implant, is th~ only infection free animal 

'model of this kind. 
J 

The contl'olled in vivo developrnent 'of the 
, 

S. epidermidis biofilm will facilitate future assessments of 

therapeutic agents te be used for its elimination as weIl as 

those intended to prevent its development. Scanning electron' 

". 

microscopy of catheter~' l.'emoved from CAPO patients has 

demonstrated thick bacterial biu"films èompoSèd of multiple cell 

layers. It is believed that antimicrobial therapy is effective" 

against the surface bacterial layers only, leaving the 
v 

undFrlying population ~ntact. Prolonged anJi~Lotic therapy 

beep proposed however, whether antimicrobial treatment can 

elirninate an established CAPD c~theter as/ociated biofilm is 

has 

currently unknO,wn. Thus, this mouse model provides a valuable 

/ 
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tool for the assessment- of. different jUltimicrobial agents and 

vary~ng treatment schedules that may be used to el irwinate the 

catheter associated biofilm. Furthermore, this model may be 
.". 

\ 

used ta evaluate S. epidermidis colonization and biofilm , 

f6x:mation on ,the slÏ'rface of catheters made of new, alternate 

materials, The role of cath~er construction in terms of 

"')catheter size
l an~ Sh:pe may also be addressed. 

Il . 

The j.nfluence of an established catheter. assqciated 
~ 

bacteria~iofi lm on hast defense of the peritoneal cavity ia. 

another l'nteresting area for' future ~nvestigation" The 

respon.se of renal failure and control mice, bearing peritonéa·l .. 
" catheter implants with or without an established bacterial 

, 
biofilm,' ta peritoneal inoculation would be compared. . ' 

',-. .,. 
Experimental bacteria may be the homologuous catheter âssociate 

strain or other stra~ns and speciés. In vitro assessments of 
1 

immune fu 

"biofilm" 

of" l~u~ocytes haJ;vest~d from resp~cti ve 
• ~. Î 

nd '~biofilm 'free" .animals could also be conducted. 

The curr~nt studies have 'demonstra ted a role of the 
\' ~ 

I?eri t,?ne'à.l catheter implant· in the progression of the ... " 

2 infectious process o~ s. epidermidis. Future investigations 
~ - \' 

addressing foreign body infection in. chronic renal failu
9
re mice 

.. 

~ght utilize othér, bacte;rial species presen.ting a variety of 1" 

~ 

possible virulence determipants. The kinetics of.bacterial 

colonization of the catheter implant wi th mixed bacterial 

species may aiso,be addressed using this animal preparation. 

,. 
iii. S'lime production by S. epidermidis 

Slime productio~ by S. epidermidis' may be an important 
\ 

virulence determinant of this microorganism. Future 
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-investigations should include studies to compare the virulence 

of ·slime ptoducing and non slime pro!luèing S. epidermidis 
, 
strains., Renal failure and control -mice, with ,al)d without 

,peritoneal- cathet~ implants, would be utiliz~d in th,is 

assessment. These exp.eri~ts would address the role o~ .slime 

pr~duct~ in the progression of"S. epidermidis inf~ction as 
1 

-weIl as the contribution of this factor to the observed ... 

increast!d, .susceptibili ty of renal failure mice to S. 

epid,ermidis challenge. Futùre experiments should also address 
, 

factors that may influence the· elaboration of staphylococcal 

slime. For example, slime production by S. epidermidj,s 

recovered from (a) renal failure and sham-operated mice, (b) at 

varying tirnes after inoculation, and {cl from varying isolation 
i 

sites, should be compared. ~urthermore, the ability of in. ..vivo 

c,qndi tions to' induce slime production in non slime producing 

strains of S. epidermidis should also be studied in renal 

failure and sham-operated mice. 

The emergence o~ phenotypic colonial variants of the 

experimental S. epidermidis from cathete~~specimens recovered 

from mice at l~ast two weeks after intracatheter S. epidermidis 

inoculation was representative of the ongoing interaction 

'\, bej:.weE!'h S. epidermidis and the host. Future investigations 

" " ~hould Include stadies to chàracterize the recovered variants , -- ". . 
patticularly in terms of possible virulence determinants. In 

vitro assessment of slime production and in vivo deter~ination 

ef-virulence in sham-operated and renal failure mice .. shoutd ~e 
~ 

conducted for each of t~ recovered phenotypic colonial 

variants. 

1 , , 
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iVe The impact of peritoneal dialysis sol.utions on peritoneal 

" • 0 

defense mechanisms 

The results of the êurrent etudies failed to demonstrate a 

measurable impairment of the respo~se of mice, subjected to 
, , 

repeated peri toneal instill~tioIi of dialysis solutions, to s. 
\ ' 

epidermidis inoculation. E'uture mvestigatiohs should include 
~ 

similar studies with a variety of test microorganisme and 

particular l.y a non slime producing strain of S. epidermi'dis. 

~ . Therefore, - t!(e po;;sibili ty, that sliIVe production masked the 
'. -" f 

detrimental influence of the infusion procedure on response of .. 
mice to the bacterial challenge in the current studies would be 

addressed. 

Th~ investigat)on of the role of '~epeated pe}:'itoneal 
f . 

instil.lation of dialysis solutions on the response of mice to 

_peritonea-=- s. ep~errnidis cha11enge utilized unmodified 

commercial peritoneal dialttis solutions. During the clinical 

practic~ of CAPO a nurnber of therapeutic agents may be added to (i 

the inflowing dialysate (eg. heparin, insulin., streptokinase, 

desferrioxamine). The influence of such constituents of 
~ 

peritoneal dialysis solution on immune response may ~ 
~ -

addressed using the .current mouse model • 

• 1 
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\J '" Chapter 8 
, ) 

l __ 

\Statement of Originality 
l, 

1. An animal model of peritoneal Staphylococcus epidermidis 
l, _ 

'infection was developed in which the immunosuppressive 

effect of chronic renal failure/was demonstrated. Increased - ' . 
susceptibili ty to S. epidermi~Hs challenge in renal fail~re, 

'mice was associated with an impaired early peritoneal 
1 

polymorphonuclear leucocyte response. Peritoneal polymorph 

response to intraperitoneal thioglycolate,injection was 

similarly attenuated in ren.al faillIre mice compared to 

controls. The immunosuppressive inflûence of chronic uremia 
, 1 

on response to bacterial challenge h~s never.before ceen 

demonstrated in an intact animal model. Furthe~more, 

attenuation of local inflammatory resp6nse may represent an, 

~mportant aspect of the underlying immunosuppressive 

mechanism of chronic rena~ failure. 

2. An animal model of rènal failure bearing a peritoneal 

catheter implant was developed which allowed repeated 

intra'catheter peritoneal access without concomitant 

bacterial contamination of the catheter site. 

3. The peritoneal catheter ~~lant of renal failure and control 

mice presented a surface for persistent S. efidermidis 
JI 

colonization wit~out over~ signs and symptoms of infection. 

Scanning electron microscopy of catheters recovered from 

~ice fOllowing intracatheter S. epidermid~s inoculation 

revealed the progressive development of a bacterial biofilm. 
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The potential role of the peritoneal catheter in persistent 

, 
-" • ot" recurrent CAPD peritonitis has pever befor.e been 

.;.$ sysê'ematically demo~strated in an intact animal model under 
.. 

. controlled experimental conditions . .. 
1 

4. The emergence of phenotypic ~olonial variants of ~ 

epidèrmid~ 'from the peritoneal catheter of inoculated renal 

failulie animaIs has' not been previously reported. Although , 

the significan~e ot the phenotypic variant isolates is 

currently unk~own, their emergence may represent the 

expression of charact-erlstics which are advantageous for 
.' 

s~rvival within the host~ 

5. The· in vitro cytotoxicit~ of commercially available 

peritoneal dialysis solution~ toward resident and elicited 

p~ritoneal leucocytes of mice was documented. The relative 
" '\t ' 1 

contributions of hypertonicity and acidic pH oj the'dialysis 

\ solutions ~? ·~~ ... :"b~erVed cytotox~City were d~li~eated'." 

6. Repeated peritoneal instillation of dialysis'~olution did 
$ . ~. 

t 

not measurably influence the susceptibility of mice to 

peritoneal S. epidermidis challenge. This is the ~irst 
, 

reported study which has extensively addressed the role of 
" 

. , 
repeated peritoneal ipstillation of ~ommercial peritoneal 

r ./ 

dialysis solution on the response of the i~tact renal 

failure host to peritoneal bacterial __ challenge. In this 

series of experiments the ~mouse model of chronic renal 
) 

failure was successfully extended t~'include, the peritoneal 

• - ~ .. 1 .... '-, 
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catheter implant and repeated peritoneal infusion of 
., 
dialysis solutions. The model thereby p~ovided an infection 

"free, thriving animal system in which 'to assess the 
\ 

influence of chronic renal i~ilure and repeated peritoneal 

-exposure to peritoneal dialysis solutions on response of 

~mice ta intracptheter peritoneal s. epidermidis inoculat~on. 

J 
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Intr,oduction 

The confrontation between bacteria and the uremic host is 

of great interest to both the clinical nephrologist and the 

investigator, however, it has ~eaehed a degree of complexity 
, 

unimagined by an earlier generation. The baeteria is a basic 
-

affront to the host defense mechanisms,'but whether' postulated 

defense mechanisms are effective in the eradieation of baeteria 

in man or animaIs remains an unresol ved topie of considerable­

interest. Effective or not, host defenàe mechanisms are 

clearly stimulated by bacteria. The essential biology of host 

defense against diverse exogenous microbial agents has evolved 

in higher organisms more specialized cells and the complex 

Mediation pathways of the immune system, the 

reticuloendothelial system, the complement system, the basic 

inflammatory response, and the coagulation system ar~ aIl 

integral eomponents. For so long eonsidered as different 

clinical speci~lties and investigative disciplines, a growiqg 

body of evidence 'indicates that these seemingly ind~pendent 

systems interact wi th one another and that aIl May be invoked-

to some degree upon introduction of a wide array of appropriate 

stimuli to the hosto 

Four general mechanisms exist by which bacteria may 

proliferate in the patient'on continuous ambulatory peritoneal 

dialysis. The first mechanism is related to uremia i~self and 

its purported immunosuppressive state (1,2). Although 

immunologieal deficits May be relatively severe in end-stage 

renal disease patients, we have reported tha~ ehronic 

experimental uremia is 'associated with only slight alterations 

of immune responses (3). This has, been observed as weIl by the 
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group of Miller in New Zealand (4,5) and wouid suggest that ~~e 
. . 

pathogenesis of the immunosuppression observed in patients may 

be attributed to factors other than uremia. S~pondly, 

malnutr,i tion which is often pronounced in CAPO patients as a 

result of nutrient losses in the dialysis effluent is 

as~ociated with various immunological derangements affecting 

cell-mediated immunity particularly (6,7). The third'propo~ed 

mechanism is that immunological impairment results from the 

local intraperitoneal effects of peritoneal dialysis. Immune 

-reactant,s involved in "loc,.al host defense' mechanisms such as 

opsonizing antibodies and macrophages are literally washed out 
, 

of the peritoneal cavity a-t the end o-f each dialysate dwell 

periode Finally the presence of the peritoneal catheter may 

further impair local immune responses (8,9). 

One of the most common problems in continuous ambulatory 

peritoneal dialysis (CAPD) is peritonitis (10-12). This 

complication tends to limit the usefulness of CAPD and for this ... 
reason we h~e considered the study of this problem important. 

In June 1983, our unit acquired a computer whose software (CDS 

2+, Clinical Computing Ltd) was developed for the care of 

end-stage renal dieease patients (13-15). This report 

constitutes the first part of an analysie on the subject of 

peritonitis in our patient population carried out with this 
\ 

computer system. 
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Demographie Data 
il'-q 

The information compiled in this report refers to patients 

--who were maintained on CAPD as of June 1983 and those who have 

.entered the program sin~e June 1983 to Oecember 1984. This 

population was chosen because the computer arrived in our 

dia1ysis ~nit in June 1983 and we began to use it by entering 

( the ret;rospective data from the hospita1 charts of. the current 

patients. The ~ndpoint of Oecember 1984 was '~hosen arbitrari1y 

in order to prepare this" report. Those pat~ents who were 

maintained 9n CAPO and termina~ed their CAPD practice for 

wha'tever reason prior to June 1983 are not as yet complete1y ~ . . 
entered in the cQ,mputer data set. 

This population as defined above consisted of 29 patients 
, 

" at the beginning of the study in June 1983 and of .35 patients 

at the end of the study in Oecember 1984. During these 18 
\ ' 

months:a number of patients 1eft the population (9) and a 

\_ number (6) entered. Of these 35 patients at the end, 14 were 

men ànd 21 were women. The Mean (±So) age of th~se men was 
-

56.4±16.3 years, and that of the women was 59.~±12.9 years. 

This study represents 1026 total patient months of CAPO 
~ . 

experience. Six diabetics have entered the program five of 

wpich developed chronic renal failure secondary to diabetes. 
/ 

Of the 35 patients i1 _the program as of the time 'frame 

above 9 have le ft the program to date for the ,following 

reasons: 

- 3 patients died while on CAPO, one frbm failure to thrive 

and two from peritonitis, (one with septic shock, one 

fungal in nature). 

- 4 patients received transplants. Of these four patients 

one received an unsuccessful transplant and fo1lowing 
312 



\ . 
" " . 

~, 

r 

o 

b 1 i i . '" d) h . i su sequent,comp cat ons was malntalne on emodla1ys s 

unti1 his death. 

- 2 patients changèd modality of dialysis to become 

permanently rnaintained on hemodialysis. Their rnedical 

profile suggested a failure to thrive on CAPO prior to 

transfer to hemodialysis. One of them later died of a~ 

~ cardiovascular event. 

1 List of Tables-

Table 1: Primary renal disease of patients •. Comparison 

between Montreal General Hospital (MGH) and Canadian 

experience. 

Table 2: Clinical data'on patients in MGH-Abbott study group. 

Table 3: Comparison of CAPO patients who have discontinued 

treatment with those who have note 

Table 4: Reasons for qiscontinuation of CAPD. Comparison 

setween MGH and Canadian experience. 
\ 

Table 5: Peritonitià during CAPO: Clinical data. 

Table 6: Peritonitis rates (1978-1984) .. 

Table 7: Episodes of peritonitis. Comparison between MGH and 

Canadian experience. 
-,-

Table 8: Microbiological distri,bution of peri:Ji tis episodes 

'(abso1ute numbèr~) 

Table 9: Microbiological distribution of peritonitis episodes 

J ( % ) • 

Tabl~ 10: Biochemical data at, beginning of CAPO and at Most 

recent assessment. 

Table Il: CAPO system in use as of December 1984. 

Table 12: ~APD system in use during the study periode 

313 

1 

'" 



( 

Commen~~ on the Tables 

Table 1 

The primary renal disease of patients in the MGR - Abbott 

study group is compared to the total Canad,i~n experience. The 

~ Canadian experience has no~ yet been published and sa 

cou1d not be included in this Table. We have included the 1982 

data as welÎ as that of 1983 because it represents the entire 

Canadian experience published to dat~ and because it shows the 

consistenc~ of the data from one year to the next. This 
, 

comment also applies ta Tables ,4 .~nd 7. 

The high figure for the ~roup "chronic renal failure, 
. 

~tiology unknown" is pO,ssibly the result of the fact that at 

the MGH we are conservative in our indications to perform . 

kidney biopsies. This results in a larger proportioQ of our 

patients not having a "kidney biopsy and therefore labelled 

"e tiology unknown" in instances where the etiology is ,not 

obtained from other tests. 

Chrqnic glomerulonephritis is generally considered as the 

major cause of' end-stage ren~ disease in -Nortn America. 

results as well as the Canadian experience differ in that 

Our 

respect. Even when assurning that the category "etiology 

unknown" is ~ade up entirely of patients suffering from chronic 
, , 1 

~ 

glomerulonephritis, this disease entity is still responsible 

for less than 40% of the cases. 

It is noteworthy that a sizeable number of patients, 11.4% 

in our population, with polycystic kidney disease whs-u~ually­

suffer from extensive abdominal distention can be succe~tu11Y' 

treated with CAPO. 

314 

.,. ·i..,i~ 

, ~ -,1 



. \ 

o 

Table 2 
, 

This Table depicts clinical features of the 35 patients. 
- , 

It emphasizes the relatively ~dvanced age of the study group 

fO~geOf 
This is in keeping 

, . 
58.l±14.2,' ranging from 28 to 86 years old. 

with the experience that older patiênts who 

will not otherwise adapt to hemodialysis will do well on CAPO. 

This is often·due to their compromised cardiovascular status 
, -

which cannot tolerate the pronounced hemodynamic changes taking 

place during hemodialysis. In addition the Table shows the 3:2 

female sex predominance. , 
o 

The~able demonstrates that CAPO was the mode of ~reatment 
" -

" 

elected fram the stëtrt., if we exclude an initial period of 

hemodialysis during which the definite form of renal 
-

replacement therapy'is chosen and training for CAPO is done. 
~ Q 

of • 
Only 7 patients had spent more than 3 months on hemodialysis 

before starting on CAPO. Con~ersely, 3 p'atients maintained on 

hemodialysis for over ~ year switched to CAPO. Fi'nally, a,CAPO 

population is not static as evidenced by the fact that 9 . , 

pa~ients changed status during~ur 18 months observation 

peri~d, 6 of them to move,to another therapeutic moda1iëy. 

Table 3 

This Table attempts to ~ifferentlate between patients who 
.A 

remained in the prpgram and those who' 1eft. A first point. to 

- make is that the CAPO population is a fluctuating one. A 

second point ~o make 18 that peritonitis can be serious 

condition: indeed 2 of the patients who died had peritonitis, 
r 
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one witn oeptic OhOCk': t~r a.funga1 peritonitis. 
/ 

A third 

point ,to make concerns the patients who 'left to be transplanted 

because â suièable cadaver kidney was found. 
~ 

3 of those 

patient~ were much younger than the others. 

Table 4. 
~ u 

In this Table, sinée we have only 9 pat~ents in our sample 

as compared to'more than 100 for the Can~dian experience, the 

figures given may lack s~atistical 'significance. In addition 

the high perc.entage in OU,r- group under the heading "inadequate 

dialysis" may ref1ect the difficulty in characterizing the 

concept of adequacy qf dia1ysis. Note a1so that 2 patients 

d'ied of peritonitis which signifies that peritonitis may be a 

;I~UCh more serious con4ition th an is usua1ly assumed. 

Table 5 

Table 5 pre?nts clinical data as it, relates to 
\ 

peritonitis episodes for each of the patients under _study. .. ' 

The patients had been on CAPO for close to 2~ years for a mean . 
duratio~ of 2~.3±18.3 months. The n~mber of peritonitis " 

episodes varied greatly, although the moderate offenders 

between.5-10 ep.isodes were not infrequent (10 patients) and the 

severe offenders, of 10 and more ~pisodes were rare (2 

patients). In accoraance with reported experience, a third of 

patients (12 or 35 patients had 5 episodes or more) are 

résponsible for more than 2/3 of the peritonitis episodes (85 

out of 123, for 69.1%). The time on dia1ysisobare no 

relationship to the total nqmber of episodes except for the 
" 
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extreme 1ffenders, There was no difference in the number of 

episodes betweèn the beginning on ,CAPO and the end of the 

study, thereby suggestipg that technical experience in doing 

CAPO is not a factor in our unit. There wa's no defini te 
'- ~ 

pattern in the incid~nce of peritonitis: 1) high incidence 

throughout: 2) low inciden~e througho~t: 3) de;;eaSing 
o 

incidence; 4) increasing incidence: and 5) fluctuating 

incidence. 

Tables 6 ~nd 7 \ 

( 

A generfl comment on Tables 6 through 9: the defini tion of 
C> 

peritonitis has changed over the years and i~ still changing, 

To help exp1ain Table 6, cons~der the co1umn for 1983,' Durin~ 

that year there were a total of 44 episodes of peritonitis in 

29 pati~nts (who were- in our study group at that time)J 

r~presenting 312 patient months, The peritonitis rates were 

therefore of 0.14 episodes per patient month and of 1.69 per 

patient year. The breakdown of peritonitis episodes wa~the 

fol1owing: 8 patients had no episodes, 8 patients had one 

. "-ep1sode, 6 patients had 2 episodes, 5 patients had 3 episodes, 

one' patient had 4 episodes and one patient had five -episodes, 

again for a grand t'otal ~f ·44 episodes 'in 29 patie~t~·. 

We have no explanation for the bad figures for the year 

1983 'for the MGH-Abbott study group in terms of incidence of 

peri toni tis. 
o 

Note however that un1ike other centers we 

continue CAPO in patients having more than 3 episodes of 

peritonîtis and this undoubtedly makes the ata~~tics look 

worse. In 1983 for insta~ce 9 or the 44-episodes of 

peritonitis occurrea in 

o 
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Tables 8 and 9 

The breakdown by year of causative organismà of 

peritonitis episodes is presented in Tables 8 and 9. 

majority of episodes were caused by single organisms, • 

... , . 

predominant pathogen being Staphylococcus epidermidis. In sorne 

-cfs~~ the peri~oneal effluent of patients otherwise presenting 

symptoms of peritonitis was culture negative and were reported 

as no Qacteria identified. We/have no explanation for the .... __ l 

large proportion of such i,nstances in 1984. A small proportion t 
of peritonitis episodes were caused by multiple microorganisms \ 

and sta h ~ococèus e idermidis was again identified in a~ 

majority of such s. 
o 

Table 10 

Serum albumin prior to entry into the program was normal 

! . -'(i.e. equal or over ~.4 9 dl) in 16 patlents and-w~s abnormal 

(under ~.4 g!dl) in 17 patients. No information is available 

for.two patients who were transferred to the MGH after being 

maintained on CAPO at another dènter. No correlation could be' 

found between the level of serum albumin a~d the peritonitis ~ 
rate. As explained in the legend this Table compares values of 

seVeral parameters including albumin ,at several times during 

the study. Note that the first recorded valuel~·for eàch 

parameter were obtained three months after entry into the 

program ratheJ than at entry in order to collect aIl data when 

the patients were in a stable state. 

Tables Il and 12 

The CAPO systems in use by patients- during the study 

period are re,ported in Tables, Il and 12. 
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Conclusion 

This study has 3 main conclusions: 

1) that-peritonitis in CAPO patients rernains a frequent, 

serious (in sorne cases even fatal) condition which somet~rnes 

makes necessary a change of therapy. Our patients had between 
-

one and 2 epi~odes of peritonitis per year. Whi1e the majority 

of patients have few episodes and are doing we1l on this form 

of therapy, a minority, 2 of our 35 patients, had such serious 

2) that the main organism responsib1e for those episodes 

is Staphy1ococcus epidermidis. An organism was recovered in 

more than 80% of the cases, al10wing pos~ve identification of 

this cause. This rate of organism recovAy covers not only the 41 
period of the study but also the previo~~historY)Of the 

", 
patients in the study, which goesoin sorne cases as far as 1978. 

Furtherrnore, despite improvements in steril'e technique and 

tubing connections, Staphylococcus epidermidis originating from 

the patient's skin remains the prevailing infective organisme 

3) that the rate of infection of our study population has 

not changed significant1y'since the beginning of our CAPO 

program in 1978 (whereas the rate of infection for our entire 

, patiept population has decreased significantly during the same 

period). During this entire period, a minority of .patients 

were responsible for a majority of the episodes: thls is partly 
~ 
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because here we keep patients in our program longer than other 

centres do. Although it might be expected that the rate of 

infections might decrease with increased centre experience with 

"'" this form of treatment, this haê not happened in our study 

population and in fact 1983 was one of our worst years. 

We must be careful to treat the resul ts 'of this stu,dy wi th 

some caution. The study is not a contro11ed experiment but a 

retrospective analysis with its known drawbacks in particular 

data which can now be seen to be useful was not recorded. In 

addition, .the criteria for.diagnosing peritonitis have changed 

over the years. Furthermore, the study examined only the data 

current and past of the patients "included in an 18 month 

periode The second part of this study which will be 

prospective in nature should be more usefu1. 1 

Nevertheless this study showed the value of a computer for 

an in depth analysis of this sort. It also gave us the 

,. opportuni ty 
" 

rperitonitis 

to characteriZf our patierit population in terms of 

and bas helped determine the best direction of 

future research.in this'field. In particu1ar it indieates that 

a clinical study of this kind doès not reveal why CAPD patients 

are pron~to devel~eritonitis with Sta2hXlococcus 

epidermidis and therefore that the most fruitful direction for' 

future research is the development of an animal model. Such a 
~ 

model ~f acute Staphylococcus epidermidis peritonitis in the 

chroni~ally uremie mouse ia presently under development, in our 

unit • 
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Table 1. primary rena1 disease of patients. 

Comparison between Montreal General Hospital and Canadian experience. 

Canada - New patients 

MGH-Abbott study group 
:1 ;;?" 

No. of 

... patients 

Total 35 

Glomerulonephritis 

Chronic renal failure, 

etiology unknown 

Pyelon~phritis+ 

Diabetic nephropathy 

Renal vascular disease 

Polycystic kidney disease 

Scleroderma 

Ot.-her diseases 
!. ;., 

8 

6 

7 

5 

4 

4 

~1 

. 
o 

% 

100 

22.9 

17.1 

17.1 

14.3 

11.4 

11.4 

2.9 

o 

1982* 

No.- of 

patients 

1231 

327 

142 

121 

174 

168 

88 

4 

207 

% 

100 

26.6 

Il.5 

9.8 

14.1 

13.6 

7.1 

0.3 

14.9 

* Canadian Renal Fai1ure Register; 1982, p59, Table 23 and p60, Table 24. 

-** Canadian Renal Failure Register; 1983, p53, Table 16 and p54, Table'17. 

+ Includes obstructi~e uropathy with infection. 

1983*~ 

No. of 

patients 

1313 

347 

132 

151 

222 

151 

94 

6 

210 

e 

% 

100 

26.4 

10.1 

11.5' 

16.9 

11.5 

7.2 

0.5 

16.0 
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Tab.l.e 2. Clinical data on patients in MGH-Abbott study group. 

Ouration 
Date of dialysis -

Patient first CAPO treatment Ouration -Current 
number Age Sex (mo/day/yr) (mo) CAPti (mo) status 

l-CA 67 M 10/04/82 20 17 died 
2-GA 86 M 01/04/83 24 24 CAPO 
3-SB 39 F 09/26/79 48 49 transplant 
4-WC 61 ft! 04/19/80 57 56 CAPO 
5-0C 66 ft! 08/19/82 29 29 CAPO 

* '. 
'6-Le S4 F 03/12/84 10 9 CAPO 
1 .. LC 52 F 06/21/82 3l 30 CAPO 
a-wc 34 ft! 05/17/82 ~ 31 CAPO 
9-GC 68 F 03/24/82 33 32 transpl/HO/died, 

10-SC 66 F 02/0S!~ 46 46 CAPO 
11-BC ~: Fe. 04/03/78 72 67 chang.ed/HO/died 
12-LC r 05/26/83 30 19 CAPO 
13-SD 28 F 05/02/83 1 5 transplant 
14-AG, 60 ft! 09/21/82 28 28 CAPO .. 
lS-BG 53 M 04/26/82 46 32 CAPO 
16":'m 56 F 02/12/80 59 S6 CAPO 
17-0L 28 ft! 01/26/81 161 49 CAPO 
18-FM 69 F 08/1'\/80 54 S2 CAPO 
19-VM 36 ft! 01/09/84'* 33+ 12# CAPO 
20-RM 5$ F 11/12/84 l l CAPO 
21-MM 73 F 04/07/83 24 17 changed/HD 
22-0M S4 ft! 02/05/83 23 22 CAPO 
23-PM 62 F 05/10/82 31 31 CAPO 
24-TN 70 F 01/16/81 39 36 died 
25-MP 32 F 07/16/81 42 41 CAPO 
26-CP 72 M 02/26/79 70 70 CAPO 
27-HR 70 F 06/11/84 6 6 CAPO C 28-0R 62 M 03/26/82 33 33 CAPO 
29-ER 61 F 06/01/84 6 6 CAPO 
30-MR 65 F --10/16/84 2 2 CAPO 1 

31-BR 67 F 01/13/83 24 24 CAPO 
32-JS 63 M 06/21/82 19 19 died 
33-AS 53 F 02/07/81 48 46 CAPO 
34-SW 42 ft! 08/01/82'* 45+ 16# transplant 
35-YY 60 F 08/08/83 17 16 CAPO 

~ * date of transfer to MGH ~ 
+ total duration of dia1ysis (prior to and after transfer te MGH) 
t CAPO duration after transfer to MGH 

... "";;,, 

\ 

C • 
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Tà~e 3. C?mparison of CAPO patients who 11ave discontinued treatment 
with those who have not l' 

Patients who 
diacontinued' 
CAPD due to 

Death 
l CA 

24 TN 
32,J5 

Transplant 
3 58 
900 

13 8D 
34 5W 

Change to 
hellodialysis 

11 SC 
21 MM 

~ 

Patien.ts who 
rem""in <?n 

CAPD (n=26) 

Mean 
5D 

Aqe 

67 
70 
63 

39 
68 
28 
42 

66 
73' 

Age 

5B.3 
13.1 

* 16 months at MGH 
• not applicable 
+ not determined 

Sex 

M 

F 
M 

F 

F 

F 

M 

F 

F 

Ouration 
dialysis 
treatment 

Ouration 
. CAPO Initial 

treatment albumin 
, (mo) (mo) 

• 
20 17 2.6 
39 36 3.7 
19 19 4.0 

48 48 4.2 
33 32 3.5 

7 5 3.2 
45 41* ND+ 

72 67 3.8 
24 17 3.1 

Duration \ Ouration 
dialysis CAPO 
treatment treatment 

Sex (mo) (mo) 

lSF~ 11M 36.2 29.6 
31.2 18.3 

... ~ 

Date lst 

11/1B/B2 
09/03/B2 

NA' 

02/18/80 
05/03/S3 

NA 
ND 

04/28/78 
10/29/B3 

No. da ys on 
CAPO prior to 

lat pefitonitia 
sode 

44 
532 

NA 

172 
404 

NA 
ND 

25 
,202\ 

No. daya on CAPO 
Initial pri-or to lst 
albumin peritonitia episode 
(n=f5 ) (n=19) 

3.6 242.4 
0:6' 230.0 
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Table:4. Reasons for discontinuation of ÇAPD. 

Comparison between MGH and Canadian ;xperience. 

{' 

Total 

Reasons 

Transplanted 

Inadequate dia1ysis 

# Other 

Peritonitis 

'_Unable to cope 

Other abdominal 

compl ÏjCat ions 

~ 
':. 

Canada 

MGH-Abbott studl ~rouE 1982* 1983** 

No. of 

,I2atients % 

9 100 

4 44.4 

2 22.2 

1+ Il.1 

2+ 22.2 

0 0 

0 0 

No. of No .. of 

,I2atients % ,I2atients 

147 100 320 

58 39.5 III _ 

18# 12.2 14 

39 26.5 69, 

20 13.6 84 

' 22 

12 8.2 20 

--
'Table 30 and p70, Figure 21 
~ 

~b~~ 20 and Figure 20. 

" 

--

% 

100 

34.6 

4.4 

21.6 

26.2 

6.9' 

6.3 

* Canadian Renal Fàilure Register, 1982, p69, 

** Canadian Renal Fai1ure Register, 1983, p58, 

+ Three patients who died (fai1ure to thrive, peritàn~tis with septic shock, fungal 

peritonitis). ", 

1 I:cludes indeterminate numbers of patients unable to co~. 
, ~~ 
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"l'able 5. Peri tcni t la dJr 1!!J CJ\PI)I CUnical data 

lU:atlan Dite of let Peri toni d. 
Patient lb Statu. <"AI'O Date CAl'D Pedtooitia ~)laodea 

,1. Initial Bez Age (m/yr) Itnths Began (m/day/yr) 'lbtal 

1--<:A H 67 ONde5/B4) 17 10/04/82 11/18/82 4 
~ H 86 OU'O 24 01/04/8] 11/24/84 1 
]-SB F 39 'l'ranll(9/83) 4a œ/26/79 02/18/00 5 
4-tc M 67 CAPO 56 04/19/00 OS/'2fI/OO 7 
5-IJC H 66 OU'O 28 08/19/82 17./10/82 4 
6-LC F 54 CAPO 9 03/12/84 NI\+ 0 
7-1l! F 52 CAPO 30 06/21/82 04/06/83 5 
8-tC H l4 CAPO 31 05/17/82 05/31/82 5 
'.HX: F 68 fl)(U/84) 32 0]/24/82 05/03/8] 5 

JO-sc F 66 a.PD 46 02/OS/81 OS/10/82 6 
. n-l!C p 66 DeIId(2/B4) 67 04/03/78 04/28/78 17 

12-1l! F 76 OU'O )9 OS/26/83 ~ 0 
11-9D F 28 TranaUl/83) 5 05/02/83 0 
1·1-N] H 60 a.PD 28 œ/21/82 08/05/8] 3 

w 15-00 H 53 OU'O 32 04/26/82 ... 03/00/83 3 
1\,) 16-'111 F 56 CN'D 56 02/12/00 02/20/00 10 
Ut 17-lL H 28 CU'[) 48 01/26/8l 07/01/82 3 

J8-F'H P 69 CU'[) 52 00/11/00 11/21/00 7 
19-\tI H 36 CAPO 12 OJ/œ/84* 02/24/841 2 
20-R4 P 55 CAPO 1 n/12/84- NI\ 0 
21-fff F 73 11)(9/84) 11 04/07/83 10/29/83 2 
22-04 H 54 CU'[) 22 02/OS/83 06/07/83 7 
2J-1ft F 62 CAPO 31 05/10/82 06/10/82 3 
24:1; F 70 DaIId(3/84) 36 01/16/81 09/'3Al/82 3 
25/ F 32 CN'D 41 07/16/81 09/16181 6 
26'-CP H 72 CAPO '70 02/26/79 01/30/00 1 
27-1IR F 70 CAl'D 6 06/11/84 HI\ . 0 
2IHlR H 62 OU'O 33 03/26/82 06/10/82 4 
29-t:R F 61 CAl'D .. 06/01/84 08/00184 1 
30-+1\ F 65 CAPO 2 10/16/84 HI\ 0 
3l-BR P 67 CAl'D 24 01/11/83 08/00183 1 
32-.1S M 63 DIIIad U/B4) 19 06/21/82 NI\ 0 
31-AS F 53 CA1'l> 46 02/07/81 03/01/83 5 
J.I-SN H 42 TrIInB(3/B4) 16 00/01/82* 02/20/83' 3 
35-YY F 60 c:»D 16 00/08/83 NP. 0 . 
.b3n 29.3 

SI> 18.3 

+ 1& awlŒible bëëâûâë GE 6 a:lIJEhi aperlenœ 1&8 aE âïiithëi Qel')tër. 
• l'ete of tranfer ta KJI. 
, DIte of lat peritaniU. tpiacdlt et JoUI .fter tr_fer frœ ..xher 1DJp1tù. 
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F\>laodes tpl.mes tpiaodes Fp1aOOes per pstient .cnth by year 

Per Pattent 1ll1r11l9 lat IlurI:Il9 laat 1978 1979 1980 1981 1982 1983 1984 
Itnth 6 IIlIlths 6 IIlIlths 

0.50 0.20 0.20 
0.24 2 1 0 0.08 
0.04 0 1 0 0.17 0.17 0.08 0 NI'. 
0.10 1 0 0.25 -0.11 0.17 cl 0.08 
0.13 2 1 -, 0.25 0.08 0.17 
0.14 1 1 0 
0 0 NI'. 0 0.17 0.25 

0.11 0 1 '. .... 0.29 0.08 0.08 -;. -", :~,. 

0.16 .. 2 2 0 0.25 0.18 
0.]2 0 0 0 0.17 0.17 0.17 
0.13 0 1 0.38 0.33 0.17 0.33 0.08 0.22 0.50 
0.25 2 2 0 0 

0 0 0 0 NI'. 
0 0 M 0 0.11· 0.08 

0.11 0 0 0 0.25 0 
0.09 0 0 0.33 0.20 0.08 0.30 0 
0.18 1 0 0 0.08 0.08 0.08 
0.06 0 1 0.25 0.25 0.17 0.08 0 
0.13 2 0 la 0.17 
0.17 NI\ l ' - 0 
0 NI\ NI'. 0.13 0.11 

0.12 1 1 ,- 0.40 0.25 
0.32 2 3 0.14 0.08 0.08 
0.10 1 0 0 0.08 0.17 0 
0.08 () 1 0.20 0.08 0.25 0.00 
0.15 1 0 0 Ott o. 0 0 
0.01 0 0 0 
0 IJ M > 0.33 0.08 0 

0.12 1 0 0.17 
0.17 1 HI\ - - 0 
o • NI\ NI\ - - 0.03 0 

0.04 Cl 0 0 0 0 
0 0 0 0. 0. -0.42 0 

0.11 1) 0 0 0.25 NI'. 
0.19 tP\+- 2 0. 0 
0 0 0 

t~ NI'. 0..21 0.12 0.11 O~13 0.09 
0.11 0.65 0.66 0..00 0.12 0.13 0.12 0.11 
0.1 0.80 0:00 

--; 
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Table 6. Peritonitis rates (1978-1984)* 

? Total 1978 1979 1980 1981 .1982 1983 1984 

. 
Episodes 123 3 4 12 14 20 44 26 

./ 
PMient Mps. 1026 8 25 60 116 198 312 307 

Episodes per 
patient " mon th 
Mean±SD O.12±0.1 NA+ , NA O.20±O.O9 O.12±O.12 O.10±O.13 o .14± 0.12 O:08±0.11 

w 
~ Episodes per 

patient year 1.44 NA NA 2.4 1.45 1.21 1.69 1.02 

No patients 35 1 3 • 6 Il 22 29 32 

No patients 
~ o episodes 8 2 5 8 8 

1 " 4 1 2' 1 9 8 10 
(!JI' 2 Il 2 3 3 4 6 5 

3 fi 6 1 1 1 1 5 2 
4 Il 3 1 1 1 
5 " 5 1 
6 li 2 
7 fi 3 

t 

10 Il 1- ~ ~ 

17 fi 1 ~ 

* Based on experience'of patients practicing ~APD or enterin~the CAPD'program between June 1983 
and December 1984. 

+ Not applicable. v---
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Table 7. Episodes of peritonitis. 
Comparison between MGR and Canadian experience. 

" ,,' 

MGR~tt stud~ grouE Canada 
1.-

1983 -1984 1982* 1983** 
No. of No. of No. of No. of 

patients % patients % patients % 'Eatients 

Total 29 100 32 100 803++ 100 1124 

No. of episodes 
c 

0 8 27.6 '15 46.9 419 ,) ~2.2 532 
1 8 27.6 10 31.3 207 25.8 289 
2 6 20.7 4 12.5 84 10.5 133 
3 5 17.2 3 9.4 93+ Il.6 87 
4 1 3.4 0 0 39 
S 1 3.4 0 0 ... 441 

~~ \ 

* Canadian Rena1 1Failure Register, 1982, p65, Table 29 and p70, Figur~. 
** Canadian Renal Fai1ure Register, 1983, p57, Table 19 and Figure 19. 
++ Documentation on perito~itis episodes on1y available on 803 patients out of 816. 

+ Three peritonitis episodes and more. 
1 More than four peritonitis episodes. 
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, ) • Table 8. Microbiological distr~bution of peritonitis episodes (absolute numbers) 
, 0 

~, - Total number by year 

Year Total 1978 1979 1980 1981 1982 

Episodes 1.23 3 4 12 14 20 

1 Single organism • "' 86 0 4 Il 13 16 .... 
Staphylococcus epidermidis 

~ 
51 0 .4 ~ 7 6 Il 

Staphytococcus aureus ' 8 ,0 0 1 2 1 
COliform(s) 12 ,0 0 1 1 2 2 
Enterococcus 5 0 0 l 0 0 
Diphtheroids 1 0 0 0 0 0 
Non hemolyt~c streptococci 1 0 0 l 0 0 
Hemolytic s\reptococci 2 0 0 0 ~ 0 
Streptococcus viridans 5 0 '0 0 1 1 
Bacillus subtilis 1 0 0 0 0 1 

2 More than one or~anism 16 1 ().. 1 0 1 
S. epidermidis & coliforms -3 -1 0 0 0 0 
S.oepidermidis & Streptococcus viridans 2 0 0 0 0 0 

s. ~Pider::::~ anaerobic cocci 1 0 0 l 0 0 
S~ epidermidis & diphtheroids 3 0 0 0 0 0 
S. epider .. , aureus & Streptococcus 1 0 0 0 .., 0 0 

viridans " 
S. aureus & hemolytic streptococci l 0 0 0 0 0 
S .• aureUB, Citrobacter & Bacteriodes l 0 0 0 0 0 
Coliforms & Streptococcus viridans l 0 0 0 0 0 
Acinetobacter & Propionibacterium 1. -0 0 0 0 0 
Gram negative & positive 1 0 0 0 0 0 
Gram negative, positive, diphtheroids 1 0 0 0 0 1 

3 No bacteria identified 21 2 0 • ,1 3 
d ' 

" 

,,- \.. 

1983 1984 

44 26 

25 17 
12 Il 
3 1 
4 3 
4 0 
1 0 
Q 0 
0 0 
1 2 
0 0 

li. 

~ 2 
2 ',' 

0 0 
3 0 
1 0 

, 
0 1 -' 

1 0 , 
0 l 
1 0 
1 0 . 
0 0 - " 

.:: 

~ 
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Table ~. Microbiological distribution of peritonitis episodes ~%) 

J 

" 1978 1979 1980 f 1981 1982 1983 - 1984 Overal1 

, 
Total episode'lJ 3 4 12 14 20 \ 44 - 26 123 

Percen~a~e caused b~ 1 ... 
Sin91e organisJl! __ 0 100 91.7 92.9 BO.g 56.8 65.4 69.9 
MUltiple organism 33.3 0 8.3 0 5: 25.0 7.7 13.0 
No bacteria identified 66.6 0 0 7.1 015.0 18.2 26.9 17.1 

P . l 'lt '.' " .. 
• ercentage slng e organlsm .. 

Peritonitis caused b~ '. 
w Staphylococcu~ ep~dermidis NA* 100 ~3 .6 46.2 68.8 .48.0 64.7 59.3 
I\J Staphylococcus aureus NA ,,1 0 9.1 15.4 6.3 12.0 5'.9 9.3 \0 

Coliforms NA 0 9.1 15.4 12.5 16.0 17.6 .13.6 
Enterococci NA 0 .9.1 0 0 _16.0 0 5.8' 
Diphtheroidso. NA 0 ~ 0 0 0 4.0 0 1.2 
Nonhemolytic streptococci NA 0 9.1 0 0 0 '0 1.2 

~ 
f ' Hemolyt ic streptococci NA 0 0 15.4 0 0 0 2.3 

Streptococci viridans NA, O' 0 7.7 6.3 4.0 Il.8 5.8 
Bacillus subtilis' NA 0 0 0 6:3 a 0 1.2 

'\ 
Percentage multiple organism .~ 

Peritonitis causeg b~ _ 
Staphylococcus epldermidis,other 100 NA 100 NA 0 72.7 0 62.5 

~ Other multiple organisms Q NA 0 NA f 100 18.2 100 37.5 

* &ot ,a~p~icab~e. ~ 

~ 
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'~'abie 10. Biodtemical œta at beginni~ of CAPO an:l at IlOSt recent assessJœJlt 

". 
.f 

Start Date Glu am CreaI: Alb 0101 EOO Date Glu BUN Creat Alb COOl 
..; (mo/day/yr ) (a;J/dl) (D3/dl) (a;J/dl) (g/dl) (D,l/dl) (flD/day/yr) (D,l/dl) o (D,l/dl) (lDiJ/d1 ) (g/dl) (lIIj/dl) 

AI , • 1<1\ 10/04/82 . 97.00* 55.66 9.46 3.46 258.00 05/02/84 103.33** 70.76 9.53 \ 3.83 285.50 . ',.; 
2-Gl\ 01/04/83 277.60 .44.00 9.60 3.20 235.30 12/10/84 139.33 55.00 10.93 3.16 211.66 .. 

3-sn U9./26/79 84.33" 63.00 10.83 4.03 ,~.33 09/20/83 95.33 41.00 11.50 3.90 316.6~ 

f-\«: 04/19/00 105.,66 69.66 14.63 3.50 17.00 12/10/84 " 94':33 61.33 13.63 3.40 157.33 'j 

s-œ 00/19/82 109.33 85.66 8.26 3.73 159.66 12/10/84 ' 9J .33 69.66 9.10 3.13 152.33 
6-lC U3/12/84 117.66 75.33 10.90 3.93 318.66 12/10/84 119.66 75.00 13.56 4.13 320.00 
7-IC 06/21/B2 136.66 69.66 7.76 3.10 355.33 12(10/84 14B.00 53.66 11.43 - 3.20 248.33 
B-tC 05/11/B2 56.00 58.66 0.66 3.33 200.33 12/10/84 190.00 69.66 12.q> 3.B3 210.00 
9-œ O'J./24/82 109.33 72.66 9.16 ' 3.33 12~.OO 11/J6/84 132.66 61.00 12.20 3.12- 109.66' 

1(H;C 02/OS/81 141.66 " 26.66 6.50 3.36 25 .00 12/10/84 233.30 28.66 8.46. 3.70 322.00 ~~ 

ll-oc U4/03/78 142.67 46.33 9.86 3.43 321.30 02/20/84 114.66 31.66 7.83 3.20 118.66 ... < 
~ 12-lC \ OS/26/83 122.66 47.66 8.86 ,2.90 286.33 12/JO/84 120.33 47.66 B.BO 3.43 260.66 --\~ 

~ 

13-1JO 1Yi/02/03 99.66 65.66 9.50 3.50 63.66 10/]9/83 " .rj 
14-l\G ('Id/31/82 78.66 ' 58.66 10.20 3.26 215.00 12/10/84 405.00 49.00 8.33 3.53 212.66 ." , .'_-r 

W 15-00 (l4/26/B2 78.66 'F'.oo 10.20 3.26 284.66 10/10/84 86.66 56.66 9.93 3.26 '26B.OO • -.\ -f. CIo 

W 
0 16-'111. m/l0/oo 164.00 57.67 7.10 3.70 190.66 12/10/84 169.00 61.00 1l.20 3.36 195.33 • -:Y 

, " 
-.!' ] 7-111. 02/26/81 88.00 60.00 13.83 3.35 145.00 12/10/84 124.33 103.66 IB.OO 3.70 1B6.33 \ ~." 

]B-H'''' 08/11/00 130.66 56.33 6.96 3.40 188.66 12/10/84 
1 , 

128.00 53.33 11.50 3.76 2~.66 
J9-VH 01/09/84 129~33 79.66 15.70 4.20 214.00 12/10/84 119.00 80.66 \.60 3.90 1 .33 ~~ 
2O-J~ 1l/12/84 12/10/84 ., 
21-+14 0"/07/83 107.33 64:33 8.33 3.23 228.tj7 09/11/84 128.33 44.00 9.60 3.10, 218.00 , 

22-114 02/05/83 100.66 69.66 12.83 3.50' 251.CO 12/10/84 89.33 60.66 12.83 4.10 267.33 ' ';,: 

2J-l'H 05/10/8Z 84.66 52.33 8.46 3.50 404.00 12/10/84 100.33 62.00 12.06 "4.03 489.00 1., 

"' 21-'11-1 Ul/16/BI , 212.00 44.33 4.46 3.06 28':>.00 03/24/04 223.33 49.00 7.36 2.93 291.33 .. ;.~ 

25-MP 07/16/81 78.00 78.33 10.90 4.10 186.66 12/10/R4 94.33 56.33 10.86 3.53 160.00 '. .. 
26-èP 02/26/19 131.33 5'0.00 9.00 3.33 199.33 12/10/84 124.00 45.00 8.36 2.90 169.00 . ". 

27-1IH 06/U/84 102.66 23.66 " 6.60 2.20 127.00 12/10/84 ' ~~ 

28-un U3/26/82 312.00 72.00 9.03 2.86 183.33 12/10/84 193.66 70.00 14.83 3.90 192.66 ~-; 

" 
29-mt 06/01/84 105.33 76.66 8.37 2.!>7 239.00 12/10/84 ~, 

f J:": 

JO-MIt 10/16/84 12/10/84 " 

• 3i-Un 01/13/83 114.67 52.00 10.50 3.30 239.33 12/10/84 168.33 64.00 13.83 4.07 300.00 I~~ 
1 ~~ 

, 32-...1S 06/21/B2 M.33 63.33 7.60 3.66 218.66 02/07/84 144.66 .56.66 9.96 4.00 316.66 ~!. 

33-1\S m/07/B1 79.00 079.66 B.13 3.13 172.00 12/10/04 98.00 50.00 10.60 3.33 .143.33 .. "~ 
34-9'1 00/01/82 75.33 98.66 17.90 4.13 257.66 12/20/83 119.00 53.33 13.73 3.16 252.66 ::f 

< 

jS-YY 00/09/83 106.67 55.67 7.30 3.43 269.33 12/10/84 103.33 60.33 9.00 3.80 249.67 ~~~ , 
"' 

~, .: 

... Menil of the tirst 3 values obtained hœclii,l:e1y follo.dng the first 3 IOOllths al CAPD. 
~~'1 

:.j 

** Mean,o': the last 3 values cbtained iunedlately prio!' ta the lasl: 3 loonths 00 CAPD. } 
~...:~ . 

Cj ,-'l 
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Table lI. CAPO system in use as of December 1984* 

CAPO system, No. of pa.tients 

Abbott 1 3 
Abbott 111 19 
Bàxter 1 0 
Baxter 2 2 
o-z connector "\ 2 
Beta Cap , . 0 . ~ 

0 

Total 26 

* 26 patients were acti ve on ~1ysis as of 
December 1984. 

Table 12. CAPE> system in use during the study period * 

CAPO system 

Only Abbot t '1 and 111 
Only Baxter 
Baxter to Abbott 
Abbott to Baxter 

Total 

No. of patients 

19 
3 

11 
2 

35 

* 35 patients were treated in ~he program during the 
specified time window • 

.. ~ \~ 
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Characterization of a Inouse Inodel of chronic renal failure 
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Abstract 

A mouse model of renal failure, which i8 induced by the 

sequential electrocoagulation of the right renal cortex and 

le ft nephrectomy, was exaIt!ined for the capaéi ty to ... reproduce 

the characteristics of chronic uremia. Assessment was 

conducted six weeks after the second surgi cal procedure in 13 

week old female C57BL/6 inbred mice with renal failure and in 

normal and sham-operated controls. The Surge~hich was well 

tolerated, was free of local and systemic si~s of inflammation 

or infection. Growth was significantly delayed in all animals 

pos,t surgery however renal failure mice presented the most 

severe growth retardation. Biochemical analysis of plasma 

revealed multiple abnormalities with commensurate elevations of 
, 

urea and creatinine. In addition to the expected 

hyperphosphatemia, hyperkalemia and acidosis a significant 

increase in cholesterol was present. Furthermore, in contrast 

to controls 1 renal failure mice produced large volumes of urine 

which contained significant levels of proteine Renal failure 

mice presented profound hematological changes in the red cell 

series in which anemia was evident. Changes in plasma 

biochemistry and in bene histology revealed the presence of 

s~vere secondary hyperparathyroidism. ' It was therefore 

concluded that the described mouse model of chronic renal 

failure presented characteristics consistent with those 

observed clinically in end-stage renal disease. 

Introduction 

The pathophysiology of experimental chrontc renal failure 

remains to be clearly delineated. Animal studies using , 
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surgical -modtHs. have received the most attention and most 

investigators have utiliz~d the rat as the test specie~. Three 

b?s~c models have beèn describeo in which renal -les ions are 

created surgically .. with the purpose of inducing chronic renal 

failure without initiating concomitant infectious or 

inflammatory processes. The first is the remnant kidney model 

in which a subtotal nephrectomy is performed (l, 2-). The 

second model involves ligation of renal arteries (3). Finally, 

papil1ectomy can be. achieved successfully in sorne defined r~t 

strains (4, 5). 

Recently, we.have described a model of chronic renal 

failure (6)" in which mice are subjected to electrocoagulation, 

of the surface of one kidney with subsequent contralateral 

nephrectomy according to a modification of a technique 
, . 
originally applied to rats (7). The present model is of 

considerable practical as weIl as theoretical inte~est. The 

mouse is particularly weIl ~uited for immunological studies 

since its immunogenetic background and the function of its 

various lmmunocompetent cells and immunoglobulin classes ~ave 
, 

been extensively investigated. Accordingly, we initiated a 

study to examine the characteristics of this mouse mode1 of 

chronic renal failure, particularly those related to extrarenat~~ 

abnormalities secondary t~ uremia. Most studies were done 

approximately 6 weeks after the onset of'renal failure, a time 

at wbich we had previously performed several irnmunological 

investigations (8-12). These experiments were conducted in 

female C57BL/6 inbred mice in which a number of biological ' 

features are weIl established (13-15). The ability of chronic 
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by survival and growth rate. Routine biochemical and 

hematological studies were done to evaluate the systemic 

consequences of uremia and blood pressure determinations were 

conducted. Structural alterations in bone were also assessed. 

Methods 

Animals. Experiments were performed in 5 week old female 

C57BL/6 mice (Canapian Breeding, St. Constant, Qué. and 

Kingston,NY, USA) le ft to acclimatize for one week in our 

anima~ 'facilities prior ~o use. All animals were fed a 

commercially available mouse diet (Ralston Purina Co., St. ~ 

Louis, Mo, USA) co~taining approximately 20% protein by weight 

and provided in pellet forme Drinking water was untreated tap 

water. Food and water were available at'libitum. 

Production of renal failure. Renal failure was induced by 

a two-step procedure involving electracoagulatian of the 

surface of the surgically exposed right kidney and left 

nephrectomy. Details of this method have been reported 

previously (6). Briefly, electrocoagulation of the entire 

surface of the right kidney except for a 2 _mm margin,of intact 

tissue around the hilu~ was fallowed by left nephrectamy twelve 

to fi,fteen days later. In sham-operated animale, the right 

kidney wa~ electrocoagulated and the left kidney.was 
. ~ 

tempararily expased in a similar _fashion ta that used for 

nephrectomy but it was nat manipulated. All animals were 

subjected to electroco~gulation of the renal surface, 

nephrect~my or sham-surgery which were conducted under 

~o~trolled ether anésthesia through small bilateral flank 
,. \ 

incisions lea~ing the intestines and the upper abdom~l 
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contents undisturbed. Renal electrocoagulation.was performed 

using a foot-operated single point cauterizer angled at 30 0 

_(Hyfrecator, Model X-712, The Birtcher Corp., Los Angeles, 

Calif., US~) .. The kidney ~as freed from perirenal fat and the 
~ 

." adrenal gland pri6r tq electrocoagulation and special care was 
( 

taken not to manipulate the ureter. After electrocoagulation, 

the kidney was replaced into tha renal fossa and completely. 
1 

covered by the tissues of the abdornînal wall and skin. After 

either surgical procedure, the incisions were closed in 

with clips a_pplied to t1;le skin" \ The duration of surgeryo from 

s~in-to-skin never exceeded 10 min .. Unless stated otherwise, 

thè animals were studied_6 weeks after'the second operation. 

The degree of renal failure was 'defined by t~od u;eâ 

nitrogen (BUN) concentratfon as measured on sacrifice da . 
" 

Body weight. Mice were weic:rhed at the time of ihduction 

of renal failure, ear-clipped for future identification and 

weighed weekly until sacrifice: 
i 

Blood pressure measurement: Systemic blood pressure was / 
, 

measured in conscious mice by ~·tail-cuff Methode For two 

weeks prior to assessment mice underwent dailY acclimatization 

to the holding chambers required for blood pressure 

determinatio~s. All measurements were made at the same time of 

day under standardized, conditions. 

Blood tests. At the time of sacrifice blood was collected 
-

by cardiac puncture into plastic syringes coated with a 3:10 

dilution of heparin (Hepalean, Harris Laboratories, Toronto, 

Canada). Blood urea nitrogen concentration was measured by 

autoanaly~er method either separately (IL9 Autoanalyzer, 

Instrumentation Laboratary Inc., Lexington, Mass., USA) or as 
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part of SMAC-l6 blood testing (Technicon Instruments 

Corporation, Montreal, Canada). Routine hematological 

assessmént was done by eoulter Counter (Model 2B1", ~OCoulter 

'Diagnostics' Inc., Hialeah, Fla., USA). In a separate 

experiment, plat~let co~nts were rlso performed" in paralle1 by 

direct phase-contrast microscopy (16). Differential leucocyte 

counts were performed on the basis of 100 cells per slide on 

Wright-stained blood smears. In a limited number of mice 

reticulocyte counts were carried out on fresh and unstained 

thick blood smea"rs. 

Urine biochemistry. Eighteen-~our urine collection was 

conducted in modified rnêtabolic cages. Urinary protein content 

was measured with a Technicon RA 1000 Autoanalyzer (Technicon 

Instruments Corp., Montreal, Canada). Osmolarity was measured 
. 

, on frozen samples with an Advanced Cryomatic Osmometer (Model 

3C2; Advanced Instruments Inc., Needham Heights, Mass., USA). 

Bone analysis. The bene was fixed in a 0.5% sucrose 

formalin buffer, then processed as previously described 
." 

following embedding in glycol Methacrylate, staining for acid 

phosphatase and counter-staining ,with Harris hematoxylin. 2 

undecalcified sections of the proximal tibia were examined. 

Statistical analysis. AlI results are expressed as Mean 

5D and single cqmparisons were made with Student's t test. 

Results 

f,urvival 

Except for the occasional death occurring during surgery and 

ascribed to anesthesia, this model of chronic renal failure (mean 

BUN val"ues of 100 mg/dl) was associated wi.t.h a mortali.ty rate 
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which varied from 4 to 15% in separate experiments according to 

the degree of electrocoàgulation applied to ~he right renal 

cortex. Deaths in renal failure mice occurred on the second to 

fourth ~ay following left nephrectomy. Plasma biochemistry 

performed at that time in animals where death seemed imminent 
~ 

revealed vàlues of BUN above 250 mg/d'l and of potassium above 8 

mmol/l. All animals that expired were excluded from analysis. 

In select experiments where severe renal failure (BUN ~bove 180 

mg/dl) was induced by excessive cautery of the right kidney, 

increased mortality during the days following nephrectomy was 
',' 

}. Thereafter during the six week follow-up, 

loss occurred. No post surgical 

~n sham-operated control animals. t.~ 
,L 

,> 
~~, 

The effects of renal failure on growth were readily 

observed and growth curges of the three mice groups are 

presented in Figure 2 where measurement began after the second 

surgical procedure. Following the second operation,: there was 

a' significant growth impairment in all animals. This 

~mpairment was MOSt severe in ren~l fa~mic~ in·which 

significant weight loss was recorded orfé week after 

nephrectomy. Sham-operated animals recovered more quickly fro~ 

the operation than renal failure mice and bath groups had \ 

significant growth retardation at sacrifice six weeks later. 

General observations"! 

In this' study, none of thé reaal failure mice having 

survived the first week post nephrectomy demonstr~.ted SigR~ of 

spont~neous bleeding or gross neurologiqal impairment. 

Furthermore, the nature and level of activity of renal failure 
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Figure 1. Survival curve of mice during the course of renal 
failure (dashed line, N=48 at the start) anQ of 
sham-operated (dotted line, N=35) and normal' (solid 
line, N=3~) controls. Observations made in C57BL/6 
female inbred mice during three separate 
experiments. All deaths past the first week were 
due to accidental overanesthesia. 
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" Growth curve in mice surviving duri_ng the course of 
renal failure (dashed line) and in sham-operated 
(dotted line) and normal (solid line) controls. 
Points and brackets represent the mean±SD of at 
least 93 determinations obtained during the same 
experiments reported in Figure 1. 

,. 
340 

J ; 



• 

tr " o 

'> • 

o 

mice as well as their overall appearance was comparable to 

control animals . 
() 

Local findings 

This surgi cal mode of induction of renal failure was free 

of local complications. The skin clips were removed one week 

after each of the two surgical procedures. On both o~c~sions, 
~ \ 

in sham-operated and ~enal failure mice alike, the flank wounds 
.-/ 

were completely healed, and no signs of inflammation were 

detectable. Examination of the peritoneal cavity six weeks 

after the second surgery revealed no abnormalities outside of 

'the kidneys. Again, there were no' signs of inflammation or 

infection. The intraperitoneal side of the sufgical wounds had 

healed completely. The general appearance of the .. 
electrocoagulated kidneys of renal failure mice was markedly 

altered., The outer surface was pale, irregular and distended 

with translucent areas through which 'urine could be seen. When 

punctured the kidney rapidly emptied of urine and collapsed to~ 
\" 

a thin-walled'~pouch. In contrast, the electrocoagulated kidney 

of sham-qperated arrrmals had markedly atrophied and was , 

generally diffi~ult 'to locate~ appearing as a very small mass 

of nondesèript tiss~e.àdhering.firmly to the liver. In these 

'animals marked hypertrophy of the contralateral kidney was 

alwa}5s present. 
" 

Biochemical evaluation 

The biochemical data of mice with renal' failure and 
< \ 

sham-operated and normal controls are shown in Table 1. A 

number of species differences between mice and man can he 
, 

appre'ciated, the most striking involving creatinine, 

bicarbonate, phosphate, cholesterol, 'and the enzymes GOT, GGTR 
r 

and LDB. The expected retention of nitrogenous compounds was 
341 
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observed in renal failure mice. Commensurate increases of urea 

and creatinine occurred averaging fivefold and two to 

threefold, respectively. • <> In sham-operated an~mals, values of 

urea and creatinine did not change significantly, indica'tive of 

the degree of contralateral hypertrophy that fol~owed the 

extensive destruction of the 'right kidney by 

electrocoagulation. 
l 

'In contrast to control animals, renal 
" 

failure mice presented moderately, although significantl~, 

elevated mean values of plasma potassium, chloride, calcium and 

phophate as well as significantly reduced bicarbonate 
o 

·~oncentrations. Furthermore, renal failure mice al~ays 

presented biochèmical evidence of secondary hyperparathyroidism 

\ with hypérphospha\emia and elevated alkal~ne phosphatase in the 

absence of hypocalcemia. An unexpected finding in this study 

was the presence of hypophosphatemia in the sham-oper,ated 

animals. rnterestingly, renal fa,ilure mice presented .. 
lJ 

significantly elevated levela of plasma cholesterol compared to 

controls. The other'biochemical parameters tested were similar 

across the three groups of mice. 

'Urinary characteristics of specimens collected from mice 
• 0't;-' 

during an 18 hour collection period are presented in Table 2.' 

Renal fa,i.1u~~. mice were not oligurie and in fact produced the 
,., - li -C\ 

greatest volumes of urine and sham-operated mice also produced 
f, 

increa~ed urine volumes compared to normal controls. 

signi'ficant levels of protein were recovered f:com urine 

specimens collect~d from renal failure mice while urine 

osmolarity was not, significantly different between,renal 

failure and control animals. 

Hematological assessment , 

After six weeks ,of renal "'failure, ,there was a marked 
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'Table 1. Plasma concentrations of se1ect~d blood ç9nstituents in mice six weeks a~ter the onset 
of renal failure and in sham-operated and normal controlsa 

u,--- -. ~ 

" 
., 

Status of animals \. Normal range 
'" , 

'Normal 
n=32 

Sham":operated 
n=32 

Renal failure 
n=30 in man 

Glucose (mg/dl) 
Urea nitrogen (mg/dl) 
Creatinine (mg/dIt 
Sodium (mmol/1) " -
Potassium (mmol/1) 
Bicarbonate (mmol/l) 
Ch10ride (mmol/l) 
Urie acid {mg/dl) 
Calcium (mg/O.1) 
Phosphate (mg/dl) 

~ Total pr~ein (g/dl). 
IN ~lbumin (g/dl) . .f." .. 

Cholesterol (mg/dl) " 
Brlirubin (mg/dl) 
Alkaline ghosphatase (~/1) 
GOT (U/l) , 
GPT (U/l)b 
GGTR (U/~b 

" 

\ 
,0 

a 

'0 • 

." 

~23±31 
19±3 

0.4±0.1 
147±6 
4.2±0.7 

12;t2 
109±4 
.3.0±0.6 

J 9.3±0.7 
7.4±1.0 
5.2'±0.4 
3 .O±O. 3 
IrO±16 
0.1:t0 .1 
112±25. 
221 ±125 

218±48 
24±5 

0.4± 0.1 
140± 13 
4.4±0.9 

11±3 
102± 8e 

3.6±1.~ 
9. 8±.0. g e 

~.6±0.ge 
5.1±0.7 
3.0±0.4 
119±21 
0.1±0.1 
124±"20e 

201±85 

LDH (u/lh 
Globulins .(g/dl) 

~8±51 ' 
3 ±2 

393 ±198 
, 2.2 ±0.4 

, ----~q-------

35±24e 

3 ±3 
:J82 ±134 
2.1 ±O. 6 

... 

198±26 
105±36c ,d 
O,.9±0.]C,d 
148±6 
5.5±0.gc,d 

9±3 P,d 
119±6c ,d 
2.6±1.z=,d 

10.6±1.cf.,d 
8.8±1.(f,d 
5.2±0.3 
3.,0 +0.3 

. 188 ±40c ,d 
0.1 ±0.1 
307 ±10~,d 
226 ±107 

30 ±2Sc 

2 ±l C 

366 ±181 
2.2 ±O. 3 

~ 

60-115 
8-25 

O.5-1.~ 
136-147 
3.5-5.0 

21-30 
97-109 

2.5-8.5 
9.0-10.6 
2.4-4.5 
6.0":8.0 
3.5-5,.2 

,110-250 
·0.2-1.2 

30-110 
8-40 
0-40 
7-55 

100-216 
2.3-3.3 

aDeterminations ~rforme~ at sacrit;ice in J.3 week Qld female irbred C57BL/6 mice and expressed 
as mean±SD. 

b./" ' Abbreviations used ~re: GOT, glutamic oxaloacetic transaminase; GPX, g~utamic pyruvic' 
transaminase; GGTR, gamma glutamyl transferasei LDH, lactate dehydrogenase. 

.. • ~ , • > , 

, • '" 1 
c-dlndicates ,a significant difference (p<0.05) between.renal failure mice and (c) normal mice 

and (d) sham-operated mice. . 

~. elndicates a significant differerlce (p<0.05) between sham-operated and nqrma~ mice.· 
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Table 2. Urine biochemiatry in mice six weeks after the onset of renal 
fai~e and in sham-operate~ and normal contro~sa 

... . 
Status of animals Normal Sham-operated Renal failure 

n=14 n=14 n=11 

BUN (mg/dl) 26 .l± 5.0 ~5. 3± 3.5 119 • 3± 21 • 6b , c 

Volùme (ml) 1.5±O.8, 2.2±O.8 3 .o± 1. 3b 

Osmolarity (mOsm/kgH20 ) 4l7.6±163.9 307. S± 86.7 338.5± 107.0 -
PL,otein (mg/l) O.1.2:tO.05 O.13±O.05 0.4T- 0'. 4b ,c 

aEighteen hour urine collection performed the day before sacrifice 
'in 13 week ol.d female inbred C57BL/6 mice; values given are means±SD. 

b1ndicates a significant· difference (~O.05) between renal failure 
and normal control mic~. 

~ 

clndicates a significant difference (~O.05) between rena1 failure 
and sham-operated mice. 
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decrease in. hemoglobin concentration (Table 3) as well as 

er:(~hrocyte number and hematocrit (data not shown). A close 

relationship was observed between the fall in hemoglobin and 

the severi ty of the renal fai lure (Figure 3). Erythrocyte 
, 1 

indices were only moderately, although significantly, affected 
~ 

by renal failure where Mean corpuscular volume (MCV) and,mean 

corpuscular hemogLobin (MCR) were reduced compared to control 

, mice. It is noteworthy that normal values of MCV and MCH in 
fi 

the mouse are approximately half that observed in man .. , 

Reticulocyte counts indicative of the exte~t of bone marrow 

(<!.', response to the anemia tended to be reduced i11 renal failure 

mice and when corrected for the degree of anE~mia 

reticulocytosis was even more indicative of an inadequate bene 
,f 

marrow response. 
.. 

Examination of the total and ~ifferential leucocyte counts 

and platelet numbers, revealed no differences between renal 

failure mice and controls (Table 3). .Circulating leucocytes in 
. .. 

the, mouse are predomlnantly lymphocytes and polymorphs 

consti tute a small minori ty, approximately"5%, of circulating 
, 

1 leucocytes while monpcytes a·re rarely seen (17}. 'Platelet 

.. numbers are cpnsistently higher than in map. The standardo;::. 

method to as certain platelet counts is to use the autoanalyzer 

" counter .. However, the counter is set for human blood in which 

erythrocytes are considerably larger than platelets but in the 
o 

mous~ ery,thLocytes ar.e small and in fact close to the size of 

plate lets • Therefore the validity of mouse platelet oounts 
'. ( 0 

based on assessment by the autoanalyzer method was confirmed by . . 
conventional coù~ting of platelets employing vieual means 

(Figure' 4). 
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Table 3. Hematological features of mice six weeks after the onset of renal failure 
and in sham-operated and normal control sa >': ' 
--------------------------------- --_._---- --- --~--- - [~, 

)t:y--~ 

- '" ' Status ,of animaIs Normal Sham-operated Renal failure Normal range 
• n=68 n=64 n=56 in man 

BUN (mg/dl)b 25±6 
Leucocytes/mm3 5334±2937 

29±6 
6125± 2269 

i08±33d ,e 
5188±3278 

8-25 
4800-10800 

Neutrophi1s (%~ 5.3±3.6 
Neutrophi1s/nlm 29S±328 
Lymphocytes (%) 94.3±4.0 
Lymphocytes/mm 3, . 4910±2723 
Platelets (x10 3/mm3 )< 813±222 
Hemoglobig (g/dl) 13'.4±0.9 
MCV {~lD31, 45. 7±1. 0 
MCH (pg) 16.4±0.7 
MCHC (g/dl f .'. 35.8±1.4 
Reticulocytes (%) 2.5±0.9 

6.1±3.6 
379± 277 

93.5± 3.6 
5725± 2144 
-804± 193 
13.3±0.8 
45.4± LI 
16. 5± 0.7 
36 .4± 1. 9 
2. 7± 0.6 

-.7.3±S.8 d 
341±272 

92.3±6.0d 

4891±3144 
807±208 
8.4±1.4d ,e 

44.1 ±l :Od,e 
15.6 ±O .6d ,e 
35. 3'±1. 6e 
1.8 ±O. 7e 

130-400 
14-18 
82-100 
27-31 
32-36 

aDeterminations performed at sacri~ice in 13 week old female inbred C57BL/6 mice 
and expiess~d as m~an~D. 

bAbbreviations used are: BUN, b~ood urea nitrogen: MeV, Mean corpuscular volume: 

r 

MeH, Mean corpuscular hemoglobin: MCHC, Mean corpuscular hemog~obin concentration. , . 
CReticu10cyte counts were performed in only eight animals of each group and are 
not corrected for the degree of anemia., 

~-elndicates a significant difference (p<0.05) between rena1 failure.and {dl 
normal mice and (e) sham-operated mice. . ~ 
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Figure 3. 
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o 
50 100 150 200 

Slood urea nitrogen (mg/dl) 

.. 
Correlation between concentrations of blood urea 
ni trogen and hemoglobin (y = -o. 03x + 12.07, r = 
-0.608, p<O.Ol) of 53 mice 6 weel<:s after the onset 
of rena1 fai1ûre. Values for sham-operated and 
normal controls are contained within the shadêd 
area. Other hematological features of the mice are 
presented in Table 2. 
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/ 1 Figure 4. Correlat1on between oirculating platelet numbers of 
, 35 normal 6 week old C57BL/6 female inbred mice as 

determine~ by the visual and autoanalyzer methods. 
(y = 72x + 90, ·r = 0.852, pc:O.Ol). 
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Figure 5. Examples of bene sections (upper metaphyseal plate of 

tibia) in normal mice (A) and in mice six weeks after, 
the onset of renal fai lure (B). The prominence of 
oste~clasts, bone remodeling and marrow fibrosis is 
visible during renal failure (Magnification x 170) 
(Courtesy of Dr. Michael Kaye). 
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Bone studies 

Renal osteodystrophy was fully established 6 weeks after 

the onset of renal failure. changes in bone histology 

consistent with severe hyperparathyroidism ~ere observed with 

an increase in the number of osteoclasts, extensive areas of 

increased resorption and widespread marrow f~brosis. 

Differences in bone histology between normal and renal failure 

mice can be appreciated in Figure S. 

Blood pressure 

Systolic blood pres~ure detetminations (tail cuff 
./ 

technique) were conducted in a small number (4 animals in each 

group) of renal failure mice (112±13 mmHg) (mean±SD) aAd their" 

sham-operated (94±9) and normal (l03±4) controls. No 

significant differences in systolic blood pressure between the , 

three animal groups were recorded. 

Discussion 

This report describes abnormalities in mice with chronic 

renal failùre which resemble those observed in humans with 

end-stage renal disease. Stgni ficant growth retardation, 

severe anemi,a, major alterations in blood chemistry and 
" ,,f. 

strik~ng secondary hyperparathyroidism were observed in female 

C57BL/6 inbred mice after six weeks of renal failure. The same 

abnormalities a~~found in·humans and it was/concluded \that 

this mouse preparation is a suitable animal model of chronic 
• 

uremia. The results of this study confirm our earlier findings' 

(8\~2) in that a significa~t reduction in renal function is 

'" consistently achieved with the ensuing retention of nitrogenous . 

p~oducts and severe consequences of the renal failu~readily 

follow. Previous reports (18-21) support these data, 
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indicating a substantial increase in blood urea nitrogen for 

prolonged perieds in similar experimental,mouse models 

following controlled injury to both kidneys. In the present 

r model we have previously show~ that the severity of the renal 

failure lS greatest if the electrocoagulation is limited to one 

kidney with a subsequent contralateral ~ephrectomy (6). 
1-

It was our goal to devèlop a surgical preparation with a 

consistent and reproducible degree of renal failure which could 
o 

be readily induced in a large number of mice that could then be 

mainta~ned under standard conditions of ani~al husbandry. 

After an initial animal loss during the first week post 

nephrectomy due to excessive renal failure in a small 

proporti~n of mice, no significant mortality was observ~ 
during a six week fOllow-up periode According to previous 

~ 

observations six weekS after the second surgical procedure, 

renal failure and sham-operated mice did not present evidence 
, . 

of infection or inflammation consequent to the surgi~l 
~ 1\ ~-. 

preparation (11, 22). Peritoneal leucocytes collected': from 
, , 

-
renal failure mice were similar to a resident population and 

peritoneal structures were sterile as evidenced by 

microbiological assessment. 

This mouse preparation of renal failure was originally, 
1 

develope~~or the study ~f imrune reponses in c~ronic 

experimental uremia. In that cont~xt, sham-operated animaIs 

were subjected to electrocoagulation of the right kidney~t the 

time of the first surgery and mobilization rather than removal 

of the contralater~l kidney t~o weeks later. Therefore the 

pote~al immunomodulating influence of(thermal injury to the 

kidney as weIl as the surgical trauma inhèrent to the model was 
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accounted~for in the sham-operated control animal (23, 24). 

The present study dernon~trated that the level of nitrogenous 

waste products of sham-operated and normal mice were not 

significantly different. 

Postoperatively, growth of uremic mice was significantly 

impaired and six weeks after the induction of renal failure 

mean body weights had decreased to 80% of nor~al mice. 

Although growth rat;.es were accelerated 2 and 3 weeks after 

surgery, renal fairftre micè were smailer ,and actually gained 

less weight than did sham-operated controls. In previous 

~experiments we have shown that sham-operated mice demonstrated 

~ catch-up growth whereas renal failure animals continued to 

present growth retardation up to 15 weeks after the induction 

of renai failure (25). 

The remarkable difference in the appearance of the 

\ electrocoagulated kidney between renal failure mice and 

sh~m-operated controis might find an explanation in'the 

phenomenon of renal counterbalance (26). It has been known for 

a long time that the effect of unilateral renal damage on the 

function of the affected kidney d~pend~ on the function of the 

contralateral kidne~. The exact mechanism of renal 

counterbalance- is less clear. Recent studies, suggest that' ,this 
.~-

oc.curs as a result of either increases. in vasodilatory 

substances or .dec~eases in vasoconstrïctor compounds. 

Alternately this response may be mediated by the accumula.~ion 
:~)":'I " 

of naturally occurring cytoprotective agents. Evidence for the 

physiological importance of renal counterbalance was brought 

about by a number of experimental observations, particularly by 
\ 

unilateral ureteral ligation or renal artery clamping in the 

rat. Instead, the electrocoagulation technique that we used in 
352 
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our study produces-an nonhomogenous renal in jury leaving a rim 

of renal cortex around the hilum intact and the deep 
, 

• 1 

juxtamedullary nephrons which may have escaped the thermal 

in jury. 

Uhen compared to adult man, we ...found' that differences in 

normai blood constituents were' common in thirteen week old 

female C57BL/6 inbred mice. These differences included ah 
~ 

increase in inorganic phosphate, the enzymes alkaline 

phosphatase, GOT and LDH, and in the nurnber of platelets and 

circulating lymphocytes. ~s well a decrease in creatinine, 

bicarbonate, cholesterol, bilirubin, the enzyme GGTR, the 

erythrocyte indices MCVvand MCH,and. in polymorphonuclear counts 

was demonstrated. Elevations in blood glucose could·have 

resulted from the scheduling of our evaluation in the early 
-

morning in mice with noc~urna1 eating habits. The sodium 

containing heparin preparation used for the blood collection 

might explain the observed hypernatremia relative to made 

Normal blood levels of creatinine in mice comparabl~ to 

that of man have been observed by several groups (13-15). 

Meyer and co1leagues (1985) have demonstra~ed the 

overestimation of the picric acid method in measuring serum .....-' 

creatinine levels in mice (ê7). In studies of normal C57BL/6 

female mice, we have observed a similar fourfold differencè 

between two automated methods of determination of plasma 

creatinine of normal omice,_ using the SMAC equipment in the 

present report and the lL-l e1sewhere (11). One difficulty with 

the former method~is t~at the ~olume required by that technique 

ïs large for mice. "'" In addi1;ion. ev en the latter method is 

still insensitive to very low levels of creatinine. For these 
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reasons the measurement of blood urea nitrogen constituteQ our 
\ 

routine index of evaluation of renal function in mice. 

Biochemistry assessments of renal failure and control mice 

revealed several interesting manifestations of uremia. Renal 

failure mice presented evidence of secondary 

hyperpàrathyroidism, with elevat~d plasma levels of inorganic 

phosphate and alkaline p~osphatase. Hypocalcemia, describedoas 

a complication of ehronic) renal failure and-attributed to the 

rise of serum-~9àphate and vitamin 0 defieiency was not 

observed in these ehronieally uremie mice. Al though we did not" .1 . , 

measure ionized calcium in the present study, it is very likely 

that increments in total serum calcium in chronically uremie 

mice reflect a rise in ionized calcium. It is currently not 
" , . 

feasible to perform measurement of parathyr~id hormone in the. 
! 

mouse and theréfore no conclusions regarding' such measurements 

can be' d:ç.awn from the current data.· 

In contrast to the evident secondary hyperparathyroidism 

observed in the chronically u~emic mice, investigations of 

sham-operated mi6e unexpecte~ly revealed hypophosphatemi~, 
\ . 

pypercalcemia and high alkaline pho~phatase. 
r 

These biocryemical 

findings are charaeteristic of primary hyperparathyroidism yet 

sham animals had undergone renal electrocoagulation yielding a 

reduction of renal parenchyma. Therefore the observed 

hyperparathyroidism must in fact be of a secondary nature. We 

do-not have a satisfactory explanation for the ~i9ns of early_ 

secondary hyperparathyroidism observed in the sham-operated 

mie,e. 

Much like in man, the hematological consequences of 

chronic renal failure in mice affected predominantly the red 
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cell series (28). Six weeks after the onset of renal failure • 

mice invariably presented severe anemia with evidence of 

relative bene marrow unresponsiveness. We have demonstrated 
. . 

previously the progressive dev~lopment of the anemia from the 

time of o~ of the renal failure (25). In view of the 

prominence of the bone d~sease the anemia could result in part 

from excess'para~hyroid hormone through at least three pathways 

(29). These include inhibition of erythropoiesis, shortening -erythrocytes survival and inducing fibrosis of the bene marrow 
\!::, 

cavity. Thus the overall effects of the multiple conêequences 

of uremia on hematopoiesis May result in prevailing functional 
l 

alterations which may also be accompanied by structural 

changes. The observations made in t~is study would suggest 

that bone marrow fibros~s might play an impor-tant contributing 

role in ~he anemia of severe renal failure. 

Our results confirm and extend the bbservations of others 
, . 

who have developed animal models of experimental uremia through 

surgi cal reduction of renal parenchyma and have assess~d renal 

, failure induced systemic changes. However, our model is 

singular in that it provides the means for studying the role of 

renal failure in ~dulating immune responses. The availability 

of immunode~icient and immunomodified strains, and the' volume 

of knowledge on immune cell populations and membrane markers 

favor the mouse in studies of the potential influence of renal 

failure on immune function. 
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Appendix 3: l=haracteristics of the experimental Staphylococcus 

epidermidis, clinical isolate 29260 

~ The s. epider.midis, reference number 29260,' that was used 
~ 

for all experirnental inoculations was an isolate recovered from 
" , 

the peritoneal fluid of a CAPO patient presenti~g peritonitis. 
, , 

This isolate was'kindly supplied to us by Dr. 5.1. Vas of the 
" . 

Toronto \les_tern Hospi ta!. 

In addition to assessment by gram stain (positi ye) , 
" ) 

catalaée (positive) and coagulase (neg~tive) prod~ction, strain 

29260 also underwent identifica~ion by tbe API Staph-Ident 

System (Analytab Products, NY, USA) and the Vi tek System 

(l'1cDononnel Douglas Health Systems Company, _ MO, USA). The 

resul ts of these' assessments are presented in Tables land 2 

respectively. 

Slime proQpction'by 29260 was investigated according to 

standard methods and was cornpared to reference slime-producing 

s. epidermidis strai'ns that were kindly supplied by Dr. G.,D.o 

Christensen (University of ,Tennessee, Tenn, USA). 

Slime-production by 2~260 compared favorably. to that of 

prototypic slime-producing reference S. epidermidis. 

Strain 29260 presented a cnaracteristic antibiotic 

sensitivity profile. A panel of" seven of the tested 
1 

antibiotics were selected for routine positive identification 

'" of recovered ~so~ates from inoculated mice. The antibiotic 

sensitivity,characteristics of 29260 are presen~ed in Table 3. 
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Table 1: ·API Staph-Ident System: Identi fication of 
Staphylococcus epidermidis 29260 

Mi crocapule Test Positive 
'\ 

1 Phosphatase X 
2 Urea utilization X 
~ 6 -Gl ucos idase 
4 Mannose utilization 
5 Mannitol utilization 
6 0 Trihalose utilization 
7 Salicin utilization· 
8 t3-Gl uCuron i dase 
9 Arginine'utilization 

10 t3-Galactos idase 

'. 

, 

) 

\ 
• 1 

)_ ~ ~ ~ t~ , _t" ~-.~~~~ 

~I. 

~ 

Negative 

X 
X 
X 
X 
X 
X 
X 
X' 



'. Table 2: -

Well No. 

l 
2 
3 
4, 
5 

'6 and 7 

8' 
9'and 10 
11 
12 
13 
14 
15 
16 
17 

f 

18 
19 
2Q 
21 
22 
23 
24 

? 25 
l' 

26 
, 27 

28 
29 
30 

~ 

o 

.' 

" " - , - '" 'é : '"),', ", :"" ~6 ,~~! 
" ,,~, 

Vitek Systems: Identification of Staphylococcus 
epidermid~" 29260 

. { ~ 

, 
,fest 

Peptone Base growth 
·Baci tracin resistance 
Optochin resistance 
Hemicellulase utilization 
Toler,nce Gto high NaCI 

concentration 
Tolerance to high level of 

bile 
Esculen hydrolysis 
Argenine hydrolysis 
U~ease 
Tetrazolfum red reduction 
Novobiocin resistance 
Dextrose utilization 
Lactose utilization 
Mannitol utilization 
Raffinose utilization 
Salicin' utilizatiop 
Sorbitol utfLization 
Sucrose utilization 
Trehalose utilization 
Arabinose' util:ization 
Ryruvate utilization 
pullulan utilization 
Inulin uti'!i zation 
Melibiose utilization 

, Melezi tose utilization 
Cellobiose util~zation 
Ribose utilization 
Xylose utilization 1 . 
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Positive 

x- '1"", 

X 
X 

X 

x 

X 
X 

X 
X 

X 

Negative 

X 

X 
X 

X 
'r1 , 

X 
X 

• X 
X 

x 
X 
X 
X 
X 
X 
X 
X 

- X 
X 



Table 3: Antibiotic sensitivity characteristics of 
Staphylococcus epidermidis 29260 

Staphylococcus epidermidis 
29260 response 

Sensitive 

Resistant 

Antibiotic tested 

Tetracycline, Bactrim' 
Vancomycin, Cefamandole 
nafate, Cefazol~n 

Erythromycin, Clindamycin, 
Penicillin, TObramycin, 

, Methiçillin 

• 

• 

. . 

• • 
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