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A mduse madel of surglcally 1nduced renal failure was

«

u&lllzed to 1nvestlgate the pathogene51s of staphylococcuq

ay

. -,

epldermldls perltonltls which is a frequent and Ser10US“

1

~

compllcatlon of continuous ambulatory ‘peritoneal d1a1y51s

[

ICAPD) Compared to sham—operated controls,'chronlcaﬁly .

\\ N ‘ . N &

uremic mice were more susceptible to?intraperitoneal S.

epiéermidis inoculation, presenting decreased survival time

v

and survival (1092 cfu, 108 cfu), delayed pacterial

clearance and attenuated peritoneal inflammatory response ,

the catheter was a preferred site for peritoneal:-bacterial

persistence up to one month after intracatheter inoculation,

Despite in vitro cytotoxicity of commercial peritoneal

.

dialysis solutions toward peritoneal leucocytes, repeated
peritoneal instillation of dialysis solutions did not

influence S. epidermidis recoveries' following inoculation. °

Although the mouse preparation did not undérgo peritoneal:

these studies nevertheless demonstrate that ch{onic

dialysis,
uremla and the perltqng?l .catheter may be important J
'etlologlcal factors in the development and.perSLStenc;‘of '
CAPD peritonitis. : E ’

’ | ( |

In mice bearing a peritoneal catheter implant, - -

B b
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Un,mohéleyd'ins%ffisance %éna}e induite chirurgicalement

chez la souris a été utilisé pour investiguer la pathogénése

de la péLitonite & Staphylococcus ;pidermidis qui est une
BN < - 7

complicd?ion fréquente et|sévé£e de la dialyse péritonéale

ambulatoire continue (DPAC). En comparaison avec les bnimaux
contrdles chirurgicaux, les. souris urémiques chroniques

I ) . Y <.')- . . ” ) P
etaient .plus susceptibles a l'inoculation intrapéritonéale de

S. epidermidis, présentant une réduction di temps de survie
. 3

- T

‘et de la survie (109 cfu, 108 cfu), une clairance

.
L}

bactérienne retardée et une réponse inflammatoire péritonéale %

atténuée (106 cfu). Chez les souris porteuses d'un

cathéter péritonéal implanté, le cathéter était un site’

pré¥érentiel pour la pergistance bactérienne péritonéale .
* &

jusqu'd un mois aprés 1'inocdulation bactérienne. Malgré la
cytotoxicité in vitro ‘des solutions commerciales de dialyse

C o .
péritonéale .éenvers les leucocytes péritonéaux, l'instillation

t
\

péritonéale répétée de solutions de dialyse n'a pas influencé

. )
le recouvrement de S. epidermidis aprés inoculation., Bien

que la préparation animale ne fut pas soumise a la dialyse

\

.péritonéale, ces études démontrent néanmoins que l'urémie -

.

chronique et le cathétler péritonéal peuvent étre' d'importants

facteurs étiologiques dans le développement et la persistance

: -

de la péritonite de DPAC.

<>
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Preface .

. Preparation" of the Faculty of Graduate Studies and Research,

. papers which have already been published or which have been

In accordance with the "Guidelines ancern}dg Thesis

submitted for publication have beet incorporated into the

thesis. This format for thesis preparation was approved by

the Division of Experimental Med%g% e, Department of Medicine.

- ‘& . -
The following ;s{guoted directliy from "The Guidelines

Concerning Thesis Preparation". .

"The Candidate has the option, subject to 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 still
conform to all other requirements explAined in

» . ‘ » [3 < »
Guidelines Concerning Thesis Preparation.

e

Additional material (experimental and design data as

well as descriptions of equipment) must be providéd

in sufficient deta{l to allow a clear and precisge
judgement to be made of }he‘importance and
originality of the research‘répérted. Abstract,
,full introduction and conclusion must be included

and where more than one manus®ript appears,

’

connecting texts and common abstracts, introduction

»

- . S §q° R
and conclusions are required. A mere collection of .

L

’

manuscripts is not acceptable; nor can reprints of

¢

published papers be accepted.-

<

While the inclusion of manusqgipts co-authored

by the Candidate and others is not prohibited by

~9

v
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McGﬂill, the Candidate is lwarne:l‘ to make an explicit .
statement on who contribdted to such workian;.to what
extent, and Su}pgrvi‘sors‘and others will have to bear
witness to the accuracy of suchﬂclaims before the Oral

9 '

. committee. It s‘hc?ﬁld also be noted that the task of the
External Examiner 1s made much pore difficult in such
cases, and it is. in the Candidate's interest to make
authorship responsibilities‘ perfectly clear”.

) Each paper included in this thesis (Chapters 3, 4, 5, 6,
Appendix 2) has its‘ ov;n Abstract, Introduction, Materials anb?g
Method}s, Résdlts and Discussion. Rgferenceé ai‘e\included at
thé end of th:e papers and are not compiled elsev:rhere in the '
t;hesis. * The papers are directly,ir;terrelated and were e
therefore, found not to require connec;ting texts. The ‘
Abstract, General Introduction and General Discussion relate

to the combined work 'presented in all the manuscripts. The

references cited in the General' Introduction and Ceneral

. Discussion are compiled at the end of the thesis.
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disc“ussion of results represent's m'y analysis and
interpre}:ation of then e;tperimental outcome relative to the’

objeé‘tives of each phase of this work. Each of the. papers

prepared for puﬁlication is ’coauthored by my thesis

@ 1

A

supervisor, Dr. Raymonde F. Gagnon. The manuscript appéaring

in Section 6.1 is also coauthored by Dr. Mary M. Stevenson in
> . .
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-

peritoneal leucocyte harvesting, differential counting and in .
gt

\ . vi




@
v

1

‘Suwhose laboratory, all microbiological evaluatlons were =

«

-

. first author and I am'the ceauthor of the paper entitled

data presented in Tables 1 to 12. My specific interest in(the

. . . [ . . e ‘ ; ’ . . b . !
) . P
vitro maintenance. P?pera presented in Sectxon 3.2, 4 1, 4 2,
—_— \ .
5.1, 5.2 and 6.2 are coauthored by Dr. Geoffrey K. Rlchardg in
. 7

2

Rl

conducted and who supervised this aspect of the theSlS)\x

.

research.” I performed all of the proceduses described exeeptF

se®y £ v -

for hematology assessmerits whlch were conducted by Gerry R
‘@ .

¢ v

Bibeault.and the preparation of hlstologlcal speclmens for
o -

: s
fl%ght microscopyswas conductéd by the department of patholdg gy, \ .

<
‘ H -u~\ -

1nwassociation with Dr. W. D%?Uld 1 consqlted with Dr.

» G \-s'/

P\/‘

_Lough? also of the pdthology department, for lnterpretatlon of

scanning ‘electron mlcrographs, " On an ad’ hoc basis, as time
and resources perhitted Donna.TomanJand Mar;ann van den‘
G
Hoeven assmsted me with animal ;Ergery L
iﬁppéndix 1 contains a report entitled "Peritonitis in P

o

continuous ambulatory peritoneal dialysis:. Retrospective

analysis using computerized patient data files" that was

AT,

» .
prepared for Abbott ‘Laboratories Ltd. (by R.F. Gagnon, B.

Gallimore, K. Langer, M. Kaye). My contribution to¥his

report was the collation, tabulation and interpretation of

inguiry was,tieoCAPD peritonitis experience of patients of the

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

3

o

"Characterization of a mouse'model of chronic rena* failure"”
which:appears as Appendix 2.. This paper integrated the o
results of numerousg experlments whlch were conducted by Dr.

[] %

Gagnon and/or’ my.elf. . , 0 . ° . g

vii( ° \ .

1



;o Table of Contents
Page No.
-Abstract ‘ e ; i
Résumé _ T ii
¥ : ' P
.Acknowledgements B o . ‘1ii
Preface ’ . o 3 v
" Table of Contents ' . \{i&i
Chapter 1 - General Introduction . 1
1. Peritoneal Dialysis , ‘ - . \
. . 1.1 Peritoneal physiology and solute transfer 2 -
1.2 Historical development of peritoneal dialysis 5
2. Continuous Ambulatory Peritoneal Dialysis
2.1 CAPD: Theoretical c\:onsiderations and practice 11 '
2.2 CAPD demographics - 15
2.3 CAPD peritonitis: Causative microorganism, i
. . diagnosis and treatment 17
. 2.4 Staphylococcus epidermidis characterlstlcs
\ and host lmmune response 22
2.4.1 Staphylococcal armaments ' — 24
2.4.2 Staphylococcal surface antigens . 27
. . 2.4.3 Host defense against staphylococcal
‘ ° infection ’ 29
’
- 3.°Peritoneal  Host Defense and the Etiology of CAPD . e
. Peritonitis ,
. 3.1 Host defense of the peritoneal cavity ' 35
. 3.2 Chronic uremia . . { 40
. : ‘3.3 The permanently dwelling CAPD peritoneal
' catheter 44
3.4 Peritoneal dialysis solutions W= 47
4. Efforts to Resolve CAPD Peritonitis °
“»4.1 Technical advances in ancillary equipment . 50
' “ 12}
k] 'D - 4 8

: o . viid

NN




4.2 Aqlmal models

8

Chapter 2 - Aims of the present study

Chapter 3 - Establishing a mouse model of chroniq
renal failure in which to characterize
response to intraperitoneal Staphylococcus
epidermidis challenge

3.1 Description and characterization of a mouse model for
the investigation of the etiology of CAPD peritonitis

‘

Abstract

Introduction , - @

Materials and Methods® :
Results . ’ .
Discussion . . Tf

References ’ .o o
hasln > . .
4]

Chapter 4 - Response of renal failure mice to
intraperitoneal Staphylococcus epldermldls
challenge

’

4.1 Intraperitoneal challenge with Staphylococcus
epidermidis in chronically uremic mice: effect of
1noculum size Y

-

Abstract
Introduction

-

Materials and Methods
Results
Discussgion .

——References

3

4.2 Impaired bacterial clearance and inflammatory
response’ in renal failure mice subjected -to
intraperitoneal Staphylococcus epidermidis
challenge

»

Abstract ) o

L)

86
87
87
88-
89
95-
97




€

-

N

Introduction

Materials and Methods

Resﬁlts ’ - o -
Discussion -

References o

" Chapter 5 - The influence of a permanentiy dwellinéf

peritoneal cathetér on the response of -
renal failure mice to peritoneal
Staphylococcus epidermidis challenge.

5.1 The role of an intraperitoneal catheter in the °

pathogenesis of experimental Staphylococcusg

epidermidis peritonitis in renal failure mice

7 . i

Abstract : -
Introduction . — . .
Mate;ials and Methods

Results

.Discussion .

References

5.2 Kinetics of:Staphylococcus epidermidis clearance

from the peritoneal catheter site in renal\(§ilure,

mice following intracatheter inoculation

Abstract . D
Introduction

Matesials and Methods
Resgults : é

Discussion

References

.Chapter 6 - The influence of peritoneal instillation

N

of dialysis solution on the response of
renal failure mice to intraperitoneal
Staphylococcus epidermidis challenge.

101
104

£
. 112

119°

j//;Zl

124
125
126
127,
132,
144
151
'4
156
L)
157

192

L




- Page No.
6.1 Cytotoxicity of cohmercial peritoneal dialysis
solutions towards perltoneal cells of chronically x
uremic mice. ' 193

Abstract , 194

X Introduction 194
-Materials and Method Lo . ‘ ' 196

, ~ Results ' ' /:} . 199
Discussion ) 2)1

-~ ' k]
.~ References - ‘ 215
. , /
. 6.2 Response of renal failure mice: to peritoneal
Staphylococcus epidermidis challenge: Impact of . (
© repeated peritoneal Lnstlllation of dialysis

solutlon. 4 217

Abstragt - " ) 218

Introduction ' ‘ ~ " 219

. SN

Materials and Mgthods * 220

' Results _ 228

. " Discus8ion >>§:\\) | 244
References . 251

V.. ! . N ’ .
e Chapter 7 - General Discussion and Future Directions 256
Chagtef 8 - Statement of .Originality . 278
e . , ( '
References , ? 281
- A ’ "‘\1 c i
’ Appendlx 1 - Peritonitis in continuous ambulatory
' peritoneal dlalYSlS. Retrospective .
T . analysis using computerized patient data
’ ’ - files. 307
- Appendix 2 - Characterization of a mouse model of
- - chronic renal failure. . - 332

. Appendix 3 - Characteristics of the experimental
’ , Stqghylococcua epidermidis, clinical
.o 1solate 29260. 359




Sy
A
S

Chagter 1

General Introduction

a

This thesis indludes a number of papers already’
published or submitted for publication, each of which has -
addressed a separate, albéit interrelated, aspect of the

.thesis topic. Therefore an introduction to the overall

7

thesis subﬁect has not been comprehensively presented. The ye
¢ % ‘

first section of this chapter;is presented to familiarize the

*readeg with peritoneal dialysis and the following sections
. introduce the development of continuous ambdiatory peritoﬁeal

dialysis (CAPD) and demonstrate the impértance of peritonitis
v , -

as a major treatment complication by reviewing it$s

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 clinical and basic experimental’ .

~

investigations of the etiology of CAPD peritonitis are

reviewed. ' \

This general introduction is intE%ded‘to provide the -~
clinical background and rationale for the subsequent
experimental assessments of this thesis. The mouse model

which was developed and characterized for this investigation
3

was not, Ain fact, subjected to CAPD. However, the roles of -

several defined variables, associated with CAPD treatment, in

H

. ! ¢
the development and progression of peritoneal infectign:were

evaluated utilizing the described animal preparations.
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l. Peritoneal Dialysis

. - 1.1 Peritoneal physiology and solute transfer
T ' -
The{peritoneal membrane covers visceral organs, forms
the visceral mesentery that connect logps“of bowel (visceral
peritoneum) and reflects over the inner surface of the -

abdomipal wall (parietal peritoneum). The peritoneum is a

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

’
’

‘2 m2 in most adults (1). The surface of the' membrane is

’

\ ' f
formed by a thin layer of mesothelial cells which are covered ) .

by numerous microvilli. The underlying interstitium contains

)

extracellular fluid, connective tissue, blood vessels and

-

lymphatics (1, 2).
: ] AN
‘ The peritoneum is a semipermeable membrane which is
‘,,.1 . ' > *
utilized during peritoneal dialysis. A given volume of -

a

dialysis solution-of known chemical composition and tonicity
is instilled into the peritoneal cavity thereby creating a

fluid pool into which solutes and body water can move across

)

the peritoneal membrane. .In contrast to artificial dialysis

O)
membranes which are employed for hemodialysis;, the peritoneum
/
r . o
is a living membrane across which molecules of varying o
molecular weight can equilibrate. Solute exchange occurs

»

between the blood of the peritoneal microcirculation and the
dialysis solutionvdwelling in the peritoneél cavity. Solﬁtes
diffuse aéréss the membrane at a rate that is dependent on
‘ , Xa) their concentration- difference across the peritoneum, (b)
* the sélute permeability characterisitics of the membrane and

@! (c) the rate of dialysate flow. Peritoneal solute transfer_

' can be increased by instilling hypertonic ‘dialysis salutjons N

2
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-

t

which cause solute moVvement by tonvection or solute drag (1,

&

2). Peritoneal ultrafiltration which islaccomplished by

estabki:hihg an osmotic pféssu;e gradient across the

peritoneal memﬁfane, provides adequate control of body fluid

i
] & +

k
Peritoneal dialysis solutions are formulated to regulate

volume.

body fluid volume, the concentration” of electrolytes and '

¢ , .
endogenous metabolites as well as the acid base balance in

end~-stage renal disease patients. 1In order to meef these
- .

requirements, peritoneal dialysis solutions contain glucose o
as an osmotically active agent, the major serum electrolytes

in quantities to normalize serum levels and either acetate or
‘ ¢

‘lactate buffers. These?éplutions are manufactured having pH
2

levels between 5.0 and 5.8 in order to reduce the generation

of glucose breakdown products during’sterilization (3).

‘

y

Glucose is used exc}usively as the osmotically active e

agent of commercially available peritoneal dialysis
.( - Al
solutions. Since glucose (is absorbed from the peritoneal

_pool it is not an ideal osmoiiciagent. However, other .
EOmpounds testeé for this purpose (eg. fructose, xylitol,
dextran) have either been too expensive; toxic or ‘both (2).
Dialysis solutions having dextrodse éoncéntrations ranging‘
:from Q.B to 4.25% and respective osmolariiies from 295 to 590
mOsm/kg Hp0 are availablé. According to the patieht's body
weight and blood pressure the appropriate dialysis solutions

are selected for dialysis. .

k3

Dialysis-solution electrolytes include sodium, calcium, -
magnesium and chldride while potassium is absent. Lactate is -

the buffer most frequently used in peritoneal dial§sis ~/

U

s



o . gsolutions. Bicarbonate containing solutions are not

4

o available because of the potential problem of precipitate

!“o formation through reaction of “bicarbonate with calcium (3%.
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%.2 HistoricéLfdevelopment of perjtoqeal dialysis

The historical development of peritoneal dialysis has
been reviéwed by several authors (2, 4—6)1 The evolution of
this form of renal replacement therapy 1s‘gnder11ned by the
mutual contributions of clinical. 1nvestlgat10n and basic
animal research. As early as 1894 ,the peritoneum was
described as a semipermeable membrane, across which 2
bidirectional solute exchangéﬁbetween the peritoneal cavitf
and the blood was demonstrated Q?). Subsequent animal -

H4

studies demonstrated that movement across the peritoneal

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

solution was not accomplished by active transport but rather,

diffusion was dependent on concentration gradients and

Iy

osmotic forces (8).

, The first clinical effort“%o—remove uremic substancgs by
peritoneal dialysis was reported in 1923 (9). After a singlé
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 dialfsis including the
first efforts to maintain patients which chronic uremia were
reported however, peritoneal dialysis remained a poorly
ugderstéod experimental treatment of uremia. In 1946 the
results of experiments conducted in anephric dogs
demonstrated that peritoneal diilysis did have practical
clinical applications (10-13). Utilizing this animal model
the permeability characteristics of the peritoneal membrane ~

and -the factors affecting diffusion across the perit?neum

5 . @
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were determined. Survival of anephric dogs to 10 days post
nebhrectomy demonstyated that peritoneal dialysis was an
efficacious treatment of acute uremia. Ogd;he b;sis of these
and previous studies the first patients underwent continuous
pe;itoneal irrigation. Two peritoneal catheters weraglsed,
one for inflow and the other outflow, and céntinuous
peritoneal lavage utilized a lafge volumf dialxgis solution
reservoir. This method of peritoneal dia%ysis was employed
by mostQinvestigato%s from 1938 to 1959 however treatment was
frequently compl@cated by ,leakage and perigonitis (4).

Duf&ng the' late 1940};—;g$ight was ?ainéd into tﬁe
appropriate composition of peritoneal dia;ysi;(solutions.
Initia%ly unBuffered saline or ‘Ringer's solution, with og
without dextrose, was used for peritoneal dialysis (2,:5, 6).
Thesge’ solutions contained excessive concentrations of sodium
and chloride while bicarbonate (or acetate, la9&ate) was
absent. As a result, clinical complications.of peripheral or
pulmonary edema, hypertension, hyperchloremia and metabolic
acidosis were reported (6). The cpncentrations of sodium and
chloride were Qubsequently reduced and bicarbonate wgf addé&i

Pextrose was,usedgas an osmotic agent and was added in
various concentrations. - ‘ .
In the early 1956'5 peritoneal dialysis was' still
considered an experimental procedure that was largely limited
by equipment andttechnidal difficulties. As a last resort
treatment for terminal uremid, its use was frequently
complicated by pulmonafy edéma, peritonitis and death (6).

Large volumes of dialysis solution were required for each

dialysis which presented technical problems and difficulty

4§
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in maintaining sterile technique. 1In 1959, commercially
prepargd sterile peritoneal dialysis solution in 1 liter
glass bottles,became'av;ilgble and intermittent peritoneal
a;alysié (IPD) became a technically simpler method of
treatmentf(14). Peritoneal dialysis solution contained in
two, 1 liter bottles connected by a’'sterile Y set was
dingtilled into the peri;oneal cavity where it would dwell for
30 minutes to 1 hour before drainage and subsequent

instillation of fresh dialysis solution. R

ﬁy the 1late 50'; and early 60's IPD had become an
accepted treatment for acute uremia however complications of
peritonitis were common. fhe fLequent connection and
disconnection of the Y sét for each dialysis exchange was
thought to favor peritoneal contamination and led to the
development of semiauéomgtic and automatic cycling machines
which were bacteriblogically’safer (2, 6).w The introduction
of the reverse osmosis machines which produced sterile non y
pyrogen&c water with a low electrolyte content tﬁat‘yas mixed.
with a dialysate concentrate elimiﬁated the requirement for
large volume dialysi; solution reservoirs. These maéhines
were costly and more difficult to operate than other cyclers

‘however they did reduce the technical difficulties of IPD and
’ fhe risk of peritonitis.

’ Since its inception the bottle neck of peritoneal
dialysisyﬁas been peritoneal access. During its development
an assortment ;f both rigid and soft peritoneal catheters
were tried unsuccessfully resulting in leakage; infection, or
obstruction caused by kinking, clots of blood or fibrin and

~omental wrapping. 1In 1959 a polyvinyl chloride catheter was

7
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introduced that had multiple side perforations and was

. ). I
transversely rxdgedqto prevent ‘kinking and omental wrapping
(15). It was however technically difficult to place

4

intraperitoneally and required a trocar. In 1964 the same

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

abdominal wall was introduced (16). The stylet catheter

(Trocath) is currently the standard céthetbr for acute
dialysis or for temporary peritoneal aeecess in chronic renal
failure patients. '

The succesgful applicdtioﬁ of IPD in acute ren;l failure
led to repeated IPD for the maintenance of chronic renal
failure patients however, pefmanent peritoneal access
presented significant problems (4, 6). Initial attempts to .
leave the Trocath in place for multiple dialysis sessions
were unsuccessful. Pfacement of a plastic cénduit for
repeated peritoneal access was also unsuccessful and resulted
in infection around the conduit, recurrent peritonitis,
peritoneal adhesions and death. During the eafly 1960's long

term peri%oneal dialysis utilizing a variety of devices for

repeated access met-with discouraging results. Peritonitis

¥

was a major complication and marked protein loss,

malnutrition and progressive wasting also complicated

-

treatment.(6). Repeated episodes of'pesitoﬁitis caused

peritoneal adhesion formation with partial or more extensive

Y

obliteration of the peritoneal cavity thereby decreasing
. ¢

dialy.is -efficacy. Most patients died with(h a few months to
a year of treatment (6). Bécause of the difficulties of
maintaining a permanent peritoneal access site, repeated
abdominal puncture with the Trocath was practiced for long

8
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term IPD.

In 1968 the Tenckhoff c;theter became available for
chronic peritoneal dialysis (1;). With this device long term
access to the peritoneal gavity could be maintained and
infectious complicationg were reduced. This silastic
catheter had numerous sidg perforations at the digtal end and
two Dacron cuffs proximally, one to be sutured just outside
the peritoneum and the othef in_ the.subcutaneous tunnel
befé}e entry into the peritoneal cavity. Tissue grew into

r

the Dacron cuffs thereby fixing the catheter in place. To
minimize catheter dislocation énd obstruction due 20 omental
wrapping the basic catheter design underwent a number of
modifications, oﬁe of which included two silastic discs which
were placed near the distal end of the catheter
(Oreopouqu—Zellermén catheter) (18).\-In contrast to the
Tenckhoff catheter, the Oreopoulos-Zellerman device required
surgical implantation. Both of thzée catheters are currently
used for chronic peritoneal dialysis.

Although peritoneal dialysis haé evolved into an
accepted renal replacement therapy for chronig renal failure
patients a ma?gr disadvantage was a considerably longér
treatment duration cqmpared to hemodialysis (peritoneal
dialysis: 3 sessions of 12 tq 14 hours per week, -
hemodialysis: 3 sessions of 6 hours per week) (19). In 1976 .‘
contihuous'ambulafory peritoneal dialysis (CAPD) was ’ .
introduced by Popovich, Moncrief, Nolph et al (20, 21). - .
Early experience with CAPD utilized 1 to Z,iEEEr glass’
bottlés of sterile dialysis solutions which was technically .

awkwq;d and the frequent connect/disconnect sequences

<
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contributed to high rates of peritoﬁitis. In 1978 atérile .
- L ek
ﬁdialyeis solations in polyvinyl chloride bags were introduced

and CAPD became technically simpler and rates of peritonitis
decreased (2).
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- Factors affectlng solute transfer during perltoneal

o

2. Continuous Ambulatory Peritoneal Dialysis

k3

T .
2.1 CAPD: Theoretical considerations and practice.

i
dlalYSlS also apply to CAPD hmdever solute transfer

characteristics during CAPD require some special consideration

-

due to the longer peritongal dwell of the dialysis éoigtioﬁs.
In co;trast to IPD in which dialysis sdlutionsfdwell_in the
peritoneal cavity for 0.5 to 1 hour, peritoneal dweil times of
4 to 8 hours are common during CAPD. When hypertonic solutions
are instilled into the peritopeal,cav%}y body fluid and solutes
move into the peritone€al pool. These movements will procede
with‘time until fluidsa;HQ soiut?s equilibrate across the
peritoneal membrane. During the peritoneal dwell dextrose is
absorbed f}om the dialysis solution in the peritonea} cavity
and the peritoneal pool graduall§ loses hypertonicit§ ahd
therefore ultrafiltration capacity. Dfaiysis solutions having
1.5% and 4.25% dextrose r;ach isoosm6larit¥ after 4 and 6 hours
of peritoneal dwell respectively (22). Withvcontinglng 0
peritqnea%sdwell accumplating body solutes and metabolic end .
prgaucts will transfer into the peritoneal pool anq water and
dialysate moigcules can efflux from the dialysate into the body'
pool (3). . " .
Stgdies invéstigating the,eguilibration of pe}itoneal
dialyé&g solutioné&g;ring long dwell -exchanges have
Aemonstratéd that small molecules ééach equilibrium within 2 to
3 hours and transfer of larger mo%eculeswfollows an almost .

linear peritoneal accumulation for at least 8 hours of

peritoneal dwell (22). In comparison to IPD, dialysate flow

11
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- rates during CAPD are significantly reduced and solute , , f%

clegrance'is decreased however, this is compensated for by

increasing the total dialysis time from 36 hours per week for

IPD to 168 hours per week for CAPD (9). CAPD the;gby effects

efficacious clearance of small molecules and clearance of

%

larger molecular weight substances is improved compared to

other conventional dialysis treatments.

CAPD is a self treatment, .the practice of which entails
the intmpduction of a large volume (usually 2 liters) of
sterile dialysi8 solution contained in a polyvinyl chloride bag

into the peritoneal cavity via a transfer set and a permanently
éwelling silicone rubber catheter. The dialysis solution which
is warmed to body temperature before peritoneal instillation

dwells within the peritoneal cavity for 4 to 8 hours and is

' then drained by gravity into the original dialysis bag. In
- : &

%

order to limit the frequenéy of set connect/disconnect

gequences most CAPD programs instguct patients to clamp‘?ff_the
bag after peritqpeal instillatigi of dialysis solution and to N
roll the empty bag into a'gpuch that is worn around tﬁe waistl -
of the patient. At drainage, the bag is unrolled and the clamp
is opened. brainage is normally completed in 10 to 15 minutes
and under aséptic conditions the patfent disconnects the
transfer set from the used dialysis ‘bag and c¢onnects to a fresh
bag of dialysisgsolution. This procedure i% repeated three to y
four times a day, seven days a week. l

CAPD hés a number of practical advantages Ehat.include
mo&etary and geographicél factors. CAPD does not require a °

large initial capital investment and cost per patient is either

less than (Can., U.K.)hor equal to (U.S.) that of hospital
. A
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hexﬁodialysi‘.s (2). Furthermore it is practiced 7by the patient
at home and requires 2 relatively s‘i\ért training period of 1 to
3 weeks. In those areas where dialysis facilit‘ies are limited;
CAPD offers an alternate therapeutic modality however, a CAPD
\progi:am must be supported by a hemodialysis facility (23).
CAPD also offers a number of clinical aldvantages compared

—'Mton ‘h;amodialysis which include improved clearance of larger \
moiecular weight substances, increased hemoglobin levels,
improved management of ﬁypertensioﬁ and improved continuous
biochemical control, in spii:e of feweihfluid and dietary
restrictions (23, 24). CAPD is the first choice dialysis
‘th)erapy for t};ne old or diabetic renal failure patient as well
"those patients with serious cardiovascular disease or poor
véscular access. Small children presenting énd-stage renal

- disease are also good candidates f‘orl CAPD (2, 23, 25).
'AltHough data is limited, estilmates‘ of actuarial survival of
CAPD patients w;are simil;';lr l?to those for conventional®
hemodialysis patiex:zts (26). s

Treatment. complications encountered during» the clinical

‘management of end-stage renal disease patientﬁs with CAPD
include hyperphqspbatemia,’ hypertriglyceridemié, hfpergl'ircemia
" in diabetes, continual loss 'of protein which increases mérkedly

guring peritoni?is, chronic c‘onstipati;n, hypotension and
weigl;lt gai_n (23,.24). Efforts to resc;lve some of these
problems, inc}ude the use of phosp‘r&t;e binders and dietary
‘manggement. However a frequent and potentially seribus
complication of CAPD that is.thé leading single é&use of
treatment failure is peritonitis (23, 24, 26-3’9). All CAPD

patients are at risk of developing this complication and future

13




¥ success of this treatment modality depends on the adequate

management and prevention of peritonitis.
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- 2.2 CAPD demographics

7

Continuous ambulatory peritoneal dialysis is the practiced
! ) S -7

method of renal replacement theréby for a large proportion of/ \
' S /

¢

~

chronic renal failure patients. In Canada in 1985, CAPD was
practiced 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 CAPD as
their in;tiql dialysis treatment modality has remained
relatively constant and has ranged between 42 and 45%. These
gstatistics exceed the CAgp expefience in Europe, whete in 1985
8.2% of diélysis patients were practicing CAPD (31).» Attitudes
toward first choice renal r;placemenﬁ therapy however, vary ¢

»

greatly between and within countries in Europe Such that in
contrast to the European rate of 8.2%, CAPD accounted for 25 to
30% of dialysis treatment in the United Ki:;dom (32) and
;lthouqh the overall rate of CAPD treatment was 6% in Italy,
some centers reported that more th?n SQ% of new patients'- first
renal replacement treatment was CAPD (33). The American CAPD
statistics lie between the Canadian and European experience and

it was estipated that in 1985, 15.6% of U.S. dialysis~patien¥s

or 11,200 patients practiced CAPD (2).

L)

°

A large proportion of patients practicing CAPD will

be subsequently transferred to hemodialysis for long term

‘maintenance. Of those new end-stage renal disease batients

beginning CAPD in the U.S., 66.9% of them will be maintained by
2

this form of renaz replacement theﬂapy at the end of their

first year of dialysis and this percentage will decrease to

a
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45.4% at the end of their ' second year (34). The re;sons for

N patient transfer from CAPD to-hemodfalysis were as follows:

Medical reasons, unrelated to dialysis : 39%

4.

Excessive per@tOnitis ' : 27%

Patient choice ' . : 158 ° .
Poor fluid/biochemical control : 10%

Socioeconomic factors & other : 9% .

Similar results were reported in the 1983 Canadian Renal »
Failure Register (35). Approximately 27% of CAPD treatment

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

which clearly demonstrates the importance of this treatment

B

complication as the singfe leading cause for the .

@
discontinuation of CAPD. Furthermore, those patients who

, continue to practice CAPD will go on to present freguent

episodes of peritonitis. Examining the U.S. sgtatistics by life
S, ~ a

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

experienced their first épisode of peritonitis and by 12 months
this statistic will increase to 66%. Estimates of peritonitis
rates vary between centers and;£§ year but, national averages
from the Canadian -(35) and U.S. (34) registry of’l 2 and 1§§
eplsodes per patient year respectgvely, have been reported.

The results of our analysis of CAPD patients of the Montreal
éeneral Hospital practicing CAPD betweeﬂ‘1980 apd 1984 revealed
an average peritonitis rate of 1.4 episodes per patient year,
thch compares favorably with American and Canadian statistics

(Apgendix 1, Table 6).
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2.3 CAPD pérf%onitis} Causative microorganism, diagnosis and

‘ ° e ' treatment ‘

Lo
The actual source of thé bacterial contaminant responsible

for a subseéuent peritonitis episode is, 4n most cases unknown
(29, 36). Howevér, possible routes of Bacterial entry into the
- peritoneal cavity include a) the peritoneal catheter either via
luminal or periluminal contamination with skin commensals, Y,
b) transﬁhral mfgration of enteric microorganismsf c)
introduction of endogenous bacteria via the hemaéogenous route '
and/or peritoneal lymphatics and d) via the genital tract in
female CAPD patients (19, 28). Per}toneal contamination byu
exogenous bacteria is thought to occur primarily via‘the
peritoneal catheter and is attributed to a break in sterile

3

technique guring the patient,/'s dialysis exchange procedure, or

3

to bacterial colonization along the subcutaneous catheter égfct
to the peritoneal cavity (19, %ﬁ).

' The proposed sources of peritoneal contamination are
supported by the nature of microorganisms recovered from CAPD
patients presenting peritohitis (57—29, 36). A majority of

CAPD peritonitis episodes are caused by gram positive cocci

from the skin and Staphylococcus epidermidis is most frequently
h a~

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

" microbiologically confirmed cases. Enteric bacteria account

- ~

for a much smaller proportion (25-30%) of periténitis events
and when mixed organisms are recovered bowel perforation may be
responsible. Anaerobic peritonitis is rare and fungal
infections account for only a small percentage (1-2%) of

( peritonitis episodes (28). These statistics compare favorably

0
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“ ' ' with those describingﬁthe microbiologicai distribution of

peritonitis episodes presented by CAPD patients of the Mont.&aal

General Hospital (Appendix 1, Table 9). Peritonitis caused by.

~

skin borne gram positive cocci accounted for 68.3% of cases and

59.3% of episodes were caused by Staphylococcus epidermidis,

. _Enteric microorganisms accounted for a much smaller pr?oportion
- of the mié:‘robiologiccally confirmed peritonitis episodes. “

The 's‘ig'ns and symptoms of CAPD peritonitis do not conform

- to t]l?e criteria with which .surgical peritonitis is recognized.

¢ ~

Sec(ondary bacterial peritonitis patients:are considered

g critically ill and manifestations include hypovolemia which may

lead to severe hypotension énd death, hypoxia’ due” to upward
diaphragmatic displacement and refléxQ abdominal rigidity, ileus
and septic shock (37). Although in some cases peritonit\(is may ,
be a life threatening complica;:ion of CAPD, most episodes of
CAPD pe\ritqnitis are treated while patients ?‘emain 3mbulatory ,
) and symptoms are muwch less severe than those of secondary - "
1 bacterial peritonitis. Diagnosis of CAPD peritonitis is based ' .
| .
| on the preséntation of two of the following features:
abdominal pain, elevated peritoneal leucocyte count (greater
than 100 per mm3) cau'sing visibly clc-:udy peritoneal fluid and
» microbiological culture of the effluent dialysate. Culture
positive blood cultures are not usually observed in CAPD )
° N peritonitis while 30% of patients with surgical peritonitis
present "bacteremia (28). The relative severity of symptoms and
prognosié of CAPD peritonitis vary with the nature of the

i
" infecting organism ranging from symptoms of mild abdominal pain

and cloudy fluid with Staphylococcus epidern\l\i;dis peritonitis to
]

prolonged more severe pain and cloudy fluid with Staphylococcus

L J ~ »
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a&reus (28) or abcess formation :and loss of functional
4 -

peritoneal membrane with Psebdgmohas aeruginosa (24).

As clinical experience with CAPD and CAPD peritonitis
grows, improved diagnostic methods and treatment strategies
continue to evolve.’ Microbiological diagnosis of CAPD é
peritonitis relies on culture of the peritoneal dialysate-
effluent. Initially aftef¥ the introduction of CAPD thereQWere -
frequent occurrencés\of "sterile" peritonitis where patients

preéented cloudy fluid and abdominal pain yet no bacterial

‘growth was recovered in peritoneal .fluid. Diagnostic meéhods

have improved however, and the use of large volume éulture
and the practice of filfdring effluent dialysate to concentrate
bacteria and remove antimicrobial compounds have iAEreased the
likelihooa of bacterial recovery from patients presenting
peritonitis (28, 36).

When a CAPD patient presents EIinical signs and symptoms
of peritonitis an@imicrobiél therapy commences immediatély.

Antibiotic administration is frequently intraperitoneal via the

inflowing dialysis solution thereby achieving high

‘concentrations of antibiotic at the site of the infectibn.

Broad spectrum antibiotﬁcs, (eg. Cephalothin, Tobramycin) are
prescribed presumptively.and are altered if the»;esults of . ._
microbiological sensitivity warrants another antimicrobial
therapy. The duration of treatment remains controversial
however, in mo%; centers uncomplicated peritonitis is
successfully treated in 10 to 14 days which corresponds to 5
treatment schedule where antibiotics continue for 7 days after

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

Recently it has been suggested that a longer duration of

It '
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treatment may be required to-prevent/relapses, particularly of

those peritonitis epiéﬁdes caused by S. epidermidis (38). 1In
caseg_of-?ersisteht or recurrent periténitis gndfepisddes
caused by fungal co;tamination, removal of the pergtoheal
catheter is indicated after which symptoms most often resolve
(%4, 28, 36). This treatment strategy requires that patients
ée at least temporgrily maintained with hemodialysis however,
recently in & small group of CAPD patients persistgnt
peritonitis was successfully resolved by catheter removal with
immediate replacement and resumption of peritoneal dialysis

(39). Previously, treatment of peritonitis included repeated

_peritoneal lavage with large volumes of peritoneal dialysis

solution. This approach was discontinued due to the pqgsible

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

the proposed inhibitory effect of low pH and hyperosmolarity of i\
the dialysis solutions on peritoneal host éefense and on

antibiotic activity (58).

There are numerous serious conséquences of CAPD >
peritonitis. In addition to patient morbidity and
hospitaliiatﬁén, CA;D peritonitis may cause significant changes
in peritoneal function and morphology andvin severe persisting
episodes death may ensue (19, 28, 37, 40-42). During
peritonitis the ultrafiltfation capacity of the peritoneal
membrane is temporarily lost as a result of increased vascular
permeability and absorption of the osmotic agent from the

/

peritoneal pool. Concurrently protein loss to the dialysis

" solution is markedly increased frequently leading to a negative

nitrogen balance 'in the patient. Peritoneal infection and

inflammation may also cause peritoneal adhesion and abacess

) J 20
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formation which may compromise the dialyzing qggé?ity of the

membrane. Recently the develbpment of peritoneal sclerosis has

J

been observed in CAPD'patients and p;opdsed etiological factors
include discrete episodes/of peritonitis and/or smolderingl
gubclinical inféctions (44-51)% This seqious, sometimes fagal
complication is characterized by sclerotic thickening of the
peritoﬂeal membrane causing disruption of the mesothelium which

is transformed into a dense layer of fibroconnective tissue

inﬁilﬁrated with focal. aggregates of mononuclear and

¥

polymorphonuclear leucocytes. As a result, the ultrafiltration
capacity of .the pefitoneal membrane is impaired or may be

abolished with subsequent overhydzftion and increased uremia.

'In severe cases the small bowel may be totally encapsulated and

Q

_partial or complete intestinal obstruction as well as:fecél

peritonitis have been reported (47).
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2.4 Staphylococcus epidermidis characteristics and host immune

' ‘response
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Historically, coagulase activity of the staphylococci has
been associated with virulence. More. recently the ﬂ
B p%thogenicity of coagulase-negative staphylococci has been
demonstrated, and while coagulase activity acts as'a marker of

séaphylococcal virulence, it is not an absolute virulence

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

currently regdrded as the primary pathogen in infections

associated with prosthetic devices. Normally of low virulence,

-

prerequisites for the development of S. epidermidis infections

include immunosuppression or breaks in host) defense caused by
surgery, catheter placement or prothesis insertion (52).

Difficulties regarding the taxonomic classification of<

coagulase-negative staphylococci have hampered a better
understanding of the pathogeneéis of infections caused by these-

microorganisms. Several different classification schemes have

. been utilized with varying degrees of practical success ’ B
*

(53-55). Phage typing of S. epidermidis has been limited by

the inability to type all ciini al isglates wh%le biotyping may-
be slow and is limited by a small number of phenotypes and the
extent- of homogeneity of human strains (53, 54). Antibiogram
typing has been utilized and, while multiple antibiotic
resistance is a common feature of disease causing strains of §.

epidermidis, specific antibiotic resistance patterns for ,

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

Nevertheless, the combination of antibiogram and API

v I



Staph41dent,identificafion of S. epidérmidis h§y be useful for

the classification of clini‘cal isolates (54). Recently,

- "plasmid pattern analysis of coagulase~negative staphylococcal
is;)lates from CAPD. patients with peritonitis has been uti?.ized
for classification and may provide a useful epidemiological
'axl er for future isolates (58).

Taxonoxpic classification does not necessarily predict the

virulence of a clinical S. epidermidis isolaté. Biotyping of

clinical isolates of S. epidermidis demonstrated that a large
¢

proportion (64%) of disease causing strains belonged to

Baird-Parker biotype 1 (59) and extracellular enzyme activity
(deoxyribonuclease, lysozyme and several .proteases) wa-s greatest
"for the respective organisms (60). However, no sir\xglé
virulence determinant has been identified that is sole'ly

responsible for i)at,hogenicity of S. epidermidis. The

possession of multiple toxins, enzymes \and "cell wall components

by -S. epidermidis as well as changes in host resistance may

collectively determine the virulence of this microorganism,

4
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2.4.1 Staphylococcal armaments

S
(’,cy

The staphylococci possess numerous characteristics which
facilitate colonization of a wide variety of host tissues.

The versatility of this microorganism is demonstrated by the

»

3
' utilization of a4 variety oOf- substrates, during aerobic or
anaerobic culture conditions, and growth occurs over a wide

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

4

several extracéllular products of the staphylococci

specifically contribqu-to successful colonization within the
\

host. L
N The production of a pglysaccha;idé containing nmtrixl

R ! -
‘ (g}ycoo&lyx) which encapsulates the outer cell .wall of S.

S

epidermidis may be an important; virulence determinant of . .- -,
, . . S o

staphylococci (63-65). In addition to mediating the

DN -

-
i

attachment of the bacteria to smooth surfaces of prosthetic’

a

devices (Section 3.3), the glycocalyx may have a direct

inhibitory effect on host defense mechanisms. Impaired

&

opsonization and phagagytosis of encapsulated staphylococci
. has been demonstrated (66, 67) aﬁa in vitro exposure of human

EX "neutrophils tp a S. epidermidis "sl!ime" preparation resulted

in a decreased bactericidal acti&ity (68) and lymphocyte -
mitogen response was inhibited (69). Furthermore, in vitro

assessments demonstrated that slime producing S. epidermidis

adhering to, segments of an intravenous catheter, survived

- cidal antibiotic Moncentrations that would have eliminated

-

-

' “ nonslime-producing strains (70). e

- ‘ The staphylococci produce a variety of extracellular,
enzymatically active factors which have potent effects on the

2 ~ '
1]
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,host and which contribute to the infectious process (60,

°

71-73). For example, the degradatién of the intercellular

grbundesﬁbsthnce of connective. tissue by staphylococcal

hyaluronidase facilitates tissue dispersion. In addition,

v
AN -

the extracellular produgtipn‘bf staphylococcal catglase may
/

- be of particular importance for the inactivation of .
s -3

P

bactericidal hydrogen peroxide produced by h®st leucocyteé.

Studies compa}ing extractellular enzyme production of clinical

S. epidermidis isolates with isolates from healfhy \\\3

individuals have demonstrated that a larger proportion of

clinical isolates produced several enzymes including

deoxyribonuclease, staphylokinase and lipase-esterases (74).

.Other exoenzymes which may be important in the pathogenesis
7

7

of S. epidermidis infections include phosphatase, gelatinase,

El

lysozyme and B -lactamase..

»

The staphylococci also produce several cytolytic toxins
[~ . [

(alpha, beta, delta hemolysins) which have profound.effects

on host tissye. Delta hemolysin is the most comimcn hemolysin

produced by S. epidermidis and has been demonstrated in a

large proportion of clinical isolates (60, 75). Hemolytic

and leucocidal activities of delta hemolysin have been

demonstrated and in vitro tissue culture assessments have

) %
revealed cytopathic effects (74, 76). Furthermore, delta

1

hemolysin production’ by S. epidermidis é@s associated with

the elaboration of several “other extracellular enzymés (74).
The varlety of staphylococcal extracellular products and

the range of thelr respectlve effects within the host mediate

considerable adaptabllity to changlng env1ronmqnts. In vitro

-
T

)

-
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- suggest that the elaboration of several virulence

- I
-

assessments of factQrs contributing to the pathogenesis of
staphylococcal infections mér not necessarily reflect in vivo
interactive conditions within the host. There 'is evidence to

determinamg;s }nay be regulated by culture media and/or in

vitro/in vivo gﬁo"'th condifions (77-79). \ /
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' 2.4.2 Staphylococcal surface antdgens /
Peptidoglycans (mucopeptides) and techoic, acids are- the

primary constituents of the cell wall of S. epidermidis and

constitute the major antigenic determinants of this
microorganism. Peptidoglycan is a primary ceil wall
component ofjmost gram positive bacteria. It is a
macromolecule composed of a network of cross linked,
alternating B-1,4-linked N—acetyl—D-glucosaminé and

N-acetylmuramic acid through which the peptide moiet§ is

o

linked (80, 81).

The immunogenicity of peptidoglycan has been extensively
studied and the induction of béth 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 biological properties which.
include complement activation by both the classicai ;nd
alternative comblement pathways (83, 8?), suppression of
leucocyte chemotaxis and phagocytosis (89) as well as the
induction df histamine release from humafh basophils (90).
Furthermore, staphylococcal peptidoglycan presented endotoxin
like chargcteristics, causing fever, leucopenia,
thromboéytopenia and hypqxplemia after iﬂiravenoué injection
as well as a local Shwartzman reaction following intradermal

injection in rabbits (86).

The cell wall of S. epidermidis is also comprised of abr

B-glucosyl glycerol techoic acids which 'penetrate into the
bgptidoglygan layer of th2 cell wall from the cell membrane

(917 -92). The extensive structural variety of techoic acids

L]
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within the cell wall of staphylococci contributes to their

antigenic specificity (91, 93). Highly specific 'antitechoic

acid antibodies.have been demonstrated in animal models and
clin%cal conditions of serious staphylococcal infections (91,
94, 95). . *

' Other staphylocoécal surface aptigens that have been
identified include liéotechoi? acids of the cell membrane,
wg;ch extend far enough into the cell wall structure to act

)

as 'cell surface antigens (91). 1In addition, encapsulated
staphylococci present antiphagocytic surface antigens, the
elaboration of which may;Pe regulated by culturehconditions'
(78, 79, 96). Séverél serologically distinct capsular h

A3 - .
antigens have been identified in encapsulated S. epidermidis

clinical isolates (64).
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2.4.3 Host defense against staphylococcal infection

i Phagocytosis and intracellular killing

Once staphylococci haveg, breached the skin and/or mucqgs/

o

ﬁembranes of the.host, the most important arm of host defense *
is leucocyte phagocytosis and intracellular ki}ling.
OResidént tissue macrophages form the first line of this
defense which is followed by the rapid influx of -~

polymorphonuclear leucocytes. Although both types of
-Z

)

1 .
phagocytes contribute to this aspect of host defense,

. polymorphs are the more effective phagocytic cells ™
demonstrating superior ‘ingestion and ingracellular killing of
staphylococci (97, 98). Phagocytic leucocytes are

chemotactically directed toward the infectious focus from

. v o+

which eminates soluble chemotactic factors. Complement
activation generates important neutrophil chemotaxins (C3a,
C5a) and activation of complement by cell wall components of
the staphylococci\as well as by staphylococcal proteases has
been demonstrated (83; 88, 89). |
’ Recognition of the bacterium by the phadogyte is
mediated by serum opsonins which become firmly fixed to
bacterial surface structures, théreby rendering the -
microorganism susceptible to phagocytic ingestfon (100).
Both heat stable and heat labile opsoninéAare crucial for
optimal staphylococcal bhagocytosis. Heat stable:opsonins
are comprised of hﬁaunoglobuiins of the IgG class (101-104),
and the heat labile constituent is the‘C3b~component of the.
complement system (103-106). Heterogeneous opsonic

a

requirements among staphylococcal strains have been reportéd

29
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(107), however, recent investigation of the opsonic

. 3

requirements of several S. epidermidis strains, recoyered |

from peritoneal fluid of CAPD patients presenting ,

peritonitis, revealed the consistent requirement of béth‘IgG
and C3b opsonins for efficient phagocytosis (108).

The peptidoglycan mpity of the staphylococcal cell wall

A

‘has been revealed as the ssrimary target of the IgG opsonin

(66, 109). Although, antitechoic acid antibodies have been
demonstrated in sera of patients presenting staphylococcal
infections, . these constituents do not appear to have a ma jor

role in staphylococcal opsonization (110). The generation of

¢ { .

| N
the C3b opsonic constituent may proceéd by the classical
¥ ! . .

and/or alternative pathways of complément activation. Cell
! * i

wall peptidoglycan may activate complement by both pathways

while techoic acid can dowéo by the classical pathway only
(83,‘88; 99, 110). Compared to activation by the alternative
pathw?y aloné, opsonization proceeded more rapidly when
complement was activated by both pathways (107,°lil).

“

’ Plasma fibronection may also serve as a staphylococcal

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

noncomplement, protein which.may become covalently bound to

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

"staphylococcal opsonin and its relative importance to

staphylococcal opsonizat}on may be mipor compared tp IgG and
C3b opsonins (113). Nevértheless, fibronectin may have an
important modulating influence on other opsonic serum
factors, thereby functioning as a cofactor for opsonization.

Thus fibronectin and complement depleted serum was associated

\
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with a marked reduction in‘ktapﬁylococcal phagocytosis
compared to fibronectin or complement serum depletion alone
(112, }14). |

) The attachment 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
constiiuent (100, 107, 116). The interactidn between
opsonins and surface receptors effects changes in the
phagocyte membrane which induce membrane and cytoplasm
movements that lead to engulfment of the bacterium. Once
staphylococci are ingested and within the cytoplasmic
phagolysosome,‘intrécellular killing is accomplishéd by
oxygen dependent and oxygen independent mechanisms. The

oxygen dependent bactericidal mechanism is crucial to

3

intracellular staphylococcal killing (}17, 118). In response .

> -
to phagocytosis, leucocyte oxygen uptake increases with a

" shift in metabolism to the ?exose monophosphate shunt which

. /
generates staphylocidal hydrogen peroxide, hydroxyl radicals

and halide ions (viaqihe halide-myeloperoxidase system).
Evidence to support the requirement of the oxygen
dependent pathway for intracellular staphylococcal killing
comes from studies of neutrophil function in chronic
granulomatous disease pgéients (117-119). 'Leucocy£es from
such patients do not respond to phagocytosis with ihéreaged
oxygen uptake or shift in metabo}ism to the hexose
monophosphate shunt and hydrogen peroxide is not éroduced:

Staphylococci are phagocytized normally, but intracellular

killing is not effective.' Furthermore, catalase production,

»

i
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or faislure of the engulfed bacterium to pro@ﬁce hydrogen

peroxide promoted survival within the chronic granulomatous
disease \leucocyte, while hydrogen peroxide producing strains
underdenq halogenation of the bacterial cell walli In this
latter c se,ﬂthe"bacg ial hydrogen peroxide acted,as
substrate for the leucocyte myeloperoxidase system whichw
effected intracellular killing.,

Although oxygen independent mechanisms may act in
concért with the oxygen dependent bactericidal pathways, )
these systems alone, are not bagtericidal against intact
staphylococci (117, 118)1 Oxygen independent systems include
low pH within the'phagolysdsome, lysozyme 3hich hrdrokyzes

the cell wall pepgidoglycan, lactoferrin which binds iron and

' . . . . . Do Voo
prevents its bacterial utilization, and cationic proteins

several of which aréﬁgé}ive against staphylococci.

o
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3 1l Acquired Immunity
Humoral immune résponse of the host is the most

&
important arm of acquired immunity and is constituted by
/ \ i
antitoxin and antistaphylococcal i1mmunity. The production of
toxin-neutralizing antibody readily occurs during

-

staphylococcal infection, however antitoxin antibody does not

]

necessarily change the course of a staphylococcal infection

(96).

~

All species of animals have a high dggrée of resistance
to staphylococcal infection and aﬁtist;phylococcql éntibody‘
has been revealed in sera of normal subjects (84, 113).
Numerous animal studies have demonstrated that staphylococcal
vaccines provide protection against rechallenge“with the
homologuous strains and that type specific immunity can be //
passively transferred by immune serum. Significantly, the// s
degree of immuni&y correlated with enhancement' of . /
phagocytosis (81, 96, 120, 121). In order to identify the
exact nature of tbe protection inducing §ntigen{ passive
immune.transfer experiments were conducted in which specific
staphylococcal constituents were used to absorb immune sera
prior to transfer. Accordingly cell wall components and ,
particularly peptidoglycan, were identfied as important
protection inducing antigens (110, 122).

Antibody response to staphylococcal. infection has been
investigated in animal models as well aé duriﬁg'clinical
infection and elevated titres of both immunoglobulin classes
IgM ad IgG have beep 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 animals to 31 days after inoculation °

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

epidermidis invoked elevated antibody titers which peaked

five weeks post injection and thereafter declined (123).
‘Subsequently, a booster injgction generated a Tarkealy
increased énd prolonged antibody response.

Delayed type hypersensitivity to staphylococcal antigens

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

-

" and in human subjects presenting recurrent infections (128)k

However, the relative importance of cell-mediated immunity in

- staphylococcal infection remains unclear since studies of T

cell depleted mice did not reveal increased susceptibility to
staphylococcal infection (126). It is possible that
cell-mediated écquired immunity may have a role in the-
_chronic, smoldering or recurring staphylococcal infections’

. \ .
that have been associated with prosthetic devices.
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3. Peritoneal Host Defense and the Etiology of CAPD Peritonitis

it . /
3.1 Host defense of the peritoneal cavity

/ i
4 ‘ .

-

inder normal conditions the principal éoute by which
particulate matt;r, inclg&}ng bacteria, is, absorbed from the
pe}itoneal cavity is via the diaphﬁagmétic lyméhatics.
Bacteria appear in thoracic lymph within minutes Qf
experimental intraperitoneal inoculation (37). Phagocytic and

bactericidal functions of fixed %issue macrophages,

reticuloendothelial cells of the spleen or liver as well as

free macrophages and polymorphs are then directed towards

bacteria in the thoracic lymp@ nodes and the systemic
! (& .

circulation (37, 129). In contrast to secdndary bacterial’
peritoniti;, CAPD peritonitis rarely leads to bacteremia and
therefore, the impoftance of lymphatig absorption in bacterial
clearance froy the peritoneal cavity of CAPD patients is
questionable. ,It has been proposed‘tﬁat ‘mechanical distention
and disruption imposed by éeritbneal dialysis may interfere

/,
with normal mechanisms of lymphatic absorption of bacteria

(129).

Host defense mechaniéms of the peritoneal cavity invoke
specific humgrai and cell mediated immune responses as well as
non specific phagocytosis and intracellular bacterial killing
(37, 129, 130). Reéident peritoneal macrophages form the first
line of peritoneal defense against bacterial infection. These
cells are phagocytic and importantly, play a key role in the

initiation and regulation of immune responses. In response to

bacterial contamination of the peritoneal cavity, resident
\
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macrophages are stimulated to.produce Interleukin-1l which

induces lymphocyée proliferation and differentiation and which -~

]

‘triggers amplification of the immune response. Alternately,

production of prgstaglandin by macrophages down regulates

further amplification. Concurrently, during an incident of
v ¢ '

bacterial contamination of the peritoneal cavity the complement

cascade is activated and chemotactic, opsonic and vasoactive

>

substances are generated. 1In respgﬁse;to chemotactic stimuli

there is a directed emigration of phagocytic leucocytes into

]

the peritoneal cavity with polymorphs apgearing within a few (
hours of contaffiination followed by an fnflux of activated
macrophages several hours later (37, 129, 130). Opsonic

mol%cules are prodﬁced at the inflammatory site and Also

accompany the effusion of leucocytes and ‘fluid into the n )
peritoneal cavity. Following phagocytic uptake by host

leucocytes, the bacterium‘is contained within a membrane bound
phagosome which fuses with a lysosome containing a variéty of

5
bactericidal and bacteriostatic factors (37, 129, 130). Within

the pblymorph phagolysosome, in addition to other antibacterial

‘substances, the myeloperoxidase system generates a series of

potent bactericidal compouﬁds (hydrogen peroxide, superoxide,
singlet oxygen and hydroxyl radicals) which effect baé&erial
killing. ~

As a consequence of host /bacteria interactions -
inflammatory products are released from phagocytic leucocytes

which initiate local serosal injury and increased vascular

14

‘permeability. Fibrinogen containing-plasma is thereby releésed

into the peritoneal cavity where fibrinogen is converted to

36



fibrin. Since peritoneal inflammation inhibits the normal

mesothelial fibrinolytic activity, fibrinous adhesions persist

-

until fibroblasts lay down collagen thereby forming fibrous

adhesions which function to localize and minimize the spread of

the contamination (37). Consequently perltoneal surfaces may

adhere and abscess formation may ensue (37, 129)

In studying the etiology of CAPD peritonitis, both

pétient.characteristics as well as treatment variables should

A

be considered. The practlse of CAPDﬁimposes a marked —
alteration of the peritoneal environment of end-stage. ¥yenal
disease patients such that normal host defenses of the
peritdneal cavity may be compromised. Normally the beritoneal‘

cavity contains 50 to' 100 ml of fluid which provides
; /

lubrlcatlon of viscera as they slide over one another (130)
v tI\

Peritoneal fluid cell?larlty approximates 3000 cells per ml of

- ymfth the cellular constituents are primarily resident ’

. macrophages. With the practice of CAPD, large volumes oﬁ

Y hypertonicf’scidic dlalysis solution are instilled into the
peritoneal cavity. While the predominant peritoneal cellular

constituent continues to be the macrophage, peritoneal

cellulsflty is markedly reduced to approx1m%tely 6 cells per ml
in CAPD effluent solutlon (130) In addition to cellular ‘ 1
— components, soluble immyne reactants may be diluted and lost
o from the pe;ltoneal cavity as a consequence of repeated o
instillation and drainage of dialysis solntions. In comparison
to serum concentrations, effluent dialysis solutions collected
from CAPD patients presented significantly reduced levels of
( i opsonic mollecul:s (130). ,Furthermore, the CAPD catheter is a

4 ) . 3
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permanently dwelling foreign body which may also contribute to
impaired local host immune :espoﬂse (52)¢

' CAPD patients are a highly heterogeneous population and

.. present a variety of characteristics, including chronic renal

w®

L3

-

-

a

failure, which may influence immune }esponse. ﬁll CAPD
patients are at risk of‘developing peritonitis, however
subgroups within this poéulation~£resent higﬁer in?idences of
peritonitis than do others. The characteristics of this higher
crisk group 6f patients ﬁave been the subject of several

investigations. . It has* recently been reported that opsonic

activity of effluent dialysis solutions of CAPD patients with a

-\_\*Pistory of peritonitis was reduced compared to those recovered
' >

from patients that had not experienced peritonitis (131). Also
in contrast to CAPD patientéawith a low rate of peritonigif, o
peritoneal macrophages of high incidence patients presented

o %
increased suppressor activity during in vitro lymphocyte ;

1

blastogenesié, broducing large amounts of prostaglandin E2

and decreased levels of Interleukin-1l. 1In vitro bactericidal
k-

°

activity against S. epidermidis was alsq decreased in

peritoneal macréghages of high incidence'patients (132).3“

The heterogenous nature of patient characteristics,

treatment variables as wéll as peritonitig experience of CAPD -

patients complicates the .clinical investigation of the

’

pathogenesis of CAPD peritonitis. ‘Thush the decreased opsonig

- .

capacit} of eggluent dialysis solution and ‘the increased

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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anatomical or g}ological modifigatgon of the peritoneal cavity

[

resulting from peritonitis. The further investigation of these

and related controversies could be reasqnably addrqgﬁed in.

p

controlled experiments utilizing ariimal models havihg the

=

appropriate c¢ontrol groups.

N ' 0 - v
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_previous surgery or blood transfusion, and nutritional status

3.2 Chronic uremia

Chronic uremia has been described as "nature's
immunosuppressive device" (133). An increased prevdlence of
serious infections has been reported %n pqtients presenting
chronic renal insufficiéncy receiving regular dialygis

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

[+

to infection and 60% of surviving patients suffer from-

+

seri?us infectioqs (134-138). Numerous aspects of host
degensg mechanfﬁ%s may be impaired in end-stage renal disease
patients whicﬁ, in addition to humoral and cell mediated
immunity,‘include renal failure related giterations of the
skin barrier, tenacious mucus and crusting mucous membranes
of the tracheobronchial tree,_impair;d mucociliary clearance
mechanisms as well as gastric h}poacidity (134-;36).

Clinical investigations of humoral an& cell mediated
immune responses of chronic dialysis pgt%ents have frequently
generated conflicting and inconclusive results. The relative
influence of chronic 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,

may account for some of the existing controversy (138).
Studies examining ,the influence of uremia on antibody
synthesis in response to a variety of antigens hgve genefélly
demonstrated the production of somewhat diminished yet

protective antibody titres (136, 138,-139). However, the

response of hemodialysis children to live attenuated virus

40"



vaccines: was reduced (135). With the exc%:ption of deéreased
circulating levels of IgE, immunoglobulinilevels were
reported within the normal range in chronic hemodialysis
patients in spite of a reduction in the absolute numbers of B
lymphocytes (136-138). Déminished 1eveis of complement
factor 3 have also been répSrted in both hemodialysis and to
a lesser extent peritoneal :iialysis patients while other |
components of complement were within the normal i'émge (137, |
140). In the literature many studies addressing cell
mediated ir:ununelresponse in énd-stage renal disease patients
present evidence of impairment including lymphopenia, with
ndrmal relative proportions of B and T lym?hocytes, and,
cutaneous anergy, while in vitro assessments have
demonstrated decreased mixed lymph te cult}.lre reagtions and
inhibition of the mitogenic response of lymphocytes‘ in the

presence of uremic serum (l§5—138).

Animal models of chronic renil‘ failure have been useful

#

in the investigation of immune response in uremia since
' ¢linical variables reflecting the heterogenous nature of

patients are eliminated and appropriate control groups <¢an be

’

included in experimental assessments. Numerous studies have

-

been conducted in the rat model of renal 'failure (5/6

Pl

nephrectomy) and impairments of cell mediated immune response

»
havé been demonstrated including impaired mitpgen response,’
decreased xﬁixed lymphocyte reaction and reduced gﬂr\aft versus
host response (141-152). These impairments were attributed
to a sub(;ressor cell, perhaps a macrophage, whose activity
may have been increased in renal failure animals. Other

studies utilizing intact animals have demonstrated prolonged
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allograft survival and impaired delayed type hyperserfsitivity -
reactions in chronic renal failure animals (153, 154).

Animal models of chronic uremia have been of particular
importance in demonstrating the'iﬁhuno§uppressive effect o}
sham surgery. These observations have clearly defined the
necessfiy of including sham-operated control animals in
studies of immune response (138, 1243).

Leucocyte bhagocyt?jTERBnd bactericidal function must
also\ be considered in the study of immune response in chronic
eni;il failﬁre. Investigations that have addressed this
aspect of h::t immune response, however, have generated
conflicting resu;ts which remain inconclusive; Abnormalities
of granulocyte ction in end-stage rena)l/disease patients:
on hemodialysis have been demonstrated, 6wever Lhe
contribution of mechanical trauma resulting from
extracorporeal circula‘tion through hemodialy/sis ’machinery\ to -
the observed deficit remains unknown (136). ‘Most studies
have revealed normal phagocytosis by polymorphs of uremic
patients ﬁ%wever results describing bactericidal capacity are:
controversial (136, 155). Furthermore in vivo assessments in
renal failure rats have demonstrated that leucocyte
" mobilization ﬁc?ward an inflammatory focus as well as
circulating leucocyte response to bacterial challenge may be

5

impaired in chron!i’c uremia (155, 156).

All of the components of immune ‘response that have been
investigated in chronic renal failure patients and animal '
modeis may, if impaireé, adversgly affect t‘he host's ability

to resist bactérial and viral infection. Obviously the most

direct method of assessing immunocompetence in the

]
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chronically uremic host is by direct challenge with viable

microorganisms. Although few such animal studies have been

3

reported, direct bacterial challenge of rats failed to reveal

N -

a marked reduction in host resistance to experimentally

'
! a

induced infections with Escherichia coli, Pseudomopas.
7

-

v

) /" aeruginosa, Staphylococcus aureus and Clostridium welchii.

(138,157, 158). Thus, although uremia has been associated

with an increased prevalence of serious infection, direct

o

-experimental evidence identifying uremia as the primary )

"factor increasing host susceptibility to infection does not
. N
as yet exist.
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3.3 The permanently dwelling CAPD peritoneal catheter

@ The role of the peritoneal catheter in the etiology of .
CAPD peritonitis may be twofold. As a foreign bog;, the
'cathet;r may exert on immunosuppressive influence and/or it ma§
prévide a smooth surfagélﬁithin tge*host for bacterial

colonization. In cases of persistent or recurrent CAPD

7 by *
peritonitis the infection frequently resolves once the ;

k\

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 development, of CAPD

-
“

o peritonitis.
The increased risk of bacterial infection in the vicinity

of foreign implants has been well documented however, the
pathogenesis of foreign body infection is not well understood

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

-prolonged evolution, (c) their site specific infection, .
» To#

S exclusively .in the vicinity of the foreign body and (d) their
persistence without removal of the prosthesis (160). 1In a /(//

series of key experiments conducted in an animal model, the

4

underlying mechanism of defective host defense at the site of a

foreign' implant was extensively investigated (159-161). 1In

vitro pnagocytosis and bactericidal function of polymorphs

o

;/—\\ harvested from sterile tissue cage implants of guinea pigs was

reduced compared to that of peritoneal or circulating

[y 5 €

polymorphs. This impairment was atﬁfibuted to the continuous

i d
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interaction of polymorphs with ; nonphagocytosable foreign body. g
Constant phagocyteustimulation and degranulation would

eventually exhaust phagocytic and bactericidal aCtlElty of the,
polymorph;> When fresh blood polymorphs were introduced 1nt?

the tissue cage implants, at the time of Staphylncoccus aureus

inoculation, theré was-a significant reduction in the rate of
infection. Furthermorg, in contrast to polymorphs‘haévested
from sterile tissue cagés, those recoverea from infected tissue
.

cages presented -normal phagocytosis and ﬁactericidal activity,
perhaps reflecting their emigration from the peripheral biood.
Neverthéless, the lag. time between bacterial contahination and
polymorph infiltration into the infected site may be sufficient
to allow other pathogenic factors to effect bacterial
infection.

Adhesion of bacteria on to’mammaliﬁn tissue surfaces is
recognized as an important initial step in the pathogenesis of
an infectious process and may be similgrly important in the

development of infections associated with prosthetic implants

(162, 163). 8. epidermidis which is potoriously associated with

foreign body infections, including those of intravenous

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

adapted .to adhere to smooth surfaces,‘ In contrast to routine

laboratory cultures or contaminants, clinical isolates of S.
) /
epidermidis. from catheter associated infections frequently

produced an extracellular polysaccharide (slime) (52). Slime ~
production by bacteria enhanées adherence to smooth surfaces and

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

K1

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 while slime-producing and non slime-producing

strains had similar virulence in the absence of a prosthetic
e ’ %o

implant (65). ;

4

The kinetics of intravenous catheter colonization with
N +

'slime—producigg S§. epidermidis has been examined by scanning -

electron microscopy (171, 172). Initially (5 to 30 minutes
after exposure) single cocci adhered preferentiélly to any
surface i{;egularities that were present on. the otherwise
smooth catheteger. Microcolonies of cocci, in a single. layer on
the catheter surface, were seen 1 hour after exposure and
heavily colonized surfaces with multiple layers of tocci

[\

embedded in a "slimy" material are observed after 6 to 12

. hours. The amount of this amorphous cementing material clearly
increased with prolonged incubation time (171). Recently,
’ ¢

naturally infected intravenous (165, 166) and perifoneal

catheters (168, 169). have also been examined by scanning

electron microscopy and the existence of §. epidermidis

embedded in a cementing "slimy" matrix, referred to as biofilm
has been documented.

In addition to enhancing adherence to smooth surfaces,

staphylococcal slime production may also directly interfere

A

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

production by, S. epidermidis and immunosuppression in the
o .
vicinity of the foreign implant may generate favorable

conditions for bacterial colonization of implanted prosthetic
devices. Host defenses and antimicrobial therapy may be
ineffective once the bacteri&i biofilm has been established on
the prosthesis surface and resolution of the infection may then

require removal of the medical implant.
46 .



3.4 Peritoneal dialysis solutions

- The non physiological characteristics of peritoneal
dialysis solutions as well as the prolonged exposure of the
. peritoneal cavity to large volumes of these solutions during
CAPD has led to the investigation of their influence on

peritoneal host defense. Following peritoneal instillation

the pH of the peritoneal dialysis solution pool reached
physioclogical levels after approximately 30 minutes oﬁ_
peritoneal dwell while isoosmoiaxity was achieved after 4 to
6 hours (22, 173). In addition to being hypertonic and
haviﬁg low pH, dialysis solutions may congain unidéntifiedt
;onstituents generated during sterilization or compounds
leached out of the plastic bag. gTherapeutic agents (eg‘.

B /

heparin, insulin) a¥e also frequently added to the iéflowing

dialysis solution. All of these substances may affect

peritoneal immune responses to varying degrees.

[ - Results of in vitro assessments have demonstrated that

exposure of circulating and peritoneal leucocytes to
‘ peritoneal dialysis solutions inhibited phaggfytosis and
bactericidal activity (173, 174). Furthermore, leucocytes

were rendered non viable after incibation, ranging from 30

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

’ The deleterious effect of dialysis solutions decreased with

———— =y~

increasing peritoneal dwell time however, dialysate effluents
. collected up to two hours after peritoneal instillation
significantly impaired leucocyte phagocytosis (114). After

dwelling in the peritoneal cavity of a CAPD patient for 4

———
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hours, peritoneal dialysis solutions had g:?ieved physiologic
osmolarity and pH and did not subsequently impair leucocyte
function (174, 175). {

Mechanical disruption of the peritonzal envifonment
resulting from the peritoneal instillation of large -fluid
volumes'mﬁy also interfere with host defense against
bacterial infection. Presﬁmably, increasing peritéﬁeal
volume dilutes soluble immunoreactive substanceg and reduces
the frequency of bacteria phagocyte interactions. In vitro

bactericidal activity of periphefal blood leucocytes against

Escherichia coli decreased with increasing fluid volume

(176). Furthermore, in rats subjected to intraperitonel E.
coli inocufgtion, the LDgy decreased with increasing
inoculation volume (i76, 177) as did the rate of clearance of
a non lethal inoculum (176). .

The aﬁility of peritgpeal dialysis solutions to support
bacterial growth and the efficacy of antimicrobial agents in
the presence of dialysis solutions~has also been

investigated: Fresh dialysis solution was not a satisfactory

2 . .
medium for microbiological culture'(178-180) however

conditions for growth improved markedly with peritoneal dwell

time (180). Antimicrobial activity was impaired in the

presence of dialysis solution such that Tobramycin's capacity -

‘to reduce bacterial colony fo;ping units“was only 10% of its
bactericidal capacity in standard nutrient broth (180).
Furthermore, dialysis solutiong severely compromised the
6pson§c and bacteriolytic functions of 'serum complement

- .

(181).
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The non physiologic nature of dialysis solutions
introduced in largé volumes into .the peritoneal cavity may
generate an environment in which immune reactants are
diluted, leucocyte viability and functions arechallenged and

. |

"antibiotic, opsonic asxyell as complement functiong are
impaired. Yet, only one study has been rééorted in‘}he

' /literature that hés addressed the influence of dialysis
_solutions dwelling in the peritoneal cavity on the outcome of

intraperitoneal bacterial inoculation in chronic renal

failure animals. Assessments were conducted in the rat“model
1

Y

of renal failure 24 hours after inoculation of 2 x 107 cfu

E. coli and a moderate eLgvation in bacterial recovery from
the spleen of those animals that had undergone peritoneal
infusion of“dialysis solution was demonstrated (158). .

: Further more comprehensive invé;;;gations including aiffering

microorganisms, inocula size ahd dialysis solution infusion

volumes may be required to fully explore the in vivo

implications of the results of in vitro assessments.

.
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4, Efforts to Resolve CAPD Peritonitis

dah
‘ , 4.1 Technical advances in ancillary equipment -

“
-}

N ~o

A Since the introduction of CAPD, consistent“efforts to
resolve peritonitis have been successful in reducing the
incidence of this complication. &Factors which may have
contributed to thé achieved reduction in peritonitis rates
include improved trainiﬁg programs; better equipment .

. ~ (particularly the introduction of plastic bags containing

2,
A

dialysis solutions), a better understanding of the sources of
+ infection and improved the;apeutic methods (182). Despite

) theseiimprovemehts CAPD peritonitis has not been eliminatgd and

remains a .serious clinical complication. “ , v
The etiology of CAPD peritonitis and the factors that

might contribute to its prevention remain largely unkno;n.
Considerable efforts have focused on patient compliance to the
sterile gechnique réquired for the dialysis solution exchange
procedure (183). Alnumber 'of different approaches to improve

. ." the coﬂnection bet&een the tubiné set and the dialysis bag.have
been devised and range from simple manually opérated .

-connections to more complex semiautomatic.devices. The common

objective of all designs has been to limit touch contamination

N

3

of the tubing set during Aialysis solution exchange.

Fechnically simple devices employ a shiield around the

r

junction between the tubing set and the dialysis bag which
protects against touch contamination (184--186). Incorporated
into some of these devices is a disinfectant, proviodine .

@D iodine, which is either applied to the open connection before .

t

d /

Y
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peritoneal instillation or to the closed junction with a séonge
and clén@ device. Of particular interest is a double bag
system with.a Y cdnnecting set in which a disinfec%lng solution
(25 to 50% hypochlorite) resides. This devic; has had more
clinical success than the others tested (187-190). Clinical
experience has been limited yet a small prospectiv;?controiled
study has demonstr?téd a significantnreduEtion of peritonitis
in the group of patients using the Y connector compared to
those practicing standard methods of CAPD. However,
pe:itoniéis was not eliminated and the prevalent causative

organism in both groups-of patients was Staphylococcus

epidermidis (187).b More complex devices combine a mechanical

connector with an active sterilization process which have
included thermal sterilization with electrical, flame or
microwave heating (3&1-193) or sterilization with an

ultraviolet sterilization system (194). 1In addition,

unidirectional bacteria retentive filters in the tubing set

have also been evaluated in attﬁmpts to improve peritonitis

rates (193, 196).

Considerable effort has been expended on the development

’ ¢

of new connection-systems for CAPD and the results of in vitéo

H
assessments of these devices show that they may have an

effective clinical application. However, to date, there is
limited clinical experience with these devices and the lack of

prospective randomized clinical trials makes evaluation

"difficult. Preliminary results suggest that although improved

technology reduced the incidence of peritonitis, it may not
N\

eliminate this serious complication of CAPD.

51
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4.2 Animal models

s

AAimal models have a fundamental importance in medical
! -

\

research, offering in vivo systems for experimental

!

* _investidations that could not be ‘otherwise conducted. A

«

3

primary objective of animal modelling is to mimic, as closely

as possible, the pertinent clinical condition in a well defined
and controlled éxpenimental setting. .In contrast to the

heterogeneous nature of clinical conditions, animal model

Iy

characteristics are less variable and the use of inbred animal

strains further reduc

4

experimental medicine.

[}

v

es interjindividual variation.

[

®

Rats or mice are relatively

A O

’

Small rodents are frequently utilized for animal models in

inexpensive, are easily maintained, and animals of the same age

and sex can be readily acquired in gquantities suf

statistical evaluation.

~

L4

v

"

ficient for

Inbred strains are genetically and

immunologicallf‘well defined; characteristics which are &f

particular importance in animal models addressing host immune

response.

.

v

The scope of experiments based on inbred animals may

be increased by utiliziﬁ% diffé{ent inbred strains for several

7

dist%nct models.

"
=, ’

~

°
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In spite of these advantagés,46ne must carefullf

<+ ‘ ° - .
scrutinize the extrapolation of results bas® on "animal model,

experimentation to clinical situations. The homogeneus nature

1

of animal models.clearly does not reflect the.clinical setting

-

and theréfore,‘by designl the model doesnnot exactlf parallel
clinical conditions.
siﬁﬁlified in vivo system %hicﬁ accommodates contfoll?ﬂ
reproducible experiments and interpretation of resul

. impeded by confounding clinic

~

%

]

7

Nevertheless, animal models provide a

o EN

al variables.
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Several animal models of peritonitis have been described :

iy which peritoneal infectio?ahas been induced by ( A
devascularization of ‘a segment of intestine, intraperitoneal -
administration of fecal material or’ inoculation of pure )

bacterial culture (197). Clearly the development of an animal .
” ’

model of CAPD in which to investigate the development and
{
persistence of peritonitis would be extremely useful. In

additiom to variables associated with patient managgment, the .

2

heterogenous nature!of the dialysis patient population has

. . . o 9 -
hinded the interpretation of clinical investigatiogns. ‘An

animal model would allow investigations to. be conducyed‘under

controlled experimental conditions however, attempts to

establish an infection free and otherwise thriving animal model
\ . "

of CAPD have been unsuccessful. §

The primary obstacle in developing an animal model of CAPD
in normal and chronic renal failure animals has been peritoneal

access. In rabbits having normal kidney function spontanedus

0}

1

bacterial colonization and occlusion of the &tatheter was

N LY

L
4

observed during the three weeks following perit@pgal catheter ..
7

impiantatfon (195-199). Rats and guinea pigs having normal

a

kidney function underwent short term peritoneal dialysis (48 ,
hours) however hemoccncentration developed and there was a

marked protein loss to the dialysis‘®solution (200). Chronic

\

renal failure rabbits were maintained on CAPD for 14 days

during which time total plasma protein ,and body weight

E

‘decreased significantly (20l). Omental wrapping of the

catheter and obstruction by fibrin clotting also ‘complicated
?

animal managemént. Anephric dogs survived 37 to 83 déys wifh

T capp as tenal replacement therapy however animals develéped .
e ' \

¢

»
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peritonitis which required daily antibiotic” administration and

5.

all dogs presented significant weight loss (202). In chronic

renal failure rats CAPD 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
hY

maintained with CAPD for varylng perlods vof tlme, hlgh

4

‘concentrations of heparin and]or antibiotics were added to the

dialysis solution in order to malntaln a patent catheter and an ’

infection free.host. Furthermore spontaneous bacterial
contamination of thé*peritongal catheter was common. Althouéh
the developed animal models,K may be useful for certain
investigations the addition of therapeutic agents to the
dialysis solution and the development of spontaneous
perltonlfls render these animal preparatlons unacceptable for

studies of controlled peritoneal bacterlal challenge.

]
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Aims of the present study.

- In spite of efforts to prevent the development of
peritonitis it remains a major clinical complication of‘CAPD.
furthermore,_clinicai investigations have failed to élearly
define the etiological agents which contribute to the
development, persistence and recurrence of CAPD peritonitis.
Thé development of ad;animal model in whiéh to evaluate
variables that may predispos? to CAPD peritonitis in a
‘controlled expe;imental systemwould be of obvious value.
Although the animal\gfeparation utilized for the subsequent
investigation was not a model of CAPD, several variables
sssociated with CAPD treatment were, nevertheless, o
represented.

The overall objective of.the current study was to

invesgigafe the relative roles of uremia and CAPD treatment

.variables in the pathogenesis of peyitoneal Staphyloc¢occus

epidermidis infection in a mouse prigaration‘of chronic renal

failure. The aims of each of the subsequent sections
\ ¥

presentgd in the thesis are as follows:

N

1. To further characterize the mouse model of chronic

#bngl failure and to-expand theymoqse model to

v
. ~

include an infection free permanently dwelling

peritoneal catheter implant.

« 2. To investigate the influence of chronic renal failure

v on response of\mice 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 smallef ‘

55




inoculum and (c) the peritoneal and systemic
inflammatory response of mice following
intraperitoneél inoculation. ‘ ~
To investigate the role of a permanently dwelling
peritongal catheter in the development and

persistence of ‘peritoneal S. epidermidis infection in

mice and to 3study the influence of chronic renal

failure on response of mice bearing a peritoneal

catheter to,peritonéal S. epidermidis challenge. -
To”investigate th;’ability'of commercially. available’
peritoneal dialysis solutions to maintain mouse,
peritoneal leucocyées (resident and elicited) during
iﬂ vitro indubation. |
To’investigate the influence of repeated
intracatheter itoneal instillation of dialysis -

solutions on the response of sham-operated and renal

failure mice to peritoneal S§. epidermidis challenge.
4
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Chapter 3
X Establishing a mouse model of chronic renal failure in which
to characterize response to intraperitoneal Staphylococcus

. epidermidis challenge

&
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\ : ‘ -, Section 3.1

< 7 )
Description and characterization of a mouse model for the °

investigation of the etiology of CAPD peritonitis’

4
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Abstract
Controversy exists over the mechanism(s) by which
)

continuous ambulatory peritoneal dialysis (CAPD) is coQF;icated
by peritonitis. This animal model was developed to
characterize the microbiological, inflammatory and
morphological responses of mice to peritoneal bacterial
cpallenge and thereby provide a basis for éhe evaluation of
factorswth;t may predispose to peritonitis. The mouse 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 faildre)gg;

N
surgical exploration of the left renal area (sham—opé}ated).& \\ﬁb
Two weeks after the second surgical procedure, a segment of a
CAPD catheter was implanted entirely within the confines of the
peritoneal cavity 6f mice and qxperimental assessments were
conducted one month after catheter implantation. This animal
preparation has demonstrated (1) marked retention of
nitrogenous compounds, severe anemia and groWéh retardation
which are prominent features of chronic renal failure, (2) that
the preparatory surgical procedures as well as the
intrﬁfatheter peritoneal instillagion of dialysis solution was
well tolerated and did not lead to contaminaéion of the
peritoneal cavity and (3) that repeated peritoneal instillation
of dialysié solution did, however, produce a local inflammatory
reaction. Having characterized the mouse model, further
investigation of the mechanisms that initiate and contribute to
the progreséﬁon of CAPD peritoneal infection, and evaluations

of antimicrobial treatment strategies can now be conducted.
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Introduction
The management of end stage renél disease patients with
continccus ambulatory peritoneal dialysis is frequently
complicated by peritonitis (1,2), however the relative roles of
renal failure, CAPD treatment variables and virulence
determinants of the infecting microorganism in the pathogenesis

of this serious complication remain to be defined. The common

skin commensal, Staphylococcus epidermidis, causes a majority

of CAPD peritonitis episodes (3-5) and is thought to gain
access into the peritoneal caV1ty either by touch contamination

when the permanent per1tonea1 catheter is open during dialysate
ekxchange or by colonization from the skin along the

subcutaneous catheter tract to the peritoneal cavity. Host

defenses agéinst bacterial infection which are impaired in the
) ) . , L e »;
vicinity of foreign implants (6) may be further compromised in *

the presence of peritoneaL(ﬂialysis golutions. Slime

A

production by certain strafﬁs of S.'epidermidis favors
colonization of CAPD catheters by enhancing bacterial
attachmcnt to the catheter surface and interfering with host
defense mechanisms (7,8{.

Models of peritoneal dialysis in chronic renal failure and
ncrﬁal snimals have been limited by uncontsolled peritoneal
infection, obstruction of the peritoneal catheter and failure
of experimental anisals to thrive (9-12). 1In the currerit mouse
model of renal failure, a segment of a CAPD catheter was

implanted complétely 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 injection into the catheter lumen was a simple
procedure requiring light ether anesthesia of mice. This .
animal model was developed to invé%tigate_the role of a
pgritoneal catheter implant ?nd repeated intraperitone;l
instillation of peritoneal dialysis sol&tion{without peritoneal

drainage, in.the pathogenesis of peritoneal Staphylococcus

epidermidis infections in renal failure mice. Although the

peritoneal cavity of mice was repeatedly exposed to dialysis

solution, CAPD was not actually conducted.

Materials and Methods

‘Preparation of animals ,

Female C57BL/6 mice were obtained from Charles River
o s
Breeding Laboratories (Kingston, NY, -USA) at five weeks of age.

The animals were allowed to acclimatize in holding facilities

for one week prior .to use. All animals had free access to

¥

water and mouse chow.
Renal failure:

The preparation of renal failure and sham-operated ﬁice
was accomplished by a tﬁo step surgical procedure which has

s’

been previously described (13). Briefly, six week old mice

. were anesthetized with ether and aagmall flank incision was

made through which the right kidney was separated from the
adrenal gland and freed of périrenal fat. Particular caution
wés taken to avoid trauma to the ureter. Using a single point
cauterizer (Hyfrecator, Model X-712, Birtcher Corp, Los

-

Angeles, Calif., USA) and excluding a 2mm margin around the
61
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renal pelvis, the exposed surface of the kidney was -
electrocoagulated. . The incision was closed with a running

suture through the deep layers and surgical clips were applied

q

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

!

-left nephrectomy was done in those animals that would

constitute the renal failu;;\yroup and surgical exploration of ,
the left renal area was condé;ted in sham-operated Fontréls.

In studies characterizing the mouse model of renal failure,
normal contfol mice were also included in our assessmentﬁ;w

Catheter'implantation:a

The mouse model of chronic renal failure .was expanded to

include a permanently dwelling peritoneal catheter. Two weeks

ey
Akts

elapsed between nephrectomy.of sﬁam surgery and peritoneal
tmplantation of a custom made segment (length: 12 mm, outer
dimmeter: 5 mm) of an Oreopoulos-Zellerman CAPD catheter
(Accurate Surgical Instruments Co., Toronto, Canada). Both
ends of the segment were bevelled aqp six perforations were
regularly spaced along the catheter length (Figure 1).
According to the manufacturer's specifications, caghgtqg;i
segments were washed in mild detergent, {}nsed 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 sécured to the
lateral deominal wali by a single ;nchoring suture passing
through one of the side perforations. The free end of the
catheter was directed towards thé left lower quadrant of the

abdominal cavity. The incision was closed with a running

suture through the deep layers and surgical clips were applied



1

Figure 1. A 'schematic representation demonstratin§ the relative
siZze of the catheter segment for mice and the

Oreopoulos-Zellerman peritoneal dialysis catheter used
for CAPD.

¥




to the skin. Four to six weeks later animals were used for

_experimentation.

. Access to the peritoneal cavity:

Under light ether anesthesia, the gatheter segment was
manipulated to palpate the lumen cavity% The abdomen was
washed with alcohol and a 25 gauge needle was passed through
the abdominal wall into the lumen of the free end ofmthe
peritoneal catheter - (Figure 2). During bacterial challenge
equ;iments a 1 ml inoculation Yolume was thus injected
transcutaneously into the catheter lumen. Peritoneal

instillation of larger volumes of peritoneal dialysis solution

was similarly administered through the catheter lumen and was

’ Fonducted'daily for periods of up to two weeks. - Dialysis

solution containing 4.25% dextrose (Abbott Laboratories Lt4d,
Montreal,‘éanada) was prewarmed to 37°C before peritoneal
infusion aﬁd a toé;l daily instilled volume of 3 ml was
administered once or devided into two eqqal infusions, morning
and evening. Body weight of mice was determined daily
throughout the infusion procedure. .

Blood analysis

At sacrifice, mice were anesﬁheti;eé with ether, weiéhed
and exsanguinated by cardiac puncture. Blood was collected in
heparin-coated plastic syringes (Hepalean, Harris Laboratories,
Toronto, Canada) for biochemistry anq\hematology analysis.
Blood urea nitrogen (BUN) levels were determined with an IL-9
autoanalyzer (;nstrumentation Laboratory Inc., Lexington,
Mass., USA). Routine hematology was done utilizing a Coulter

counter (Model 2Bl Coulter Electronics Inc., Hialeah, Fla.,

64 -
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Figure 2.

"

A schematic representation 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 differential cell counts were performed on’ )
< . & 5,
Wright-stained blood’ smear preparations. ~

]
“h t

Collection and processing of spec¢imens for'microbiological
3 A * .
-assessment .

» -

i
L

! ‘ ‘The abdomen of each animalnwas washed with alcohol and the

- E)

. skin and loose connective tissue were retracted aseptically to
exﬁose an intact translu eﬁ; abdominil wall (parietal
peritoneum constituting the inner 1iﬁing). Ten ml of min%m&ﬁ "
essential medium '(Eagle Modified) containing 10% heat ,

.
inactivated fetal calfoserpm and 20 mM HEPES buffer was
injected through the abdominal wall directly into the <y’
peritoneal cavity and the peritoneal washout waé slowly
© aspirated. Ce;lulérity of each peritoneal Qashing was .

.

enumerated in a Neubauer couﬁting chamber and differential cell
! ' ' -

‘ ] 1 ’ . “ -
counts were determined from cytocentrifuge preparations stained

4
«Ill., USA). An aliquot of each sample was quantitatively .

-
° 0 o ©

cultured onto 5% hérée blood Columbia agar for bacterial

gith Diff-Quick (AmericanAScientiﬁic Products, McGaw Park, .

content and identity.) . -

¢

A specimen of the exposed abdominal wall (approximateéely.2

X 2 cm) was excised aseptically and was homogenized in 2 ml

-

phosphate buffered saline (PBS). The peritoneal catheter R

Zl segment was removed by chreful dissection of any adhering

tissue and bf cutting the anchoring suture to the lateral
abdominal wall. Fluid within the cathéter lumen was aspirated
.and total cellularity determinations as well as cytocentrifuge T

preparations for differential eell counts were conducted as for

peritoneal washings. Granulation tissue always formed a

4 ’
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continuous sheath around the catheter segment. This tissue was

aseptically remcved and homogenized in 1 ml PBS. Homogenized

-

tissue specimens were' inoculated onto 5% horse blood Columbia
agar. Y ‘

Recovered catheter segments were assesed microbiologically
following a mod}fication of a previously describéd method (14). @
Using:}ight downward pressure the catheter segment was stiegked b
across a bloéd agar plate ten times. The catheter was rotated,
90° ahq again streaked ten times across the agar plate. This
process was repeated four times and the catﬁeter was then ‘

incubated in trypticase soy broth.

Histological asdessment ‘ ©

. A 2mm t;aqéverse section of the catheter associated ’
tissue was peeled away from the anchoring end of each cafheger
segment and was reserved for light ﬁicroscopy. Following

standard techniques, the tissue was fixed in 10% buffered .

formalin and stained with hematoxylin and eosin.

Experimental protocol .

The protocol for the préparationqof the mouse model
ineluding peritoneal catheter implantation and peritoneal -
instillation of peritoneal.dialysis solution is summarized in
Table' 1. \:R;h d: o "

Statistical analysis

All results are expressed as meantSD. Unpaired data from
sham-operated aﬁd renal failure mice wegeléompéied by Student's\
t test and techniques for analysis of variance were used for
muftiple comparisons between experimental conditions of

infusion and no infusion. ‘ .

’
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Table 1: Animal preparation protocol
. " Week C Procedure
¢ »> N
¢ 1y ~
0 ° Electrocoagulation of right kidney surface

(sham-operated and renal failure mice).

-2 Left} nephrectomy (renal failure mice) or surgical

exploration of left renal area (sham-operated mice).
P} ° t

4 . Implantation of the CAPD catheter segment within the
peritoneal cavity of mice. . .
8+ Daily intracatheter peritoneal instillation of
b | peritoneal dialysis solution begins and continues
: for two weeks. :
10 Perltoneal infusion of peritoneal dialysis solutlons
ends and mice are sacrificed for assessment.
+ Experimental assessment was conducted six to eight weeks after

o A ) the induction of renal failure or sham surgery.

-
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Results

Renal failure

All sham-operated\and renal failure mice tolerated right
renal electrocoagulation and two weeks later underwent a second
surgical procedure. Following the surgical exploration of the
left renal area, all sham-operated mice survived indefinitely.
Approximately 20% of renal failure mice died within four days
of nephregtomy as a result of excessive renal
electrocoagulation and the remaining 80% survived until their

designated experimental sacrifice date 6 to 8 weeks after the

-

induction of renal failure. Normal control littermates were
also included in experiments conducted to characterize the

mouse model of chronic renal failure.

P 4

. Our assessment of serum creatinine in normal C57BL/6 mice
demonstrated a level of 0.1 mg/dl which is at the lower end of
the i'ange of published normal values for mice (15-]:7) and’ is
approximately one tenth the normal level in man. Routinely
blood urea nitrogen (BUI:T) sx'erved as the key biochemical
parameter for the measurement of the degree of renal failure in
the mouse model. Mice present normal ya&ues for several other
parameters that differ from those of man (15-17), inciuding >the
smaller size of red blood cells, the largér proporti}on of

o>

lymphocytes in the differential count of circulating leucocytes
\
(over 90% lymphocytes, less than 10% polymorphs) and higher -

platelet counts. However none of these species differences

precluded the development of the present animal model.

* At the time of our assessment, six weeks after the

\
induction of renal failure, mice presented markedly elevated

Ty
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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

a

sham-operated and renal failure mice did not reveal evidence of

bacterial contamination. Peritoneal and circulating leucocyte

N

populations( harvested from mice six weeks after nephrectomy or.
. S

sham surgery were similar in cellularity 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 Kkidney electrocovagulation) or
second (nephrectomy or sham surggiy) surgical?procedure.were
not tolerated by renal failure~agimals. Catheter implantation
was hoerér well tolerated by all mice when a third §urgical
procedure ﬁpr this purpose.was berformed two weeks after
nep%?%ctomy or sham surgéry. Subs;quent investigation of -this )
phenoﬁenon demonstrated that catheter implantation could be
successfully accomplished at the time of the first Sr secopd e

surgefy if the interval between these procedures was extended:
Nevertheless the current animal modelri; based on three
separate preparatory surgical précedures conducted over a six
week period.

Within 48 hours of catheter implantation, the fofmation of.
grahulaéion tisgue around the catheter segment was eyiéenﬁ.
After one month the implant was completely surrounded by a
fibrous tissue sheath. Immediate peritoneal distribution of a

1 ml intracatheter injection volume was not, however, impeded

by the catheter associated-granulation tissue as demonstrated
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Table 2: Characteristics of sham-operated and renal failure nice

’ harbouring peritoneal catheter segmentsa.b * k
Animal status: . Sham-operated . Renal failure
(54) . (57)
Blood urea nitrogen (mg/dl) 21.4:t4.7 85.8:25.4C
) Hemoglobin (g/dl) 13.1%1.0 . 9,0t1.4C
. Body weight (g) . 20.7+1.9 " 19.6:2.0C
- L .

AResults a expressed as meaniSD.
bsample size is. indicated in parenthesis.
CSignificant difference (p<0.05) between the two groups of mice.

o
» ~

2
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Table 3. Peritoneal and circulating leucocytes of normal, sham-operated .and

renal failure mice2.b

Animal status:x ' Normal . Sham-operated Renal failure
Peritoneal leucocytes (24) / (12) (15)
! .
Leucocytes/ml (x10°) 0.8:0.3 0.6%0.2 0.8%0.4
- &
Mononuclear cells (%) 95.8:2.8 97.2%3.4 398.1%1.5
Polymorphs (%) 2.0:2.4 - 2.5%3.4 ~ 1.4%1.4
Circulating leucocytes ﬂi“k(13) . (10) o, (15)
Leucocytes/ml (x103) 4.4%1.4 5.7t2.3 - 5.8:3.4
« . Mononuclear cellgq(%) 96.1x4.1 94.1+4.8 . 92.0*5.4
Polymorphs (%) 3.9%4.1 5.9t4.8 8.0%5.4
.7 2
2Results are expressed as meantSD. )
bsample size is indicated in parenthesis.
CMononuclear cells refer to lymphocytes and macrophages.
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by intracatheter injection of Renogréphin—GO (Figure 3).
Histological examination of the granulation tissue revealed a
spoorly vaséularized well established tissue which consisted
primarily of fibroblasts and lymphocytes (Figure 4). The
cellular constituents of fluid aspirated from the catheter a8
lumen were 15% erythrocytes and 85% leucocytes of wﬁich
approximately 28% were polymorphs.

Experimental bacterial challenge and intracatheter infusion of

0

!
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,

S. epidermiﬁis.

Dufﬁng control studies, unéer conditions of twice daily
intracatheter instillation of peritoneal dialysis solution for
a period of ;wo weeks, mice did not present evidence of
peritoneal contamination. No bacterial growth was rgpovered
from peritoneal structures or catheter segments of five renal
failure and five sham-operated micé subjected to this repeated
infusion schedule. ‘There was, however, evidence of local
inflammation measured by élevated peritoneal polymorph ?ounts
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.

|
!
1
1

Time sequence of peritoneal distribution of

- Renographin-60 at (from left to right’) 10, 20, 30 and

40 seconds after intracatheter injection of a 1 ml
volume.
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Histological .sections of granulation tissue associated
~ with the peritongal catheter segment one month after
implantation. Cellular constituents of tissue are
predominantly fibroblasts and mononuclear leucocytes
(Hematoxylin and eosin x 400).

Left panel: A thicker tissue is associated with the
end of the catheter ségment. Fibroblasts and
mononuclear yeucocytes are evident. - .
Right panel: A thinner fibrous sheath, %wonsisting
predominantly of fibroblasts is associated with the
length of the catheter segment.
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Table 4: Peritoneal and c1rcu1at1ng leucocytes of mice subjected to twice
daily peritoneal infusion of 4.25% dextrose per1tonea1 dialysis

solutiona:b ] q

Animal Status; ‘ Sham%bperated a Renal Failhre

Condition No Infusion Infusion No Infusion Infusion
‘ (12) (5) (16) (5)

Peritoneal leucocytes

Leu¢ocytes/ml (x10°) 0.6:0.2 0.1£0.1° °  0.8:0.4 . 1.5:0.7°"9
Polymorphs (%) 2.5:3.4 15.6:16.1C  1.421.4 41.0%15.9¢.d
- ll .
~J ® . . 3 i
o - Circulating leucocytes i
Leucocytes/mm (x10%) 5.7t2.3 . 5.5:2.9 f§.8i3.4 6.1+ 2.7 _ -
Polymorphs (%) 5.9+4.8 14.0+12.3 8.0:5.4 6.6:4.7 -

AResults are expressed as meantSD.

bgample size is indicated in parenthesis.

Csignificant difference (p<0.05) between infused and non infused mice.

dsignificant difference (p<0.05) between ren®i failure and respective sham-
operated mice. /
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peritoneal leucocyte counts doubled and polymorphs increased
dramatically during the infusion procedure. Sham-oOperated mice
‘receiving daily infusion presented a more moderate elevation of
peritoneal palymorphs and an unexplained fall in the levels of
péeritoneal leucocytes compared to non infused mice. \There was
no significant systemic inflammation as a cénsequence.of daily
infusion in either renal failure or sham-aperated mice. Body
weight of mice remained constant throughout the period of
peritoneal instillation of dialysis solution and was similar to

preinfusion measurements.
Discussion

We have used this mouse model to study the mechanisms by.
which patients treated with continuous ambulatory peritoneal
dialysié develop peritonitis. The development of this mode
and the characteristics of the resulting animal preparatioﬁ,‘
however, have not been previously repérted. Implantation of’
the catheter entirely within the confines of the peritoneai
cavity and aseptic transcutaneous injection into tge catheter
lumen provided peritoneal access without risking bacterial
contamination of 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 practice of CAPD, this animal
model has been successfully used in the investigation of the

response of chronically uremic mice to peritoneal challenge

with S. epidermidis (18-21).

The mouse model of renal failure was originally developed
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to study the infl&%nce of severe 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 ébecies for studies of host
defense mechanisms. Characteristics of the mouse model of
renal failure have been previously described (22). Six weeks
after the onset of renal failure, mice w;re azotemic and
presented significant anemia and growth retardation.
Mic}opiological assessment of peritoneal ptructures did not
present evidence of peritoneal contaminafion resulting from

preparatory surgical procedures and the hature of peritoneal

and circulating leucocytes was sihmilar to)}that of normal

d

-

control mice. For the investigation of CAPD associated
peritonitis, the mouse model of renal failure was expanded to
include a permanently dwelling peritoneal catheter. fhe nature
of these studies required an infection free host in which
controlled expefimental bacterial challenges could pe
conducted. Catheteroimplantation was never complicated by
bacterial contamination of the peritoneum or the catheter site.
One month after catheter implantation, at the time of
experimentation, the only culture positlve 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 impiantation.
Encapsulation of the pgritoneal catheter in the rat model of
CAPD has been previousiy reported (12). 1In Eﬁj current study,

histological assessment of the fibrous sheath ‘encompassing the
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catheter revealed a poorly vasc;.llarized tissue which consistéd,
bredominantly of fibroblasts and mononuclear leucocytes and was
characteristic of low grade chronic inflammatory response to,
the foreign implant (23,24).41 Catheter segments for mice were
manufactured from the same silicone rubber tubing used for the
Oreopoulos-Zellerman CAPD catheter. Although any‘ foreign
insolublé material can provoke chronic inflamn‘latory respcgnses,
silicones are chemically inert and induce little inflammatory
or immunclogical ,respor;se' (25~27). In order to minimize the
peritoneal response to the catheter implant both ends of the
cathet;er segment were bevelled smooth 63,28). 'In contrast to
observations in rats and mice, a similar granulation tissue .
reaction is not a;_ogarent when perftoneal catheters are

surgically removed from CAPD patients (29,30). These,

differences may be explained b)} the varying lengths of time

o

that the peritoneal catheters reside in the p;ritoneal cavity
(one month in mice, varying longer periods in man) or by the
size and shape of the catheter segment. X Q'

Repeated daily peritoneal instillation 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 constant body weight levels
during the period of peritoneal infusion. In establishing the
ihstillation volume of dialysis solution for mice, ratjos of

body surface area or body weight of mice and man resulted in
D s
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in animals having functional peritoneal catheters has been

K]
¢
P N f

inappropriately ;argi or small @oiumes. Findlly, visual
abdominal distension Sf the mouse following peritoneal
ingstillation was the selection criteria for the infusiOntwolumé
such thatnthe abdomé# was moderately distended but animal
mobility was normal. Even uvhder extreme conditioné‘of twice
daily intracatheter infusion, microbiologicél asséséhént*of
peritoﬁeal stéuctures were always culture negative. There was,
however, demonstrable local inflammation in respénse to the

R
infusion procedure which was most ‘apparent in renal failure

w

«

mice. Although peritoneal dialysis per se was not
/A

accomplished, studies addressing the influence of repeated

’

expoéure of the periﬁoneal cavity to peritoneal dialysis

solution on the response of mice to peritoneal’bacterial

challenge can be accommodated with this anima% preparation. §

- /

The development of models of long term géritoneal dialysis

1 * B

hampered by numerous obstacles (9-12). Peritoneal catheters

wéré'frequently obstructed by fibrin clots as well as omental

wrapping and uncontrolled peritoneal infection was observed.’
Severe malnutrition and failure of uremic animals to thrfve -
also contributéd to the serious complications encountered in -
previously described animal preparétionszi Therapeutic
interven£ion to inhibit fibrin clof formatidn'ghd prevent
peritoneal infection may resolve the immediate problems 1

presented by these animal models, however this would disallow

~

4

their\use in the study of host diﬁe?se mechanisms ® to
experimental bacterial challenge. In the current mouse model,

implanting the peritoneal catheter segment entirely within the
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confines of the peritoneal éavity and limiting the model to
' R

‘peritoneal instillation of dialysis solution has overcome

previous limitations. Controlled destruction of renal

. parenchyma produced chronic renal failure mice that survived —

* indefinitely without dialysis support and therefore I?Cge

. . AV
numbers of animals could be prepared for experimentation

without unrealistic technical requirements for their .

<

maintenance.
$

In conclusion, the detailed characterization of the mouse
model presented in this report provides a firm basis fo;
designing additional studies to investigate the factdors and
mechanisms promoting the development of peritoneal infection

and for assedsing preventive and“therapeutic measures.

] ) R
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Section 4.1
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Intraperitoneal challenge with Staphylococcus epidermidis

_in chronicalﬁy uremic mice: effect of ifoculum size
/

\ ) 5

Pregented in part at the 15th Annual Scientific Meeting of
the National Kidney Poundation Inc., New Orleans, Louisiana,
December 14-15, 1985.and the 6th National Conference on CAPD,

Kansas City, Missouri, February 5-7, 1986.

_ > This manuscript was published in Advances in Continuous

Ambulatory Peritoneal Dialysis, edited by R. Khanna, K.D.
Nolph, B. Prowant, J.Z. Twardowski, D.G. Oreopoulos,

University of Toronto ‘Press, Toronto, 1986, p. 121-124.
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' Response to the intraperitoneal injection of

A

Staphylococcus‘epidermidiépih teéms of animal survival and
bactériai growth from peritoneal saﬁples was measured in
chronically uremic mice and their shan-operated controls.
Renal failure was induced surgically by sequential

electrocoagulation of the right kidney surface and left

. nephrectomy and bactqr{al challenge was performed. 6 to 9 weeks-

after the second surgery. Over a wide range of inocula (106

to 109 colony forming units), susceptibility to S. //

J

. ) <
epidermidis Q:; greater in uremic than in control mice. Renal

failure was associated with: 1) higher and accelerated i
lethality after large inocula (108, 109),.and 2) delayed

bacterial clearance after a smaller inoculum (10®) or after a

‘D b

large inoculum (108) in‘éurviving animals. Thus renal
failure-related impairment of host defenses to infection must
be considered in the pathogenesis of peritonitis during

continuous ambulatory peritoneal dialysi&:

Introduction @

Staphylococcus epidermidis peritonitis is an important

clinical complication of continuous ambulatory peritoneal
dialysis (CAPD). This infection might be attributed to a
RQreakddown of local defenses in an already immunocompromiseé
‘host (1-3). Recent studies utilizing rat models of chronic
uremia have failed to demonstrate increased susceptibility to

intraperitoneal (ip) challenge with Escherichia coli and

Pseudomonas aerugihosa (4,5). In view of the multiplicity of
x : : .
N . . /
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factors operating in CAPD patients, the significance,ofythese
P i

\ \
observations remained inconclusive. !

To further clarify the pathophysiology o;npgrigonitis in
1 % .

i S - .
CAPD patiénts, in the current report we have’ studied the

. response to ip challenge with S. epidermidis in mice made

uremic by a .combination of tthmal injury and ablation of renal¢

i

. parenchyma. Studies were carried out 6 to 9 weeks after the

surgical induction of repal failure, when the ;uremic state was

'we;l established. Increased susceptibility t® the bacterial

\ .S
challenge, in terms of decreased animal survival following

”

ia;ge ip inocula and delayed peritoneal clearance of smaller -

inocula, was evident in uremic mice compared té“cgntrols.

r L

-~ Materials and Methods

Six week old female C57BL/6 inbred mice (Charles River
Breeding,Laboratories, Kingston, Nﬁ} USA) underwent
electrocoagulation of the surface of the right kidney as
preéiduslykdescribed (6). Eiﬁhef’contralateral nephrectomy
(uremic mice) or surgical exploration of the left renal area
(sham-operated controls) was performed two weeks later.
Animals had free access to water and standard chow. . —
Six to nine weeks after the sécond surgery, mice received

ks

intraperitoneally either 109, 108 or 108 cfu

S. epidermidis. Aliquots of bacteria (a clinical isolate from °

_peritoneal fluid reference number 29260 kindly provided by Dr.

S.I. Vas, Toronto Western Hospital, Ontario, danada) were
=

s

frozen in glycerol broth and were grown overnight on Columbia

agar prior to challenge. Serial dilutions were made in

{

\ g
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phosphat; buffered saline (PBS) and the ip inocula were |
“injected inﬂa‘one ml volume into the right lower quadrant undet
light ether anesthesia. To exclude the possibility that the

two surgical proceduggs used to induce renal failure might

alter Jocal‘post defenses, the respSnse to bacterial challen;e
‘wés always e}aluated in mice mgde uremic gy,eiectrccoagglation )
of the right renal corﬁe%fand left nephrectomy and in ) b

sham-operated controls. In some experiments normal mice ‘were

1also included. -

A

Followiqq\bacterial challenge survival was recorded and Ep
selected times surviving mice were anesthetized witg ether,

S

PR g
-weighed and blood was cepllected by cardiac pundture. Under

aseptic conditions peritoneal washings were performed and
samples of anterior parietal peritoneum were obtain¥d according
b3 .

to previously reported methods (7). Aliquots of peritoneal

washings and homogenized peritoneum were inocuylated onto blood
4]

agar and incubated for 24 hours. Recovered bacteria were
enumerated and poéitive identification was ascertained by gram
stain, catalase production and the characteristic agmtibiotic
sensitivity profile. Blood urea ﬁitrogen (BUN) and ‘hematology

assessment of blood samples were determined by an IL-9

‘., ‘

autoanalyzer?hnd a Coulter counter, respectively. . ;

4

e ot Results L

Renal fajilure model

K4 -

Levels of BUN, hemoglobin concentrations and body weights

are presented in Table 1.
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- The values for uremic mice-are contrasted to those observed in

. A - ¢!
’ normal and sham;operated littermates. Marked azotemia was
e present in the uremic mice 6 weeks after the onset of renal
) failure. At sacrifice, body weight was decreased in uremic
] - - . ' ] *
'micg and hemoglobin concentrations were, markedly reduced in the
uremic animals cqmpared to cppﬁfols..
N A | |
Table 1. Characterlstlcs of normal, sham-opgfated and ' a
chronlcally uremic miced
- * “g:?\?S . >
Normal Sham Uremia
Blood urea nitrogen 21.9 4.5 25.1+5.3 116.3+42. 3b
. .(mg/dl) (35), (54)" “(57)
i) ' ' ' -
sict” Hemoglobin (g/dl) 13.8%0.7 13.5%0.7 8 1£1.6P
G - (36) (42) (33) . \
¢ - - \ -
Body weight (g) 22.2%2.5 . 21.0%1.6 19:3tz.9b

. (38) (54) '(54)

) AResults are expressed as mean+SD w1th number of mlce indicated
N - in parentheses.

'
¢ '

bsignificant dlfference (p<0.05) between uremlc and control
mice. ® \
| g
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‘Surviwval studies eoe . X
v S ~ : Lo
Survival of sham-operated and uremic mice following ipg
P4

*  inoculation of 109 and 108 cfu s. epidernmidis is -

illustrated in Figurexl.' All mice succumbed within 24 hqurs(éf
the 102 cfu ip challenge. &Timegéo 50% mortality for uremic ’

and sham controls was 3.5 and 16.5 hours; respectively. No
. - . . }] B
mortality occurred in control mice following a 108 cfu

3
ainoculum howevgr the uremic %§pup suffered a 25% animal loss

1 ]

w1th1n the flrst 96 hours after challenge. No subsequent

.
~

. : \
mortality was recorded, to one week follow up. Challenge with a

smaller inoculum, 105 cfu, caused no mortality in uremlc,

sham&operatgd or normal mice. . _—

9
100 108 cfu o
. (15)
. . N ,

80 %
» ; \.
] .
E, \
5)' 60 Y .

\
= \
c \
< 3 \, ~ (25)
., & 4 \ .
24 Y .
£ \‘c ? .
\

20 \

’ ® \® 60 I - «
1 \ »
i L1 1.\ *l'l,ljllllll,l’l]
0 5 10 15 20 25 0 10 22‘,30 40 50 60 70 QO 90 100 1wk

ro 3 Time post ifloculation (hr)
« - ',
Figure 1. SurvivaltCurves of mice follow1ng the ip inoculation
- of 109 (left panel) or 108 (right panel) colony
forming units of Staphylococcus epidermidis.” The
solid and dashed lines on each panel represent
chronically uremic micé and sham-operated controls,
. respectively. ‘Numbers of animals in each group at -
the time of bacterial challenge ate 1ndicated in
- parenthéses. s

&
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Tissue récoveries of S. epidermidis B

y The recoveries of S. epidermidis from peritoneal samples

1 [y

oﬁf mice .surviving one week after 108 cfu ip challenge ‘are

« »

' “presented in Figure 2. 'Significantly’ greater numbers of

bacteria. remained associated with the peritoneum of uremic mice

‘ 0
compared to sham-operated controls. All peritoneal washings of
sham mice were culture negative whereas 3 of 19 specin‘\ens& %

\

collected from uremic mice harboured viable bacter}a’,

E = 1
/ ' . . \;
L
o —_— ® -
6.0 , - ;
. B ¢ , ¢ .
* . ) ° ' T °
L) - .
50 +
N\
T N ge!
2
%’ 40 |- ’ , A
[ ] * 0
oy 9 Py Ld
< 8 >
c 3.0 I
’ = o0
3 ° .
> 2,5 — s
, | 2- = @ ® )
’ ' : . ‘ | Y ”
¢ 1.0 Undetectable level
3550 25858 ggsse anss
e+ § 14 33!33
VAR .S Uu <+ S u _
2 ' - I ,
o Peritoneum . - Peritoneal .
* . |- washing \
, Figure 2. Recovery of Staphylococcus epidermidis from parietal
peritoneum {per gram) and peritoneal washings (per
~ * ml) 1 week after 108 colony forming units
. challenge in sham-operated (S) and chronically
uremic (U) mice. *Significantly greater (p<0.05) -
c recovery in uremic mice compared to controls.

'




washings were similar for uremic and,sham-opetated mice (Table ~

2).

< owm - o

~ %
'Total leucocyte and differential counts in peritoneal

.
L4 e o

Celluiarity'was twice that of a resident population (data

" not shown) harvested in the absence of bacterial challenge and

L]

a

’
)

small elevation of polymorphonuclear cells was evident.

Table 2. Cellularuconstitgents of-peritoneal washings?

&

/
o

Sham . Uremia
(is) (19)
Leucocytes (x106/m1) N 1.5+08 6 l.£t6.7 %
n(.‘:"‘_{\:x =
Macrophages (%) 43.7+12.4 41.6%10.8
Lymphocytes (%) = . 7 _.50.9%t16.4 52.2%14.3
“Polymorphs (%) . © 5.4:4.7 6.247.2
Mast cells (%) 0.1£0.3 0.1+0.2
., ”4313-“ — . é;‘~ .
AResults expressed as mean+SD wit umber. of mice indicated in

parentheses.

e
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The time course of S. epidermidis clearance from the

peritoneum of mice following a 106

summarized in Table 3. Peritoneal

+

cfu ip inoculation is

washings of normal-and

sham-operated mice were culture negative by 24 hours post

challenge and.2 of 9 specimens from uremic mice yielded S.

epidermidis. In contrast specimens of parietal peritoneum

harbored large numﬁers of bacterfé

24 hours post inoculation

and’recoveriesﬁwere s}gnificantly greater from uremic mice than

from controls. All animals effectively cleared the bacterial

challenge but the process was delayed in uremic mice.

Table 3. Bacterial recoveries from normal, sham-operated and

uremic mice?

Sham +  Uremia

Normal
f&ng'colonies.per g
parietal peritoneum
. 4 hours 3.2+1.2 (11)
] 24 hours 1.6:0.7 (11)
) 48 hours 1.0:0 (8)
72 hours ©1,1+0.3 (8)
Log colonies per ml '
peritoneal washing
4 hours  2.4:0.4 (11)
24 hours 1.0:0 (12)

48 and 72 hours No bacterial
(8 each).

3.8:0.9 (11) 4.0+1.1 (8)
2.6:0.7 (12) 3.4£1.2 (9)P
1.3£0.6 (8) 1.9:1.0 (8)
1.1+0 (8) 1.320.7 (8)

1.820.7 (11) 1.6+0.6 (8)

©1.0+0 (12) ' 1.3:Q,6 (9)

growth in all groups

‘AResults are expressed as mean:* SD with number of mice

1ndicated in parentheses.

bSignificantly greater (p<0.05) recoveries in uremic mice
compared to sham-operated controls . . o
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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. epidérmidis has been delineated. Lethality following a

large ip inoculum of 10?2 cfu was accelerated in uremic mice

‘

and mortality in this group was significantly greater following
s

" the smaller 108 cfu ip challenge compared to sham-operated

controls. In those mice surv1v1ng one week after 108 cfu
inoculation and in mice followed to 72 hours after a 109 cfu
challenge, peritoneal clearance was delayed in renal‘f;ilﬁfe
mice in contrast to controls. ’ > .
Considerablé controversy exists régarding the possible
role of renal failure in the increased incidence of infections
observed in patients with end-stage renal disease. It has been
well documented that renal failure is=-accompanied by a numbeé
of immunological deficit; affecting cell-mediated immunity
particularl& (1,2), however, a clear ‘correlation betweenmrenal
failure and increased susceptibility to infecFién remains

-

, . v
elusive. The heterogenous nature of patient populations in

terms of underlying disease, duration of renal failure and
treatment modality may partially account for the existing

~
controversy.

Studies in thch animal models of -uremia have been
challenged with viable bacteria are few and unlike results
reported.heréin, the outcome of these investigations have not
cancluded a fundamentally immunocompromised uremic host

(4,5,8). To our knoﬁledge no other animal study has addressed

\

susceptibility to S. epidermidis ip challénge’in renal failure

©



animals- having duration and severity of uremia similar to that
presented by this mouse model. o

Regarding the mechanism whereby renal failureiinhibits
response to bacterial challenge, one component may be the
impairment of neutrophil mobilization towards an infected site
(85.r wé have previously reported (7) that following ip

challenge and concurrent with significantly greater S.
- fr’;’ —

epidermidis recoveries from parietal peritoneum of uremic mice,

peritoneal neutrophil response in renal failure animals was
diminished compared to normal and sham controls. DThé increase
in qirculating neutrophils following bacterial challenge was
similarly attenuated in uremic and sham-operated mice compared
to normal controls. In this current report, peritoneal
leucocyte and differential counts were similar in uremic and
sham mice one week following 108 cfu challenge even though

isgsue recoveries of S. epidermidis were significantly greater

in renal failure animals. These findings may signify an
inépproprigge inflammatory cell response to the persistent ip

presence of S. epidermidis in chronically uremic mice.

Specimens of parietal beritoneum, althotigh thoroughly

rinsed, remained culture positive for S. epidermidis when

—peritoneal washings presented no bacterial growth. These

findings suggest a secure assgociation between the bacteria and
some aspect of the pgritoneum and may correspond to the»b
clinical situation where culture negative dialysis effluents
are recovered in CAPD patients otherwise presenting symptoms of
periténitis.

-In the current studies, susceptibility to ip S.

epidermidis inoculation was increased by renal failure, and,

&
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therefore, the influence of ‘uremia on host defenses to

infection must be considered in the pathophysiology of CAPD.

peritonitis.

1.
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ABSTRACT

14

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 colony forming units S. epidermidis 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
“‘4

) c{d
failure mice compared to sham-operated controls. Viable

bactgria invériably remained associated with the peritoneum
after peritoneal washings had become culture negative.
Peritoneal inflammatory response was markedly diminished in
renal failure mice, the early polymorphonuclear cell response
being particularly affected. -Peripheral response consisted of
a promp% and short lived polymorph increase which was similar
&in renal failure and sham-operated mice. The factérs
responsible for the observed impairment of local inflammatory
response in association with delayed bacterial clearance 4n

renal failure mice following ip challenge with S. epidérmidis

remain to be defined.

- 'INTRODUCTION .

Peritonitis is a frequent complication of patients with

endstage renal disease treated with continuous ambulatory

99
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peritoneal dialysis (CAPD) (1-3). Recent technical advances in

’ %

design of ancillary equipment have been aimed primarily at
decreasing the risk of touch contamination which is thought to
occur at the time of dialysié exchange. Despite these
efforts, the predomihant offending organism remains the skin

borne bacterium, Staphylococcus epidermidis. ‘The methanisms

responsible for this potentially serious infection may be
multifactorial (4,5). Renal failure results in an
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 fdreign body, the indwellfﬁg
peritoneal catheter may serve as a nidus foroﬁicroorgaﬁisms
(11) or impair lécal immune responses (12). In addition,
peritoneal dialysis solutions cause inhibition of periphefal
leucocyte funétion in vitro (13) and are cytotoxic to
peritoneal cells in vitro (i4). Another consequence of
peritoneal dialysis is the intermittent dilution and dra{nage
of immune reactants, s&luble and cellular, from the peritoneal
cavity (15-17). S . ‘

We have addressed the relative role of renal failure ‘in

the CAPD-associated S. epidermidis peritonitis employing, as

médel, mice with surgically-induced renal failure in which -
defects of cell-mediated immunity have been previously ) ‘

demonstrated (18-20). Using ip inoculation with 10% cfu S.

epidermidis we have investigated three aspects of the response

to bacterial challenge. The first is whether renal failure
influences peritoneal clearance of the inoculum, the second is

the characterization of the local and systemic inflammatory

L
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reaction to the bacterial challenge, while the tﬁird is whether
in vivo inflammatory response of renal failure mice differs

from that of sham-operated controls. This latter consideration ¢
is of particular importance, given the reported deficit(in host

defense mechanisms during renal failure.

N

MATERIALS AND METHODS
Animals
Female C57BL/6 mice were obtained from Charles River
Breeding Laboratories (Kingston, NY, USA) at five weeks of age.
The animals were allowed to acclimatize in holding facilities
for one week prior to use. All animals had frge access to

i

Renal,K failure

The mouse model of renal failure, which includes
sham-operated controls, has been described previously (2}).
Briefly, six week old mice were anesthetized with ether and a
small flank incision was made through which the right kidney
was separated from the adrenal gland and freed of perirenal
fat. Particular cau£ion was taken to avoid trauma to the
ureter. Using a single point cauterizer (Hyfrecator, Model
X-712, Birtcher Corp, Los Angeles, Calif., USA) and excluding a
2mm margin around the renal ﬁelvis, the exposed surface of the
k}dney_was 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 kidney

electrocoagulation, a left nephrectomy was done in those

¢

animals that would constitute the renal failure group and in

sham-operated controls, surgical exploration of the left renal

I
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area was conducted. Six to eight weeks after the second
surgery the mice weregused for experimentation. Normal control
‘mice were also included in all experiments.

Blood analyses . ' ,

Under ether anesthesia animals were exsanguinated by

cardiac puncture 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-? 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 y |

Aliquots of S. epidermidis, reference number 29260, (a

clinical isolate from peritoneal fluid kindly provided by Dr.
S.I1.% Vas, Toronto Western Hospital, Ontario, Canada) were
stored frozen in glycerol broth. The characteristic antibiotic
sensitivity profile of this organism facilitated positive
-identification. As demonstrated by tryéan blue staining of /
glass adherent material following incubation in trypticase soy

broth, this organism is a "slime producing"” S. epidermidis

(22). The bacterialjjuspension for inoculation was prepared

from overnight culturies grown on Columbia agar. Bacterial

viable units were enumerated by serial dilution and pour plate

techniques. f

Experimental challenges

§ Intraperitoneal injection of 106 éolony forming units

(cfu) viable bacteria in 1 ml phosphate buffered saline (PBS)
' 102
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was done under light ether anesthesia into the right lower
quadrant of the abdomen. After selected time periods animals
were sacrificed and the bacteriological status of peritoneal\

washings and specimens of the ventral parietal perito?eum was |

/determined. Optimum inoculum size and sampling times/ post

challenge had been previously established in preliminary

studies in normal C57BL/6 mice.

Collection and processing of specimens
‘Following body weight measurement and blood collection,

the a?domen was washed with alcohol and the skin was retracted
) ' !

aseptically to expose the intact abdominal wall. Ten ml of
minimum essential medium (Eagle Modified). containing 10% heat

inactivated fetal calf serum and 20 mM HEPES buffer was

v

injected into the peritorieal cavity. The peritoneal waéhing

was slowly withdrawn through a 21G needle and syringe. Cells

L}

of each effluent were counted in Neubauer counfing chambers and

differential cell counts were determined from cytocentrifuge

preparations stained with Diff-Quick (American Scientific

. ~N
Products, McGaw Park, Ill, USA). An aliquot of each sample was

inoculated onto 5% horse blood Columbia agar and coipnies
recovered were expressed as cfu per mf“péritoneal 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
vessels 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 peritoneum. - .y
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Colonies were enumerated after ‘24 hours incubation.

Positive identification of bacteria recovered from collected

s

i —

specimenaqwas ascertained by colony morphology, gram stain,

catalase production and the characteristic antibiotic

v

sensitivity profile.

[

Statistical analysis .

Colonies\recovered were converted to log units and resglts
are expressed as‘meari:SD. Student's "t" test for unpaired data
sets was used,fo: single comparisons between groups of N
sham-operéted and renal failure mice and between baseline
assessments and those of various test times after inoculation.
Normal mice were included in all experiments for interest but
were not included in statistical analysis.

;- .
RESULTS

Renal failure model \

v
)

Some characteristics of this mouse model(of renal failure

b

|

are presented in Table 1. As these parameteq% wére not -
/
influenced by the inoculation procedure, datJ»frog animals

. [ (3 [} L .
sacrificed at all test times following inoculation were pooied.

Blood urea nitrogen, which is the key assessment factor of
renal function in this model, was appropriatel& elevated in
renal failure animals compared to sham-operated controls. A
tenfold increase of plasma creatinine was observed in renai
failure animals compared to control values. It should be noted
that normal plasma creatinine levels of mice are much lower
than those of man. A strong inverse correlation (p<0.001)
existed between levels of hemoglobin 'and BUN (data not shown)

such that six to eight weeks after the induction of renal

failure mean hemoglobin in renal failure animals was 60% of
104 a
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Selected characteristics

)

" Table 1

of the mouse model of chronic renal

failureéa:b,
Status of animals: vNormal Shaﬁ Renal failure
Blood urea nitrogen (mg/dl) 20.1%*5.6 27.1*5.8 111.2#35,9C
(88) (78) (75)
////Plasma creatinine (mg/dl) 0.1%0.1 0.1%0.1 1.0£0.7€
(14) (12) (36)
'Hemoglobin (g/dl) 13.5:1.0 13.4%0.7 + " 8.6:1.6C
, (80) (80) (70)
Body weight (g) 22,.3:2,3  22.2%2,5 20.3:3.1¢
(84) (71) bro(71)

AResults expressed as meantSD.

bSa;}{ple size indicated in.parenthesis.

{

CSignific;;t difference (p<0.05) between urfemic mice and

controls.
@
P
i
-~
N\

v
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controls levels. The bo%y weight of renal failure mice was
significantly less than that of sham-operated controls.

Bacterial recoveries from the peritoneal cavity and peritoneum

after ip bacterial challenge

The time course of.S. epidermidis clearance from

o

peritonéal washings and Jeigetai peritoneum in the three groups
6f mice is depicted in Figures 1 and 2, resgectively. With the
exception of two mice in the renal failure group, peritoneal

washinq% were culture negative 24 hours /after ip inoculation

till harbored }

whereas the majority of peritoneum- samples
viable bacteria. Culture positive peritoneum specimens were
collected fromisham-operate@ and renal failure animals at 48 .
hours and by 72 hours post inoculation only one animal in e;ch
of the groups presented positive peritoneum samples.

The inoculum was effectively cleared by all mice, however,
peritoneal clearance was delayed in renal failure animals.

This delay was most apparent (p<0.05) 24 hours after S.

epidermidis challenge when 3.4¢1.2 cfu (mean log:SD) per gram

peritoneim was recovered from renal failure mice compared to

2.6+0.7 cfu per gram peritoneum from shaﬁ-operated controls.
haol .

Subsequently, at 48 hours after inoculation periﬁpneum

gpecimens from 4 of .8 renal failure mice were culture positive

compared to 2 of 8 sham-operated controls. M

Cellular recoveries from the peritoneal, cavity after ip

bacterial challenge -

The nature of the cellular constituents of peritoneal

washings harvested at various times after ip bacterial .

LS
challenge are presented in Figure 3. Following inoculation

there was an immediate and significant decrease in peritoneal

<
4 | [
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Figure 1:
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Log colonies recovered per gram peritoneum

Figure 2.
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leucocytes which was most extreme in samples harvested from

renal failure mice. 1In sham-operated controls leucocyte counts

returned to preinoculation.levels 24 hours after challenge, and .

4

thereafter exceeded baseline levels however, peritoneal et

P

leucocyte counts in reénal failure mice remained depressed
throughout the 72 hour follow up periaa. The fall in
peritoneai leucocytes could be attributed to an immediate
dec;ease in ﬁ;crophages thch was most extreme and prolonged in
renal failure mice.compared to sham-operated controls. Peak
depression of peritoneal macrophages occurred between 2 and 4

hours post inoculation and counts gradually increased to 48

L
"

hoursq;fter challeﬁéég Concomitant to the immediate fall in
peritomeal leucocx}ls'the absolute number of peritoneal
polymorphs promptly increased in all animals after inoculation.
Polymorph response was mosi apparent between 1 and 12 hours
after challenge and thereafter rapidly diminished. Within 2
‘hours of inoculation a rise in peritoneal polymorphs was
obser%ed in all mice. Peak pol§hérph response, however, was
markedly attenuated in renal failure mice compared to .

sham-operated controls. . -

Peripheral response to ip bacterial challenge

Hematology assessment of the three gr;ups of mice at
various test times is summarized in Tabie 2. In the C57BL/6
mouse strain, lymphocytes are the predominant.circulating
leuEOCytes andqneutrophils are usually the only circulating_
polymo;phs\observed (23). In all mice there was a brisk and

shoft l:.ved peripheral polymorph response that peaked 2 hours

after S. epidermidis challenge and small numbers ,of stab forms,

which were never observed in the resting state, appeared

°
»
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' Figure 3.
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Changes . circulating leucocytes following ip challenée with Staphylococcus epidermidis in chronically uremic mice

and i1 normal and sham-operated control animals3d:s

Table 2

-

Time post inoculation (houré)
4

. 0 1 2 12 24 48 72

Normal -
Leucocytes/mm3(x103) 4.411.4 5.3t2.1 4.2t1.2 4.2¢2.7 7.1:2.8 4.411.5 3.7¢1.2 3.4$1.9
Polymorphs (%) 3.9:4.1 13.817.6 20.3: 8.9 22.1:10.1€ 15.5+2.6 5.2¢2.9 11.9:7.7 6.9:4.2
Stab (%) - 0 o o 0.4:0.7 ,0.3:0.5 0 0.320.5 1-.3%1.9
Lymphocytes (%) 96.1t4.1 85.4+7.2 79.318.6 77.3%10.2 82.6:+2.8 94.7+ 3.0 87.6+7.4 91.9%4.9
Monocytes (%) 0 0.910.6 0.5:0.8 0.310.7 l1.6t1.1 0.2:0.4 0.3:0.7 0

(14) (8), (8) (14) (8) (12) (8) (8)
Sham
"Leucocytes/mm3(x103) 5.7¢2.3 3.9:2,2 5.0t1.8 3.8t1.8 6.5t3.1 5.1t1.9 4.9:2.0 4.6t1.9
Polymorphs (%) 5.9:4.8 ~ 9.6t3.9 ,15.6t9.8 13.8t7.4C  10.914.1 4.6:3.2 8.416.2 8.9%5.1
Stab (%) 0 0.110.4 1.5t1.6 1.12.4 . 0.1t0.4 0 o 0.420.7
Lymphocytes (%) = 93.9t4.8 89.7:4.0 82.3%11.0 85.6%8.5 88.9:t3.9 95.313.2 91.6%6.2 ° 91.0%5.6
Monocytes (%) 0.2t0.6 0.6:0.8 0.910.6 0.4:0.9 0.1:0.4 0 0 0.110.4

(13) (7) (8) (16) (8) (12) (8) (8)
Renal failure )
Leucocytes/mm3(x103) 5.8t3.4° 2.5+0.8 5.4%1.9 3.1 1.8 5.4%1.7 3.8:2.4 5.2:2,3 4.3%1.5
Polymorphs (%) 8.0t5.4 7.6£2.5 14.1113.4 12.2 7.0 9.8%5.3 4.7x1.0 7.923.9 6.812.7
Stab (%) o 0 °0 0.4t0.7 0.1 0.3 0.1:0.4 0 0 0.11x0.4
Lymphocytes (%) 92.0:5.4. 91.5t2.2 84.4¢14.1 87.7 7.0 89.8t5.6 95.3:1.0 92.0+3.8 93.112.5
Monocytes (%) 0 0.9t1.0 1.1:0.8 0.1 0.3 0.410.7 ) 0.1:0.4 0

{10) (8) (8) (13) (8) (6) (8) -(8)

8Results expressed as meantSD.
bSample size indicated in parenthesis.
CSignificant difference (p<0.05) between test

°

time and respective zero time 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 L
baseline levels, the rise in peripheral polymorphs following

inoculation reached statistical signficance in sham-operated

mice while that 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 thatuwere not subjected to &ny surgical procedure

were included in all experiments and represented the normal

response to the bacterial chalienge for mice of this strain,

a

age and sex.

DISCUSSION

wé have previously reported that renal failure renders

mice more susceptible to ip challenge with a large S.

egiderﬁidis inoculum (108 cfu) with ensuing mortality in 30%

) ‘6f'animals ané increased bacterial recoveries in surviving mice
(24). Since these observations may find explanatioﬂ in‘a renal
failure related impairment of host defense mechanisms, we

d . examined the effect of renal failure on bacterial clearance and

development of inflammatory response to a small S. epidermidis

inoculum (10 6cfu). While this smaller S. epidermidis

inoculum induced no mortality, its peritoneal clearance was

delayed in renal failure. Local inflammatory response was
* .

E strikingly diminished in renal failure animals compared to

sham-operated controls. The deficit was primarily
3
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characterized by a marked attenuation of the early polymorph
rise in the peritoneal cavity following ip challenge. A sharp
fall in the numbers of peritoneal leucocytes and more

specifically macrophages was observed immediately following

/
/

bacterial challenge in all animals, however, the magnitude and’
S~

duration of this decline was greatest in renal failure mice.

Circulating polymorph response which readily followspip

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
fai}ure facilitated the investigation of the influehce of
severe chronic renal failurefon the host's abilit§ to respond

to ip challenge with S. epidermidis. Partial characterization

of this mouse model has been previously reported (18-20). 1In
this current study renal failure animals had appropriately °
elevated levels of BUN and creatinine and prbéénted
signifiqantly decreased hemoglobin levels and body weight’
compareé to shamibperated control mice. These chénges" :
subsequent to the surgicai induction of renal failure also
characterize some of the severe metabolic distu:banceg g %&2

presqﬁted'by endstage renal disease patients.

® The inoculum size of S. epidermidis used in these

experiments was lafger thaq that which would be introducgd into
the peritoneal cavity of CAPD patients following an incident of
touch contaminatior. A quch“larger inoculum is in fact
required to cause infection in the C57BL/6 mouse‘stgain which
is relztively resistant to extracellular pathogens (25,26).

The selected inoculum gize was small enough to?avoid animal

4

death yet large enough to cause a measurable response that

113
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could differentiate between the animal groups. Indeed all mice
* survived and the bacterial challenge promptly stimulated

inflammatory responses. )

Within twenty. four hours of ip S§S. epidermidis inoculation

peritoneal washings had become culture negatiﬁg while viable
organisms remained associated with the peritoneum. Given the
aggressive nature with which.the peritoneal washings were
performed these findings suggesf the existence of a secure

association between S. epidermidis and some aspect(s) of the A

peritoneum. Adherence of S. epidermidis to the peritoneum in

the absence of culture positive peritoneal washings may
~correspond to the clinical situation where sterile dialysis
effluents are recovered in CAPD patients otherwise presenting
symptoms of periéonitis. The pathological assessment of
samples of peritoneum from renal failure 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. epiflermidis with the serosal- membrane.

< .
The 10% cfu S. epidermidis ip inoculum was effectively

"éleéred in all mice regardless of their degree of renal
function, however, clearance was delayed in the renal failure
group compéred to sham-operated control mice. Although the in
vitro assessment of immunek?hnction in renal failure has been
frequently documented in the literature, relatiyely few studies
of renal failure animal models challenged with viable bacteria
have been reported. In contrast to our observations, recent
investigations utilizing rat models of renal failure, have

failed to demoniéfate 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 microorgaﬁisms, 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 requiréd_to
settle these differences.

‘
Following ip S. epidermidis inoculation, the prompt

-~

develbpment of a local inflammatofimresponse characterized by a
risé in perisoneal polymorphs was evident in all mice. Despite
the peritoneél polymorpﬁ response to bacterial challenge a ’
striking decline of peritoneal leucocytes was observed which
was primarily accounted for by a marked reduction in
racrophages. This observed fall in macrophages cannot be
attriqyted to sampling error since the same methodolqu was
applied to all qgimals throughout the follow-up period and
syétematic examination'of smears of peritoneal washings never
revealed cellular debris o? clumping. We cannot exclude the
possibility that following bacterial challenge macrophages

become more adherent and are lost through the processing of-

peritoneal washings or, that macrophages accumulate on the

N

peritoneum from which large numbers of bacteria are recovered.
\

However concurring with our observations, a reduction of

.peritoneal leucocytes predominantly due to decreased

macrcphages, following ip staphylococcal challenge has been
previously reported (28,29). The phenomenon was attributed to
the antiinflammatory influence of staphylococcal products which

specifically inhibited locomotion of leucocytes predominantly
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of ghé monocytic cell line. In the current ‘study, systemic
inflammatory response to the bacterial challenge was similar in
renal failure and shap-operated mice and was not as profound as
that presented by peritoneal leucocytes. .

The mechanidm whereby renal failure influences bacterial
clearance is hﬁknown, however, integrating temporal
relations%ips«of bacterial clearance and inflammatory‘response

patterns leads to the following considerations. 1In the early
phase following baéteri;l challenge peripheral mobilization of
polymorphs in renal failure and shém-ope;ated mice)was similar
yet emigrgting cells did not accumulate at -the peritoneal site
of bacterial challenge én'renal failure mice. Similar
observations have been reported elsewﬁere, in which the early
phase of polymorph accuﬁulation at an inflammatory site was -
'diminisﬁed in renal failure rats (30) and in renal failure Aice
'(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 sham-
‘operated controls. In £he critical phaséhimmediately following
ip inoculation, initial destruction of staphylococgi is carried
out by resident macrophages and thereafter the influx of new
phagocytic cells is crucial~£g control extracellular bacterial
multiplication (31). Thérefore, failure to promptly mqunt an

appropriate peritoneal phagSEytic cell response following S.

- epidermidis challenge may characterize a prominent

immunological impairment of the uremic host. The attenuated

early local polymorph response and the immediate and prolonged

reduction of peritoneal macrophages presented by renal failure
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mice may form the basis for the delayed S. epidermidis %S

clearance. ' 8
, The detrimental influence of surgical trauma on iﬁmune ;
responsiveness.has been well 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 l;ter surgical exploration of
the left renal area was conducted. All experimental
assessments were done at least 6 weeks after the second

surgery. Bacterial clearance from the peritoneum as well as

inflammatory response to the S. epidermidis challenge 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, thennumber
éhd nature of resident peritoneal cells harvested from
sham—opérated mice was similar to normal controls.

Although renal failure caused a delay in the clearance of

an ip inoculum of S. epidermidis, the final outcome of the

bacterial challenge was the same in all 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,
<

debility, associated illnesses and local conditions affecting

immunocompetence, renal failure may well increase the

propeasity to infection in CAPD patients.

This animal preparation provides a useful system in which
to study the effects of renal failure on the response to ip

challenge with S. epidermidis. Results of this study sugyest
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that delayed bacterial clearance in renal failure mice is the -

consequence of their inability to mount an appropriate
[ -

inflammatory response to ip S. epidermidis challenge. Although

the exact nature of the immunological 'defect isi‘turrently
unknown, this is the first evidence for an impaifed

inflammatory response in the pathogenesis of the increased o

susceptibility to S. epidermidis infection observed in renal

Y

failure. Further studies may help illuminate the. basic

-pathophysiology of peritonitis associated with continuous

ambulatory peritoneal dialysis.
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‘ Chapter 5

o

The influence of a perﬁanently dwelling peritoneal catheter on

the response of renal failure mice to peritoneal Staphylococcus

epidermidis challenge
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‘ ] - Section 5.1 .

The role of an intraperitoneal catheter in the pathogenesis of

\experimental Staphylococcus epidermidis peritonitis in renal

e failure mice
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ABSTRACT
The influence of a permanently dwelling peritoneal
catheter on the fésponse of renal failure and control mice to

peritoneal inoculation with 106 cfu Staphylococcus

epidermidis was assessed 48 hours after bacterial challenge.

Two weeks after the surgical induction of renal failure or sham
surgery a segment of a peritoneal dialysis _catheter was

implanted entirely within the confines of the peritoneal cavity

of mice. One month later peritoneal S. epidermidis inoculation

was performed by transcutaneous injection through the abdominal
wall either directly intovthe peritoreal 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 peQitoneal catheter. In contrast,

following ic S. epidermidis challenge, while peritoneal

washings and pariet§l peritoneum again presented minimal
- v
bacterial recoveries, the catheter site remained heavily

colonized. §S. epidermidis recqvery from the catheter site of

A

renal failure mice was significantly greaté; than that of
sham-operated controls. Scanning electron micrdécopy of
catheter segments recovered from mice following ic inoculation
revealed single cocci or microcolonies associated with the

catheter surface and differential leucocyte. counts 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.
‘ t
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These results are discussed in relation to S. ebidermidis

peritonitis and continuous ambulatory peritoneal dialysis.

Sa

INTRODUCT ION .
Since its inception, the'practice of continuous ambulatoryh

peritoneal~dialysis (CAED) has consistently‘been limited by the

frequent complication of peritonitis. Despite continued

improvements in the design of ancillary equipment to minimize

the risk of touch contamination, skin borne Staphylococcus

epidermidis remains the causative organism in a majority of

CAPD perifonitis episodes (1-4). Electron microscopy studies
have clearly demonstrated the association of a variety of
bacteria with the smooth surface and cuffs of permanently
dwelling peritoneal 'catheters éecovered from CAPD patients

(5-7). S. epidermidis has been notoriously associated with

foreign body infections (8) and slime prodﬁction, by certain
strains, facilitates attachment to smooth surface§ and affords
protection from eradication by host defense mechanisms and
antimicrobial therapy (9-12). o€

Previous studies done in our laboratory have demonstrated
that renal failure m;ce sucgessfﬁlly clear, albeit slowly, a

small (106 cfu) peritoneal S. epidermidis challenge (13). 1In

the current investigation, the influence of a permanently

dwelling peritoneal catheter segment on response to an

iden;ical S. epidermidis inoculum has been assessed in mice
with surgically induced renal ¥ailure and sham-operated
controls. The catheter segment was placed entirely within the

confines of the peritoneal cavity in order to.preserve

L XY
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peritoneal 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
peritoneaf catheter segment. The results of our assessment
sugge;t that the peritoneal catheter represents~an
immunologically préferred site from which early clearance of S.

epidermidis 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 Rivgr

- Breeding Laboratories (Kingéton, NY, USA) at five weeks of age.
The aniﬁals were alloQEd to acclimatize in holding facilities
for one week prior to use. All animals had‘free access to .
water and mouse chow.

l As previously describeg, renal failure was induced in mice
by two consecutive surgical procedures (14). Briefly, six week
0ld mice were anesthetized with ether and a small flank
incision was made through which the fight 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-712,
Bi;tcher Corp, Los Angeles, Calif., USA) and excluding a 2 mm
margin around the pelvis, the surface of the kidney was

. — ~

electrocnagulated. The incision was closed with a running

3
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suture through the deep layers and surgical clips were applied
to the skin. Two weeks aftzr the right kidney
electrocoagulation, either contralateral nephrectomy (renal
failure mice) or surgical exploration of the left renal area
(sham-operated controls) was performed. .
Two weeks elapsed between nephrectomy or sha4 surgery and
the peritoneal implantation of a custom made segment of an
Oreopoulos-Zellerman CAPD catﬂeter (Acé;rate Surgical -
Instruments Co., Toronto, Canada). The catheter segment (12 mm
long, 5 mm outer diameter, 0.07 ml residual volume) was
manufactured with bevelled ends and six perforations were
regularly aced along its length. Throﬁgh a left flank
incision the catheter segment was placed’entirely within the
confines of‘tﬁe peritoneal cavity and was secured to tﬁe
lateral abdominal wall by a single anchoring suture passing
through one of the perforations. The free end of catheterlwas
directed towards the left fower quadrant of the abddminal
cavity.\The incision was closed with a running suture through

the deep layefs and surgical clips were applied to the skin.

Four to six weeks later animals were used for experimentation.

Bdcierial challenge:

t

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 CAPD

" Y
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. cOmparéd 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 trypticase soy broth (TSB)
demonstrating slime producingiability (9). The bacterial
suspension for inoculation was prepared from overnight cultures
grown on Columbia agar. Bacterial viable units were enumerated
by serial dilution and pour plate techniques. |

Under light ether anesthesia mice received peritoneal
inoculation with one ml HEPES buffered (20 mM) normal saline
containing 106 cbl&hy forming units (;fu) viable bacteria.
The transcuéaneous injegtions through ‘the abdominal wall were
either intraperitoneal (ip), into the right lower quadrant of
the abdomen, or intracatheter (ic), with the needle directed
into the lumen of the frée end of the cathete;. Forty-eight
hours after inoculation animals were sacrificed for

assessment.

Blood analysis:

Mice were anesthetized with ether, weighed and
exsanguinated by cardiac puncture. Blood was collected in
heparin-coated plastié syringes (Hepalean, Harris Laboratories,
Toronto, Canada) for biochemistry and hematology anaiysis.
Blood urea nitrogen (BUN) levels were determined with an IL-9
autoanalyzer (Instrumentation Laboratofy Inc., Lexington, Mags,
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 smear
preparatiohs.

Collection and processing of specimens:

The abdomen was waéhed 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 scant connective and muscle tissue. The entire
tissue will hereafter be referred to as peritoneal membrane or
parietal peritoneum. Ten ml of minimum essential medium (Eagle
Modified) containing 10% heat inactivated fetal calf serum and
20 mM HEPES buffer was injected into the peritoneal cavity. ‘
The peritoneal washout was slowly withdrawn through a 21 gauge
needle and syringe. Total cell counts of peritoneal washings
were performed in Neubauer counting chambers and differential
cell counts were determined from cytocentrifuge preparations
stained with Diff-Quick (American Scientific Products, McGaw/
Park, Ill., USA). An aliquot of each sample was spread ontg/é%
horse blood Columbia agar. Bacterial recoveries were egpf;ssed
as cfu per ml of peritoneal washing.

A specimen of the ventral parietal peritoneum /
(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 tissue.

The catheter segment was removed by fine dissection of any
adhering tissue and by cutting the anchoring suture to the
abdominal wall. Fluid within the catheter lumen was aspirated
and detérminations of total cell counts as well as“
cytocentrifuge preparations for differential cell counts were
conducted as for perité;eal washings. dranulation tissue
élways formed a continuous sheath around the catheter segment.

. \

As for specimens of parietal peritoneum, this tissue was

aseptically removed and homogenized in 1 ml HEPES buffered
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normal saline. When necessary tenfold serial dilutions were
preparedrand specimens were cultured on blood agar. After the
appropriate correction for dilution, the colony counts were k
expressed as cfu per gram of tissue.

Bacteria‘associated with the catheter surface were
quantitated following a modification of a previously described
method (15). Using light downwéfd 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 were expressed as cfu per catheter
surfepe and results of incubation in TSB were qualitatively
expressed as culture positive or negatiyg.

All samples cultured on blood agar were incubated at 37°C
for 24 hours before colonial enumeration. Confirmation of the
constant identi£§ of bacteria recovered from'collected
specimens was ascertained by colonial morphology, gram stain,
catalase production and the characteristic antibiotic
sensitivity profile.

Scanning electron microscopy (SEM)

A é mm transverse Qection from the anchoring end of each
recovered catheter segment waé reserved for SEM. Specimens.
were processed for SEM using standard techniques. Catheter
.specimens were fixed in cacodylate buffered glutaraldehyde
solution (pH 7.3),ldehydrated withvincreasing concentrations of
acetone and dried to a critical point. Specimens were then
fixed to metal planchets, coated with gold and examined with a

scanning electron microscope (model JSM-35U; JEOL, USA, Inc.).
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Histological asgssessment

A 2 mm transvierse section of the catheter associated
tissue was peeled away from the anchoring end of each catheter
segment and was reserved for light microscopy. Following
sfandard techniques, the tissue was fixed in 10% buffered
formalin and stained with hematoxylin and eosin.

Expression of results and statistical analysis

Quantitative bacterial recoveries were converted to log
units per gram. A log value of 1 per gram represents the lower

limit of detection of S. epidermidis by this microbiological

technique. Specimens presenting no bacterial growth were
assigned a value of log 1. All results are expressed as meant

SD. Student's t test was used to compafq the unpaired sets of
data. .

RESULTS

* -

Animal model

Renal failure:

Selected characteristics of this mouse model six weeks

after the surgiéal induction of renal failure are presented in

Table 1. Blood urea nitrogen, 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 well as body weight of

renal failure mice were significantly less than those of

- control animals.

Catheter implantation: ° L N
EY
\ N )
Peritoneal implantation of the catheter segment two weeks

“
after the second surgery was well tolerdted and mice presented

no evidence of infection or inflammation as a result of
132




Table 1

Selected characteristics of the mouse model of chronic renal

failurea/b %

Status of animals: Sham-operated Renal failure
(21) (22N

Blood urea nitrogen (mg/dl) 21.5:3.7 88.8134.0C . &~

Hemoglobin (g/dl) ‘ 13.5:0.6 9.3:1.6C |

Body weight (g) ' 20.5t1.8 . 19.3:1,9¢

AResults expressed as mean*SD.
bsample size indicated in parenthesis.
‘Cgignificant difference (p<0.05) between the two groups of

mice., ) .

I - ‘ Z(‘/

%
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preparatory surgery. Immediate peritoneal response to the
implant was éemonstrated by the rapid formation of granulation
tissue which encompassed the «catheter segment . Previously,
histological assessments of the catheter associated granulation
tissue revealed a thick, poorly vgscularized tissue which
consisted predominantly of fibroblasts and mononuclear
leucocytes (16). Although this tissue completely surrounded
the catheter segment, immediate peritoneal distribution of the
inoculation volume was not impeded as demonstrated
radiologically by ic injecton of Renographin-60. One montH
after implantation, .the catheter and its associated tissue

" - ‘
almost always remained free of adhesion to peritoneal

1

structures.

i

Recovery of S. epiderm{dis following intraperitoneal or

(3

intracatheter inoculation ’ i

I .
1 The recovery of S. epidermidis forty eight hours after ip

or ic irioculation of 108 cfu in mice harbouring peritoneal

Y

catheter implants is summarized in Table 2.' Previous studies

done in our laboratory have documented the peritoneal recovery

of S. epidermidis 48 hours after 106 cfu ip challenge in mice
without peritoneal gg&heter implants (13). 1In coﬁbarison to
those observations, the preéence of a peritoneai catheter
segment.did not influence the microbiological status of

peritoneal washings or parietal peritoneum following ip or ic

" inoculation of 106 e¥y S. epidermidis. Regafaiajs of the

route of inoculation or the level of renal functilon, S.

epidermidis recovery from peritoneal washings anqvpaxietal

peritponeum wa® minimal. However, after ic inocdgétion large

numbers of S. epidermidis were recovered from the catheter

associated granulation tissue and a majority of recovered
) 134
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catheter segments were culture positive in TSB. 1In contrast

catheter segments and associated granulation tissue recovered
from mice after ip inoculatipn were invariably culture
negative.

2

v  Forty eight hours after ic inoculation, recovery of S.

epidermidis was sfignificantly greater from catheter associated
<> ' . . '
granulation tissue of renal failure mice compared to

sham-operated controls (Table 2 and Figqure 1). ,Quantitafgve -
.7 e
assessment of S. epidermidis associated with catheter segments
s ”
recovered after ic indcdlation is presented in Figure 2. A .

greater proportion of catheters from sham-operated animals

«“—\yielded no bacterial growth compared to thoselggcovered from

renal failure mice. Of those catheter segments presenting

* positive S. epidermidis recoveries, colonies enumerated were

, . »
less for catheters recovered from sham-operated mice. //’

N
<

Scanning electron microscopy
1

'

SEM assessments of catheters recovered from renal failure

o

mice and sham-operated control animals were similar.
° -]

Invariably, the luminal surfaces of catheters were littered .
with host cells which were commonly macrophages that were- often

activated, while lymphoéYtes were seen less frequéﬂtly (17)

¢

. B
(Figures 3a-3c). Bacteria were not observed on the surface of -

catheters recovered .from mice following ip inoculation (6

4

. . L . . .
specimens examined). Single cocci dr isolated micTocolonTEsyiis.

.

frequenély in association with host cells, were observed on the
luminal surface of catheters recovered from mice subjected to

~
ic S. epidermidis inoculation (14 specimens examined) (Figure

—

4). Coccoid forms embedded in a matrix which made clear .

1

distinction of bacteria impossiblé, were also seen on
4. .
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. . Table 2 %\\5\3

Recovery of Staphylococcus epidermidis from peritoneal structurescof mice 48 hours after 106
. ﬁﬂ’ cfu inoculationd.b

2
’

'y o

Mode of peritoneal inoculation: Outside the .catheter (ip)

Status of animals: Sham-operated Renal failure Sham-operated' Renal failure

“Through the catheter lumen (ic)

A9) (10) (12) (12)
itoneal washings NBG " wBG NBG " NBG
log colgpies per ml)
R Parietal peritoneum NBG 1.2:0.4 1.2:0.4 1.4+0.6
(log colonies per g) .
= .
G & Catheter associated tissue NBG - NBG 2.8+1.6 5.8£2.1¢
(1og colonies per g¥ @
- Catheter (growth in TSB) NBG NBG 6/12 10/12

AResults expressed as mean~SD with NBG indicating nc bacterial growth

Dsample size indicated in parenthesis.

CSignificant difference (p<0.05) between the two groups of mice.
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Figure 1.
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Recovery of Staphylococcus epidermidis from catheter
associated granulation tissue from sham-—-operated and
renal failure mdgg 48 hours after intracatheter
inoculation (10® tfu). The horizontal bars represent
mean values for each group and the asterisk indicates a
significant difference (p<0.05) between renal failure
and sham-operated controls. A&IBG 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 from catheters
of sham-operated (S) (open bars) and renal failure
(RF) (hatched bars) mice 48 hours. after intracatheter
inoculation (10 cfu). These data are derived from
the same animals represented in Figure 1. NBG
indicates no bacterial growth. 0 »
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Figure 3.
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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 recovered from

mice following either-intracatheter or intraperitoneal

inoculati'on.

(a) The catheter surface is littered with macrophages
(M) and lymphocytes (L) (Magnification x 1,200).

(b) Unstimulated macrophage. The cell surface is
covered by numerous irreqular ridges (Magnification
x 13,300).

(c) Activated macrophage. Cellular processes are
exten?ed over the catheter surface (Magnification x
6,000).
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Figure 4.

o

Scanning electron micrograph of the luminal surface of
a catheter segment recovered 48 hours after
intracatheter inoculation of 106 cfu Staphylococcus
epidermidis. Single cocci or microcolonies are seen on

the catheter surface and frequently in association with
host leucocytes (Magnification x 11,000).
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catheter surfaces following ic inocu;ation of mice.
Microbiologic assessment of catheters recovered from mice
folléwing ic inoculation did not always concur with SEM
assessment. -

Inflammatory response

Forty eight hours after peritoneal inoculation (ip or ic)

there was no evidence of inflammation measured by total and

"differential leucocytes in peritoneal washings and peripheral

§
blood of mice (Table 3). Total peripheral and peritoneal

ledéocytes and polymorphs, which are predominantly neutrophils
in C57BL/6 mice (18), were similar to levels in non inoculated
control animals (data no shown). Fluid aspirates from the

lumen of recovered catheter segments presented elevated
leucocyte and polymorph counts compared to peritoneal washings.
Following ic inoculation, both total cell and polymorph counts
of catheter aspirates were elevated compared to those collected
following ip inoculation. Significantly greater numbers of

polymorphs were observed in aspirates of catheters recovered

from renal failare animals compared to sham-operated mice

following ic inoculation. -

Following ip S. epidermidis challenge, histological

aSSessment/of catheter -associated tissue (5 specimens examined)
was similar to that of specimens collected under control

condifions. In contrast, following ic inoculation (5 specimens
examined) focal inflammatioq, marked by polymorph infiltration

and interstitial edema, was evident (Figure 5).
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Table 3:

&

Nature of cellular constltuents of peritoneal wash1ngs, catheter exudate and peripheral blood
10® cfu Staphylococcus epidermidis inoculationa.P

o of mice 48 hours after

Mode of peritoneal inoculation:

Status of animals:

Outside the catheter (ip)

Through the catheter lumen (ic)

Sham-operated Renal failure

Sham-operated Renal failure

Peritoneal washings
Leucocytes/ml (x10°)
Macrophages (%)
Lymphocytes (%)
Polymorphs (%)
Mast cells (%)

Catheter exudate >
Leucocytes/ml (x106)
Macrophages (%)
Lymphocytes (%)
Polymorphs (%)

Mast cells (%)

Circulating leucocytes
Total/ml (x107)
Neutrophils (%)

Stab (%)

Lymphocytes (%)
Monocytes (%) .

(9)

0.7:0.4
49.4+9.5
47.8%9.1
2.8*1.0 v

0
(6)

1.9£2.3
46 .0+10.9
26.8+10.7
27.2%11.1

0
(9)

5.5%2.7

6.1+1.9

Q. l+0 3
92.7¢1.7 ™

...a

.0%1,

1

(10)
1.1t0.7
35.2+7.7
63.1+9.9
2.7x4.1
0

(6)
2.6+2.8

9.5:10,.2
22.7+12.8

27.8+11.9

0

e

o k= QO ~
|+q!%3|+|+hd

O
= W nn

== =0
. ¢
W ON

L )

(12) (12)
0.6+0.2 1.0+0.7
49.9:5,7 50.0+9.4
47.2+7.0 . 46.6£9.9
2.9:2.4 3.4:2.9
0 0
(2) (9)
7.1%6.3 8.3+10.5
34.3t13.6 14.1+13. T;d
21.1%12.1 6.0:5,2%
44.6%*20.1 79.9+18.4
o . . 0-
(12) (11)
5.7t2.5 4.6%2.0 -
5.3t2.3 7.3%4.0
) 0
“94,4%2.,5 92.5+4.5
0.3+0.5 0.3:0.9

AResults expressed as meantSD.

bSample size indicated in parenthesis.

Csignificant dlfference (p<0.05) between renal failure mice and respective sham—operated

controls.

dsjgnificant difference (p<0.05) betqsen ip and ic inoculation conditions.
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Figure 5.

o

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 mononuclear
leucocytes. (Hematoxylin and eosin, Magnification x
400).

Right panel: Section from catheter associated
granulation tissue recovered 48 hours after
intracatheter inoculation of 106 cfu Staphylococcus
epidermidis. 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 permanently 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 immediafe
“catheter site, the implant didnnot compromise the local immune
response of either sham-operated or renal failuré mice to the
peritoneal bacterial challenge, regardless of the mode of
inoculation. The catheter site was invariably culture negative
after ip inoculation whereas the catheter and its associated'

!
tissue presented large S. epidermidis recoveries after ic

challenge. {he defective early clearance of S. epidérmidis

from the catheter site following ic inoculation was further

impaired in renal failure mice compared to sham-operated

controls.
The surgical preparation of this animal model of renal
fgilure has been previously described (14). Many of the
manifestations presented by the renal failure mice are similar
to those-encountered in endstage renal disease patﬁgnts and
included severe anemia, florid osteodystrophy with striking
bone marrow fibrosis and a state of malnut;itiog (19). -In the
current series of experiments which wefe conducted six weeks

after the induction of renal failure, mice were azotemic and

presented significant degrees of anemia and growth retardation.
144 .
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Utilizing this mouse model, studies done in our laboratory have
previously demonstrated an immunocompromised uremic host
presenting reduced delayed-type hypersensitivity skin reaction
(20-22) and Ancreased susceptibility to bacterial challenge
(13,23).

The development of long term peritoneal dialysis modéls,
in animals having funétionai peritoneal catheters exiting
through the skin, has been hindered by numerous complications.
CAPD 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
includeqlkigh concentrations of heparin to prevent fibrin clot
formation and prophylactic antibiotics. Despite‘these
preventive measures, management of these animals was frequently
complicated by peritoneal infection and obstruction of the
peritoneal ;atheter. Finally, progressive bacterial
colonization of the subcutaneous tunnel of the peritoneal
catheter with resulting inflammation has been demonstrated in
normal rabbits subjected t; CAPD (27). 1In the current mouse
model, the implantation of a permanently dwelling cathetexr
segment into the peritoneal cavity of mice was never
complicated by infection of the peritoneal cavity or surgical
wounds. One month after implantatihn of the catheter, L
microbiological sterility of the peritoneal cavity was
maintained presumably because the catheter did not exit thfougi
the abdominal wall. Although peritoneal dialysis was not
conducted, access to -the peritoneal cavity via the catheter was

agzieved successfully by transcutaneous injection into the

catheter lumen. The resulting animal preparation could

therefore accommodate contsplled S. epidermidis challenge as
" ' 145
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defined by our study objectives.

Peritoneal reaction to the catheter segment in mice was
clearly evident one month after implantatioﬁ, when a
granulation tissue sheath completely surrounded thf implant.
Encapsulation of the peritoneal catheter in the éhronic renal
failure ?at model of CAPD has been previously reported (26).
Like any insoluble foreign material, the médical grade silicone
rubber of the Oreoposlos-Zellerman CAPD catheter may cause
chronic inflammation, even though it‘is chemically non reactive
and generally induces minimél immunoiogical and inflammatory
_response (28,2?).y In contrast to this animal preparation,
similar evidence of foreigﬁ body reaction is not apparent when
peritoneal catheters are surgically removed from CAPD patients
(30,31). These observations may be explained by differences in
the length of time that the peritoneal catheters reside in the

peritoneal cavity or in the size and shape of the catheters

(32,33).

€
\

The role of the peritoneal catheter in the development of

N .
S. epidermidis peritonitis in CAPD patients 1& 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

+ colleagues have demonstrated impaired phagocyt;c and

bactericidal functions of poiymorphs within tissue cage

implants (34). Involvement of S. epidermidis in foreign body

infection has been well documented (8) and the production of

/ . qs
slime by certain strains of S. epidermidis has been

epidemiologically related to intravascular catheter sepsis (10)

and recurrent S. epidermidis peritonitis in CAPD (35). SEM \Q

-
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assessment of peritoneal catheters recovered fkom CAPD patients
has clearly demonstrated the presence of bacterial biofilms
(frequently cocci) on catheter surfaces which may act as
bactefial reservoirs causing persistent and recurrent
peritonitis (5=7). l
Ih the current investigation, the microbio;ogical status

of peritoneal washings and peritoneum following ip or ic S.

epidermidis inoculation was not influenced by the presence of -

v

an indwelling peritoneal catheter segment. We are unaware of
preyigui stug?es demonstrating the lack of influence of a
peritoneal catheter implant on local response to bacterial
challenge. Following ip inoculation the catheter site was

invariably free of S. epidermidis, whereas following ic

inoculation large numbers of bacteria were recovered from the -
catheter and its associated granulation tissue. Evidence
presented here indicates that when the jnoéulum 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 éhe resi&hal volume of the
catheter was 0.67 ml, 7% of the original inoculum (iog 4.85

cfu) at the most could remain within the catheter at the. time

of inoculation. <A£§olute recoveries of S. epidermidis from the
catheter site exceeded log 4.85 in 40% of the renal failuren
mice wﬂile none of the sham—-operated controls presented'similar
evidence of bacterial growth.

In spite of persisting S. epidermidis at the catheter

gsite, there was no evidence of ongoing inflammatory processes
measured by total cellularity and differential leucocyte counts,

of peritcneal washings and peripheral blood of mice. These
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observations may be relevant to reported cases in which SEM
i

agsessments have demonstrated that peritoneal cgatheters
recovered from CAPD patients were colonized with bacteria .
without apparent evidence of inflammation (5-7).

Although the immunysupﬁressﬁye influenée Qf renal failure s

on cell mediated immune response has been well documented

" (36-38), previous in’ vivo assessments, frequently conducted in

rat models of renal failure, have not demonstrated admarked
incréase in susceptibility to bacterial challenge in the uremic
host (26,39,40). Utilizing the current mouse model, incre;se§$
mortality and accelerated lethality follow%ng iarge ip S.

epidermidis inocula (109-108 cfu) was observed in renal A

failure mice (23). Peritoneal clearancé of a smaller S. -

. epidermidis challenge (106 cfu) was delayed in renal failure

_inflammatbry response during the fifst 24 hours after

mice in contrast to sham-operated. controls and early local

inoculation was strikingly attenuated in renal failure animals '
(13). Incorporating an indwelling peritoneal catheter into
this model, the influence of renal failure on the response;bf
mice to ic inoculatiore-was again evident. Renal failure:. mice
consistently presented greater bacterial recoveries iﬁgm#the
catheter and its associated tissue than did shém-operated
controls. At tHe time of our aséessment, forty eighé hours
after inoculaiion, there was no evidence to support a defectivé
inflammatory response and, in fact, concurrent with greater

i o
bacterial recoveries, renal failu;e mice presented elevated
neutrophil counts in aspirates collected fromhthe catheter
lumen compared to sham-operated controls.

In agreement with microbiological assessments, SEM of
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catheter segments recovered from mice following ip S.

epidermidis challenge revealed no bacteria on the catheter
4

surface. Singie cocci or microcolonies of cocci were .
demonstrated on theksurfacé of catheters follo&ing ic
inocuiation, however, microbiological and SEM assessments: of
'specimens did not always concur. This disparity may be .

ascribed to sampling error. ' Only a small section of each .

recovered catheter was reserved for SEM and when S. epidermidis ) )
colonies were observed, bacterial growth was never eveﬁlyn
distributed across the catheter surface which was frequently
obliterated bi-ﬁost cells. , , K

The in vitro colonization of intravenous catheters by
sliime producing strains of coaéulase negative staphylococci has
been assessed by SEM (9). Colonization beg;ns by adhesion of
single cocci to the smooth catheter surface followed by the
establ1shment of mlcrocolonles wh1ch can 1nduce surface erosion .
of the plastic material. In Iater_s}ages the ‘catheter surface
is covered by a confluent single layer or thiok multilayer of
bacteria which is embedded in <«an amofﬁhous cementing matrix,
collectively referred to as biofilm. Forty eight hours after

- -

ic 8. epfdermldls 1noculat10n pf mlce, early stages of
¢

staphylococcal colonlzation of ‘theé catheter segment were

apparent. Whether or not long term coloniMtion of the
catheter, in the current animal preparation, would continue to

the stage of established confluent biofilms remains to .be .

determined. Unlike the in vitro dynamiés of catheter

¢

colonization, the ?&fluence of host defense mechahisms-opﬁosing

tbé development of the bacterial biofilm on peritoneal catheter

s ’ \
segments must be considered. : - ‘
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The current animal preparf?%bn provides a system in whiich

e

B o0 investigate the.relative roles of renal failure and
¢ ,
peritoneal catheter implantation on susceptibility of mice to

bacigrial challenge. Through microbiologic stubies and '

analysis of inflammatory responses, we have established that .

the catheter and its hssociaged tissue remains the sole site of

bacterial growth and inﬁlammation‘48 hours after S. epidermidis

o

intracatheter inoculation. The microbiological fate of this _
“infected" site, Yemains an enigma. .It is not yet known
whether bacteria can be cleared from the cathet;f and,if:so,

: the factors that régulate clearance, inegluding the effedt of

renal failure, have not been defined. Longer term experiments

addressing these issues are currently being conducted inYour

. \ [

L : laboratory. '
)
. ' v
- -
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Section 5.2

Kinetics of Staphylococcus epidermidis: clearance from'the

peritoneal catheter site of renal failure pice following

intracatheter inoculation. ' {

e

[N »

Presented in part at the 7th Annual Cbnfergnce on CAPD,

Kansas City, February 1987 .

&

This mangscript has been submitted for publication in Kidney

¥ International

\ . b

Y ) 156




Abstract ‘
The response of mice with surgically induced renal failure
and sham-operated controls to intracatheter peritoneal
inoculation of 10% or 108 cfu S. epidermidis and the

K

kinetics of bacterial clearance from peritoneal structures,

including a peritoneal catheter implant was investigatedl All
animals survived experimental challenge with the smaller
indculum however significant mortality was observed following
108 cfu intracatheter inoculation and animal survival was
always less in groups of renal failure mice than in controls.
One week after 10° cfu inoculation most aﬁimals had cleared
the bacterial challenge however a small number of renal failure
mice continued to present culture positive specimens from the
peritoneal catheter site up to-one month after inoculation. At °~ \
weekly intervals to one monthaggst 108 cfu intracatheter
inoculation, microbiological aggessment of peritoneal
-k

structures of surviving mice demonstrated that the peritoneal

catheter site was a reservoir for persisting S. epidermidis, a

finding that was confirmed by scanning electron microscopy. -
T

Phenotypic variation was observed in isolates of S. epidermidis

recovered from mice at least two weeks after inoculation.

iUnexpectedly, S. epidermidis recbvery from the catheter site of

renal failure mice was signif1cantly less than that of
sham-operated controls three and four weeks after 108 cfu
inoculation. Inflammatory response was similar in
sham-operated ané renal failure mice in which péritoneal

leucocytes and polymorphs were elevated durijng the first three
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weeks after 108 cfu inoculation while systemic signs of
inflammation consistfng of a rise in circulating polymorphs
persisted for the duration of the follow-up period. 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

_panticulérly after a large bacterial challenge.

-

Introduction

The objective of the present study was to investigate the

kinetics of Staphylococcus epidermidis clearance from the

peritoneal catheter site of mice with surgically induced renal

failure and sham—-operated controls. This investigation is one
' +

of -a series in which the pathogenesis of peritoneal S.

epidermidis infection, a major complication of continuous

ambulatory peritoneal dialysis, was studied in a recently .
developed mouse model of renal failure. We have previously‘
demonstrated that' chronic renal failure has an

immunosuppressive influence on the response of mice' to

peritoneal S.jﬁgidermidis inoculation (1-3{; The original
mﬁuse model was expanded to include a permanently dwelling
peritoneal catheter which was implan«ed one month before
experimental inoculation. Forty 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 }ecovery from the catheter site was significantly
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greater in renal 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) Does

’
° -

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 pf either 10® or 108 cfu S. $

epidermidis. At specified intervals during the following month

animals were sacrificed a microbiological, hematologigal and
biochemical assessments were ?onducted. In aéaition, sur faces
of recovered catheters were éxamined by scanning electron
~microscopy. The bacteriologic status of peritoneﬁi structures
a; well as the lécal and systemiiiinflammatory response of

sham-operated and renal fajilure mice to the experimental

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 of age.

Thé animals were allowed to acclimatize in holding facilities
for one week prior to use. All animals had free access to

‘water and mouse chow. , ‘ . ——

The surgicalnpreparation of renal failure and

§

sham-operated mice has been described previously (4). Mice

were anesthetized with ether andaa small flank incision was

&
made through which the kidney was separated from the adrenal
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- gland and freﬁd of perirenal fat. Using a siﬁgle_point‘

- @

cauterizer (Hyfrecator, Model X-712, Birtcher Corp, Los
Angeles,;EA, USA) and excluding a 2 mm margip around the renal
pelvis, the éxposed surface of the kidney was
electrocoagulated. . The incis%on was closed with a running
suture through the deep layeré and surgical clips were applied
to the skip. Two weeks ‘after right kidney electrocoagulation,
those animﬁls that would constitute the renal failure group
underwent left nephrectomy while sham-operated controls

underwent surgical exploration of the left renal area.

Catheter fimplantation ’ .

Two weeks elapsed between nephrectomyi or sham surgery,
and peritoﬁeal implantation of a custom made segment of an
Oreopoulos-Zellerman CAPD catheter (Accurate 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
specifications, catheter segments were washed in mild
detergent, rinsed several times in distilled water and gas

sterilized prior to implantatiog. Through a left flank

2
_incision the catheter segment was placed entirely within the

"confines of the peritoneal cavity and was secured to the

lateral 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
abéominal cavity. The incision was closed with a running

suture through the deep layers and surgical clips were applied

to the skin. Four to six weeks later animals were subjected to

\
experimental inoculation. ¥ "
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Bacterial challenge:

Ld

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. S.I. Vas
(Toronto Western Hospital, Toronto, Canada). Aliquots of this
clinical isolate were maintained frozen in glycerol broth. The
characteristic antibiotic sensitivity profile of this organism

facilitated positive identification. ‘Compared to reference

‘slime-producing S. epidermidis strainsﬂfkindly supplied by Dr.

G.b. Christensen, University of Tennessee, Memphis, Tennessee)
isolgte 29260 produced glass adherent material when grown in
trypticase soy broth (TSB) demonstrating slime-producing
gbility (5). The bacterial suspension for inoculation was
pxepared from overnight cultures grown on Columbia agar. The
density o% viable ‘bacteria (colony forming ‘units) was
enumerated by serial difution aﬁd pour plate techniques.

Under light ether anesthesia mice received peritoneal

inoculation with either 109 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 gauge needle directed into the lumen of the

free end of the catheter. 1In one experiment mice without

' peritoneal catheters received 108 cfu s. epidermidis

inoculation intraperitoneally, 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. Blood was collected in
heparin—coaged plastic syringes (Hepalean, Harris Laboratories,
Toronto,weggada) for biochemistry and hematology analysis.
Blood urea nitrogen (BUN) levels were determined with an IL-9
autoanalyzer (Instrumentation Laﬁoratory Inc.,ILexington, 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.

Collection and processing of specimens:

&

The abdomen was washed with alcohol and the skin and loose
connective tissue were retracted aseptically to expose an
intact translucent abdominal wall consisting of parietal

peritoneum and scant connectivé and muscle tissues. The entire
tissue will hereafter be referred to asgperitoneal -mbrane or

parietal peritoneum. Ten ml of minimum essential medium (Eagle
Modified) containing lO%kh;at 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 cell c¢ounts were determined
from cytocentrifuée 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 peritoneun

(approximately 2 x 2 cm) was excised aseptically, rinsed,
' )
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‘homogenized in HEPES buffered normal saline:and inoculated onto
. '
blood agar. After correction for dilution, bacterial

o

recoveries were expressed as cfu per gram of tissue.
' 1 4{1 1] ~
The- catheter segment was removed by fine dissection of‘§ny
'adheéring tissue and cutting the anchoring suture to the

abdominal wall. Fluid within the catheter lumen was aspirated

t

. and determinations of ig;al cell cotthts as well as

-

cell counté were

4 lad

cytocentrifuge preparations for differential

conducted as for peritoneal washings. Granulation tissue which,
© ‘ - -
surrounded the catheter segment was aseptically removed and

homogenized in HEPES buffered normal saline. Wh?n’neCQ%pa:§
tenfold serial dilutions were prepared and specimens were

inoculated onto blood agdar. After the appropriate correction

for dilution, colonies recoVered were expressed as cfu per gram

© -~

of tissue. ’ ! : ;

Bacteria associated with the catheter were quantitated
§ : ) 9,
. following modifications of previously described methods (6,7).

‘Using light downward pressure ‘the catheter segments was streaked

[

ten times across the agar plage. The catheter segment was

rotated 20° and was 'again 'streaked across tﬁé agar plate.

-

After repeating this process four times the catheter was
incubated in TSB. Bacterial r;coveries from blood agar
assessment were expressed as cfu per.catheter gnd results of
incubation in TSB were expressed as culture positive or

negative. Alternately, the recovered catheter segment was

split lengthwise. One half of the catheter was processed ‘as.

2

above. The remaining half.was aseptically scraped with a

!

sterile blade into HEPES buffered normal saline and the scrabed

e} ’

material was broken up by Vortex mixing with glass beads for 30

< a

8
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‘seconds. When necessary tenfold serial diluéiono of the saline
yash were prepared and specimens were inoculated onto blood
agar. After correction for dilution, colonies recovered were
‘expressed as cfu per catheter. ’
Colony enumeration of all samples on agar was‘conducted
' after two?ty—four hours incubation. Positive 1dent1f1catlon of
recovered bacteria was ascertained by colony morphology, gram
stain, catalase productlon and the characteristic antibiotic,
‘ sonsitivity profile. 1In selected cases, procedures fof
positive identification included automated identificétaon)by
‘Vitek“(Vitek Systems, McDonnel Douglas Health Systems Co.,

Hazelwood, MO, USA).

Scanning electron microscopy (SEM) %&

~ A 2 mm tfansverse section from the anchoring end of
recovered catheters was reserved for SEM. Specimens were

processed for SEM using standard techniques. Catheter segments

were fixed in cacoayldﬁe buffered glutaraldehyde solution (oﬁ
7.3), dehydrated with incregsing concentrations of acetocne énd
dried to a critical point. Specimehs were then fixed to metal.,
planchets, coated with gold and examined with a scanning : -

electron'microsc0pe (model JSM-35U; JEOL, USA, Inc.).

Experimental protocol : o

‘ | Table 1 summarizes the experimental protocol of the

preparation of the-animal model and the schedule of inoculation

-

and microbiological assessment of mice.

Expression of"results and statistical anaiyéis
Bacterial recoveries were converted to log units.
Specimens presenting no bacterial growth on agar were assigned

( " a value of log 1 (10 cfu per ml) which reoresents the lower
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Table 1. Experimental prétocol

Weeks . Procedure - -
‘ 0 Electrocoaghlation of the right kiéney (all mice)
2 Left nephrectomy (renal failure mice) or exploration of

the left renal area (sham-operated mice)

4 Implantation of the peritoneal catheter

8 - Intracatheter inoculation with Staphylococcus
epidermidis (106 or 108 cfu)

¥ ]
Assessment 1 week post ‘challenge’ (106.and, 108 cfu)

?
10 Assessment 2 weeks post challenge (108 cfu[
11 * Assessment 3 weeks post challenge. (108 cfu)
12 Assessmeht 4 weeks post challenge (106 and, 108 cfu)
&
Q
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limit of detection of the microbiological assessment. All
results are expressed as mean:SD. Statistical analysis was
copducted utilizing Student's t test for the comparison of
unpaired data sets, one way analysis of variance and
correlation analysis.

Results

Animal model

Table 2 summarizes selected characteristics of the mous; )
model seven to ten weeks after the surgical induction of renal
failure. Blood.urea n;trogen (BUN) was used to asseés the &
degree of renal failure in this animal preparation and in
comparison to sham-operated controls, renaipfailure nice
presented appropriately elevated BUN leveis, Mean hemoglobin
concentration was always significantly reduced in renal failure
mice compared to sham-operated controls and as previousiy
repo;ted hemoglobin levels of renal failure animals were )
significantﬁy correlated to BUN: Hemoglobin levels of renal

failure mice subjected to e%ﬁher 106 or 108 cfu S.

epidermidis challenge were similar. In contrast, sham-operated

mice that were sacrificed at weekly intervals after 108 cfu:

o

S:_épidermidis inoculation presented significantly reduced mean

o~

hemoglobin concentration compared to respective animals that

received 109 cfu inoculation or non inoculated sham-operated

: ’
_mice (data not shown). The reduction of hemoglobin

. {
concentration was not affected by the sampling t%me following
d

I3

108 cfu inoculation or by the magnitude of bacterial recovery

from&;he catheter site. Mean body weight of renal failure 3nd

1

sham-operated mice was similar. .

Peritoneal implantatioq of the catheter, two weeks after

y
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Table 2. Characteristics of the mouse model of renal failured
{

Animal status: Sham-operated Renal failure
Blood urea nitrogen (mg/dl)® 23.9:5.0 (52) 98 4129.5 (52F
Hemoglobin (g/d1)
cfu.inoculation® 12.7+1.7 (17) 9.6:1.5 (17)°
10 -cfu inoculation® 11.0+1.3 (30)f 8.7+1.7 (31)e
0
Body weight (g)P ° 22.5+2.3 (53) 21.7+1.8 (52)

-

aResults are obtained in 15-19 week old C57BL/6 inbred mice 7-10
weeks after the surgical induction of renal failure or sham
surgery. Results are expressed as meantSD and sample size is
indicated in parentheses. N

bNo significant difference (p<0.05) was observed between animals
subjected to 106 or 108 cfu Staphylococcus epidermidis
challenge and therefore results were pooled.

CResults from mice sacrificed one week and one month after
intracatheter inoculation with 106 cfu Staphylococcus

epldermldls.
GResults from mice sacrificed at weekly intervals from one to
four weeks after intracatheter inoculation with 108 cfu .

Staphylococcus epidermidis. .
€significant difference :(p<0.05) between rénal failure and °

sham-operated mice.
fsignificant difference (p<0.05) between mice subjected to 106

and 108 cfu Staphylococcus epidermidis inoculation.

£
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Dnephrectomy or sham surgery, was well tolerated by all mice.
One month later, at the time of experimentation there was no
evidence of peritoneal contamination as a result of preparatory
surgical procedures or catheter implantation: InQariably,
granulat%on tissue encompasseg the catheter segment and has
been characterized previously as a low grade inflammatory
regponse of the peritoneum to the implaﬂt (8). Histological
assessments of the catheter associated granulation tissue
revealed a thick poorly vifcularized tissue which consisted
primarily of fibroblasts and mononuclear leucocytes: Iﬁmediate
peritoneal distribution of the inoculation volume was not
impeded by the catheter associated tissue. With the exception
of rare occasions, the catheter and its associated tissue

remained free of adheg;on to peritoneal structures.

Response of mice to 106 cfu intracatheter S. epidermidis -

P
3
\

challenge

Recovery of S. epidermidis from peritoneal structures of

mice one week and one month after a 106 cfu intracatheter
peritoneal challenge is summarized in Table 3. All animals
survived during the follow-up period and, with the exception of

a small number of mice, S§. epidermidis was effectively cleared

from all peritoneal sampling sites, including the peritoneal
catheter. One week after experimental challenge, S.

epidermidis remained associated with the catheter site of one

animal in each of the sham-operated and renal failure groups.

One month after §S. epidermidis challenge, two of se¥en renal
%
failure mice ‘presented positive recoveries from the catheter

site while specimens from sham—operaéed animals invariably

presented no bacterial growth.
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Table 3. Recovery of Staphylococcus epidermidis from peritoneal structures of mice at
various times after 10% cfu intracatheter peritoneal challengea.b

’ £

~”

Time after inoculation 1 week 1 month

Animal status: _Sham-operated Renal failure Sham-operated Renal failure
' (9) (10) (8) (7)

Number ofsmice with ﬁositive B i ) A y

S. epidermidis recoveries 1 g 1 0 2 ’

Site of bacterial recovery:
peritoneal washings
~ parietal peritoneum
- catheter site '

=00
O

o
o
¢

MOO

o

691

aResylts are obtained in 15-19 week old‘c57BL/6 inbred mice 7-10 weeks after the surgical
* induction of renal failure or sham surgery.
bSample fize is indicated in parentheses.-
!




There was no evidence of ongoing inflammatory processes as
v measured by total and differential leucocyte counts in
4 peripheral blood, peritoneal washings and fluid aspirated from
the catheter lumen (data not shown). One week or one month

! followiﬁg 106 cfu S. epidermidis intracatheter challenge,

peritoneal and circulating leucocyte populations were not )
significantly different than the normal resident or resting

state conditions. Leucocytes aspirated from the catheter

lumens did not present evidence of acute inflammation and their
differential nature was similar to that of leucocytes collected o

s ¢ . ’ cw
from lumens of non infected catheters.

Response of mice to 108 cfu s. epidermidis challenge

/Burvival%
", A
Survival of mice to one month after 108 cfu

intracatheter 8. epidermidis challenge is summarized in Figure

v 1+ Previously, during the,development of this animal model, we
investigated the response of sham-operated and renal failure

mice without per{toneal catheter implants to intraperitoneal

inoculation of 108 cfu S. epidermidis. For interest, results-
B a - ’ & op ¢ v '
of this previous invesfigation are also included in Figure 1.

Depending on the route of inoculation, there was a striking
difference in the pattern of survival of mice such that
mortality was least following intracatheter challenge with a

“ majority of deaths %ccurring 3 to 4 weeks post inoculation.” In

contrast, in those animals that underwent intraperitoneal
inoculation mortality was much greater and occurred within a
shorter period of time after inoculation. With the exception

of one sham-operated control, all mortality was accounted for

( “ by renal failure mice. y
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Figure.l. Survival curves of sham-operated (S) (solid line) and
renal failure (RF) (dashed line) micé during a one
month period after 108 cfu.Staphylococcus epidermidis
inoculation. The top panel represents results
following intracatheter inoculation and the bottom
panel summarizes experiments conducted in mice without
peritoneal catheter implants subjected to
intraperitoneal imoculation. Number of miée is -
indicated in parentheses.
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Recovery of S. epidermidis from peritoneal structures:

The microbiologic status of peritoneal structures og
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 Qg bacterial growth was
recovered from other tested perltoneal structures at all

assessmewt times. S. epidermidis recovery from the catheter

and its associated tissue was similar in sham-operated and
renal failure mice for the first two weeks after inoculation.
Thereafter, three and four weeks post jnoculation, recovery of

S. epidermidis from the catheter associated tissue of

} .
sham-operated controls was unexpectedly greater (p<0.05) than

that from renal failure mice.. One month after S. epidermidis

challenge 5 of 11 renal failure mice presented culture positive

t

specimens,”while specimens from_ all of 15 sham;operated mice

remained S. epidermidis culture positive. Recovery of S.

epidermidis from catheters, assessed by streaking across blood

agar, followed a similar pattern (Figure 3). Large nupbers of
bacteria were associated with the surface of catheters from
renal failure and sham-operated mice, however, three and four
weeks 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 /

controls continued to present large S. epidermidis‘ggcoverres.
Inflammatory response: A

Total leucocyte and polymorph counts of peritoneal
washings and peripheral blood of surviving mice at weekly

intervals to 1 month following 108 cfu intracatheter
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Table 4. Recovery of

i

Staphylococcus epidermidis from mice at various times after 108 cfu

challenge?/b \
3 - b 1
Sampling site: +vPeritoneal washiwmgs ‘"Parietal peritoneum ’
(log colonies per ml) (log colonies per gram) .
. ~ [
Animal .status: Sham-operated Renal failure . Sham-operated Renal failure
Time after inoculation .
(weeks) . " ..
1 NBG (8) 1.03:0.5 (12) 2.4&1.8 (8) ©1.6:1.2 (12)
2 NBG (5) NBG (6) 1.5£1.1 (5) NBG (6) |
3 NBG (8) NBG (7) NBG (8) NBG (7) %
4 1.04*0.2 (15) . 1.3%0.9 (11) 1.110.?{(15) 1.2%0.7 (11)
a8Results are obtained in 15-19 week “old C57BL/6 inbred mice 7-10 weeks after the '
surgical induction of renal failure or sham surgery. ) )
bRresults are expressed as mean:SD and sample size is indicated in parentheses.
CNBG indicates no bacterial growth.
- ~ <
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Figure 2. Recovery of Staphylococcus epidermidis from catheter
associated granulation tissue from sham-operated (solid
line) and renal failure (dashed line) mice: durmg a one
month period following 108 cfu intracatheter
inoculation. Mean values and standard deviations are

- indicated at weekly intervals after inoculation. An

F . asterisk indicates a significant difference (p<0.05)
4 ‘Y between renal failure mice and respective sham-operated

controls.

174
- - ‘




Figure 3.
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Colonies recovered per &atheter

Recovery of Staphylococcus epidermidis from peritoneal
catheters recovered from sham-operated (S) (open bars)
and renal failure (RF) (hatched bars) mice at weekly
intervals to one month after 108 cfu intracgtheter
inoculation. These data are derived from the same
animals represented in Figure 2 and represent colonies
recovered per catheter surface after streaking across
an agar plate. NBG indicates no bacterial growth.
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inoculation are presented in Figure 4. Compared to peritoneal
and circulating leucocytes of non indculated mice (data not
shown) local and. peripheral inflammatory response was evident
in all mice following inoculation. Peritoneal polymorph counts
were positively correlated (p<0.05) with the magnitude of
bacterial recovery from the catheter site. Peritoneal
polymorpﬁ response was qreatest during the first two weeks

after S. epidermidié challenge and thereafter declined such

that three (sham-operated 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 léucocyte populati;n ;j?spite of positive

recovery of S. epidermidis from the catheter site. Total

peritoneal leucocytes were also elevated for three weeks
following inoculation compared to non inoculated micCe.
Circulating total leucocyte counts were not measurably affected
by the experimental inoculation however there/waq a significant
increase in circulating polymorphs over resting state
conditions (no inoculation) which persisted for the duration of
the follow-up. Inflamﬁ%tory response, measured in terms of
peritoneal and circulating leucocytes, was not significantly
different between renal fajlure and sham-operated mice followed

to one month after 108 cfu intracatheter S. epidermidis

¢hallenge.

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 differential counts were similar, ranging from 75
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tQ 90% polymorphs, and were not apparently influenced by the

renal fuﬂgtion of the mice. Differential counting at 2 and 3
weeks after -inoculation was not possible because of extensive

cell Clumping and debris.

Phenotypic colonial variation of S. epidermidis isolates

Vdpiation of .colonial morphology was observed in S.
. "2

epidermidis isolates recovered from mice two to four weeks

o -

after 108 cfu inoculatiéﬁTTFiguré 5). Three to five colonies
of each type were successively subpultured three times and
colonial morphology }emained,gtable. Colonies varied in size
and color, ranging from pale grey to oﬁaque.white (parent
phenotype) and having a diameter of 0.5 to 3.6 mm (latter
measure is that 'of parént phenotype).k Assessments of the
isolated colonial variants which included automated
identification by Vitek revealed that the recovered phenotypes

had identical antibistic sensitivity 'profiles and biochemical

&,
reactions.

-
Y

! ‘Q. '’ . - o
Tissue and catheter specimens recovered one week aft%r

"

108 cfu inoculation presented %nly the parent 5. epidermidis

colonial phenotype. In contrast, two to four.weeks ther
inoculation a majority (59.7%) of specimens of citheter
associated granulation tissué and recovered catheter segments
revealed §henotypig cofgnial variants of the inocdlated S.

epiderﬁidis. All three of the culture positive specimens of

parietal peritoneum recovered from mice during this\gériod also
produced colonial morphology variants.
’/The mbst commonly 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

vy

-
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Primary culture on 5% horse blood Columbia’agax 'Of
catheter associated -granulation tissue recovered from a
mouse three weeks after 10° cfu intracatheter — —
Staphylococcus epidermidis inoculation showing ‘large

white (parent phenotype) large grey and small white
colopial morphologies. The right panel is a
photographic enlargement demonstrating the observed
phenotypic variants. Photographs were\}gken after 24

hours incubation at 37°C. -~
“t
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was observed and the proportion of colonies presenting this
phenotype in culture was not apparently éffected by the -
© i\

sampling time (2, 3 or 4 weeks after inoculation), the sampling

site (catheter or associhted granulation tissue and peritoneum)
]
or the level of renal function of the host. Pooling all

¢

isolates presentiﬁg phenotypic colonial Variants, the percent

of recovered S. epidermidis colonies presenting the grey

i

phenotype was 38.7:32.3. One other colonial.morphology variant

which was much less . frequently observed (9%) was markedly

-

smaller than the parent phenotype but was similarly white.

Microbiologic assessments of cathéter segments
1 ‘ Fifty four catheter éegments were split lengthwise and one
half Qas streaked across blood égar while the.other half was
? scraped” and tha;straped material was broken up by Vortex mixing :
'iwith glasé_beadg. This latter method of assessment was
cbnducted;&n order to detach any bacteria adhering to-‘the

W *
catheter surface in a bacter¥al biofilm. The results of both

microbiological assessments generally concurred. Cathéters -
assessed accordinqﬁ:o these ‘methods were recovered from renaL@?
failure and sham-operated mice 3 and 4 weeks after 108 cfu
ﬂ' inocﬁlation and 1 and 4‘weeks after 106 cfu inoculation.
‘Qualitative assessment of'?ro!th by the two methods was in
L agreement for 49 of 54 catﬁeters (91%). 1In 29 cases, both
methods of assessment yieided culture negative results and the

remaining 20 cases were culture positive. In 12 of the 20

(60%) culture positive assessments, greater S. epidermidis

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 epidermidis.

Left panel: Macrocolony of cocci isolated on the
surface of a catheter recoyeped one week after
inoculation (Magnification x 4,000). . ‘
Right panel: Macrocolony of cocci isolated on the
surface of a catheter recovered one month after
inoculation. Coccoid forms are evident in an
amorphous matrix (Magnification x 7,200).

3
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discordant pairs, 4 were accounted for by culture negative -~

1

scraping assessment and culture positive streaking results. ®

Scanning electron microscopy (SEM)

<

The luminal surface of catheter segments recovered from

mige, one week (6 specimens) &nd four weeks. (14 specimens)

after 108 cfu intracatheter S. epidermidis challenge,awere

1

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 }ymphocytes. After one month colonies Gf cocci .
were no lon%er cleafly visualized however, coccoid shapes were
ffrequent}y observed, in isolated masses of amorpﬁous material

_that iittered éhe catheter surfaces. Leucocytes were always g
abundant on the surfaces examined. One week afté?xlos cfu
intracatheter challenge, ¢atheter segments (6 specimens)
recovered from sham—operated and fenéllfaidure mice wege also
examined with SEM. Cbcci 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. All mice survived following inoculation of 106
cfu and one month after bacterial challegge, a small number of

renal failure mice presented persistent S. epidermidis at the

catheter site while all sham-operated controls had effectively

Cleared the inoculum. Survival of renal failure mice during .
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. —
the one month, following 108 cfu 5. epidermidis intracatheter

. . ’ 5a
inoculation was markediyless than that of sham-operated
¥
3 » Y
contrgls and the| peritoneal catheter site provided a preferred
nidus for bacterial persistence in a majority of surviving

animals. Uﬁexpectgély, S. epidermidis clearance from the

catheter site of renal failure mice was significantly’

accelerated,3 and 4 weeks after 108 cfu inoculation compared

‘to sham-operated controls. Inflammatory response was similar

‘in all animals and peritoneal inflammation was evident for the

first 3 weeks after 108 cfu challenge while a_systemic
. . @ =

polymorph response persisted throughout the one month follow-up

“

period.

S

The mouse model of chronic renal faildre has been
previously described (4,9) and was originally developed to
study the influence of chronic uremia on host immune résponse.

In order to address the influence of CAPD treatment variables,

rd

on éhewresponse of mice to peritoneal bacterial challenge, the

animal preparation was expanded to-include a permanently

dwelling peritoneal catheter (8). Placement of the catheter

segment eqtirely within the confines of the peritbﬁgal cavityv
preserved the microbiological sterility of the péritoneum and
the resulting -animal preparation was not limited by bacterial
contamination related to a catheter exit site to the skin. At
the time of our assessments, seven to ten weeks after the
surgical induction of reﬁ;l failure, mice were azotemic and

. \

presented significant anemia. Presumably as a consequence of

persigting S. epidermidis infection of the catheter sifte,

sham-operated mice presented significant anemia during the one

month follow-up after 108 cfu intracatheter inoculation

(&Y
<
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immunocompromised uremic host (10-12). The results of the

;
- '
~ \

& T
. +

compared to those sacrificed one month after 109 cfu

-

inoculation or non infected sham-operated controls.

W .

Furthermore, unlike previous observations where body weight of

sham-opérated mice was significantly greater than that Of renal

4 \

failure animals, body weight of both groups of mice in this

series were similar. )

&
# In the literature there is a scarcity of in vivo

-

investigations in which chronic renal failure animals have been
directly challenged with:viable bacteria and results of the few

reported studies have failed to demonstrate a fundamentally
. ; A

W

current studies, and those conducted previoqusly in our

-

laboratory utilizing the same animal preparation, may help to ' ¢
clarify some of the‘difficu}ties in the investigation of the
influence of chronic uremia on susceptibility to infection. 1In
previous experiments which were ‘designed to differentiate
between renal failure and sham-operated mice we have -
demonstrated the importance of the exper;mentél inoculum size,
the parameter chosen to measure response and the time of
assessment relative to bacterial inoculation. Comparing our
current opfervations with those of preliminary studies, the
outcome of 108 cfu inoculation in terms of survival of mice
varied between conditions of intracatheter or intraperitoneal
inoculation. These apparently conflicting. results may find

explanation in a multifactorial relationship between renal

failure, host immune response and virulence of the infecting

microorganism.

+

Through- a systematic approach with consistent \
¢ ° :
| * \
microbiological assessment, we have inves%igated the roles of a
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series of CAPD treatment variables in the pathogenesis of
Y

4
peritoneal S. epidermidis infection. Utilizing the mouse g

model, the immunosuppressive Thfluence of chronic renal failure

f

has been demonstrated in terms of acceleﬁated lethality (with
1092 cfu), increased mortality with (108 cfu) and impaired

éeritoneal clearance (with 106 cfu) following peritoneal S.
\ 2.
1
epidermidis challenge (1,2). Peritoneal catheter implantation
— . \ \
one month before peritoneal inoculation dil not influence the

response of sham—operdted or renal failure mice to the S.

epidermidis challenge (3). In mice bearinglperitoneal catheter

implants, intracatheter §. epidermidis inoculation revealed
that bacteria remained preferentially,associated with the
catheter site and repeated peritoneal instillation of
commercial peritoneal dialysis solution did not markedly
influence the o?tcome of the experimental inoculation'(3;13).

“The iﬁvestigation of the long. term clearance of S. epidermidis

from the catheter site was undertaken as a result of previous
studies in which the early clear;nce of a'lo6 cfu inoculum ¥
from the catheter implant was ineffective and was further
impaired in renal failu;e mice (3). In the current
investigation, most mice' had cleared the 106 cfu §.

epidermidis inoculum one month after challenge while a majority

of those animals that underwent 108 _cfu inoculation continued

to present large S. epidermidis recoveries from the catheter

site one month after.challenge. The accelerated clearance from

the catheter site of renal failure mice three anﬁ four weeks

after 108 cfu S.'epidermidis inoculation was an unexpected
" finding which may reflect an unfavorable environment for

persisting S. epidermidis at the catheter sife of chronic renal

failure mice. 185
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One week after 106 cfu'S. epidermidis intracatheter
inoculation there was no evidence of inflammatory response 4n
@ ’ . o ] \

sham-operated or renal failure mice: An impaired early

peritoneal inflammatory response duriag the first twelwve hours
‘o, Y,

\

post inoculation in renal failure mice has been previously
K

reported (2), yet in the current investigation inflammatory =

response of renal failure and sham-operated mice was similar at

[- S
. one week to one month after 108 cfu S. epidermidis’' challenge.
<

During the follow-up period, peritoneal polymorph responsg was
positively correlated to bacterial recovery from the catheter
site. However, four weeks post challenge, in spite of

persisting albeit diminishing numbers of S. epidermidis, there

was no measureable peritoneal inflammatory response in mice.
In contrast, peripheral polymorph response continued throughout
the one month follow-up period reflecting a persistent ' ’

inflammatory_ stimulus.

Slime production by certain strains of S. epidermidis
oenhancés bacterial attachment to smooth surfaces and interferes
with the phagocytosis and bactericidal functions of host :
leucocytes (14-17). Catheter colonization with slime-producing

S. epidermidis resulting in confluent biofilm formation has

been demonstrated on peritoneal catheters recovered from CAPD
patients (7,18,19). Forty eight hours after intracatheter

inoculation of mice with slime~producing S. epidermidis,. SEM..

assessment Of recovered catheters revealed early stages of

biofilm formation (3). Our current SEM agsessments of

catheters recovered one week and one month after 108 cfu S.

@ . epidermidis intracatheter challenge did not r@veal«\co'nf](uent S.

’epidermidis biofilms. However, isolated macrocolonies (1 week)

k.

]
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and coccoid forms embedded in an amorphoud matrix (1 %onth) &3

5 4

. ¢
were observed on the 1uminal'surf;}es of catheters and
1

repregent later stages of biofilm formation (15).
Microbiologic assessment of catheters colonized with

-
I L

slime—prodycing S. épidermidis may be hampered by the firm “

attachgent of bactgria to the smoch sugface of thelcatheter
(7,20). In the current investigation two methods‘of |
microbiollogical asseSsment (streaking the catheter across agar
or scraping and:Vortex mixing with'glass bea&s} Qere compared
and the results agreed qu;litativeiy in most cases (91%).‘

.

However quantitative results varied betwees the two methods of

assessment, ﬁ;}ther meLhod yielding consistently larger or
7

3

o

smaller recoveries. Further studies may.be fequired to
indentify a method of reliable quantitation of slime-producing
R3

straing of S. epidermidis which colonize the smooth surfaces of

’

CAPD catheters.
&

The ability of microorganisms, including staphylococci, to
[

adapt to altered or unfavorable growEh conditions is

el

demonstrated by the emergence of bhénotypic arld genotypic

variants (2i-25).' A balance betﬁgen host cel}ular and humoral
bacteriostatic 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 investigation by S. epidermidis

igolates that were reg¢overed from mice at least two weeks after
- v
. ‘ i ‘
108 cfu inoculation. The proportion of colonial variants
recovered was not apparently influenced by the site of recovery

(catheter, catheter associated tidsue or parietal peritoneum)

»

or by the status of the host (renal failure or sham—operated

o

'
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warranted. ”

~

mice). Whether the variant isolates have comparable virulence

< .

as the parent S. epidermidis remains to be investigated.

-

Utilizing this animal prepérationr we have demonstrated

that the peritoneal catheter is a preferred site for long term
&
ﬁersistence of S. epidermidis. The accelerated clearance of S.

epidermidis from the catheter site of renal failure mmice was. an
’ {

unexpected finding stever, our results nevertheless reveal the

poteﬁtial\imyértance of the peritoneal catheter in the

pathogenesis of persistent CAPD peritonitis. The results of :

A '
B '

our current investigation provide a basic animal model in which

v

to assess antimicrobial therapies for the eradication of

. * ’ .
persisting bacterial -colonization of peritoneal catheters. -
Finally, the emergence of phenotypic colonial.variants of S.

epidermidis 4t least two weeks following intracatheter -

inoculdtion may be a significant observatidn and further study

to characterize the ﬂ§€hre of the recovered variants is

- ) -
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on response of renal failyre mice to intraperitoneal
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Section 6.1

) @ ‘ - - g"

. v
~Cytotoxicity of commercial peritoneal dialysis solutions f/

towards peritoneal cells of chrénically'u;emic mice
f . f 34N

T

Presented in part at the III International Symposium on

Peritoneal Dialysis, Washington, D.C., June 17-~20, 1984; the
53rd An;;al Meeting of the Royal Collegexof Physicians ang
. éﬁrgeons éf Canada, Montreal, Canada, September 10-13, 1984,
and the 21st National Reticuloendothelial Society Meeting,

Montreal, Canada, October 14-17, 1984.
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I.Aﬁstract
A gradagl loss of cell viability was observed during'ig
vitro incubation of peritoneal cells from'chronically ureﬁic
mice in commercial pefitoneal dialysis soiutions.' The
magnitude of this cytotoxicity toward per;toneal cells
harvested from uremic mice and controls was comparable.
Resident peritoneal cells were always found to be more '
susceptible than thioglycolate—eiicited peritonegl éopulatioﬁs
of either macrophegés or polymorphonuclear cells. -In order to
eiucidate‘the factors contributing to this phenomenon, resident
peritoneal cells recovered from normal mice were incubated in
vitro for one hour in various solutionstbf known pH and
osmolarity consisting of buffered and unbufé;red commercial
pgritoneal éialysis solutions. :?he results clearly show that
the major parﬁ of the cytotoxiciéy is attributable to the low
pr of thé,solutions. Once pH was corrected, the .
“hypqrosmolarity of the;e solutions had no effect on cell
viability; however a small but significant cytotdxicity

remained. Factors other than those addressed. iin this study

probably account for the observed residual cytotoxicity.

Introduction

)

Recent studies in %PiCh in vitro assays have been used
to assess the impact of cowmerqial peritoneal dialysis (PD)
solutions on immune cell functions have increased our
understanding of the deleterious effects of the extreme pH and

osmolarity characteristics of these solutions.l-3

T~ .
Application of these assays to circulating blood leucocytes of

normal individuals showed that the combination of low pH and

194
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high osmolarity of PD solutions adversely affected the
phagocytosis and bactericidal acti&ity of polymorphonuclear
cells. Both of these functions were markedly impaired when
polymorphs were incubated in culture media\having a pH adjusted
to that of commercipl PD solutions. Comparing 4 different PD
solutions having dextrose concentrations ranging from 0.5 to
4.25%)Lthese investigators observed inhibition of both
polymorph phagocytosis and bactericidal activity by the 2.5 and
4.25% PD solutions. In addition, comparison of the effect on
polymorphs of various substances, either drugs frequently added
to PD Lolutions or qnaogenous metabolic products, showed that

heparin, urea, lactate and acetate depressed chemiluminescence

"
whereas insulin and creatinine did not. 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 uremi¢ subjects, we assessed the
viability of péritoneal cells recovered from normal,
sham-operated and chronically uremic mice duﬁégg in vitro
incubation in PD solutions. We found marked cytotoxicity of
all tested PD solutions (0.5, 1.5 and 4.25% dextrose) compared
with phosphate buffered saline (PBS). Resident peritoneal
cells were much more susceptible than thioglycolate elicited
ones, either m;;rophages or polyqorpﬁé. The same pattern of
cytotoxicity was found across the three mice groups. Cell
viability improved strikingly with correction of the pH of PD
solutions, although a small but significant cytotoxicity was

(23

still present independent of osmolarity. These results

o
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demonstrate that the low pH of PD solutions is the most

significant factor affecting cell viability. Some factors
influencing the viability of peritoneal cells maintained in PD
solutions have been defined but those factors responsible for -
the observed residual cytotoxicity have yet to be identified.

¢

Materials and Methods

Aﬁimals: Female C57BL/6 mice were obtained from Charles
River Bree@ing Laboratories‘(Kihgstgn, N.Y., USA) at five weeks
of age. fhe animals were left to acclimatize in holding
facilities for one week prior to use. All animals we;e allowed

free access to water and mouse'u&ow.

Induction of renal failure: Renal failure was induced

surgically by a two step procedure as previously describeqw4
Under ether anesthesia a small incision was made through which
the right kidﬁey 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-712, Birtcher Corp, Los Angeles, Calif., USA) the entire
kidney surface hag electrocoaéulated. The abdominal incision
was closed with a running suture through the deep la¥efs and
surgical clips were gpplied to the skini% The secondxsurgeryb ‘éﬁ
was performed twelve to fifteen days later. 1In those animals
which would constitute the uremic group a left nephrectomy was
performed. In those mice which would constitute the
sham—opera£ed controls, a'left flank incision was made through
which the kidney was only visualized. Six weeks after the

second surgery animals were used for experimentation.
° 196
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Blood analyses: At the time of sacrifice mice were

anesthetized with ether, weighed and blood was collected by s
cardiac puncture in heparin-coated plastic syringes (Hepalean,
Harris Laboratories, Toronto, Canada) for hematological an%

biochemical analyses. Routine hematology was done utiliz{hg a

¢

Coulter counter (Model 2Bl, Coulter Electronfb&x\inc., Hialeah,

Fla, USA) and differential cell counts were perfdrmed on
) :
Wright-stained blood smear preparations. Levels of urea

!
nitrogen (BUN) and creatinine in plasma were assessed by an

IL-9 autoanalyzer (Instrumentation .Laboratory Inc., Lexington,

v

fiass, USA). .

ik

Collection of peritoneal cells and incubation conditions:

To obtain an elicited peritoneal cellular population, mice

received an intraperitoneal injection of 1 ml Brewer's

thioglycolate broth (Difco Laboratoriesy Detroit, Mich., USA)

either 18 hours (polymorphonuclear cells) or 3 days ]

(maéropbages) prior to.sacrifice.? Following exsanguination,
the abdominal skin was retracted to expose the intact
peritoneum. Ten ml of peritoneal wash solution was rapidly
injected into the peritoneal ca&ity-and the effluent was slowly
withdrawn. Peritoneal cells were harvested in this manner
using either commercial PD solutions containing lacta;e (Abbott
Laboratories Ltd., Montreal, Quebec, Canada; Travenol Canada
Inc., Mississauga, Ontario, Canada), 'PD solutions’ supplemented
" with 20 mM HEPES buffer or phosphate buffer saline (PBS) as™the
peritoneal wash solution. The collected volume was measured,
transferred into polypropylene conical tubes and stored on iée
for the remainder of“theiprocessing. Cells of each effluent

were counted in Neubauer countiﬁg chambers and differential
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cell counts were determined from cytocentrifuge preparations
stained with Diff-Quick (American Scientific Products, McGaw
Park, Il1l., USA). Peritoneal effluents were centrifuged (1500
rpm, 10 min, 4°C) and the pellet was resuspended with the
respective solution to a concentration of 2x106 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 ;r 60 minutes at 37°C and 5%

COs. At zero timeland 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, glutamipe, 10% heat inactivated fetal calf serum
(FCS) and 20 mM HEPES buffer. Samples were then returned to
the incﬁgator to complete a total 60 min incubation pegiod.
Following the addition of MEM the osmqlarity 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. Differential cell counts
and viabie cell counts, measured by trypan blue exclusion, were
recorded for each sample. Osmolarity was measured on fresh

samples with an Advanced Cryomatic Osmometer (Model 3C2,

Advanced Instruments Inc., Needham Heights, Mass., USA).

~
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Statisticial analysis: Results are presented as the mean

and standard deviation. sSignificance was established at levels

of p<0.05 using Student's t test to compére means of -

"/

w

independent samples.

Results

Renal failure model

/ Data on the metabolic and hematologidal features of mice
with renal failure and their control littermates are summarized
in Table I. The BUN and plasma creatinine levels of renal
f&ilure mice were 114.9:34.5 and 0.7+0.3 mg/dl (mean:+SD)
compared to normal control values of 19.8%+5.4 and 0.1:0.1
mgkdl, respectively. Values of Bquof uremic mice varied ‘
considerably ranging’ rom 77 to 191 mg/dl. The retention $f
nitrogenous compoundsfbas inversely correlated to hemoglobin
concentrations, the mean of which had fallen to 7.7%1.1 g/dl by
the time of sacrifice. None of the other usual.hematological
pa;ameters, including circulating leucocyte counts and platelet
numbers, were affected in the present series. No change was
observed in—leucocyte differential counts (data not shown)
where lymphocytes account for over 90% of circulating ,
leucocytes in this mouse strain.® The body weight of uremic
mice was moderately but’ significantly reduced compared to sham

operated and normal controls.
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Table 1 - )

’
‘ _ Characteristics of the mouse model of renal failured b

fﬂ"

Normal , Sham )Uremic
. ! * } 23
Blood urea . 19.8%5.4 26.3%6.8 114.9+24.5C
nitrogen (mg/dl) (50) , - (35) (37)
Plasma creatinine 0.1£0.1 0.2%0.1 0.7:0.3¢
(mg/4dl) . . (14) (8) (21)
Hemoglobin 13.1:0.8 13.0£0.7 7.7t1.1C.
(g/a1) (28) (30) . (25)
Leucocytes/mm3 , 4.4t1.6 ‘ 4.§t2f2 © 4.7£2.8
(x103) , . (28) (30) (25)
] l : -
Platelets/mm3 670294 . ~711+158 840£96
(18) . (19) (19)
. Body weight (g) 23.4:1.8 22.1:1.5 20.9+1.9€
° (34) v (31) '(34)

3

AResults are expressed as mean*SD.
PNumber of animals 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 mice, with
r?nal féilure ané their control littermates areopresented 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 the
intraperitoneal injection of thioglycolate, cellularity of’the
peritoneal washout was significantly less in uremic mice than
in coﬁtrols.' The predominant cell types recovered 18 hé&rs and ‘
3 days éfter thioglycolate injection were poliymorphs and
macrophages, respectively. No effect of surgery on peritoneal
cell populationé was seen in the sham-operated group.

<

Effect of commercial PD solutions on peritoneal cell viability+-

Data on the ability of comﬁercial PD solutions to maintain
mouse peritongal cells in vitro are presented in Figures 1 and
2 and Table III. When mouse peritoneal cells were incubated in
a ?BS control solution, loss of viabiiity was minimal after one
hour (Figures 1 and 2). This was true for resident as well as
both elicited peritoneal populations recovered from mice with
renal failure or their control littermates. The overall SEll
viability after one hour incubation in PBS solution was 87.0%
7.0, 81.5f£7.4, and 85.4%7.6% for normal, sham-operated and

uremic mice, respectively. In contrast, a significant

proportion of peritoneal cells incubated in 4.25% PD soluiion

~——

were nonviable after one hour. The incubation produced
greatest losses amid the resident cell population with'hore
than a half of the cells dead at the end of the incubation
period (Figure 1), wh%reas over 60% of the elicited population

consisting predominantly of macrophages (3 day exudate) and 75%

o
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, Table II :
, ¢
L_ 'ﬂ' Characteristics of recovered peritoneal cell populations®
Normal Sham Uremic ¥
Resident cells ) .
Number of animals 24 12 16
Ieucocytes x 109/ml  0.8%0.3 0.6%0.2 0.8%0.4
) ‘ Differential count
’ Macrophages(%) 49.9+8.2 61.1£11.4 47.5%13.6
Lymphocytes($%) 45.8+8.9 36.0+10.0 50.6+13.6
Polymorphs (%), 2.0£2.4 2.5+3.4 1.4:1.4
Mast cells(%) 2.2+1.6° 0.320.9 *0.5:0.9
18 hour inflammatory ¢ .
exudate i
Number of animals: 213 . 7 14 ‘
Leucocytes x 10°/ml1  2.6%1.0 2.6%1.2 " 1.5 0.8b Mjg
-Differential count , ‘
Macrophages (%) 30.6%8.9 "35.3%5.5 - 36.4%7.7 -
Lymphocytes (%) 12.8+9.6 11.0£7.7 8.8%5.7
Polymorphs (%) 56.5+12.6 53.6+12.5 54.8+10.8
, Mast cells(%) . 0x0 ] 00 . 0+0
. &
3 day inflammatory
' exudate ‘ d -
Number of animals 26 23 21
3 Leucocytes x 10%/ml  2.3%0.7 2.4%1.1 | 2.4%1.0
* Differential count n v
Macrophages (%) 74.0%:8.1 73.728.2 70.4%7.1
Lymphocytes(%) 16.8%6.7 16.1+6.7 19.6+6.4
< Polymorphs (%) iE§t4.3 10.7%3.7 9.6%4.3
Mast cells(%) 0£4+0.9 0.0%0.2 0.1+0.2 >
. o N
s
2Results are expressed as meaniSD.
bsignificant difference (p<0.05) between controls and uremic
mice. -
7
L ! N \S ¢ g
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% Viability of resident peritoneal
cells -

Figure 1l:
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:
Time course of cytotoxicity of commercial 425%

peritoneal dialysis solution (dashed line) exhibited
in vitro towards mouse resident peritoneal cells
compared to phosphate buffered saline control = °
solution (solid line). MeantSD percent viability of
cells obtained from normal, sham-operated and
chronically uremic mice are shown. Significant
differences (p<0.05) 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 |

| i

hour exudate) remained viable (Figure 2). \~

It is noteworthy that the viability of the zero t1me

controls of the elicited populatlons harveste in 4.25%

ot

dextrose PD solution was consistently less than that of the PBS

controls. The cytotoxic effect observed during the incubation

‘period was comparaplelfor cells harvested from normal, .

]

sham-operated and uremic mice. Therefore results were pooled

across the three groupF of_mice (Table III). A similar

magnitude of cytotoxicity is observed when resideno'cells‘are
1ncubated in 4.25% or 1.5% dextrose even though the osmolar1i¥ o
and pH characteristics of the latter solution are not as

extreme as those of the former. 1In contrast, incubation of, the
elicited population consisting primarily of mac;ophageg in 1.5%
PD solution resulted in a significant reduction in viabiIity

but to a lesser degree than that observed during incubation in

4.25% dextrose. .

To determine if one given cell type was more sensitive to

p=3
>

the PD solutions, differential counts were performed at the end
of €ach incubation pegiod. No. apparent difference in |
differential counts of the-remaining cells was seen. 1In some
instances, however, such as after the 60 mip incubation of
resident peritoneal cells in 4.25% PD solution, differential

counting could not be cérrieé out because cell morphology was °

changed beyond recognition.
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Figure 2: Time course of cytotoxicity of commercial 4.25%
‘ per1toneal dialysis solution (dashed line) exhibited
in vitro towards mouse elicited peritoneal cells
compared to phosphate buffered saline control ¢
solution (solid line). Peritoneal cells were
recovered 18 hours (short dashes) and 3 days [long
dashes) after a thioglycolate intraperitoneal
injection. MeantSD percent viability of cells —
p/\ obtained from normal, sham-operated and chronjcally
uremic mice are shown. Significant differences
.(p<0.05) between the peritoneal dialysis solution
- and a PBS control solution for the three test times
are indicated by asterisks. ‘
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oA ' Table III

Effect of PD solution on the viability of
mouse peritoneal cellsa(b

)

Nature of Percent viability
Cells \80lution 0 time 20 min 60 min
Regident - |
N=19 . PBS S 89.6%7.9 84.2+7.8 83.2:8.0
N=13 1.5%PD 81.2%4.,2 NDR 52.9:9,.4
N=20 4.25%PD 85.5%6.6 72.0t9,5° 49.1t8.0°
Inflammatory
18 hour exudate BN ’ ‘
N=9 PBS "93.4+3,8 . 94.9%2.6 88.3t2,2
N=25 4.25%PD 84.415,1¢ 80.7%7.0° 75.0t5.4°C *
Inflammat
3 day exudate ‘
N=24 PBS 91.723.6 88.2%4.7 85.2:8.1.
N=24 % .5%PD 89.5+8.2 NDd 76.8+10.9°
N=22 4.25%PD 82.3:11.6°  78.8f14.5°  65.2¢9.8°€

(=]
Apooled viability of peritoneal cells harvesed from normal,
-sham-operated and uremic mice incubated in either PD solution
or PBS-.
bDResults are expressed as meanSD.-
Csignificant difference (p<0.95) between control PBS and test PD
solutions.
dNot determined.
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Effect of buffered commercial PD solutions on p’eriton’eal cell

viability

Data on the characteristics of buffered commercial PD
solutions and their ability to maintain mouse peritoneal cells
in vitro are presented in Tables IV and V, respectively. Im

order to investigate the mechanism of the cytotoxicity of PD

solutions towards mouse peritoneal cells, we set out to
delineate the regpective .contribution of the high osmolarity
and low pH of commercial PD solutions to the observed
cytotoxiciéy. Accordingly viability of resident peritoneal

cells from normal mice was determined before and after 60 min

incubation in unmodified and buffered commercial PD solutions.
In this series of experiments, the entire range of cgmercially .
avaiiable(QD solutions was tested from 0'.5 to 4.25% dextrose -
concentration. The addition of 20 mM HEPES buffer adjusted the -
pH of the PD solutions to that of the control PBS soiution and
algo augmented their osmolarity by approximately 20 units.

. -Thus, all buffered PD solutions had similar pH values (7.1-7.2)
but differed markedly in osmolarity which ranged from 304 to °
507 mOsm/kg. H

‘ In such a system, the incubation of resident 'perit'oneal
cells from.normal mice in unbuffered PD solutions/induced a
marked loss in cell viability as shown earlier (Table V). The
addition of HEPES buffer to the 1.5 and 4.25% PD solut{ons
significantly improved the resulting cell viability, which was
then comparable for both buffered PD solutions ~although they
varied greatly in oémolarity. This data suggests that the 0
observed cytotoxicity of PD'solutions was largely accounted for

( by their low pH and that loss of viability was independent of
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3 Table IV’ -
: o : ‘ ' Measured pH and osmolarity values of
L buffered and unbuffered PD solutions
f , ‘Nature of Osmolarity
~ solution pH (mOsm/kg,0)
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
W
' 4.25% PD I 5.3 485
Buf fered 4'_.25.% PD1I 7.1 501
\ 4.25%8 PD II ’ 5.0 491
Buffered 4.5% PD I 7.1 507
\ * .
-]
8
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hyperosmolarity once the pH had been adjusted to physiologicgl'
levels. However, a similar loss of viability was exhibited by
cells incubated in buffered and unbuffered 0.5% PD solution
- ' havfng pH le;els 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 significant reduction in
cell viability compared to that in the PBS control solution. A
similar degree, of residual cytotoxicity was observed following’
incubation in all buffered PD solutions thereby suggesting that
factor(s) other than pH and osmolarity are responsible for part

of the cytotoxicity exhibited by commercial PD solutions.

Viability of‘ﬁéritoneal cells harvested from normal mice
and incubated in 2.25% PD solutions'supplied by two different
Aanufacturers is also presepted‘in Table.V.w 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 significant

reduction of this cytotoxicity, which was then comparabie for
the two brands. The greater cytotoxicity of unmodified PD
- solution II may be due to its comparatively lower pH (Table

o

L V).
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Table V

Effect of buffered and unbuffered PD solutions on the viability
of mouse peritoneal ‘cellsdsP

Percent

. ‘ . reduction in
Nature of Percent viability viability at
solution (N) 0 time 60 min 60 min
o PBS (16) 90.3+5.7 84.4+7.1 6.555.4
0.5% PD (8) , 85.1£10.3 68.6%9.5° 18.9+£10.7°€
Buffered 0.5% PD (7) 84.7+4.0 71.4+7.6° 15.8:7.2€
1.5 PD (12) _ 78.4+5.2¢  50.1+7.3C 36-1+8.1¢
Buffered 1.5% PD (8) 84.4+8.3 69.6t9.4° , 17.7t9,9€
4.,25% PD I '(16) ) 83.8:£7.7° 48.7+11.1° . 41.8+13.2€
Buffered 4.25% PD I (16) 89.2+4,7 70.1%9.0° 21.9:8.8°
4.25% PD II (12) ' 78.2£7,0¢ 21.6%7.8C 72.3£10.6°

Buffered 4.25% PD II (8) 92.8%t5.2 = 77.4£6.6° 16.2£10.3°

AResident peritoneal cells recovered from normal hice.

bPRresults are expressed as meantSD.

Csignificant difference (p<0.05) between control PRS and test PD
solutions. ‘ -
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. . Discussion \
: Thiq study has extended previous observationé of early
reduction in cellular function after incubation with commercial
PD solutions.l"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 indiscriminately all cell types recovered from the

_peritoneal space regardless of their origin from animals with

varying degress of renal function. 1In an effort to dissociate
between the low pH and high osmolarity characteristics of PD
solutions it was possible to ascribe the greater-;a:t of the
observed cytotoxicity to the low pH and a lesser, parf to an as
yet undefined factor distihct from osﬁolarity. i{

The experimental p}eparation used in this study
facilitated assessment of the influence of.chronic renal
failure .on viability of peritoneal cells maintained in PD .
solutions. With this model one is dealing with an entire
animal preparaiion of a chronic and severe metabolic disorder
and experiments can be carried out with micg whose perit;oneaégB U
cell attributes and functions have been well characterized in
normal physiolojical states.’"9 Six weeks after the onset of
renal failure, mean values of blood urea nitrogen and plasma
creatinine were appropriately elevated when compared to normal
and sham-operated animals. It is important to note that levels
of plasma creatinine in mice of the strain used in these ]

i

experiments are about one tenth of the normal values in man.

L]

The renal 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 additi;;; uremic miée
shoﬁed 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
clinically with chronic uremia.

Uremia per‘se did not_.influence the differential ﬁatuté”bf“
the peritoneal cell populations harvested nor their
suscepﬁibilié} to the cytotoxic effect of the dialysis
solutions. However,‘eiéhteen hours after treatment with an
infiammatory stimulus 'peritoneal cellularity was significantly
less in uremic mice as compared to controls. The elicited
populations were consistently more resistant to the deleterious
effect of the PD solutions'than was the resident population yet
viability of all populations was significantly reduced. This
greater resistance may reflect the normal function of eiicited
cell populatio;; in the relatively acidic microenvironment of
inflammatory sites.10/11 pjfferential cell counts did not
change during incubation in PD solutions, thus the dytotoxic
effect appears to affect all 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 éhe following conclusions can be
drawn. Osmolarity d4id not appear to be a contributing factor
once pH had been corrected since similar residual cytotoxicity
was observed across the wide range of osmolarities examined.
Witgh the more extreme conditions of low pH presented by the 1.5

and 4,25% PD solutions the correction of pH with HEPES buffer
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considerably increased cell viﬁbility during a one hour
ipcuﬁation. However, in the less iextreme 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 fol'lowing one hour incubation in all buffered PD
solutions including the buffered iso-osmolar 0.5% PD soclution,
factors other than those addressed here must account for the
remaining lgsg\of viability. Othg; possible contributing
factors include dextrose degradation products and/or -
plasticizers leached from the dialysis solution bags both of
which would be enhanced during heat sterilization processes.
Potential factors Jhat we did not study include the effect of
the buffer (lactate, acetate or bicarbonate) in the comﬁercial
PD solutions.-

It would 'be erroneous to extrapolate the observed
cytotoxic effect during in witro incubation of peritoneal cells
in PD solutions to the clinical practice of peritoneaiﬂ ‘
dialysis. The harvestigg and processing of the cellular
consfituents‘of the peritoneal cavity may delete substances
that afford cellular protection agaipst the detrimental effects
of the PD solution. Furthér, 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, respectivély,
and pH equilibrates at 7.2 after one hour.1:12  although loss
of cell viability increased with in vitro incubation time to
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one hour, there was an immediate (0 time) and significant

I Tk

cytotoxic effect of 4.25% PD solution towards eliciéed
peritoneal cells compared to PBS controls. In addition
resident peritonéal cells incubated in 4.25% PD solution for 20
min incurred a significant loss of viability.

The cellular constituents that have been examined in éhis
study are those that play an integral role in host defense of
the peritoneum against bacterial infection. Since the’
inception‘of peritoneal dialyéiﬁ, many advances have been made
with regards to ancillary equipment to reduce the occurrence of
peritonitis resulting from touch contamination and yet few
patients ‘are spared an event of peritonitis. Concurrent with

an event of touch contamination at dialysis exchange, the

inflowing PD solution presents the most extreme

" non-physiological characteristics of pH and osmolarity. It

remains plausible that frequent exposure to large volumes of PD
solutions may challenge local immunocompetence of °"the
peritoneum. The influence of dialysis solutions dwellipg in
the peritoneal cavity of chronically uremic mice on their.

susceptibility to intraperitoneal bacterial challenge is

currently under investigation.

PR
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4 | Abstract
The effect of repeated peritoneal instillation of 4.25%

dextrose peritoneal dialysis (PD) solution on the peritoneal

clearance of a S. epidermidis challenge was\investigated in a

3
(d

mouse model of surgically induced renal failure. Mice bearing
peritoneal catheter implants underwent daily (3 ml) or twice

daily (1.5 ml) peritoneal instillation of PD solution without
peritoneal drainage, for periods of up to two weeks.

» 1] . 3 - k] L3 . by
Peritoneal infusion by transcutaneous injection into the

|

catheter lumen was conducted repeatedly without bacterial

*- !

contamination of the peritoneal cavity or catheter. Peritoneal
o : ,

~

instillation of PD solution did not have a marked influence on
the microbiclogical status of peritoneal structures of mice

following experimental intracatheter 5. epidermidis inoculation

with 106 cfu (assessment 48 hours pogt inoculation) or 108
cfu (assessment 1 week post inoculation). Microbiological and

scanning electron microscopy assessment of recovered peritoneal

catheters demonstrated that S. epidermidis remained associated

with the catheter site after other peritoneal structures had

1 |

become culture negative. A renal failure related impairment of

‘bacterial clearance from the catheter site was apparent in mice

following experimental chaflenge with the smaller 106 cfu

-

inoculum only. During control experiments conducted in the

i

absence of S. epidermidis inoculation repeated peritoneal
)

(o}

5]

instillation of PD solution caused acute local inflammation
without evidence of a marked systemic inflammatory response.

Furthermore, peritoneal inflammatory response to S. epidermidis

challenge was augmented by the infusion procedure. Scanning
kY
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electron microscopy of‘tpe parietal geritoneum revealed
striking morphological alterations of, the mesothelial surface -
as a oconsequence of caily pgritoneal=instillation of PD
solu;ibn. Although the animal preparation was limited to >

- peritoneal infusion without drainage, the }ngluéhce of repeated
pgfitoneal instillation of hype;osmolar acidic PD solution om

$

response of mice to peritoneal S. epidermidis challenge was’

successfully addressed. . .
p . A
Introduction
Continuous ambulatory peritoneal dialysis (.CAPD) is a
widely accepted form of renal replacement therapy however, its

. development has been consistently complicated by peritonitis

which is frequentiy}caused by Staphylococcus epidexmidis (1-5). ‘,
Superimposed on the reéal failure patient harbauring a
permanently dwel{ing CAPD catheter is the practice of repeated
periton:al instillation of large volumes of perito;eal dialysis
(PD) solutions which regularly, albeit temporarily,~alters the
peritoneal envaronmént,to conditions of non physiologic
osmolarity and pH (6). In vitro investigatigns have
demonstrated that PD'séiutions inﬂibited phagocytic and
bacteé;%idal functions of human ﬁeriphqral blood leucocytes (7)
-and were cytétpxic to peritoneal leucocytes of. renal failure
mice (é).' Peritoneai instillgtion of large fluid volumes of PD
solutions may further impair local host Q9fense‘mechanisms as
has been demonstrated in studies conducted in rats where
susceptibility to experimental bacterial pg;i?onit;s increased
with increasing inoculationlvolume (9, 10). *~ Furthermore during

[

CAPD, the repeated instillation and drainage of PD solutions
219
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imposes a continual dilu&ion and loss of cellular and soluble

v

immune reactants from the peritoneal cavity (11-13).

Utilizing a mouse model of chronic renal failure we "have
pfeviously demonstrated the relative roles af.renal ‘failure and
the permanentl} dwélling peritoneal catheter in the dev;lopemnt

and persistence of peritoneal S. epidermidis infection.

Susceptibility to peritpneal S. epidermidis challenge was’

increased in renal failure mice (14,15) and following

' 2
intracatheter inoculation, bacterial clearance from the
catheter site was ineffective (16,17). In the”current

investigation, we have assessed the influence of repeated

peritone%} instillation of PD solution, without peritoneal

®drainage, on the response of chronic renal failure mice to

4

péritoneal S. epidermidis challenge. Previous in vitro studies
of the effect of PD solutions on host leucoFytes have thereby

been extended to an in vivo assessment in which response
pargﬁeters included microbiologic;i status of , inoculated q}ce
and host inflammatory responses. Altﬁough CAPD was not
conducted in this animal preparation, the experimental
procedure nevertheless permitted the evaluation of the effects
of multlple variables- (degree of renal functlon ;nd perltoneal
lﬂqulon p}ocedure) on mechanisms of ba;terlal clearance.
Materials and Methods

Animals

Female C57BL/6 mice were obtained from Charles River
Breeding Laboratories (Kingston, NY, USA) at five weeks of,age.
The animals were allowed to accllmatlze in hokélng facxlltles
for on: week prior to use. All anlmals had free access to
water and mouse chow. J

-The preparation Qf renal failure and sham-operated mice
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was accomplished by two consecutive surgical procedures as
described previously (18). Under ether anesthesia the right
kidney was exposed and separated frbm the adrenal, gland and
perirenal fat. Using a single point cauterizer (Hyfrecator,
Model X-712, Birtcher Corp, Los Aﬂgeles, Cglif., USA) the
exposed surface of the kidney was electrocoagulated. Thé
incision was closed with a runn;ng suture through the deep
layers and surgical clipg were applied to the skin. Two weeks
after right kidney electrocoagulation, a left nephrectomi"Qas
done 1n€§hose animals that would constitute the renal failure
éroup and surgical exploration of the left renal area was
conducted in sham-operated controls.

\

. Two weeks elapsed between nephrectomy or sham surgery and
the peritoneal implantation of a custom made segment of an .
Oreoéoulos—Zellerman CAPD catheter (Accurate Surgical
Instruments Co., Toronto, Canada). Both ends of the segment
were bevelled and the 1.2 cm length contained six regularly
spaced perforations. Through a left flank incisio‘aa the
catheter segment was placed intraperitoneally and was secured
to the lateral abdominal wall by a single anchoring suture
passing through one of the side perforations. The free end of
the catheter was directed towards tg; left lower quadrant of

the abdominal cavity. The surgical wound was closed as above

and animals were used for experimentation four to six weeks

s

after catheter implantation.

Peritoneal dialysis solutions,

Commercially availdble peritoneal dialysis (PD) solution
(Abbott Laboratories Ltd., Montreal, Canada) containing 4.25%
dextrose (pH 5.3, 485 mOsm/kg H20) was warmed to 37JC prior
to peritoneal instillation. Peritoneal infusion was performed

M

221




B |
t AR

L{‘;

under light ether anesthesia by transcutaneous injection
directly into the catheter. .lumen.

Bacteria

‘ Dr. S:I. Vvas (Toronto Western Hospital, Toronto, Canada’)

kindly supplied'us with a strain of S. epidermidis that—had
been recovered frém the peritoneal fluid of a CAPD.patient with
peritonitis. Aliquots of this clinical isolate, ré{sfence .
number 29260, were frozen in glycerol broth: The
characteristic antibiotic sensitiyity profile of this-orgaﬁism
facilitated positive identification. Compared to reference

slime producing S. epidermidis strains (supplied by Dr. G.D.

Christensen, pniversi%y of Tennesseé, 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 serial diluh@Eﬁ and pour plate techniques.

Experimental protocol

o

Three different experimental situations were studied in

mice with surgically induced renal f ilure aﬁd sham~operated

-

controls according.to the experimental protocol outlined in

Table 1. Experiments in which mice underwent peritoneal

1

infusion and bacterial challenge 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 sham-operated and renal failure .
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mice underwent twice daily peritoneal infusion of 1.5 ml PD’
solution. After 14 days animals were sacrificed for )
agsessment. Body weight was recorded daily throughout the
infusion period. )

II. Peritoneal instillation of PD solutions and 106 cfu S.

epidermidis challenge: assessment 48 hours after inoculation.

4

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 sacrificed for

assessment. During the period of peritoneal infusion, body

weight of mice was recorded Haily. In control experiments in

which animals were not subjected to daily infusion, ¢

sham-operated and renal failqre mice received an intracatheter

inoculation of 106 cfu S. epidermidis in 1 ml PBS and were

sacrificed for assessment 48 hours after bacterial challenge.
2

III. Peritoneal instill&ff;n of PD solution and 108 cfu S.

epidermidis challenge: assessment 1 week after inoculation.

As above,k:fj:-operated and renal failure mice underwent

A
peritoneal instjllation of PD solution for one week prior to

bacterial challenge, buq&in this series of experiments they

‘received twice daily infusion of 1.5 ml PD solution. On day 8,

108 cfu S. epidermidis in 1 ml PBS was injected into the

catheter lumen. The twice daily infusion brocedure continued

for one more week after which anifials were sé;;ﬁiiced for

agsessment. Daily determination of body weight was conducted
' ]

throughout the infusion procedure. Control experiments ‘were
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Table 1. Experimental protocol

Time (weeks)

ALN

0

2

10

Procedure

Right kidney electrocoagulation (all mice).
g
Left nephrectomy Lrenal failure mice) or surgical exploration of
left renal area (Sham-operated mice). .

&

Implantation of peritoneal catheter segment (all mice).

Start of daily per1tonea1 instillation of peritoneal dialysis
solution (4.25% dextrose).

No bacterial, 11. 10° cfu s. ’ 111. 10%cfu S..
challenge epidermidis epidermidis
(1.5 ml infusion (3 ml infusion E ml infusion
twice daily) once daily) \\\\tw1ce dally)
Intracatheter Intracatheter ’
- bacterial challenge bacterial challenge -
Assessment 7
(48 hours
after challenge) ’

Assessment Assessment

(1 week after
challenge)

f 5



-

conducted in sham-operated and renal failure mice in which

animals ' were subjected to intracatheter inoculation with 108

‘ ° cfu S. epidermidis without daily infusion and were sacrificed
one week after inoculation.

Blood analysis ’ .

[

At the time of sacrifice mice were anesthetized witﬁ
ether, weighed and blood was collected by cardiac puncture in
heparin—coated plastic syringes (Hepalean, Harris Laboratories,
Toronto, Canada) for biochemistry énd hémayolégy analysis. ‘
Blood urea nitrogen (BUN) levels were determined with an IL-9

.} autoanalyzer (Instrumentétion 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.

Collection and prscessing of/specimens

The abdomen of each animal was gashed with alcohol and the
skin and loose connective tissue were retracted aseptically to
_expose an intact abdominal wali. Ten ml of minimumlessential
medium (Eagle Modified) containing 10% heat inactivated fetal
calf serum and 20 mM HEPES buffer was injected thfough the

abdominal wall directly into the peritoneal cavity and the

peritoneal washing was slowly aspirated. Total cell counts of

peritoneal washings were enumerated in Neubauer counting
" chamberg and differential cell counts wére determined from
\’17 \;}tocentrifuge preparations stained with Diff-Quick (American
Scientific Products, McGaw Park, ILL., USA). An aliquot of

each sample was quantitatively cultured onto blood 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 meﬁbrane and scant
'connective and muscle tissue, will be hereafter referred to as
parietal peritoneum or peritoneal membrane. Tissue samples

were homogenized in PB%Sand inoculated onto 5% horse blood

,»\E9lumbia agar. After correction for dilution bacterial

'

S~ :
recoveries were expressed as cfu per gram of tissue.

The peritoneal catheter implant‘was removed after fine
dissection of any adhering tissue and cutting the énchoring
suture to the lateral abdominal wall. The granulation tissue
1surrounding the catheter was aseptically 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 assaﬁﬁ?ted with the catheter were gquantitated
following a modificgtion of a previously described meéhod (20).
The catheter segment was lightly streaked across a blood agar

.
plate ten times, rotated 90° and again streaked éen times
across tﬁe agar plate. This process was repeated through 360°
and the catheter was then incubated in TSB. Bacterial
recoveries from blood agar assessment were expressed as
colonies per catheter surf;;e 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°C. Positive

Q

identification of bacteria recovered from collected specimens
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was ascertained by colony morphology, gram stain, catalase
+

production and the characteristic antibiotic sensitivity
&

profile.

Scanning electron microscopy (SEM)

A 2 mm transverse section from the anchoring end of each
recovered catheter was reserved for SEM. A 5 x 5 mm sbecimen
of the ventral parietal peritoneum was excised from the upper
;ight quadrant at a site far removed from that of the muléiple

intracatheter injections or that of the single intrapéritoneal
7

/

injection required for peritoneal washing. The excised Y.

specimen was spread fiat on a piece of filter paper previously a

dampened with 10% buffered formalin. All specinens were )

/

/

processed for SEM using standard techniques. Samples were
fixed in cacodylate buffered glutaraldehyde solution jpﬂ/e.B),
dehydrated with increasing concentrations of acetone ggd dried
to a critical point. Specimens were then fixed to metal

planchets, cdated with gold and examined with a scanning

electron microscope (model JSM-35U; JEOL, USA, Inc.).

Expression of results and statistical analysis

Bacterial recoveries were converted to log#units. Samples
presenting no bacterial growth on blood agar were assigned a
log value of 1 (10 cfu per ml or less) which represents the
y I lower limit of detection of the microbiological assessment.
‘ All results are expressed as meantSD. Unpaired data for
Qham-operated and renal failure mice were compared by Student's
t test and techniques for analysis of variance were utilized
for multiple comparisons between experimental conditions of

infusion or no infusion.
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y Results

Characteristics of the animal model

@ The surgical procedures for the preparation of the mouse
4 model of renal failure were‘well tolerated. withip four days
4 of nephrectomy appfﬁximately 20% mortality was observed in the
S renal failure animals due to excessive destruction of the renal
parenchyga while the remaining 80% survived until their
designated date of sacrifice. No post-operative mortality was
observed in sham-operated control mice. b
N Selected characteristics of the mouse model, six to eight
weeks after the onset of renal failure, are presented in Table
2. Severe impairment of renal function was present in renal
failure mice as shown by the fourfold rise in blood urea
nitrogen levels. Both hemoglobin levels and body weight of
renal failure animals were significantly reduced compared to
sham~-operated mice. . ‘u
The peritoneal implantation of the CAPD catheter segment -
two weeks after nephrectomy or sham surgery ‘was well télerated
by all mice. As previously described, four to six weeks after
catheter implantation, granulation tissue which consisted
predominantly of fibroblasts and mononuc;ear leucocytes
invariably surrounded ‘the catheter segment (21). This catheter
agsociated tissue, however, did not interfere with the
immediate peritoneal distribution of the infusion volume as"
previously demonstrated radiologically by iﬁtracatheter
injection of a r;Zioopaque medium (21). | ~
AThe,peritoneal instillation 9f PD solution‘was well

tolerated by all mice and their mobility and level ofvactiviﬁy

Qﬁ; were not apparently influenced by the infusion procedure. Body

" weight of mice remained constant throughouyt the infusion period -y
’ 228

1



(

\

\

P
. /
Table 2. Characteristics'of tLe mouse model of chronic

renal failured:b ( )

Animal status: ) Sham-operated Renal failure
Blood urea nitrogen . 21.8*4.9 88.1+23.5¢C
(mg/dl1) (41) (41)
N ¥
Hemoglobin (g/dl) 12.8%1.1 9.2*1.5¢C
(36) (39)
Body weight (g) 21.2%1.9 20.2%2.0¢
" (41) (41)

QResults obtained in 14 week old C57BL7/6 inbred mice
6 to 8 weeks after the surgical induction of renal failure®
or sham surgery. ' k

bResults are exptréssed as meantSD and samble size is
indicated in parenthesis. . N
Ccsignificant -difference (p<0.05) between renal failure and
control mice.

+ 1
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and did not differ from their preinfusion weight.

Peritoneal instillation of PD solution Qithout bacterial

challenge:
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

.2 normal resident peritoneal leucocyte population, there was a

-

marked peritoneal inflammatory response as a consequence of the
infusion procedure which was most severe iq renal failure mice
(Table 3). 1In renal failure mice both tota] peritoneal
lghcocyte and polymorph counts increased markedly as a
consequence of the infusion procedure while sham-operated
controls presented an unexplained fall in tétal perf;oneal
cellularity and a moderate increase in percent polymorphs.

o

Sham-operated mipe presented evidence of a mild peripheral
iﬁflammatory response while peripheral leucocytes of infused
renal failure mice were similar to non infused controls. Ag
previously 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
déily peritoneal instillation of 3 ml PD solution far one week
prior to bacterial challenge is presented in Figures 1 and 2.
Compareé to control experiments in which mice received the

identical inoculum without infusion the microbiological status
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Table 3. Local and peripheral 1nflammatory response to peritoneal 1nfu313n of _
PD sodution2.b .

- s

- No infusion Infusion® -
Sham- Renal Sham Renal
& operated ~~failure operated failure
Peritoneal ' leucocytes (12) ~ (16) (5) (5)
- Total leucocytes per ml (x10€) 0.6:t0.2" 0.8:0.4 .0.1£0.1° 1.5+0.74-¢
’ Macrophages (%) 61.1*11.4 47.5:13.6 40.2:10.1¢ 33.4:7.8° =
Lymphocytes (%) - 36.0*10.0 50.6%13.6 44.4:19.0  25.6£17.6°
Polymorphs (%) © 2.5%3.4 1.4t1.4 “ 15.6:x16.1° 41.0:15.9e
Mast cells (%) . : . 0.3%0.9 0.5t1.0 - 0 . 0
Circulating leucocytes (13) (10) (5) (5)
Total leucocytes per ml -(x103) - 5.7+2.3 5.8#3.4 - . 5.5¢2.9 6.1+2.7
o~ Neutrophils (%) 5.9t4.8 8.0%5.4 14.0+12.3 6.6t4.7
w Stabs (%) . 0 *0 o 0
Lymphocytes (%) 93.9+4,8 92.0t5.4 85.0£13.7 . 93.0:4.9

-

AResults obtained in 14 week old C57BL/6 inbred mice 6 to 8 weeks after the surglcal

DResults ar

induction of re?al failure or sham surgery.

ressed as meaniSD and sample size is indicated in parenthesis.

e '

*  ©CTwice daily peritoneal infusion of 1.5 ml 4.25% dextrose PD 'solution. »

dgignificant difference (p<0.05) between sham-operated and renal failure ipfused mice.

o a

esignificant difference (p<0.05) between infused and respective non infused mice.

<
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of all tissues tested was unaffected by the peritoneal

instillation of PD solution. Minimal bacterial growth was

present in specimens of peritoneum and peritoneal washings from

all mice irrespective of their level of renal function. 1In
contrast, large numbers of bacterid were recovered from the
catheter assocjated granulation tissue of all animals and

recoveries from renal failure mice were significantly greater

-
°

(p< 0.05) than those of sham-operated controls. Furthermore,

1 [}

S. epidermidis recovery from peritoneal catheters was not

greatly influenced b&’the‘infusion procedure. In &iew of the
small frequencies within each of the categories of bacteria
reqo§eredﬁper catheter, statistical analysis was limited
however a larger proportion of catheters prg;enting no
bacterial growth were recovered from non infused compared to

infused renal failure mice (Figure 2). Regardless of

) peritoneal infusion, a greater proportion of cathetegs

]
recovered from sham-operated controls presented no bacterial

growti compared to those or renal failure mice.

: In mice that did not undergo peritoneal instillation of PD

solu?ion, there was no evidence of inflammation, in the

{

pefitoneal cavity or in the' peripheral blood, 48 hours after

106 cfu inoculation (Figure 3). An identical inoculation in

.mice subjected to daily infusion generated a local polyﬁgzph

¢

response which achieved statistigal significance compared to

e

non infused mice in sham-operated controls only. Althgugh

[

there was a rise in the mean peritoneal polymorph count of

" T
infused renal failure mice compared to non infused controls,

’

the response was variable and statistical significance was not

established. Levels of peritoneal and circulating tdtal
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Staphylococcus epidermidis from parietal-
_peritoneum, catheter associated tissue and peritoneal
washings of sham-operated and renal failure mice 48
hours after 106 cfu intracatheter challenge.
Specimens from mice subjected to once daily peritoneal
instillation of 3 ml 4.25% dextrose peritoneal dialysis
solution (circles) are compared to respective non
/ infused animals (triangles). Mean values are -
represented by horizontal bars and an asterisk
indicates a signifigant difference (p<0.05) between
renal failure and respective sham-operated mice. NBG

sindicates no bacterial growth.
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Colonies recovered

Recovery of Staphylococcus epidermidis from peritoneal
catheters of sham-operated (S) and renal failure YRF)
mice 48 hours after 10 cfu intracatheter challenge.
Recovery from catheters of mice subjected to once daily
peritoneal infusion of 3 ml 4.25% dextrose peritoneal
dialysis solution (open bars) is compared to respective
non infused (hatched bars) animals. NBG indicates no
bacterial growth.
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leucocytes as well as peripheral polymorphs were not
+significantly affecteg by the infusion procedure | Total counts
& §‘
of peritoneal ang circulating leucocytes and polyﬁorphs of

sham-operated and renal failure mice were not significantly

different.

-~ Effect of peritoneal instillation of PD s@lution on_ the

WJ

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
o

summarized [in Figures 4 and 5. In contrast to assessments 48

-hours after 10® cfu inoculation, sizable S. epidermidis

recoveries were obtained from specimens of peritoneal membrane
and peritoneal washings one week after 108 cfu inoculation.
With the exception of peritoneal washings from which recovery

of S. epidermidis was moderatly elevated in infused mice, the

infusion procedure did “not affect the microbiological status of
any otﬁer peritoneal structure. A majority of mice in both
experimenéﬁl conditions‘presented heavily colonized peritoneal
catheters (103* colonies per catheter). Reégvery of S.

Y, .
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

‘bacterial clearance from the catheter site was evident.

Local and peripheral inflammatory response of mice 1 week

after 108 cfu intracatheter S. epidermidis challenge is

sumparized in Figure 6. Under conditions of twice daily

peritoneal infusion with PD solution, peritoneal inflammatory

[ response to S. epidermidis inoculation was increased as shown

235 ,
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Ammal  Inoculum  Infusion N PERITONEAL WASHINGS P PERIPHERAL BLOOD

status (ctu)

Sham 108
Sham 108
Renal 100
fallure

Renal 108
failure

Figure 3.

No a2y | +——
Yes 6)
No (12) —
Yes {6) —_— o —
I T O | | O A R O S
0 02 04 06 08 10 12 14 16 18 20 22 0 10 20 30 40 50 60 70 80
Number of cells Number of cells
per mi(x 106) per.ml (x 103

Mean peritoneal and circulating leucocytes (horizontal
bars) and polymdigﬁéééhatched bars) 6f sham-operated
and renal failure 48 hours after 106 cfu
intracatheter Staphylococcus epidermidis challenge.
Inflammatory response of mice subjected to once daily
peritoneal infusion of 3 ml 4.25% dextrose peritoneal
dialysis solution is compared to respective non infused
animals. Horizontal lines represent standard
deviations and the number of mice is indicated in
parentheses. An asterisk indicates a significant
difference (p<0.05) between infused and respective non
infused mice.
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Figure 4. Recovery of Staphylococcus epidermidis from parietal
i 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 animals (triangles). Mean values are
? represented by horizontal bars and asterisks indicate
: . significant differences (p<0.05) between infused and
’ respective non infused mice. NBG indicates no &
bacterial growth. '
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Figure 5. Recovery of Staphylococcus epidermidis from peritoneal
' catheters of sham-operated (S) and renal failure, (RF)
mice one week after 108 cfu intracatheter challenge.
Recovery from catheters of 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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" Scanning electron microscopy (SEM)

by elevations in the numbers of peritoneal‘leucocytes and
polymorphs. The number and type (differentials) of peritoneal
and peripheral leucocytes were similar in renal failure*and
,Sham-operated mice. Local inflammatory response 1 week after

1

108 cfu inoculation markedly exceeded that observed 48 hours

*a
after 106 cfu challenge with peritoneal and peripheral

leucocyte and polymorph counts two to fourfold greater than

those following 106 cfu inoculation.

J

¢

Catheter segments recovefgd 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 influence on
the bacterial associaéion with the catheter surface. Forty

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 ’/

chhllenge, large colonies of cocci or isolated 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 inoculation were

compared to those of mice that received. the identical inoculum
and underwent twice daily peritoneal instillation of 1.5 ml PD
solution. Mesothelial morphology underwent striking alteration

as a consequence of the ihfusion procedure and specimens

°

recovered from renal failure or sham-operated mice were
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Figure 6.
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Number of cells ‘Nurnber of cells
per mi(x 108) . per (% 103)

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 daily
peritoneal instillation of 1.5 ml 4.25% dextrose
peritoneal dialysis solution is compared to respective
non infused animals. Horizontal lines represent
standard deviations and the number of mice 1s indicated
in parentheses.. Asterisks indicate 91gn1fngant
differences (p<0.05) between infused and respective _non
infused mice.
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_Figure 7.

SEM of luminal surface of a peritoneal catheter segmentc
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 10

cfu intracatheter Staphylococcus epidermidis

challenge. . .
Top, low power SEM: Cocci are distributed across the
catheter surface and leucocytes are also evident
(Magnification x 1,600). )

Bottom, high power SEM: Cocci are révealed in a f£ibrin
web on the catheter surface (Magnification x 10,000).
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Figure 8. Left panel, low power SEM: 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 parjetal

' peritoneun 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 is evident and leucocytes litter the
mesothelial surface (Magnification x 200)

-
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Figure 9. (a) High power SEM: Mesothelium of parietal
peritoneum of a renal failure mouse one week after
10°® cfu intracatheter Staphylococcus 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
o g 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 cells are separated exposing ‘
intercellular junctions. Microvilli are markedly
attenuated (specimen from a sham-operated mouse).

(c) There is focal disruption of mesothelial cells
(arrows). Microvilli are absent (specimen from a
sham-operated mouse).

(d) Mesothelial cells are severely damaged .
demonstrating disruption and degeneration
(specimen from a renal fdilure mouse). }
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undistinguishable. Compared to non infused controls (Figure 8,
left panel), the mesothelium of infused mice (Figure 8, right
panel), appeared to undergo a granﬁlation tissué reaction and
numéroﬁs leucocytes litgered the mesothelial surface. At
hlgher magnification, SEM of parietal peritoneum of 1noculated
non infused mice (Figure 9a) demonstrated- ébundant microvilli
. lwhiéﬁ obscured the contours of the mesothelial cells to which
they were” attached. éhe parietgl peritoneum of mice subjected
to inoculation and infusion presented varying degrees of
mesothelial damage (Figure 9b;9c) which includéd attenuation of

microvilli exposing intercellular junctions as well as focal

disruption and degeneration of mesothelium.
+ Discussion
The results of the current investigation have demonstrated
that repeated éeritoneal instillation of hyperosmolar, acidic
PD~solution did not have a marked influence on th;

microbiological status of peritoneal structures of mice

following peritoneal S. epidermidis challenge with either a

small (10% cfu) or large (108 cfu) inocuylum. Clearance of

S. epidermidis from the peritoneal catheter was ineffective,

regardless of PD solution infusion and SEM assessment of
J

[ . .
recovered catheterg‘demonstrated colonies of coceci associated
with the catheter surface. The impact of renal failure on the-

‘ability of mice to respond to bacterial challenge was only

evident following the smaller. S. epidermidis challenge where

renal failure mice presented greater bacterial recoveries from
¢

the catheter site. The peritoneal infusion procedure itself

caused acute local inflammation and when combined with S.

epidermidis inoculation peritoneal polymorph response was
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augmented. The systemic inflammatory response however was not
significantly influenced by the infusion procedyre. Scarining
electron microscopy of the mesothelium of the parietal ,
t;§éitoneum revealed striking morphologiﬁal alterations as a
consequence of peritoneal instillation of PD sq%ution.
The surgica; preparation and the resulhing characteristics
‘of chronic uremié présented by this mouse model of renal
failure have beén previously described (18, 21, 22). In this
series of experiments, si to eight weeks after the induction
of renal failure, mice wereYazotemic and presented significant.
anemia and growth retardationi Previously described models of
peritoneal dialysis in animals having functional peritoneal
catheters exiting to the skin have fréquently been complicated
.by peritoneal contamination and catheter obstruction (23-27).
In the current mouse modél, peritoneal access vié the céth ter
was ;ccomplished by transcutaneous ihjection into the catheFer
lumen. The sterility of the peritoneai cavity was thereby \
maintained and repeated intracatheter instillation of PD }
solution was not complicatgd by peritoneal contamination. éghe

volume of the peritoneal instillate was selected since it

produced only a moderate abdominal distention and it did not //;J

- adversely affect the activity or mobility of thé mice.

Infusion volumes' based on ratios 6f body weight or surface "area
of the mouse and man proved impractical. Unlike the practice -
of CAPD, the resulting model was limited to peritoneal infusion
without drainage, a procedure that was well tolerated byoall
mice, including renal failure animals presumabiy due to t%eir
ability ts produce large volumes of dilute urine (22).

Concurring with our results, investigations conducted in
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sham-operated and uremic rats have demonstrated that twice
daily peritoneal infusion of 10 ml 4.25% dextrose PD solution
via a’permanent peritoneal catheter for 8 days did not impair

the clearance of a peritoneal inoculation of 2x107 cfu

Escﬁeriéhia'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
all other peritoneal structures presented comparable E. coli )
recoveries during conditions of infusion aﬁd no infusion. In \
the current investigation, the modest increase in the recovery

of S. epidermidis from peritoneal washings of énfused mice .

following 108 cfu~&ntracatheter inoculation may have resulted
»from.the infusion of PD solution through a heavily colonized
catheter site causing per1tonea1 dlssemlnat1on of bacter1a. In
contrast to the catheter site, per1toneal wash1ngs and par1etal
pe;itoneum con51stently pgesented no bacterial growth or much -
smaller bacterial recoveéies:48 hours or 1 wegk after %106 or

3

108 cfu s. epidermidis inoculation, respectively.

The influence of renal failure on the response of mice toé

the bacterial challenae was not consistently demonstrated in

3

tqe preésent studies insofar as a renal failure related

1 < A

impairment of bacterial clearance from the catheter site was

demonstrated only following 106 cfu S. ep¥dermidis .

. . .
inoculation. This impairment was observed in experiments with

¢

,or without the daily infusion procedure. In previous

s

investigations in' which mice without peritoneal catheter
g C P )

implants underwent peritoneal S. epidermidis inoculation renal

failure mice presented increased susceptibility in terms of

) ’ - \ .
survival time and mortality (with 108-109 cfu) ané delayed
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peritoneal c1ea£ance of the inoculum (with 106 c¢fu) compared
to sham-operated controlé (14,15). In the ‘current B
investigation oné,wggk after 108 cfu dntracathetef
inoculation sham—oberated and rénal failure mice could’not be
distinguished on the basis of bag}eriai’recovery'from
peritoneal structures. The’observed inconsistencies regarding
the effect of renal failure on host defense to bacterial
challenge may reflgct differing experiméntal variables of -
sampling time (iB hours vs 1 week) or the inoculafion size F
(1Q6 vs 108 cfu). For example, a maximal stimulusa(ioa
cfu) may be required to evoke an appropriate host défense

-

response in reral failure mice which was not demonstrated
following inoculation with a smaller inoculum. 2
Peritoneal infusiqn of PD solutions in mice, by ftself.
caused a iocal polymorph response and inflammatory response to
bacterial inoculation was augmented in mice subjected to the
peritoneal iﬁfusion procedure. Our current observatioﬁé which

4

reflect later stages of the inflammatory response, do ,not reveal
®

\
differences between sham-operated and renal™fefilure mice and

’ . i ‘ ' “ e
are in contrast to our previous findings in which earlier

phases of peritoneal inflammatory response were impaired in
) * ‘

renal failure mice (15).
In vitro assessments of PDosoluEions have dqmonstrated

their inhibitory influence on phagocytosis and bactericidal

function of human leucocytes (7), their cytotokic effect toward

peritoneal leucocytes of mice (8) and their deleterious

c

influence on opsonizing and bacteriolytic functions of human

complement (28). These cellular and soluble components of the

I

-immune system play an integral role in host defense of the

¢ - .
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_peritoneal cavity against bacterial infection (12) yet our in_
vivo findings do not reflect the results of in vitro studies. 4
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 Qithin the peritoneal cavity may .
protect leucocyEes from the deleterious effects of PD solution
‘such that local immune responses are not apparently ‘ ‘
compromised. Also noteworthy in consfdering the impact of PD
solutions on peritoneal defense to bacterial éhallenge is the
fact that PD solutions do not provide an optimum growth medium
for in vitro bacterial culture hovever, conditions for growth

7

improve quickly with pefitoneal dwell time (29,30). Finally

if, in CAPD patienté: host defenses are impaired as a

consequence of exposure to PD solution they may not be of

fundamental importance if the permanently dwelling peritoneal

catheter provides an environment in 'which the same host defense

mechénisms against bacterial growth are normally ineffective.
In previous studies and in the,currenF investigation,

microbiological and SEM assessments of peritoneal catheters

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 (16,17). SEM revealed macrocolonies of cocci

and areas of confluent bacterial growth which, according to in
vitro dynamics of colonization of catheter surfaces by )
slime-~producing coagulase negative stéphylococci, represent

later stages of biofilm formation (31). A role of bacterial
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biofilms in refractory bacterial infections such as the
recurrent episodes of CAPD peritonitis has been proposed (32).
The biofilm is envisioned as a "defensive" 'mode of growth in
which the bacterial population embedded in the glycocalyx
material has protection from antimicrobial therapy and host
defense mechanisms. SEM assessments of peritoneal catheters
recovéred from CAPD patients with or without symptomslof
,beritonitis have also aemonstraﬁfd the existence of bacterial
biofilms on the catheter surface (33-35). Whether or not all
CAPD patients harbour bacterial Eiofilms 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
alone, the mesothelial cell lining of the peritoneal cavity of
mice underwent striking morphological alterations as a result

" of inoculation and repeated perigoneal instillation of 4.25%
dextrose PD solution. It is unlikely that these chénges could
be attributed to mechanical diétention-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 ofuibdominal distention following g?ritonEal
infusion. In agreement with prévious studies in CAPD patients
and experimental animals subjected to peritoneal infusion with
Pﬁ solution (36,37), repeated exposur% of the peritoneal cavity
to hyperosmélar, acidic PD solutions caused attenuation of
mesothelial microvilli, shrinkage of mesothelial Eélls

abolishing tight junctions between adjacent cells and in some

areas caused cellular denudation. In addition, the peritoneum

v
-
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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 S.

epidermidis challenge which was observed in mice subjected to

repeated peritoneal instillation of PD solution. Whether or
not the observed morphological changes of the mesothelium
could interferé with dialysis processes fcross the peritoneal
membrane remains to be defined. .
Utilizing this animal prebaration, we have demonstrated
that repeated peritoneal instillation of PD sc¥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 biofiim .

affords protéction from eradicgtion by host defense mechanisms,

the deietefious effects of PD solutions on leucocyte ~_

populations that have been observed in vitro may be of little -

consequence to host defense under thege in vivo conditions.
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ChaEter 7

General Discussion and Future Directions
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). 1In order to gain a better understanding

of the pathogenesis of CAPD associated S$. epidermidis

peritonitis, a mouse model was utilized to ;nvestiéaye the
relative roles of (a) chronic uremia, (b) a~peritoneal catheter
implant and (c) repeated exposure of the peritoneum to
peritoneal dialysis solutions, in the devélopment and
progression of this infectious process. Although actual-~
peritoneai éialysfé was not conduq;gdgiﬁﬂfﬁis animal

preparation, this did not preclude the investigation of the

role of those defined variables in the etiology of peritonitis

RN g 27
2t -

associated with CAPD. The results of these investigations have

)

demonstrated the immunosuppressive influence of chronic uremia

]

and’ the role of the.peritoneal catheter implant as a nidus for

rd

protracted S. epidermidis colonization. Repeated peritoneal

\ )
exposure to hyperosmolar, acidic peritoneal dialysis solutions

did not influence thé\response of mice to peritoneal S.

epidermidis challenge.

°

e

. 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'hodel

.- - R

of chron;c‘rénal failure, -which had been ‘previously developed

{
(203), was further characterized (b) the renal failure mouse
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bearing a permanent peritoneal catheter [implant was developed
and was extended tg\?nclude (c) repeated Eéritoneal
instillation of dialysis solution. The use of well defined,
inbred mouse models provided homogeneous, and therefore
simplified, in vivo systems in which to investigate the

progression of the peritoneal S. epidermidis infectious process

under controlled experimental conditions. The investigation of

the roles of the def;ped variables in the pathogenesis of

peritoneal S. epidermidis infection‘yas conducted while keeping
éonstant, the inbred mouse étrain, the test bacteria and the
characteristics of the catheter implant. However, inherent to '
the theoretical advantages offered by inbred\gnimél models and

controlled experimental conditions in the absence of

L
Ve

confounding clinical variables are the obvious and significant

v

differences between the defined experimental conditions and
those that prevail clinically. Furthermore, with the objective

of mimicing all possible clinical conditions, the ekberimental

microorganism used in the current investigation was a . human S.

-

epidermidis strain isolated from a CAPD patient. The

inoculation of mice with a human S. epidermidis strain clearly
A

7
does not reproduce natural events.

The preparation of the mouse models was labour intensive,

requiring two or three surgical procedures, however large

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 extent of kidney electrocoagulatioﬁ.
Animals were prepared with the objective of moderate uremia

that did not preclude indefinite survival without dietary

restriction and dialysis support and which .correlated to 3UN
257




\

levels approximating 100 mg/dl. Blood urea nitrogeh levels of
a similar magnitude may be observed clinically, particularly in
dialysis patients maintained with intermittent therapy and in
underdialyzed CAPD patients.

fhe C57BL/6 inbred—mouse strain was selected for the mouse
model of chronic renal' failure. This strain was readily }
a;ailable from animal breeders which were located at a
reasonably short distance from the’yaboyatory. Furthermgre,
this strain wés~suitable for the mouse model of chronic renal
failure since congenital renal abnormalities and spontaneous
hyperteﬁsion ;re rare (204, 205). The C57BL/6 mouse is
imﬁunologiéally well defined, is without major immunological
difficiensigs and is re;istant to many extracellular pathogens
(205-206). It was, therefore, a good candidate mouse strain
for studies of host response to bacterial challenge.

The' normal value; of several biological parameters of mice
differ from those ,of man, however thesé differences did not
preclude tpe development of the current mouse model of renal
failure.. Plasma creatinine which, in mice, is appro%imately
one tenth the normal level in man was, nevertheless,
significantly elevated by the experimental induction of renal
" failure. In comparison to man, a larger proportion of
lyﬁphocytes (90%) and a respective émaller prcportion of
neutrophils (less than 10%) compromise circulating leucocytes
of‘mice. However, systemic neutrophil response was prométlyh
mounted in mice following experimental inoculation.
Furthermore, renal failure mice presented several

manifestations of chronic uremia including growth retardation,

severe anemia, hyperphosphatemia, hyperkalemia, acidosis and
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changes in bone histology which were consistent with secondary

hyperparathyroidism.

The mouse model also included sham-operated animals to

°

control for the immunosuppression and increased susceptibility
to infection that is associated with surgical manipulation.
Several defects of host immune response following surgical
trauma have been reported and include depressed cellrmediated
immune response measured by delayed type hypersensitivity
response, decreased circulating lymphocytes, impaired

blastogenic response and mixed lymphocyte reaction which may be

u

attributed to increased suppressor cell activity (207—259).

W ' " .
Furthermore, decreased leucocyte chemotaxis,” impaired polymorph

©

delivery to an inflammatory focus and reduced neutrophil :

°

bactericidal function have also been demonstrated in surgical

patients (210-212). In the current mquse model, am-surgery

Q

was conducted at least six weeks before experimenthal

inoculation, yet peritoneal clearance of S. epidermidis, as
F

s

well as local inflammatory response of sham-operated mice, was
significantly impaired compared to normal control animals. ’
These results underline the importance éf including
shgm—operated controls in experimental ‘animal models and

¢

reveal the poteAtially endgring influence of surgery on host
immune response.,

The mouse model of chronic‘fenal failure was extended'to
include a peritoneal catheter implaﬁt. Unlike functional CAPD
catheters,. the mouse catheter segment resided entirely withinl
the confines of the peritoneal cavity (no skin exit site) and

did not, therefore, compromise the sterility of the peritoneum.

Préziously described. animal models, having peritoneal catheters
I : Y
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~'(s) responsible for these observations is. unknown, however,

. exiting., through the skin, have been limited by uncontrolled,
3

spontaneous perltonltls which has requlred continuous

s

antibiotic therapy. The use of such animal models would
A .
clearly “limit the current 1nvestigatlons whlch requared

controlled experimentalnbacterial challenges. . S

o
-

’ The mouse preparatlon was subjected to repeated perltoneal

instillation of c0mme%giélly avail®ble peritoneal dialysis

solution. However, drainage of the dialysig solutﬂgn from--the
29 / L

peritoneal cavity was: not accoﬁplisﬁed and therefore, this '

- ° -

model was not utilized to address the roles of perltoneal

dialysis and/or the contlnual loss to dralnage pf solﬁ@le and

cellular perltoneal constltuents (many of which may be

& -
1mmunoreactize in the pathogenesis of perltoneal lnfection. ”
3 - B .l . ,
. Rather, this mouse model fa01litated the xnvestlgatlon of ‘the

influence of repeated exposure of the-peritomeum to, non

v H

-

phylelOglC perltoneal dialysis solutlons on the developmentd

and progres51on of a peritoneal S. epidermidis infection.

»”
o [ 0 ©

Repeated pefitoneal instillation of dialysig solution was |

i

not complicated by bacterial .contamination of peritoneal
) . g

°
o

, N s . .
structures, however, phere was ev1denceﬁpf peritoneal’

renal

N
oo

inflammation. In response to the infusion

°

failure mice presented increased numbers of total peritoneal

leucocytes and polymorphs, while‘pefitonealﬁleudocyte counts of

5 @

sham—opefated controls were markedly decreased in spite of

moderately elevated polymorph counts. The’undérlying,mechanisq

a

possible explanations include varying degrees of dilution of

o 1
peritoneal leucocytes by the instillation volume as well as

4

differing inflammatory response patterns in renal failure and

v ©
~—

B 260 '

¢

e .

L ]
4 e ¥o

A
s kY



catheter segment, the role of the catheter implant in the

sham-operated mice subjected to infusion. Investigation of the
response of normal mice to peritoneal instillation of dialysis
§olution may be useful in clarifying these issues. ’ ~

The final extension of the mouse model to one of CAPD Qas
not realized due to unresolved technical diffigulties.
Drainage of the instilled peritoneal dialysis solution was
‘gt;empted;by fﬁtracatheter ;spiration and alterﬁqpively by -
peritoneal aspiration using a needle and syringe. Mln all cases
drainage was blocked by omentum or granulation tissue P
associated with the catheter segment. This limitation
precluded further investigations of the influence of CAPD on
host defense of the peritoneumg‘

The three successfully defined mouse models facilitated
the following.investigations.“ The influence of: chronic uremia,

in the absencg of dialysis treatment, on host susceptibility to

S. epidermidis challenge was investigated. In a noninfected

preparation of renal /failure mice bearing an intraperitoneal
4

pathogenesis of peritoneal S. epidermidis infection was

determined in a controlled experimental setting. Lastly, °‘the

* impact of repeated exposure of the peritoneum (as well as tﬁe

expkrimental inoculum) to peritoneal dialysis solution, without

drainage of the instilled volume, on the response of renal

failure mice to experimental S. epidermidis’'challenge was

4
"

assessed., .
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ii. The %pfluence of chronic renal failure on response of mice

to §. epidermidis- inoculation

The influence of chronic renal failure on response of mice

to intraperi;oneal S. epidermidis inoculation was investigated

extensively thereby revealing a moderate, although significant,
renal failure related immunosuppression. Time to 50% mortality

following 109°cfu S. epidermidis inoculation was réduced in |

renal failure mice as was percent survival following 108 cfu
challeﬁge compared to sham-operated controls. Furthermore, S.

. . } , ,
epidermidis clearance of smaller inocula’ from, the parietal ¢

[ , -
peritoneum was signficantly delayed in renal failure mice

*

compared to controls.

An increased prevalence of serious infections in end stage

-

renal disease patients maintained with hemodialysis has been

. ‘ .
previously reported (134-136), however the relative importance
of a number of clinical variable, including renal failure,
remains unﬁnown. In addition to differing undérlying diseases,

A
end stage renal disease patients may be maintained by several

dialysis modalities and may be exposed to a variety of n N
therapeutic agents. Wwhether the dialysis procedutes N
themselves (hemodialysis requiring repeated vascular access

N

and extracorporeal circulation, peritoneal dialysis requiring
peritoneal access and repeated peritoneal instillation and
}‘ Ed

- drainage of dialysis solution) predispose the patient to

infection, or whether the removal of uremic toxins by dialysis

reduces the propensity toward infection has been the subject of

>

conjecture. Many of t%:je factors may interact tdigg;tribute
ent

to an increased prevalehce of infection in“this pati

- - +
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population. However, the results of the current investigation
in the 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

l

the susceptibility to S. epidermidis infection.

N

Following intraperitoneal inoculation, S. epidermidis was

quickly cleared from peritoneal washings of mice, while
bacteria remained associated with the parietal peritoneum for a
relatively prolonged period in all mice. These findings

suggest that bacteria which are free floatiﬁg in the per;ton?al
cavity are rabidly eliminated however, those that are

associated with the peritoneal membrane mayrbe more resistaqt

to host defense mechanisms and thereby survive foé a prolonged

|
period of time.

Increased susceptibility of chronic renal failure mice to

10© cfu s. epidermidis intraperitoneal inoculation was °

°

associated with a markedly attentuated early local inflammatory
response which was primarily characterized by diminishéd
peritoneal polymo;ph counts. Previously reported studies have
demonstrated that circulating leucocyte ;esponse of chronic

renal failure rats was impaired during the first twenty four

hours after intraperito7éal or intravenous Escherichia coli
inoculation compared to’ controls (156). In addition, leucocyte
emigration into subcutaneous iImplanted sponges of chronic renal
failgre rats was signifiéantly impaired %uring the first six
hours after implantation compared to sham~operated controls
(155). 1In the current mouse model of renal failure, peritoneal
polymorphonucleag leucocyte response, to intraperitoneal

thioglycolate injection was also diminished compared to
!

N
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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 compromise host defense mechanisms,

especially during the initial stages of bacterial

colonization.

iii, The role of thé peritoneal catheter implant in the
| progression of peritoneal infectién in mice
Investigation of the influence of a peritoneal catheter
iﬁélant on the response of mice ég intraperitoneal inoculation
demonstrated that bacterial infectivity was not apparently
increased in the presence of the implant, hbyever, fol.lowing‘~
intracatheter challknge the catheter offered a surface for
prolonged bacterial /colonization. The outcome of
intraperitoneal S. epidermidis challenge was unaffected by‘thg

peritoneal implant, reéardless of the level of renal function

of mice, and results compared favorably with those of prévious

‘experiments conducted in the absence of a catheter implant.

; ‘ A
The results of experimental intracatheter inoculation

¢

demonstrated that the peritoneal catheter was a preferred site

for S. epidermidis persistence for as long as one month after
bacterial challenge. Scanning electron microscopy of - recovered
catheters revealed progressive stages of biofilm formation on

the catheter surface. Although S. epidermidis persisted at the

catheter site, persistent colonization of other peritoneal
structures did not occur.
One month after intracatheter inoculation of 108 cfu §.

epidermidis, mice did not present evidence of peritoneal

inflammatory response in spite of persistent bacterial -

A
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‘colonization of the peritoneal catheter. The growth of
microorganisms within & biofilm has been proposed as a
defensive mode of colonization which provides protecti;n from
host defense mechanisms and which elicits minimal host
inflammatory response (2%3). Periodically, "swarmer" bacteria
are released from the biofilm population. 1In this free
floating state, bacteria elicit host immune response and are

more efficiently eliminated. Recently, scanning electron

microscopy studies have revealed bacterial biofilms on

. peritoneal catheters recovered from CAPD patients with and

without clinical symptoms of peritonitis (168, 169). These

clinical observations, “@Ad“the results of the current -

investigation in the mouse model reveal the occult nature of
| catheter associated infections. .

- - .

In addition to providing a surface for bacterial

colonization, the influence of the peritoneal catheter ‘implant,

as a foreign body, must also be. considered in the development
and progression of peritoneal infection.. Immunosuppiession in
the vicinity of a foreign body is well known and has beén
demonstrated clinically and in animal models of foreign body
infection (52, 159-161). Foreign body infections are
characterized by their slow evolution, site specific infection

‘ and persistence without removal of the foreign implant.

Several of these features are also common te/sgisodes;of CAPb

t peritonitis,and have been further demonstrated by the

) ¥ . ~ . . o . . o . :
persistent and site specific S§. epidermidis colonization of the

catheter implpnt in the current mouse model.
”
The results of studies addressing the influence of chronic

C |

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 failure mice. These
findings may be explained by a number of hypotheses inclq@ing a
immunomodulating influence of the inoculum size such that the
smaller inoculum did not -sufficiently stimulate host defense
mechanisms of renal failure mice? while the larger inéculum
elicited a significant response. Alternately, these findings
may reflect a renal faiiurg related impairment in the early’
stages of host response while later stages of host defense were
efficient. Furthermore, these observations may refleét a

— -
complex interactive relationship between the renal failure host
and the test microorganisﬁ. The immunosuppressive influence of
chronic renal failure may be measurable only during the early
phase of this infect{;us prbcess. Thereafter, the growth

conditions imposed by the uremic environment of the host may

-
g

not be conducive to persistent catheter colonization. If slime

production is an important determinant in catheter colonization

s

by S. epidermidis, then this latter hypothesis may be supported

by poséible modulation of slime production by~varying growth
conditions™(78, 213). These hypothes§¥ may not be mutually -

A
"

exclusive and aspects of each may be operative in the

infectious processes investigated.

Ongoing host bacterial interaction was evidenced by the

emergence of S. epidermidis phenotypic colonial variants in (

specimens recovered from mice at least two weeks after
<~
intracatheter inoculation. Igolates recovered 1 week after the

experimental challenge presented the parent phenotype only.
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"stages of the experiment. These findings are currently without

4

Phenotypic colonial variants recovered from mice 2 to 4 weeks
after inoculation were slime producing and theéir antibiogram
and bibcheﬂical properties did not differ from the parent
phenotype (Appendix 3). Phenotypic colonial variants of
stapgylococci, representing encapsulated and nonencapsulated -
variants, havenbeen previously described (64, 77, 78), and-it
has been proposed that animal passage may induce the

elaboration of capsular material. In the current investigation

the experimental S. epidermidis was a slime producing strain.

Whether the variant. isolates presented differing colony

morphology 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

L]

in spite of accelerated bacterial clearance during the later
‘ /

&y s

explanation however, interpretation of these results must be
tempered by the fact that animals that succumbed to the
inoculum were not assessed microbiologically at the time of
death. ; o -

The interpretation of the relevance of the role of the
peritoneal catheter implént in experimental peritoneal S.
epidermidis infection of mice to the clinical practice of CAPD

"
should be tempered by the limitations of the animal model.

Unlike CAPD patients, renal failure mice were not dialyzed and,

‘therefore, the potential influence of nondialyzed metabolic

wastes and uremic toxins on host defense meghanisms and on

bacterial growth conditions within the chronic renal failure

'mouse must be considered. Also in contrast to CAPD patients,

s
;
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the cathetey segment of mice wasw® invariably surrounded by
granulation tissue. This poorly vascularized fibroblast sheath
may have impeded the direct communication of the catheter lumen
with the peritoneal éavity however, following bacterial
challenge there was a rapid and significant influx of
polymorphonuclear leucocytes into the catheter lgmen.
Furthermore, since the catheter implant of miée did not hav%'an
open exit site -to the skin, the kinetics of catheter
colonization following intracatheter inocuiation may differ
from that of a functional peritoneal dialysis catheter. Fér
example, the bacterial colonization of a CAPD catheter may
include a number of diff;rent bacterial species and strains \
whose growth may be influenced by bacterial interference, Tée
current mouse model, subjectgﬁ to inéculation with a single S.
epidermidis species, dojs not reproduce these conditions. The

L}

results of the current experiments, nevertheless, demonstrated

that the catheter implant provided a preferred site for

protracted S. epidermidis growth; a finding which may be

relevant to the pathogenesis of the persistent and recurrent

2
-

peritoneal infections that have been observed in CAPD

.patients.

o

iv. The influence of peritoneal exposure to dialysis solutions

on response of mice to S. epidermidis challenge

The in vitro cytotoxicity of commercially available,
hypeftonic, acidic peritoneal dialysis solutions towards
resident and elicited peritoneal leucocﬁ}e populations of mice:
was demonstrated in the current investi;gion. Adjustment of

the pH of the dialysis solutions to physgiological levelsé
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reduced subsequent cytotoxicity, but a significant residual
loss of .viability persisted which was independant of £he
osmolarity of the incubating solution. The residual
cytotoxicity may be attributed to several constituents of
commercial dialysis solutions such as platicizers, leached out
of the plastic bags containing the dialysis solution, or
glucose degredation products generated by heat sierilizaiton.

. Previously, in*viﬁro assessments have\demonstrated the
deleterious effects of fresh peritoneal dialysis solutions on
leucocyte viability and function (l73~l75). Since peritoneal
leucocytes, have an integral role in peritoneal defense against

A

bacterial infection, the relationship between the in vitro

deleterioys influence of peritoneal dialysis sotutions on host

e

leucocytes and the clinical conditions of peritoneal dialysis

is of obvious concern. Numerous characteristics of the
.

peritoneal environment differ from the constant prevailing

k3

codditions Aﬁ in vitro incubation. Following instillation into
the periténéal cavity, thelpH and osmolarity of dialysis
solut%ons achiéved physiologica} levels after 1 hour, and 4 to
6 hours, respectively (22). Furthermore, soluble constituents '
presen; within the peritoneal tavity may protect host
leucocytes from damage by inflowing dialysis solutions.

: ]

Nevertheless, in vitro assessments have demonstrated that even

after 2 hours of peritoneal dwell, -effluent dialysis solutions‘

' from CAPD patients inhibited the phagocytic function of

peritoneal polyméfphs and macrophages (174). <

In the current studies, in spite of the observed in vitro

cytotoxicity of peritoneal dialysis solutions toward peritoneal

~

leucocytes, repeated peritoneal instillation of dialysis

6 N
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golution did not affect the outcome of intracatheter peritoneal

S. epidermidis inoculation in mice. These findings may

@ indicate 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
to impair host response to thelbacterial challénge.
Alternately, if the cathgter associated bacterial biofilm
protects-the coloniéing bacteria from host defense mechanisms,’
an impéirment of léucocyte viability and function by inflowing
dialysis solutions may not be measurable in terms of increased
bacterial recovery. In this way the detrimeﬁgil influence of
dialysis solutions on host defense of the perifoneum could be

: ~
masked.
\\ Scanning electron microscopy of parietal peritoneum of |,

-

mice revealed extensive morphological alteration as a
! V-
consequence of repeated peritoneal instillation of dialysis
o w . .
solutions. In contrist to specimens from mice subjected tq

intracatheter §. epidermidis inoculation without infusion,

those mice that underwent inoculation and peritoneal infusion

presented evidence of peritoneal membrane degeneration which
* ranged in severity from attenuation of mesothelial microvilli

I

to areas of complete denudation. Similar observations have

\

been reported in scaghing electron microscopy assessments of
specimens of parietal peritoneum of CAPD patients as well as
‘ those of rats subjected to perit%Feal instillation of F
peritoneal dialysis solutions (214, 215).
The animal preparation utilized for this series of
' experiménﬁs provided a system in which to assess the impact of

§3p ‘repeated peritoneal instillation of commercially available
\
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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 dialysig: on host susgeptibility to infection was
not addressed in this investigation. CAPD imposes a\éontinual
dilution and loss of soluble and cellular immunoreactive
substances from the peritoneum. Consegquences of this dilution
and loss may be reflected in the poor opsonizing capacity of
effluent dialysate collected from CAPD patients (130, 131).
Reduced opsonization of staphylococeci would impair phagocytic
uptake and may, therefore, be an important factor in ‘the
development of peritonitis. Furthermore, khe outflow of spent
dialysgte; would regularly expose the catheter associated
bacterial population to a potentially rich nutrient source
which could contribute to the successful colonization of the

. .
peritoneal catheter. Even though the experimental animal wmodel
was not one of CAPD, the results of this investigation have

demonstrated that repeated exposure of the peritoneal cavity to

hypertonic, acidic dialysis solutions did not measurably affect

thej%utcome‘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 infused mice demonstrated degenerative morphological
alterations as a conquuence of repeated peritoneal exposure to

dialysis solutions.

271 ' .




' Future Directions
The preceding investigations utilized a well éharacterized
mouse model to address the relative roles of; chronic renal
failure and the defined CAPD associated treatment variables in

the progressionﬁ%f 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: Immunosuppression of chronic uremi
Previous attempts, to demdnstrate increased fusceptibility
to bacterial challenge in an animal model of chrijnic renal

I

failure have been unsuccessful and therefore, thejJsubsequent

f
investigation of immunosuppressive mechanisms in chronic uremia
has been precluded. 1In theé current mouse model, increased

susceptibility to S. epidermidis inoculation, in terms of

survival and delayed bacterial clearance was demonstrated ih
renal failure animals compared to controls. 'Clearly, one
aspect of future investigations would be to address the
underlying mechanism &f the cbserved immunosuppression. Bifore
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
elimination from the host requires alternate aspects of host

defense mechanisms would be useful 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-operated mice to experimental
challenge‘ﬁith an obligate intracellular pathogén, such as:

Listeria monocytogenes would more particularly address

cell-mediated immune function in chronic uremia. The ..
contfipution of defined aspects of the immune response to the
Observed immdnosuppression may also be inveétigated by |
utilizing inbred gtr?ins of immunodeficient mice (eg. T cell
deficient mice) for the mouse model of renal failure.

Renal failure mice demonstrated an attenuated peritoneal

leucocyte response to S. epidermidis challenge compared to

control animals. Following intraperitoneal chafienge, the,
peritoneal leucocyte count prométly decreased in all animals,
however the depression was greatest, in renal failure mice.
The defiéit.Qas accounted fof"by a @arked attenuation of
peritoneal polqurphﬁresponse and macrophages were also o
diminished. The specific nature of peritoneal leucocytes, in
terms of their identity and function, shoq;d be ;,further
studied, over time following peritoneal inoculation, and
compared in renal failure and coqtrol animals.

Another Approach to. the future investigation of immune
response in chronic renal failure which may merit
consideration is the use of immunomodulating agents as
investigational tools. For example, an increased level of o
suppressor cell activity has been reported 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 cdould be
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conducted by pretreating animals. with cyclophosphamide td?

reduce suppressor cell activity.

" Following lntraperltoneal lnoculatlon S. epidermidis was

v

rapidly ellmlnateﬂyfrom peritoneal washlngs while it remained

associated with thl parietal peritoneum of a majorlty of |

animals up to 24 hours after inoculation. In spife of

aggressive peritoneal washing, bacteria ;emained firmly

associated with the peritoneal membrane. In order to better .
n i

understand the nature of this g%sociation between S.

epidermidis and the parietal peritoneum, future studies of

peritoneal hisfology, including scanning electron microscopy,

would be useful. .’ - ) .

ii. The peritoneal cathepér implant and associated bacterjal’

biofilms . . -
The mouse model of chronic renal failure having a

1

peritoneal catheter implant is the only infection free animal
model of this kind. The controlled in vivo development of the

S. epidermidis biofilm will facilitate future assessments of

therapeutic agents tc be used for its elimination as well as
those intended to prevent its development. Scanning electron
microscopy of cathetergs removed from CAPD patients has

demonstrated thick bacterial biofilms composéd of multiple cell

w

layers. It is believed that antimicrobial therapy is effective

against the surface bacterial layers dnly, leaving the

undFrlying population intact. Prolonged aﬁyibiotic therapy has

been proposed however, whether antimicrobial treatment can
eliminate an established CAPD catheter asdociated biofilm is

currently‘unknqwn. Thus, this mouse model provides a valuable

2

/

S

274



U

3 o
tool for the assessment of. different antimicrobial agents and

varying treatment schedules that may be used to eliminate the

_ catheter associated biofilm. Furthermore, this model may be
%

used to evaluate . epidermidis colonization and biofilm
férmation on the sirface of catheters made of new, alter;xate
materials. The ;;}oleQ of cathger c)onstructior} in terms; of
JJcaﬁheter sizet and. shape may also be addressed. . .
The’influence of an established catheter associated

bacterialpiofilm on host defense of the peritoneal cavity is

~

another fnteresting area for future investigation. The .
response of renal failure and control mice, bearing peritonéal
catheter implants with or without an established bacterial

. ‘ .
biofilm,* to peritoneal inoculation would be compared.

Ry

Experimental bacteria may be the homologuous catheter associate

strain or other stra‘ins and specie€s. In vitro assessmeéents of
L4

' 1
immune furnction of' leucocytes harvested from respective
r - s

"biofilm" 4nd "biofilm ‘free" .animals could also bé conducted.

, ,
The currént studies have demonstrated a role of the

- \ ~ * o]
peritoneal catheter implant -in the progression of the

&

infectious process of S. epidermidis. Future investigation§
~ .

Y. N . . . . ; 4 @ .
addressing foreign body infection in. chronic renal failure mice

might utilize other bacterial species presenting a variety of .
‘ ’

possible virulence determinants, The kinetics of.bacterial

<

colonization of the catheter implant with mixed bacterial

species may also, be addressed using this animal preparation.
“ )

\
»

¢

iii. Slime production by S. epidermidis

i

Slime productio& by S. epidermidis’ may be an important
\

virulence determinant of this microorganism. Future

“ {r
"~ 4
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investigations should include studies to compare the virulence

of slime producing and non slime produ¢ing S. epidermidis

-

‘strains.l Renal failure and control ‘mice, with and without

Ve

peritoneal:eathet\e'ﬁ implants, would be utilized in this
assessment, These experlwts would address the role of slime

producth in the progression of S. epidermidis 1nfect10n as

“well as the contribution of this factor to th\e observed

increased susceptibility of renal failure mice to _S__

4

jldermldls challenge. Future experimenté should also address

factors that may influence the elaboration of staphylococcal -

s ¢ -

slime. For example, slime production by S. epidermidis

.

recovered from (a) renal failure and sham-operated mice, (b) at

varying times after inoculation, and (c) from varying isolation

‘ »
sites, should be compared. Furthermore, the ability of in wivo

v
-

conditions to-induce slime production in non slime producing

strains of $. epidermidis should also be studied in renal Y

failure and sham—operated mice. . \

~

The emergence of| phenotypic colonial variants of the

experimental S. epidermidis from catheter. specimens recovered

-

from mice at least two weeks after intracatheter S. epidermidis

inoculation was representative of the ongoing interaction

betwedn S. epidermidis and the host. Future investigations

$hould\1'nc111de studies to characterize the recovered variants

patticularly in terms of possible virulence determinants. In

vitro assessment of slime production and in vivo determtination

ef—virulence in sham-operated and renal failure mice shouid be
R .

conducted for each of the recovered phenotypic colonial

variants. < ‘ .
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iv. The impact of peritoneal dialysis solutions on peritoneal

defense mechanisms

The results of the current studies failed to demonstrate a
measurable impairment of the response of mice, subjected to
z\'epe'ated periténeal insti‘ll‘atiori of dialysis solutions, to S. h
ePidermidis; inoculation. Future mvestig?tio‘ns should include

A Y

similar studies with a variety of test microorganisms and

particularly a non slime broducing strain of S. epidermidis.

"Therefore, -~the poassibilityl that slime production masked the

’

detrimental influence of the infusion procedure on response of
' -»
mice to the bacterial challenge in the current studies would be

addressed.
The investigation of the role of repeated peritoneal

instillation of dialysis solutions on the response of mice to

.peritoneal S. epidermidis challenge utilized unm'odified.

commercial peritoneal dialy¥is solutions. During the clin;.cal
practice of CAPD a number of therapeutic agents may be added to
;:he inflowing dialysate (eg. heparin, insulin, streptokinase,
desferrioxamine). The influence of such constit\luents of
geritoneal ‘dialysis solution onmimmung response may e

addressed using the .current mouse model.

;
P J ' ' :
-
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\ . L y © . ) Chapter 8 } .

- . ,Statement of Originality
%

‘ . " 1. An animal mod!el of peritoneal Staphylococcus epidermidis

+ ‘infection was developed in which the immiunosuppressive

effect of chronic renal failure/was demonstrated. Increased

' susceptibility to S. epidermidis challenge ;n renal failure,

‘mice was associated with an impaired early peritoneal

'
polymorphonuclear leucocyte response. Peritoneal polymorph
response to intraper}toneal thioglycolate - injection was
similarly attenuated in renal failyre mice compared to

controls. The immunosuppressive influence of chronic uremia

} ~

on response to bacterial cHallénge has never before been

demonstrated in an intact animal model. Furthermore,

attenuation of local inflammatory response may represent an,
o important aspect of the underlying immunosuppressive

mechanism of chronic renal failure. .

i e g

2. An animal model of renal failure bearing a peritoneal

catheter implant was developed which allowed repeated
intracatheter peritoneal access without concomitant
bacterial contamination of the catheter site.
: o
N

-
.

-

3. The peritoneal catheter iﬂplant of renal failure and control

.

"o mice presented a surface for persistent S. epidermidis

' A
colonization without overt signs and symptoms of infection.
Scanning electron microscopy of catheters recovered from

mice following intracatheter S. epidermidis inoculation

c revealed the progressive development of a bacterial biofilm.

; X
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The potential role of the peritoneal catheter in persistent

.+ vor-recurrent CAPD peritonitis has pever before been

systematically demonstrated in an intact animal model under
» ,A
.controlled experimental conditioqs.

hd $

4. The emergence of phenotypic colonial variants of 8.

epidermidjs ‘from the peritoneal catheter of inoculated renal

failuge animals has not been previously reported. Although
the significance of the phenotypic variant isolates is
currently unkpown, their emergence may represent the

expression of characteristics which are advantageous for

. . . L
survival within the host.

o
0
* " -

5. The- in vitro cytotoxicity of commercially available

‘

peritoneal dialysis solutions toward resident and elicited

peritoneal leucocytes of mice was documented. The relative

\

pY
contributions of hypertonicity and acidic pH of the ‘dialysis

6

.. solutions to tle .observed cytotoxicity were delineated.

[

.

6. Repeated peritoneal instillation of dialysis\qolutibn did

not measurably influence the susceptibility of mice to

[

peritoneal S. epidermidis challenge. This is the first

reported study which has extegsively addressed the role of
repeated péritoneal instillation‘of commercial peritoneal
dialysis solution on the response of the iqt;ct renal
failure host to peritoneal bacterialﬁchallénge. In this
series of experiments the .mouse model‘?f chronic renal
failure was successfully extended to-include the peritoneal

'
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catheter implant and repeated peritoneal infusion of .

éﬁalysis solutions. The model thereby provided an infection

v -

. free, thriving animal system in which to assess the

influence of chronic renal fhilure and repeated peritoneal

’

—exposure to peritoneal dialysis solutions on response of

.mice to intracatheter peritoneal S. epidermidis inoculatdion.
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' Introduction

The confrgntation between bacteria and the uremic host is
of great interést to both the clinical nephrologist and the |
investigator, however, it has yeached a degree of complexity
unim&éined by an earlier generation. The bacteria is a basic
affron£ to the host defense mechanisms,:but whether'poséulatéh
defense mechanisms are effective in the eradication of bacteria
in man or animals remains an unresolved topic of considerable -
interest. Effective or not, host defehnse 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 systenm, thencomplement system, the basic
inflammatory response, and the coagulation system are all
inéegral componeg£s. For so long considered as different .
clinical specialties and iqvestigative disciplines, a growing
body of evidence ‘indicates that these seemingly independent
systems interact with one another and that all may be invoked "~
to some degree upon introdﬁction of a wide array of appropriate
stimuli to the host.

Four gen;ral mechanisms exist by which bacéeria may
proliferate in the patient on continuous ambulatory peritoneal
dialysis. The first mechanism is related to uremia itself and
its purported immunosuppressive state (1,2). Although
immunological deficits may be relatively severe in end-stage
renal disease patients,lwe have reported thaé‘chronic
experimental uremia is ‘associated with only slight alterations

of immune responses (3). This has been observed as well by the

| v
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group of Miller in New Zealand‘(4,5) and would suggest that gﬁe
pathogedesis of the immunosuppressi;n observed in patients may
be attributed to factors other than uremia: Secondly,
malnutrition which is offen pronounced in CAPD patients as a
result of nutrient losses in the dialysis effluent is
agsgociated with various immunological derangements affecting
cell-mediated immunity particularly (6,7). The tﬁzrd~pr0po§ed
mechanism is that immunological impairﬁent results from the
local intraperitoneal effects of peritoneal dialysis. Immune
reactants involved in <logal host deféﬁse-mechanisms éuch as
opsonizing antibodies and macrophages are literaliy washed out’
of the peritoneal cavity ét the end of each dialysate dwell
period. ~Finéjlly the presence of the peritoneal Eatheter 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 tendsﬂFo limit the usefulness of CAPD and for this
reason we hﬁge considered the study of this probl;m 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 disease patients (13-15). This report

- constitutes the first part of an analysis on the subject of

peritonitis in our patient population carried out with this
i

cdmﬁﬁter system. '
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Demographic Data 5

' -“ -,

The information compiled in this report refers to patients

1‘who were maintained on CAPD as of June 1983 and those who have
) A

' entered the program since June 1983 to December 1984. This

population was chosen because the computer arrived in our

°

dialysis unit in June 1983 and we began to use it by entering

" the retrospective data from the hospital charts of. the currené
i patients. The endpoint of December 1984 was chosen arbitrarily
in order to prepare this report. Those patients who were
maintained on CAPD and terminated their CAfD practice for
wha}eyer reason prior to June 1983 are not as yet completely y
entered in the cqmpute; data set. ‘

: ‘ ’This‘population as defined above consisted of 29 patients
at the beginning'of the study in June 1983 ané'of 35 pat{ents
at the end of the étudy in December 1984. During theée 18
months® a number of patients left the population (9) and a

number (6) entered. Of these 35 patients at the end, 14 were

men and 21 were women. The mean (tSD) age of these men was
56.4t16.3 years.and that of the women was 59.}11219 years.
This study represents 1026 total patient ﬁgnths of CAPD
- eiperience. Six diabetics have enﬁeféd the pfbgram five of
which developed chronic renal failure secondary to diabetes.
of the 35 patients iydﬁhe program as of the time ‘frame

'~ above 9 have left the program to date for the following

o

reasons:
- 3 patients died while on CAPD, one from failure to thrive
and two from peritonitis: (one with septic shock, one
( ‘ fungal in nature). N ,
- 4 patients received transplants. Of these fogr patieﬁts

one received an unsuccessfﬁl transplant and following
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transfer to hemodialysis. One of them later died of a.

Table

Table
Table

Table
Table
Table

Table

Table

Table

Table

subsequent complications was maintained on hemodialysis
until his death.

patients changéd modality of dialysis to become
permanently maintained on hemodialysis. Their medical

profile suggested a failure to thrive on CAPD prior to

cardiovascular event.
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Comments on the Tables

'Table 1 §§ N

The primary renal disease of patients in the MGH - Abbott

study group is compared to the total Canadian experiénce. The

FJ{T?BA Canadian experience has not yet been published and so

could not be included in this Table. We have included the 1982

data as well as that of 1983 because it represents the entire
Canadian experience published to dat%,and because it shows the
consistency of the data from one year to the next. This

[

comment also applies to Tables .4 and 7.

The high figure for the group "chronic renal failure, -
'etidiogy unknown" is possibly the result of the fact that at
the MGH we are conservative in our indications to perform . .

kidney biopsies. This results in a larger proportion of our

patients not having a kidney biopsy and therefore labelled
”etioloéy unknqﬁn" in instances where the etiolo&y is not
obtained from other tests. ‘
- Chrqnic glomerulonephritis is generally considered as the
major cause of' end-stage réngl/disease in North America. Our
lresults as well as the Canadian experience differ in that

respect. Even when assuming that the category "etiology

unknown" is made up entireiy of patients spﬁferﬁng from cﬁronic
glomerulonephritis, this @isease entity is stillﬁresponéible
= \ 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 whewu:fally,

suffer from extensive abdominal distention can be succe§sfully

c » treated with CAPD. . ’ .
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’Only 7 pafients had spent more than 3 months on hemodialysis
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Table 2

This Table depicts clinical features of the 35 patfents.
It emphasizes the relatibely advanced age of the.study éroup
fg;\hxmggﬂ;fge of 58.1:+14.2," ranging from 28 to 86 yearsﬂbld.
Th;s is in keeping with the experience that older patiénts who
will not otherwise adapt to hemodialysis will do well on CAPD.
fhis is often due to their compromised cardiovascular status
which cannot tolerate the pronounced hemodyﬁamic chaﬁges taking
place during hemodialysis. In addition the Table shows the 3:2 ‘ -
female sex predoﬁ}nance. a

o )
., The”Table demonstrates that CAPD was the mode of *reatment
A}

elected from the stdrt, if we exclude an initial period ofg

hemodialysis during which the definite form of renal

replacement therapy\is chosen and tiaining for CAPD is done.

b?fore starting on CAPD. Conversely, 3 patients maintained on \
hemodialysis for over a year switched to CAPD. Finally, a CAPD
population is not static as evidenced by the fact that 9 -
ﬁa;ients changed status duringééur 18 months observation
pefiqd, 6 of them to move to another therapeutic modality.
Table 3 - B
This Table attempts to differentiate betﬂeen patients who

reméined in the prpgram and those who left. A first point to

- make is\that the CAPD populatioﬁ is a fluctuating one. A
second point to make is that peritonitis can be serious
condition{ indeed 2 of the patients who died had per%tonifis.

7
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one with septic shock, the r a.fungal peritonitis. A third

point .to make concerns the patients who ‘left to be trénsplantéd
because a suitable cadaver kidney was found. 3 of those

patients were much younger than the others.
@

-

Table 4. .

v

In this Table, since we have only 9 pat%énts in our samplé
as compared to more than 100 for the Canadian experience, the
fiéures given may lack statistical‘siggificancé; In addition
the high percentage in our group under the heading "inadequate
.dialysis“ may reflect the difficulty in characterizing the
concept 5f adequacy ?f dialysis. Note also that 2 patients
died of peritonitis which signifies that peritonitis may be a ‘

v

//much more serious condition than is usually assumed.

Table 5
14 . o
Table 5 prﬁjents clinical data as it relates to
\
peritonitis episodes for each of the patients under .study.
The patients had been on CAPD for close to 2% years for a mean

Al 'u
duration of 29.3#18.3 months. The number of peritonitis

episodes varied greatly, althodgh the moderate offenders

-

8
between.5-10 episodes were not infrequent (10 patients) and the

’,

severe offenderS«of 10 and more episodes were rare (2
patients). In accordance with reported experience. a thind of
patients (12 or 35 patients had 5 episodes or more) are

responsible for more than 2/3 of the peritonitis episodes (85
out of 123, for 69.1%). The time on d}alysisobqre nd

relationship to the éotal number of episodes except for‘the
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extreme gffenders. There was no difference in the number of 5
episodes between the beginning on CAPD and the end of the

study, thereby suggesting that technical experience in doing

CAPD is not a facgég in our unit. There was no definite

pattern in the incidence of peritonitis; 1) high incidence
throughout; 2) lsw inciden¢e throughout; 3) deé@easing

incidence; 4) increasing incidence; and 5) fluctuating

incidence.

Tables 6 j,and 7 oo )

A genergl‘comment 5n Tables 6 throu;h 9: the definition of
peSitonitis has changed over the years and is still changing.
To help explain Table 6, consider the column for 1983.’ During
that year there were a total of 44 episodes of peritonitis in
29 patients (who were” in our study group a£ that time)J
representing 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 was? the
following: 8 patients had no episodes, 8 patients had one
episodé, 6 patients had 2 épisodes, 5 patienté had 3 episbdes:
one patient had 4 episodes and one patient had five wpisodes,
ag;in for a grand total Sf'44 episodes in 29 patie;tél

We have no explanation for the bad figures for the year‘
1983 for the MGH-Abbott study group in terms of incidence of
peritoni£is. Note however that\unlike other centers we
continue CAPD in patients having more than 3 episodes of
peritonitis and this undoubtedly makes the staQXStics look

worse. In 1983 for instance 9 or the 44 -episodes of

peritonitis occurred in just 2 patients.

4
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Tables é and 9

The breakdown by year of causative organisms of CAPD
peritonitis episodes is presented in Tables 8 and 9. (A
majority of episodes were caused by single orggnisms, he

predominant pathogen being Staphylococcus epidermidis. In some

‘cgseg the perigoneal effluent of patients otherwise presenting
symptoms of peritonitis was culture negative and were reported
as”no)pacteria identified. Werhave no explanation for the B
large proportion of such instances in 1984. A small prop;rtion K\

of peritonitis episodes were caused by multiple microorganisms

and Staphylococtus epidermidis was again identified in Q\/

majority of such caggé.
Table 10

o

Serum albumin prior to entry into the program was normal
'(i.e. equal or over 3.4 g/dl) in 16 patients and was abnormal
(under 3.4 g)dl) in 17 patients. No information is available
for .two patients who were transferred to the MGH after being
maintained on CAPD at another dénter. No correlation could be
found between the level of serum albumin afd the peritonitis \\\
rate. As explained in the legend this Table compares values of
.SQVeral parameters including albumin at several times during
the study. Note that the first recorded valué§w¥or each '
parameter were obtained three months after entry into the

program rathey than at entry in order to collect all data when

the patients were in a stable state.

Tables 11 and 12
The CAPD systems in use by patients during the study

”

period are reported in Tables 11 and 12.
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. Conclusion - | .\\\\
This study has 3 main conclusions:

1) that peritonitis in CAPD patients remains a frequent,
serious (in some cases even fatal) condition which sometimes
makes necessary a change of therapy. Our patients had between
one and 2 epigodes of peritonitis per yeaf. While the ﬁajority
of patients have few episodes and are doing well on this form
of therapy, a minority, 2 of our 35 patients, had such serious
episoﬁes with failure to thrive that it became necessary to
change their form of therapy and 3 patients actually died
during (2) or after (1) severe episodes. The seriousness of
this condition and ghe fact that it can be fatal has not been
previdusly stressed in the literature,

2) that the main organism responsible for those episodes

is~ staphylococcus epideﬁmidis. An organism was recovered in
more than 80% of the cases, allowing posigive identification of
this cause. This rate of organism recovzﬁ; covers not only the 0
period of the study but also the previoqg’history)of the

patients in the study, which goes°in some cases as far as 1978.

Furthermore, despite improvements in sterile technique and

tubing connections, Staphylococcus epidermidis originating from

the patient's skin remains the prevailing infective organism.
3) that the rate of infection of our study population has
not changed significantly since the beginnihg of our CAPD
program in 1978 (whereas the rate of infection for our entire
' patiert population has decreased signifiéantly during the same
period). During this entire period, a minority of patients

were responsible for a majority of the episodes: this is partly
v & .
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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

/]

ihﬁectionslmight decrease with increased centre experience with
this form of treatment, this has not happened in OG: study
population and in fact 1983 was one of our worst years.

We must be careful to treat the results of this study with
some cgution. The study is not a controlled experiment but a
retrospective analysis with its known drawbacks in particular
data which can now be seen to be~uséfu1 was not recorded. In
addition, .the criteria for diagnosing peritonitis have changed
over the years. Fﬁrthermore, the study examined only the data
current and past of the patients included in an 18 month
period. The second part of this study which will be
prospective in nature shoﬁld be more useful. f

Nevertheless this study showed the value of a computer for

an in depth analysis of this sort. It also gave us the

, opportunity to characterizé our patient population in terms of

rperitonitis and has helped determine the best direction of
future research in this field. 1In particular it indicates that
a clinical study of this kind does not reveal why CAPD patients

are proA:)to develpp peritonitis with Staphylococcus

epidermidis and therefore that the most fruitful direction for -

future research is the development of an animal model. Such a

model of acute Staphylococcus epidermidis peritonitis in the

chronically uremic mouse is presently under development in our

unit. ‘ .
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Table 1. Primary renal disease of patients. ~ '

Comparison between Montreal General Hospital and Canadian experience.

Canada - New patients

MGH-Abbott study group 1982* 1983**
i No. of No.- of No. of
« patients 3 patients 3 patients 2 ’
Total - 35 100 1231 100 1313 100
Glomerulonephritis ) 8 22.9 327 26.6 ’ 347 ) 26.4
Chronic renal failure, ' 6 17.1 142 11.5 132 10.1
etiology unknown -
Pyelongphritis+ 7 17.1 121 9.8 151 ) 11.5
Diabetic nephropathy 5 14.3 174 14.1 222 16.9
Renal vascular disease ‘4 11.4 168 13.6 151 11.5
Polycystic kidney disease 4 11.4 88 7.1 94 7.2
Scleroderma 1 2.9 4 0.3 [5 " 0.5
Other diseases o o 207 14.9 210 16.0
* Canadian Renal Failu;e Register, 1982; p59, Table 23 and p60, Table 24. - ///

*%* (Canadian Renal Failure kegister; 1983, p53, Table 16 and p54, Table 17. . 3
+ Includes obstructive uropathy with infection. ‘
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Table 2. Clinical data on patients in MGH-Abbott study group.

B Duration
Date of dialysis .
Patient first CAPD treatment Duration ‘Current
number Age  Sex (mo/day/yr) (mo) CAPD (mo) status
1-ca 67 M 10/04/82 20 17 died
2-GA 86 M 0L/04/83 24 24 CAPD
3-88 39 F 09/26/79 48 48 transplant
4-WC 67 M 04/19/80 57 56 CAPD
5-DC 66 M 08/19/82 29 28 CAPD
R 6-LC 54 F 03/12/84 10 9 CAPD
Y 7-Lc 52 F 06/21/82 3 30 CAPD
8-WC 34 M 05/17/82 u i1 CAPD
9-GC €8 F 03/24/82 33 32 transpl/HD/died
10-sC 66 F 02/05/81 46 46 CAPD
l1-BC 63 Fs 04/03/78 72 67 changed/HD/died
12-1C 6 F 05/26/83 30 19 CAPD
13-3Dp 28 F 05/02/83 7 5 transplant
14-AG. 60 M 09/21/82 28 28 CAPD
15-8G 53 M 04/26/82 46 32 CAPD
16-TH 56 F 02/12/80 59 56 CAPD
17-DL 28 M 01/26/81 161 48 CAPD
18-FM 69 F 08/1%1/80 54 52 CAPD
19-vM 36 M 01/09/84* 33+ 12% CAPD
20-RM 55 F 11/12/84 1 1 CAPD '
21-MM 73 F 04/07/83 24 17 changed/HD
22-DM 54 M 02/05/83 23 22 CAPD
23-PM 62 F 05/10/82 31 31 CAPD
24-TN 70 F 0l1/16/81 39 36 died
25-MP 32 F 07/16/81 42 41 CAPD
26-Ccp 72 M 02/26/79 70 70 CAPD
27-ER 70 F 06/11/84 6 6 CAPD 6‘
28-DR 62 M 03/26/82 33 33 CAPD
29-ER 6l F 06/01/84 6 6 CAPD p
30-MR 65 F --10/16/84 2 2 CAPD
31-BR 67 F 01/13/83 24 24 CAPD
32-Js8 63 M 06/21/82 19 19 died
) 33-a8 53 F 02/07/81 48 46 CAPD
34-3sw 42 M 08/01/82* 45+ 16# transplant
35-YY 60 F 08/08/83 17 16 CAPD

~

* date of transfer to MGH
+ total duration of dialysis (prior to and after transfer to MGH)

# CAPD duration after transfer to MGH

TN
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Téukf 3. Comparison of CAPD patients who have discontinued treatment
with those who have not

-

-

Ed

Duration Duration Date 1st No. days on
Patients who dialysis . CAPD Initial ©peritonitis CAPD prior to
discontinued’ treatment treatment albumin episode lst peritonitis
CAPD due to Age Sex - (mo) (mo) (g/dl) (mo/day/yr) episode
Death 'S . /
1 CA 67 M 20 17 2.6 11/18/82 L 44
24 TN 70 F 39 36 3.7 09/03/82 532
32.3s 63 M 19 19 4.0 NA# NA
Transplant
3 sB 39 F 48 48 4.2 02/18/80 172
9 GG 68 F ' 33 32 3.5 05/03/83 404
13 8D 28 F 7 5 3.2 NA NA
34 sw 42 M 45 41* ND+ . ND ND
; .
Change to i
hemodialysis
11 BC ; 66 F 72 67 3.8 04/28/78 25 |
21 MM 73 F 24 17 3.1 10/29/83 .202
- . Duration' Duration - No. days on CAPD
Patients who dialysis CAPD Initial prior to lst
remain on treatment treatment albumin peritonitis episode
CAPD (n=26) Age Sex {mo) (mo) (n=25) (n=19)
Mean 58.3 15F, l1M 36.2 29.6 3.6 242.4
SD 13.7 31.2 18.3 ° 076" 230.0

* 16 monthas at MGH
# not applicable
+ not determined

%

‘H‘
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Tablef4. Reasons for discontinuation of CAPD.

Comparison between MGH and Canadian é}perience.

Total

Reasons
Transplanted
Inadequate dialysis
” Other
Peritonitis
‘apUnable to cope

Other abdominal

complijjcations

i

y o . -
. ) Canada
MGH-Abbott study group 1982* 1983**
_ No. of No. of No. of
_patients 3 patients . % patients 3

9 100 147 100 320 100
4 44.4 58 39.5 | 111 34.6
2 22.2 18% 12.2 14 4.4
1+ 11.1 39 26.5 69- 21.6
2+ 22.2 20 13.6 84 26.2
0 0 - - .22 6.9
0 0 ) 12 8.2 20 6.3

* Canadian Renal Failure Register, 1982, pegg*Tgple 30 and p70, Figure 21

** Canadian Renal Failure Register, 1983, p58, Pable 20 and Figure 20.

+ Three patients who died (failure to thrive, perigsh;tis with septic shock, fungal

4

pg;itonitis).

~N
~

“

# Includes indeterminate numbers of patients unable to coBéK

~
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Table 5, Peritonitis during CAPD: Clinical data

-
Duration Date of 1st Episodes Fpisodes sodes per patient zonth by year
Patient No CAPD Date CAPD Peritonitis Diring 1st During Last 1982 1983 1984
& Initial Sex Age Manths _ Began (mo/day/yr)
- - 0.20  0.20
1-cA M 67 17 10/04/62 11/18/82 4 0.24 2 1 - - 0 0.08
2-GA M 86 24 01/04/83 11/24/84 1 0.04 0 1 - 0 0 Y
3-s8 F 39 48 09/26/79 02/18/80 5 0.10 1 (1] - - 0 0.08
. 4-WC M 67 CAPD 56 04/19/80 05/20/80 7 0.13 2 1 - - - 0.08 0.7
5-DC M 66 CAPD 20 08/19/82 12/10/62 4 0.14 1 1 - - - -
6-4C F 54 CAPD 9 03/12/84 RA+H 0 0 NA - - - 0.17 0.25
7-1c _F 52 CAPD 30 06/21/82 04/06/83 5 0.17 1] 1 - - ~ 0.08 0.08 .
_8ar M M CAPD 3 05/17/82 05/31/82 5 0.16 2 2 - - - 0.25 0.18
9-GC | 4 68 HD(11/84) 32 03/24/82 05/03/83 5 0.32 0 (1] - - 0 0.17 0.17
10-sC P 66 CAPD 46 02/05/81 05/10/62 6 0.13 0 1 0.38 . 0.33 0.22 0.50
. n-pC F 66 Dead(2/64) 67 04/03/78 04/28/78 17 0.25 2 2 - - - 0 o
12-1C ¥ 3 CAPD 19 05/26/83 MA [\ 0 0 o - - - o w
13-80 F 28 Trans{11/83) 5 05/02/83 K 0 0 0 NA - - - 0.12 o0.08
14-AG M 60 CAPD 2 09/21/82 08/05/83 3 0.11 (1] 0 - - - 0.25 0
15-bG M 53 CAPD 32 04/26/82 03/08/83 3 0.09 o o - - 0.30 o
16~Mi F 56 CAPD 56 02/12/80 02/20/80 10 0.18 1 0 - - (1] 0.08 0.08
37-DL M 28 CAPD 48 01/26/81 or/01/82 3 0.06 o 1 - - . 0.08 0o
18-FM P 69 cAPD 52 08/11/80 11/21/80 7 0.13 2 .0 - - - Y 0.7
19-WM ] k CAPD 12 01/09/84* 02/24/84¢ 2 0.17 NA 1 - - - - - (1]
20-1M F 55 CAPD 1 11/12/84- NA 0 . NA NA - - - - 0.13 o.
21-MM4 P 73 HD{9/84) 17 04/07/83 10/29/83 2 0.12 Y 1 - - - - 0.40 0.25
22-14 M 54 CAPD 22 02/05/83 06/07/83 7 0.32 2 3 - - - 0.14 0.08 0.08
23-mM F 62 CAPD 31 05/10/82 06/10/82 k| 0.10 1 0 - - o 0.08 0.17
24 4 70 Dead(3/84) 36 01/16/81 09/30/82 3 0.08 0 1 - - 0.20 0.08 0.25 0.08
25 F 32 CAPD 41 07/16/81 03/16/81 6 1 1] - 0 0. 0
26-cp H T2 oo "0 02/26/79 01/30/80 1 0 0 - - - - -
27-HR F 70 CAPD [ 06/11/84 NA - (1] 0 NA - - - 0.33
28-DR M 62 (o 120} kX] 03/26/82 06/10/82 4 1 0 - - - -
29-FR F 61 - CAPD 6 06/01/84 08/03/84 1 1 RA - - - -
IR F 65 CAPD 2 10/16/84 NA 0 NA NA - - - -
31-BR P 67 CAPD 24 01/13/83 08/08/83 1 0 0 - - - 0
32-JS M 63 Dead(1/84) 19 06/21/82 NA 0 0 0 - - 0 0
331-aS F~ S3 CAPD 46 02/07/81 03/01/83 5 0 o - - - o
34-sW M 42 Trans(3/84) 16 08/01/82% 02/20/83% 3 A 2 - - - -
35-YY F 60 CAPD 16 08/08/83 NA 0 0 o
i - m NA 0,12
Mcan , 29.3 0.65 0.66
sD 18.3 0.80 0.80

F 1ot applicable because 1at & montha experience was at ancther center.

* Date of tranfer to MGH.
# Date of 1st peritonitis episode at M3 after transfer from another hospital.

W -t (A
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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
t | £ -

Payient Mos. 1026 8 25 60 G 116 198 312 307
Episodes per
patient ‘month '
Mean+SD 0.12+0.1 NA+ . NA 0.20+0.09 0.12+0.12 0.10+0.13 0.14:0.12 0.08:0.11
Episodes per
patient year 1.44 NA NA 2.4 1.45 1.21 1.69 1.02
No patients 35 1 3 . 6 11 22 29 32
No patients -

0 episodes 8 2 5 8 8 ,_:ES

1 " 4 1 I o1, 9 8 10

2 " 2 3 3 4 6 5

3 M 6 1 1 1 1l 5 2

4 " 3 1 1 1

5 " _ 5 1

6 *” 2 .

7 » 3 : "

0 [1] 1_ 3\. Py

7 " 1

B
hing

* Based on experience of patients précticing ¢APD or enterinédthe CAPD'program between June 1983

and December 1984.
+ Not applicable. ’

t
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. Table 7. Episodes of peritonitis.
Comparison between MGH and Canadian experience.

.
it -

’

’ MGHJAQbott study group ' Canada .
) 1983 . 1984 1982%* 1983**
No. of No. of No. of No. of
patients L] patients L] patients % -patients 3
Total 29 100 - 32 100 803++ 100 1124 100
No. of episodes . .
0 8 27.6 15 46.9 419 > 2.2 532 47.3
1 8 = 27.6 10 31.3 207 25.8 289 25.7
2 6 20.7 4 ©12.5 . 84 10.5 133 11.8
3 5 17.2 3 9.4 93+ 11.6 87 7.7
4 1 3.4 0 0 - - 39 3.4
5 1 3.4 0 0 - - 44% 3.9

2 -y
* Canadian Renal 'Failure Register, 1982, p65, Table 29 and p70, Figuréﬂza.
** Canadian Renal Failure Register, 1983, p57, Table 19 and Figure 19.
++ Documentation on peritogitis episodes only available on 803 patients out of 816.
+ Three peritonitis episodes and more.
$# More than four peritonitis episodes.

o
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, e Table 8. Microbiological distribution of peritonitis episodes (absolute numbers)

-

Total number by year

Year . Total 1978 1979 1980 1981 1982 1983 1984
‘ ' .

Episbdes 123 3 4 12 14 20 44 26
1 Single organism . \\9\ 86 0 4 11 13 16 . 25 17
. Staphylococcus epidermidis . -~ .~ 51 0 4 7 6 11 12 11
Staphylococcus aureus - 8 0 0 1 2 1 3 1
Coliform(s) - 12 .0 - Q 71 2 2 4 3
Enterococcus 5 o - o 1 0 o 4 o
w Diphtheroids . - 1 0 0 0 0 o 1 0
® Non hemolytic streptococci 1 0 0 1 0 0 Q o
Hemolytic s¥reptococci 2 (o) 0 0 2 0o - 0 0
Streptococcus viridans . .o 5 o 0 0 1 1 1 2
Bacillus subtilis 1 o 0 0 0 1 0 0
2 More than one organism 16 1 o 1 0 .1 11 2
S. epidermidis & coliforms 3 "1 0 o 0 0 2 0

S.- epidermidis & Streptococcus viridans 2 o) 0 .0 0 o 2
S. epidermidis, anaerobic cocci 1 0 0 1 0 0 0 0
S. epidermidisg& diphtheroids 3 o 0 0 0 o 3 o
S. epidermidié, aureus & Streptococcus 1 0 0 0 0 0 1 0

viridans : -

. S. aureus & hemolytic streptococci 1 0 -0 ) 0 0 0 1
: S.. aureus, Citrobacter & Bacteriodes 1 0 1] 0 0 0 1 0
Coliforms & Streptococcus viridans 1 o 0 0 0 0 o 1
Acinetobacter & Propionibacterium 1 -0 o o 0 o 1 0
Gram negative & positive i 1 0 o 0 o 0 1 0
Gram negative, positive, diphtheroids 17 0 0 < 0 0 1 0 0
3 No bacteria identified 21 2 ¢ 0 . & .1 8 7

[
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Table 9. Microbiological distribution of peritonitis episodes (%)

o

. -

N .
1978 1979 1980 , 1981 1982 1983 ~ 1984 Overall

Total episodes 3 4 12 14 20 .44 - 26 123

Percentage caused by

Single organism : .0 100 91.7 9 80.0 56.8 65.4 69.9
Multiple organism ~ 33.3 o 8.3 o 5:b 25.0 7.7 13.0
No bacteria identified 66.6 0 0 7.1 15.0 18.2 26.9 17.1
.Percentage single organism } N R
Peritonitis caused by
Staphylococcus epidermidis NA* 100 63.6 46.2 68.8 .48.0 64.7 59.3
Staphylococcus aureus ‘ NA = 0 9.1 15.4 6.3 12.0 5.9 9.3
Coliforms _ NA 0 9.1 15.4 12.5 16.0 17.6  .13.6
Enterococci ) ) NA 0 9.1 (0 I 0 16.0 0] 5.8
Diphtheroids’ ‘ . NA 0 ) 0 ) 4.0 0 1.2
Nonhemolytic streptococci NA 0 9.1 0 0 0 ‘0 1.2
. Hemolytic streptococci ’ NA .0 0 15.4 0 0 0 2.3
Streptococci viridans . NA . o 0 7.7 6.3 4.0 11.8 5.8
Bacillus subtilis: NA -0 0 0 6.3 44 0 1.2
' {
Percentage multiple organism &
Peritonitis caused by . . ’ ‘ A .
o Staphylococcus epidermidis,other 100 NA 100 NA 0 72.7 0 . 62.5
N Other multiple organisms 0 NA o NA ° 100 18.2 100 37.5
* Not app}icabkg. g ) ‘ - ) A

kS
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* Mean of the first 3 values obtained jmmcdiately following the first 3 wonths an CAPD.

*% Moan of the last 3 values cbtained immediately prior to the last 3 months on CAPD.

D
‘fable 10. Biochemical data at beginning of CAPD and at most recent assessment
. .
Start Date Glu BUN Creat Alb Chol End Date Glu BUN Creat Alb Chol
(mo/day/yr) (mg/dl) (mg/dl) (mg/dl) (g/dl) (mg/dl) (mo/day/yr) (mg/dl) . (mg/dl) (mg/ai} (g/dl) (mg/dl)

1-CA 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-GA 01/04/83 277.60 . 44.00 9.60 3.20 235.30 12/10/84 139.33 55.00 1¢.93 3.16 211.66

3-sn 09/26/79 84.33- 63.00 10.83 4.03 -~ .33 09/20/83 95.33 47.00 11.50 3.90 316.66

4-wC 04/19/80 105.66 69.66 14.63 3.50 171.00 12/10/84 = 94.33 61.33 13.63 3.40 157.33

5-nc 08/19/82 108.33 85.66 8.26 3.73 159.66 12/10/84 - 91.33 69.66 9.10 3.73  152.33

6-1C 03/12/84 117.66 75.33 10.90 3.93 318.66 12/10/84 119.66 @ 75.00 13.56 4.13 320.00

7-1C 06/21/82 136.66 69.66 7.76 3.10 355.33 12/10/84 148.00 53.66 11.43 ~3.20 248,33

8-wWC 05/17/82 56.00 58,66 8.66 3.33 208.33 12/10/84 190.00 €9.66 12.00 3.83 210.00

- We's! 02/24/82 109.33 72.66 9.16 © 3.33 123.00 11/16/84 132.66 61.00 12.20 3.12 108.66"
10-sC 02/05/B1 141.66 . 26.66 6.50 3.36 255.00 12/10/84 233.30 28.66 8.46. 3.70 322.00
11-BC 04/03/78 142.67 46.33 9.86 3.43 321.30 02/20/84 114.66 31.66 7.83 3.20 118.66
12-1Cc ' 05/26/83 122.66 47.66 8.86 .2.90 286,33 12/10/84 120.33 47.66 8.80 3.43 268.66
13-pp  05/02/83 99.66 65.66 9,50 3.50 63.66 10/19/83

14-1G 08/31/82 78.66 ° 58.66 10.20 3.26 215.00 12/10/84 405.00 49.00 8.33 3.53 212.66
15-DG 04/26/682 78.66 °‘€2.00 10.20 3.26 284.66 10/10/84 86.66 56.66 9.93 3.26 -268.00
16-11, 01/10/80 164.00 57.67 7.10 3.70 190.66 12/10/84 169.00 61.00 11.20 3.36 195.33
170, 02/26/81 88.00 60.00 13.83 3.35 145.00 12/10/84 124.33 103.66 18.00 3.70 186,33
18-kM& 08/11/80 130.66 56.33 6.96 3.40 188.66 12/10/84 128.00 53.33 11.50 3.76 244.66
19-vM 01/09/84 129.33 79.66 15.70 4.20 214,00 12/10/84 119.00 80.66 .60 3.90 195.33
2013 1/12/84 i 12/10/84 ]Q

21 m»/07/83 107.33 64,33 8.33 3.23 228.647 09/17/84 128.33 44.00 9.60 3.10. 218.00
22-1M 02/05/83 108.66 69.66 12.83 3.50° 251.C0 12/10/84 89.33 60.66 12.83 4.10 267.33
23-1M 05/10/82 84.66 52.33 B8.46 3.50 404.90 12/10/84 100.33  62.00 12.06 4.03 489.00
249N 0L/16/81 . 212.00 44.33 4.46 3.06 285.00 03/24/84 223.33 49.00 7.36 2.93 291.33
25-Mp 07/16/81 78,00 78.33 10.90 4.10 186.66 12/10/84 94.33 56.33 10.86 3.53 160.00
26-Cv 02/26/79 131.33 50.00 9.80 3.33 199.33 12/10/84 124.00 45.00 8.36 2.90 169.00
27441 06/11/84 102.66 23.66 . 6.60 2.20 127.00 12/10/84 .

28-DR 03/26/82 342.00 72.00 9.03 2.86 183.33 12/10/84 193.66 70.00 14.83 3.90 192.66
29-FR 06/01/84 105.33 76.66 8.37 2.67 239.00 12/10/84

30-MR 10/16/84 12/10/84 ¢

31-Bt 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
© 32-US 06/21/82 84.33 63.33 7.60 3.66 218.66 02/07/84 144.66 56.66 9.96 4.00 316.66
33-ns v2/07/81 79.00 -79.66 8.13 3.13 172.00 12/10/84 98.00 50.00 10.60 3.33  143.33
3454 08/01/82 75.33 98.66 17.90 4.13 257.66 12/20/83 119.00 53.33 13.73 3.16 252.66
35-YY 08/08/83 106.67 55.67 7.30 3.43 269.33 12/10/84 103.33 60.33 9.80 3.80 249.67
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Table 11. CAPD system in use as of December 1984*

CAPD system. No. of patients
Abbott 1 3
Abbott 111 19
Baxter 1 0 1
Baxter 2 2
0-7 connectof\ 2 R
Beta Cap e, 0

s Total ) 26

* 26 patients were active on qiglysis as of
December 1984.

Table 12. CAPD system in use during the study period*

= CAPD system No. of patients

Only Abbott 1 and 111 19

Only Baxter . ) 3

Baxter to Abbott - 11

Abbott to Baxter 2

Total 35
®

* 35 patients were treated in the program during the
specified time window.

@
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Appendix 2

3

Characterization of a mouse model of chronic renal failure

v

This manuscript has been submitted for publication in Nephron
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Abstract

A mouse model of renal failure, which is induced by the
sequential electrocoagulatlon of the right renal cortex and
left nephrectomy, was examined for f:he capacity to Jeproduce
the characteristics of chronic uremia. Assessment was ,
conducted six weeks after the second surgical procedure in 13
week old female C57BL/6 inbred mice with renal failure and in
normal and sham-operated controls. The surgery;,—which was well
tolerated, was free of local and systemic siﬂ inflammation
or infection. Growth was significantly delayed in all animals
post 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, renal failure mice produced large volumes of urine
which contained significant levels of protein. Renal f’ailure
mice presented profound hematological changes in the red cell
series in which anemi‘a was evident. Changes in plasma
biochemistry and in bone histology revealed the presence of
severe 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 chronic renal failure
remains to be clearly delineated. Animal studies using

v
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surgical -modéls have received the most attention and most
v

investigators have utilized the rat as the test specieg. Three
basic models have been described in which renal ‘lesions are
created surgically.with the purpose of induciag chronic renal
failure without initiating concomitant infectious or
inflammatory processes. The first is the remnant kidney model
in which a subtotal nephrectomy is ﬁerformed (1, 2). The
second model involves ligation of renal arterieé (3). Finally,
papillectomy can be, achieved successfully in some defined rat
strains (4, 5). ‘

Récently, we have descgibed 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
6rig{nally applied to rats (7). The present model is of
considerable praétical as well ;s theoretical interest. The
mouse is particularly well suited for immunological studies
since i£s immunogenetic background and the function of its
various immunocompetent cells and immunoglobulin classes have
been exéeﬁsively investigated. Accordingly, we initiated a
study to examine the characteristics of this mouse model of
chronic renal failure, particularly those related to extrarenal:
abnormalities secondary to uremia. Most studies were done
approximately 6 weeks after the onset of renal failure, a time
at which we had previously performed several immunological
investigations (8-12). These experiments were conducted in
\female C57BL}6 inbred mice in which a number of biologipal
features are well established (13-15). The ability of chron;c

renal failure mice to thrive following nephrectomy was assessed
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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 pérformed in 5 week old female
C57BL/6 mice (Canadian Breeding, St. Constant, Qué. and
Kingston NY, USA) left to acclimatize for one week in our

»

animal ‘facilities prior to use. All animals were fed a

commercially available mouse diet (Ralston Purina Co., St..%
Louis, Mo, USA) coptaihing aéproximately 20% protein by weight
and provided in pellet form. 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 electrocoagulation of the
surface of the surgically exposed right kidney and left
nephrectomy. Deéails 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 hilum was followed by left nephrectomy twelve
to fifteen days later. In sham-operated animals, the righk
kidney was electrocoagulated and the left kidney was ,
temporarily exposed in a similar fashion to that used ;or
nephrectomy but it was not manipulated. All animals were
subjected to electrocoggulatioﬁ of the renal surface,
nephrectomy or sham-surgery which were conducted under

controlled ether anesthesia through small bilateral flank

incisions leaving the intéstines and the upper abdomifial



contents undistu;bed. Renal electrocoagulation.was perfdrmed
using a foot-operated single point cauterizer angled at 30°
_(Hyfrecator, Model X-712, The Birtcher Corp., Los Anéeles,
Calif., USA).. The kidney was freed from perirenal fat and the
adrenal gland prior to electrocoagulation and speciaf‘care was
taken not to manipulate the ureter. After electrocoagulagion,
the kidney was replaced into the,rénal fossa and completely.
covered by the tissues of the abdomihal wall and skin. *After
either surgical proceduré, the inc{s}ons were closed in layers
with clips applied to the skin. The duration of surgery-from
skin-to-skin never exceeded 10 min. " Unless stated otherwise,
thé animals were studied 6 weeks after the second operation. -
The degree of renal failure was defined by tlHe plood urea
nitrogen (BUN) concentration as measured on sacrifi;e da

Body weight. Mice were weighed at the time of induction

of renal failure, ear-clipped for future identification and

weighed weekly until sacrifice.
- i
Blood pressure measurement: Systemic blood pressure was

»

N

measured in conscious mice by -a ‘tail-cuff method. For two

:
weeks prior to assessment mice underwent daily acclimatization
to the holding chambers required for blood pressure
determinatioqé. All measurements were ma?e at the same time of
day under standardized conditions.

Blood tests. At the time of sacrifice blood was collected

by cardiac puncture into plastic s&ringes coated with a 3:10\‘
dilution of heparih (Hepalean, ngris Laboratories, Toronto,
Canada). Blood urea nitrogen concen£ration was measured by g
autoanalyzer method either separately (IL9 Autoanalyzer,

Instrumentation Labbratdry Inc., Lexington, Mass., USA) or as
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"formalin buffer, then processed as previously described

part of SMAC-16 blood testing (Technicon Instruments
Corporation, Montreal, Canada). Routine hematological

asgessmént was done by GCoulter Counter (Model 2Bl, ‘Coulter

‘Diagnostics' Inc., Hialeah, Fla., USA). 1In a separate

experimént, platelet counts were also performed in parallel by
direct phase-contrast Wicroscopy (16). Differential leucocyte
counts were performed on the basis of 100 cells pér slide on
Wright-stained blood smears. In a limited number of mice _
retic;locyte counts were carried out on fresh and unstained
thick blood smears.

Urine biochemistry. Eighteen-hour urine collection was

conducted in modified métabolic cages. Urinary protein content
was measured with a Technicon RA 1000 Autcanalyzer (Technicon

Instruments Corp., Montreal, Canada). Osmolarity was measured

on frozen samples with aﬁ Advanced Cryomatic Osmometer (Model

3C2; Advanced Instruments Inc., Needham Heights, Mass., USA).

Bone analysis. The bone was fixed in a 0.5% sucrose

o0 - . . ]
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. All results are expressed as mean

SD and single comparisons were made with Student's t test,

Results
Survival ‘ %9

Except for the occasional death occurring during surgery and

ascribed to anesthesia, this model of chronic renal failure (meéan

BUN values of 100 mg/dl) was associated with a mortality rate
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which varied from 4 to 15% in separate experiments according to

the degree of electrocoagulation applied to jthe right renal

cortex. Deaths in renal failure mice occurred on the second to

'fourthhﬁay following left nephrectomy. Plasma biochemistry

performed at that time in animals where death seemed imminent
revealed values of BUN above 250 mg/dl and of p;tassium above 8
mmol/1. All animals that expired were excluded from analysis.
In select experiments where severe renal failure (BUN above 180
mg/dl) was induced by excessive cautery of the right kidney,
increased mortality during the days following nephrectomy was

observ i ). Thereafter during the six week follow-up,

-

no significantanimal loss occurred. No post surgical

fatalities were encountered jin sham-operated control animals.

Growth

The effects of renal failure on growth were reéﬁily

observed and growth curyes 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'siénificant growth impairment in all animals. This
impairment was most severe in renél fai::ggwmice in.which
;ignificant weight loss was recorded orfe week after
nephrectomy. Sham-operafed animals recovered more quickly from
the operation than renal failure mice and both groups had \

significant growth retardation at sacrifice six weeks later.

. 9
General observations

In this study, none of the renal failure mice having
survived the first week post nephrectomy demonstrated signs of
spontaneous bleeding or gross neurological impairment.

Furthermore, the nature and level of activity of renal failure

-
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Mouse survival (%)

Figure 1.
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Survival curve of mice during the course of renal

failure (dashed line, N=48 at the start) and of
sham-operated (dotted line, N=35) and normal (solid

line, N=36) controls. Observations made in C57BL/6

female inbred mice during three separate

experiments. All deaths past the first week were

due to accidental overanesth?sia. -
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Body weight (g)

15

Figure 2.

C." -

Time (weeks)

” .
Growth curve in mice surviving during 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




‘animals marked hypertrophy of the contralateral kidney was

t

mice as well as their overall appearance was comparable to

~

control animals.

Local findings ' .

This surgical mode of induction of renal failure was free
of local complications. The skin clips were removed one week
after eacg'of the two surgical proc;dures. On both oecisions,
in sham-operated and renal failure mice alike, the flank wounds
were completely healedfjand no signs of inflammation were . r
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

infecFion. The intraperitoneal side of the su¥gical wounds had
healed completely. The general appearance og‘the
electrocoagulated kianeys of renal f;ilure mice was markedly
altered. The outer surface was pale, irregular and distended
with translucent areas tgrough which urine could be seen. When
punctured the kidney rapidly emptied of urine and collapsed to°
a.thin-walled“ﬁouch.‘ In contrast, the electrocoagulated kidﬁey
of sham-operated amimals had markedly atrophied §nd was
generally difficult to ;oéate, appearing as a very small mass
of nondeséfipt tissue,édhering.firmly to the liver. 1In these

=

always present.

Biochemical evaluation 9

The biochemical data of mice with renal failure and

sham-operated and gormal controls are shown in Table 1. A
numbe; pf species differenées between mice and man can be
appreciated, the mosttstriking involving creatinine,
bicarbpnaée, phosphate, cholesterol, 'and the enzymes GOT, GGTR

and LDH. The expected retention of nitrogenous compounds was
341
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observed in renal failure mice. Commensurate increases of irea
and creatinine occurred averaging fivefold and two to
éhreefold, respectively. 1In sham—qperated animals, values of
urea and creatinine did not change significantly, indicative of
the degree of contralateral hypertrophy that followed the
extensive destruction of thegright kidney by #
electrocoagulation. -In contrast to éontrol animals, renal ’
failure mice presented moderately, aifhough significantlx,

elevated mean values of plasma potassium, chloride, calcium and

phophate as well as significantly reduced bicarbonate

] H 3

Mewconcentrations. Furthermore, renal failure mice always

[
presented biochemical evidence of secondary hyperparathyroidism

with hype%phospha%emia and elevated alkaline phosphatase in the

absence of hypocalcemia. An unexpected finding in this study

was the presence of hypophosphatemia in the sham-operated
animals. Interestingly, renal failure.mice presented

. * '] »
significantly elevated levels 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

&uring an 18 hour cdllectid; period are presented in Table 2.

hY

Renal failure mice were not oliguric and in fact produced the
v - - ° 2

w

greatest volumes of urine and sham-operated mice also produced

0

increagsed urine volumes compared to normal controls.

Significant levels of protein were recovered from urine

e

v

specimens collected 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.

EY

Plasma concentrations of selected blood constituents
of renal failure and in sham-operated and normal controls

8 _
~ N -

in mice six weeks

-~

after the onset

~

Status of animals .

Sham~operated

Normal Renal failure Normal range

s . n=32 n=32 n=30 in man
Glucose (mg/dl) 223£31 218+ 48 198+ 26 60-115
Urea nitrogen (mg/dl) ° 193 2415 105:36¢:d 8-25 ~
Creatinine (mg/diy. 0.4:0.1 0.4:0.1 . 0.9:0.3c.d 0.5-1.5
Sodium (mmol/1) 147+6 140+13 ° 14816 = 136-147
Potassium (mmol/1) . 4.2+0.7 4.4:0.9 5.5+0.95/4 3.5-5.0
Bicarbonate (mmol/1l) d 1242 11+3 9:3‘:'d 21-30
Chloride (mmol/1) ' 109:4 102+ 8¢ 119:6°-9 97-109
Uric acid {mg/dl) . 3.0:0.6 3.6+1.2F 2.6x1. 2°'d 2.5-8.5
Calcium (mg/dl) ’ 9.3+0.7 9.8+0.9¢ 10.6+1. o°' 9.0-10.6
Phosphate (mg/dl) 7.4%1.0 6.6+0.9° 8.8:1.6°r4 2.4-4.5 :

w Total prqgein (g/dl) 5.2+0.4 , 5.1:+0.7 5.2+0.3 6.0=8.0

5 Albumin (g/dl) G 3.0:0.3 3.0:0.4 * 3.0+0.3 3.5-5.2
Cholesterol (mg/dl) - R 110+16 119+21 " 188 +40°+9 .110-250
Bilirubin (mg/di) 0.1%0.1 0.1:0.1 0.1%0.1 *0.2-1.2
Alkaline ghosphatase (u/1) . T 112125 124 +20°€ 307+106°/2 30-110
GOoT (U/1) ; 2214125 20185 2261107 8-40
GPT (U/l)b 5851 35124 30+28° 0-40
GGTR (U/lg 342 3:3 2+1¢ 7-55
LDH (U/1)% ) o 393+198 382+134 366181 100-216
Globulins {g/d1) N . 2.2:0.4 2.1:0.6 2.2%0.3 2.3-3.3

q s '
qpeterminations Berformed at sacrifice in 13 week old female 1nbred C57BL/6 mice and expressed
as meantSD. )

bAbb?eviationsa used -are: GOT, glutalnic oxaloacetic transaminase; GPT, glutamic pyruvic

v transaminase; GGTR, gamma glutamyl transferase; LDH, lactate dehydrogenase.

‘€-d1ndicates ,a significant difference (p<O. .05) between.renal failure mice and (c) norma‘ll mice

and (4) sham-operated mice. .
ts ©Indicates a significant differerce (p<0.05) between sham-operated and nQrmal mice. s
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Table 2. Urine biochemistyy in mice six weeks after the

onset of renal
faifire and in sham-operated and normal controls?

~

i

Status of animals Normal Sﬁam—operated Renal failure
N n=14 n=14 n=11

BUN (mg/dl) 26.1*5.0 25.3%3.5 119.3+ 21.60:°¢

Volume (ml) ~ 1.5:0.8. 2.2%0.8 3.0t1.3P

Osmolarity (szﬁ/kgHzo) 417.6+163.9 307.5+86.7 3382§t107‘0

Protein (mg/1) 0.12%0.05 0.13*0.05 '~ 0.47t 0.4P.c

aElghteen hour urine collection performed the day before sacrifice
in 13 week old female inbred C57BL/6 mice; values given are means:SD.

Prndicates a 51gn1f1cant dlfference (p< 0.05) between renal failure
and normal coritrol mice. ) .
CiIndicates a 31gn1f1cant difference (p<0.05) between renal fallure
and sham—operated mice. ‘

N
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decrease in_hemoglobiﬁ concentration (Table 3) as well as .
erythrocyte number and hematocrit (data not shown). A close
relationship was observed between the fall in hemoglobin and
the éeverity of the renal failure (Figure 3). Erythrocyte
indices were gnly moderately, although significantly, affected

<

by renal failure where mean corpuscular volume (MCV) ahd,mean
corpuscular hemoglobin (MCH) were reduced compared to control
mice. It is noteworthy that normal values of MCV and MCH i%
the mguse are apprqximately half thét observed in man.

Reticulocyte counts indicative of the extent of bone marrow

. response to the anemia tended to be reduced in renal failure

mice and when corrected for the degree of anemia

reticulocytosis was even more indicative of an inadequate bone
£

marrow resporse.

[y

Examination of the total and #Hifferential leucocytg counts
and platelet numbers, revealed no differences between renal
failure mice and controls (Table 3). pirculéting leucocytes in

the mouse are predominantly lymphocytés and polymorphs

4

constitute a small minority, approximately 5%, of circuiating
leucocytes while‘monpcytes are rarely seen (17). ' Platelet

' ) ' .

numbers are consistently higher than in man. The standarde
yethod to ascertain platelet counts is to use tﬂe autoanaiyzer
counterj ~Howéver, the counter is sét for human_blood in which
erythrocytes are considerably larger than platelets but in the
mouse erxth:ocytés are small and in fact close to the size of
platelets. Therefore the validity of mouse platelFt coqnts
based on assessment By the—autoanalyzer method was confirme§ by

conventional counting of platelets employing visual means

"(Figure 4).
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Table 3. Hematologlcal features of mice six weeks after the onset of renal fallure
and in sham-operated and normal controls® - SR

«w

, ° oy
Status .of animals Normal Sham-operated Renal failure Norial range

« N=68 n=64 n=56 in man

BUN (mg/d1)b 25%¢ 29 6 iogx33d,e 8-25
Leucoqytgs/mm . 5334+2937 6125+2269 5188+3278 4800-10800
Neutrophils (%) 5.3%3.6 6.1:3.6 ~.7.3:5.89 —
Neutrophils/fim 2951328 379+ 277 3411272 ———
Lymphocytes (%) 94.3:4.0 93.5+ 3.6 92.3+6.08 = -
Lymphocytes/mm> - _ - 4910:2723 5725t 2144 489113144 = ————- ¥
Platelets (x103/mm®)° 813:222 -804t 193 807208 130-400
Hemoglobin (g/dl) 13.4:0.9 13.3:0.8 8.4+1.49,¢ 14-18
McV (uw? 2 45.7+1.0 45.4+1.1 44.1+1.09-¢ 82-100
MCH (pg) . 16.4:0.7 16.5+0.7 15.6+0.649.¢ 27-31
MCHC (g/d1)® ~ - ' 35.8:1.4 36.4:1.9 35.3+1.68 32-36
Reticulocytes (%) 2.5+0.9 2.7+0.6 1.8+0.7¢ e

3peterminations performed at sacrifice in 13 week old female inbred C57BL/6 mice
and expressed as meanigD.

babbreviations used are: BUN, blood urea nitrogen; MCV, mean corpuscular volume;
MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration.

CReticulocyte counts were performed in only elght animals of each group and are
not corrected for the degree of anemia.

d-erndicates a 31gn1f1cant difference (p<0 05) between renal fallure and (d)

-

normal mice and (e) sham-operated mice.
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Figure 3.
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Correlation between concentrations of blood urea
nitrogen and hemoglobin (y = -0.03x + 12.07, r =
-0.608, p<0.01) of 53 mice 6 weeks after the onset
of renal failure. Values for sham-operated and
normal controls are contained within the shaded
area. Other hematological features of the mice are
presented in Table 2. '
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Figure 5.

'S

Examples of bone sections (upper metaphyseal plate of
tibia) in normal mice (A) and in mice six weeks after,
the onset of renal failure (B). The prominence of
osteoclasts, bone remodeling and marrow fibrosis is
visible during renal failure (Magnification x 170)
(Courtesy of Dr. Michael Kaye).
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‘three animal groups were recorded.

Bone studies

Renal osteodystrophy was fully established 6 weeks after
the onset of renal failure. Changes in bone histology
consistent with severe hyperparathyroidism were observed with
an increase in the number of osteoclasts, extensive areas of
increased resorption and widespread marrow fibrosis. \
Differences in bone histology between normal and renal failure
mice can be appreciated in Figure 5.

Blood pressure

Systolic blood pressure detefminations (tail cuff
technique) were conducted in a small number (4 animals in e;;h
group) of renal failure mice (112:+13 mmHg) (mean:SD) amd their-
sham-operated (94+9) and normal (103¥4) controls. No
significant differences in systolic blood pressure between the

£
Discussion _

This report describes abnormalities in mice with chronic
renal failure which resemble those observed in humans with
end-stage renal disease. Significant growth retardation,
severe anemia, major alterations in blood chemistry and
strik}ng secondary hyperparathyroidism were observed in %emale
CS7BL/6 inbred mice after six weeks of renal failure. The same
abnormalities are, found in humans and it was¥ concluded 'that
this mouse preparaéion is a suitable animal model of chronic
uremia. The results of this study confirm our earlier findings'

(81@2) in that a significaq} reduction in renal function is

\
consistently achieved with the ensuing retention of nitrogenous .
o ! ’

“products and severe consequences of the renal failure-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 contrplled injury to both kidneys. 1In the present
model we have previously showe that the severity of the renal
failure is greatest if the electrocoagulation is limited to one
kidney with a subsequent contralaéeral rephrectomy (6).\

It was our goal to devélgp a surgical preparation with a ~
consiséent and reproducible degree of renal failugg which could
be readily induced in a large number of mice that could then be
maintained under standard conditions of animal husbandry.

Afﬁer an initial animal loss during the first week post
nephrectomy due to excéssive renal failure in a small
proportibn of mice, no siénificant mortality was observég

during a six week follow-up period. 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 s%?g%$$l
preparation (11, 22). Peritoneal leuc?cytes 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
developed for the studyﬂof immune reponses in chronic
experimeﬁzgl uremia. In that context, sham-operated animals
were subjected to electrocoagulation of the right kidney -at the
time of the first surgery and mobilization rather than removal
of the contralateral kidney two weeks later. Therefore the
poteq&}al immunomodulating influence of(thermal injury to the

kidney as well as the surgical trauma inhérent to the model was
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accodnted»forJin the sham-operated control animal (23, 24).

-~ The present study demongtrated that the level of nitrogenous
waste pfoducts of sham-operated and normal mice were not
significantly different.

Postoperatively, growth of utremic mice was significantly
impaired and six weeks after the induction of renal failure
mean body weights had decreased to 80% of normal mice.
Although growth rates were accelerated 2 and 3 weeks after
surgery, r;nal failfire micé were smaller and actually‘gained
less weight than did sham-operated controls. 1In 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 renal failure (25).

The remarkable d;fference in the appearance of the

1 eleétrocoagulated kidney between renal failure mice and
sham-operated controls might find a; explanation in -the
pheﬁomenon 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 kldney depends on the function of the

"':k". N

-

contralateral kidney. The exact mechanism of renal

couhterbalance~is less clear: Recent studies suggest thafé?his

occurs as a result of either iﬁcreases?in vasodilatory

substances or decreases in vasoconstfictor compounds.

Alternately this response may be mediated by the accumq;é%lon

: of naturally occurring cytoprotective agents. Evidence for the
physiological importance of renal counterbalance was brought

‘{' about by a number of experimental observationé, particularly by

unilateral ureteral ligation or renal ariery clamping in the

rat. Instead, the electrocoagulation technique that we used in
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" our study produces an nonhomogenous renal injury leavihg a rim
of renal cortex around the hilum intact and the deep

¢

juxtamedullary nephrons which may have escaped the thermal
injury. -
| ﬁhen compared to adult man, we found that differences in
normal blood constituents were common in thirteen week old ”
. female C57BL/6 inbred mice. These differences included an
increase in inorganic phosphate, the enzymes alkaline
phosphatase, GOT and LDH, and in the number of platelets and
circulating lymphocytes. As well a dggrease in creatinine,
bicarﬁonate, cholesterol, bilirubin, the enzyme GGTR, the
erythrocyte indices MCV’and 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 nocturnal eating habits. The sodium -
containing heparin preparation used for the blood collection
might explain the observed hypernatremia relative to mad.
Normal blood levels of creatinine in mice comparable to
that of man hav; been observed by several groups (13-15).
Meyer and colleagues (1985) have demonstrated the
overestimation of the picric acid method in measuring serum
creatinine levels in mice (27). Inns;udies of normal C57BL/6
female mice, we have observed a similar fourfold difference
betweeq two automated methods of determination of plasma |
créatinine of normal mice, using the SMAC equipment in the ’
present report and the 1lL-1 elsewhere (11). One difficulty with
the former method®is that the volume required by that technique
is large for ﬁice. In addition, even 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 constituted\our

routine index of evaluation of renal function in mice.
Biochemistry assessments of renal failure and control mice
revealed several interesting manifestations oé uremia. Renal -
failure mice presented evidence of secondary
hyperparathyroidism, with elevated plasma levels of inorganic
ph&sphate and alkaline phosphatase. Hypocalcemia, described-as
a complication of chroniZ)renal failﬁre and -attributed to the
rise of serum phosphate and vitamin D deficiency wag not
observed in these chronically uremic mice. Although we d4id not”
measure ionized calcium in the present study, it is very likely
that increments in total serum calcium in chronicallf uremic
mice reflect a rise in ionized calcium. It is currently not
feasible to perform measurement of parathyroid ﬁérmone in the)

mouse and therefore no conclusions regarding' such measurements

,can be drawn from the current data..
In contrast to the evident secondary hyp;rpa;athyroidism
observed in the chronically uremic mice, inveézigations of "

sham-operated miée unexpectedly revealed hypophosphatemia,
hypercalcemia and high alkaline phé?phatase. These biochemical -
findings are characteristic of primary hyperparathyroidism yet 3
sham animals had undergone renal eiectrocoagulation yielding a
redqction of renal parenchyma. Therefore the observed
hyperparathyroidism must in fact be of a secondary nature. We
§o”not have a satisfactory explanation for the signs of early
secondary hyperparathyroidism observed in the sham-operated
mice. '

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
fnice invariably presented severe anemia with evidence of
relative bone marrow unresponsiveness. We have demonstrated
previbusly‘the progressive development of the anemia from the
time of opset of the renal failure (25). In view of the
promlnence of the bone disease the anemia could result in part
from exéess ‘parathyroid hormone through at least three pathways
(29). These include inhibition of erythrop01e31s, shortening

~
erythrocytes survival and inducing fibrosis of the hone marrow

W

cavity. Thus the overall effects of the multiple con8equences
" of urem%a on hematopoiesis may result in prevailing functional
alterations which may also be accompanied by structural
changes. The observations made in this study would suggest
that bone marrow fibrosis might play an important contfibuting
role in the gnemia of severe renal failure.

Our results confirm and extend the bbservations of others
who have developed animal models of experimental uremia through
surgical reduction of renal parenchyma and have assessed renal
" failure induced systemic changes. However, our model is -
singular in that it provides the means for studying the role of
renal failure in modulating immune responses. The availability.

of immunodeficient and immunomodified strains, and the' volume

© Q

‘bﬁ 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: %Tharacteristics of the ekperimen€a1 Staphylococcus

epidermidis, clinical isolate 29260

»~ The S. epidénmidis, reference number 29260, that was used
8 ‘ )
for all experimental inoculations was an isolate recovered from

the peritoneal fluid of a CAPD patient b}esentigg peritonitis.
This isolate was kindly supplied to us by Dr. S.I. Vas of the

@

Toronto Western Hospital. .

In addition to assessment by Qram stain?(positive),
catalase (posit%ve) and coagulase (heﬁhtive) proddction, strain
29260 also underwent identificagion by the API Stéph-Ident
System (Analytab Products, NY, USA) and the Vitek System
(McDononnel Douglas Health Systems Company, MO, USA): The
results of these: assessments are présented in Tablés l and 2
resbectively. .

_Slime production’ by 29260 was investigated acéérding to

standard methods and was compared to reference slime-producing

S. epidermidis strains that were kindly supplied by Dr. G.D..

Christensen (University of Tennessee, Tenn, USA).

o

Slime~-production by 29260 compared favorably.to that of .

-

prototypic slime-producing reference S. epidermidis.

Strain 29260 presented a characteristic antibiotic

sensitivity profile. A panel of seven of the tested
N ' , .
antibiotics were selected for routine positive identification
N

. of recovered isotates from inoculated mice. The antibiotic

sensitivity characteristics of 29260 are presented in Table 3.
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Table 1l: API Staph-Ident System: Identification of
Staphylococcus epidermidis 29260 ‘

' I
.Microcapule Test Positive Negative

Phosphatase X
Urea utilization X
B-Glucosidase

Mannose utilization
Mannitol utilization
Trihalose utilization
Salicin utilization:
B-Glucuronidase
Argininecutilization
B-Galactosidase
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@ Table 2:-

eEidermid‘gg,. 29260
L8

Vitek Systems: Identification of Staphylococcus

\

a3

i

Well No. ,'i‘est Positive Negative
1 Peptone Base growth X =
2 -‘Bacitracin resistance X
3 Optochin resistance X
4 Hemicellulase utilization X
- 5 Tolergnce -to high NaCl
concentration X
'6 and 7 Tolerance to high level of
bile X
8 Esculen hydrolysis X
9'and 10 Argenine hydrolysis . X
11 Urease X
12 Tetrazolium red reduction X
13 Novobiocin resistance e X
14 Dextrose utilization X A
15 Lactose utilization X
16 Mannitol utilization X
. 17 Raffinose utilization X
18 Salicin utilizatio - X
19 * Sorbitol utilization X
20 Sucrose utilization X -
o . 21 Trehalose utilization X
22 Arabinose utilization X
23 Pyruvate utilization X
: 24 Pullulan utiiization X
/@ T, 25, Inulin utilization ) X
26 Melibiose utilization X
© 27 . Melezitose utilization X
. 28 Cellobiose utiljization X
29 Ribose utilization - X
30 Xylose utilization - X

L
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Table 3: Antibiotic sensitivity characteristics of
Staphylococcus epidermidis 29260

@

Staphylococcus epidermidis

29260 response

L3

Antibiotic tested *

Sensitive

Resistant

w3

Tetracycline, Bactrim'
Vancomycin, Cefamandole
nafate, Cefazoljn

Erythromycin, Clindamycin,
, Penicillin, Tobramycin,
Methicillin ‘

=
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