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Abstract .  Continuous ambulatory peritoneal dialysis 
(CAPD) has come to be extensively used for the treatment 
of end-stage renal failure in children, and especially infants, 
such that now more than half of children on dialysis 
worldwide receive treatment by this means. Peritonitis, 
however, is commoner in children than in adults receiving 
treatment, and is a major source of morbidity and treatment 
failure in children started on CAPD. Only recently has the 
immunology of the normal peritoneum been studied ex- 
tensively, with the need to assess the impact of the in- 
stallation of large volumes of fluid into the peritoneal sac 
during dialysis. The main phagocytic defences of the 
peritoneum depend upon a unique set of macrophages 
which are present free in the peritoneal fluid but also in the 
submesothelium and in perivascular collections together 
with B lymphocytes in the submesothelial area. Both the 
number of macrophages per unit volume and the con- 
centration of opsonic proteins, such as IgG, complement 
and fibronectin, are reduced to between only 1% and 5% 
when dialysis fluid is continuously present in the peritoneal 
sac. In addition, the fluids used for CAPD are toxic to both 
macrophages and to mesothelial cells. Thus minor degrees 
of contamination frequently lead to peritonitis and in ad- 
dition the majority of patients have catheters inserted in 
their peritoneum which become colonised with organisms 
capable of producing exopolysaccharide (slime), which 
promotes adhesion of the organism to the plastic and pro- 
tects them against phagocytic attack and the penetration of 
antibiotics. Thus the peritoneum is in a state of continual 
inflammation, as well as being a markedly more vulnerable 
site than the normal peritoneum to the entry of organisms. 
Whether clinical peritonitis appears in this state of chronic 
contamination probably depends on perturbation in the 
balance between host defences and the organism. Whilst 
Staphylococcus epidermidis is the commonest cause of 
peritonitis, Staphylococcus aureus and Gram-negative or- 
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ganisms are much more serious and more frequently lead 
either to temporary catheter removal or discontinuation of 
dialysis altogether. This review describes the peritoneal 
defences in relation to the genesis of peritonitis. 
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Introduct ion  

Continuous ambulatory peritoneal dialysis (CAPD) [1] was 
first introduced almost 20 years ago, and since the early 
1980s has formed a major part of the repertoire for the 
treatment of end-stage renal disease in children and infants 
[2-5].  It has proved especially useful and attractive in 
younger children and infants, in whom haemodialysis 
presents extra problems, and more extensive use of cycling 
machines has been made than in adult populations [3-5].  
Now, more than one-half of children undergoing dialysis 
receive treatment using this technology [3, 4]. A particular 
problem in dialysing small children is the high proportion 
who have urinary tract anomalies in this age-group, so that 
urinary diversion is relatively common and may make 
CAPD difficult or impossible. 

However, CAPD has major problems, the greatest of 
which is the tendency of the irrigated peritoneum to de- 
velop peritonitis [6-11], usually bacterial, less commonly 
from yeast and rarely fungal. This is the major complica- 
tion of the technique and accounts for the greatest pro- 
portion of treatment failures in both adults and children [3, 
4]. The incidence of peritonitis is almost uniformly higher 
in children than in adults [6-11], which makes the problem 
of especial importance in paediatric nephrology. 

Most paediatricians and nephrologists looking after pa- 
tients maintained on CAPD are aware that a few of their 
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patients give rise to the majority of the episodes of peri- 
tonitis recorded, whilst others seem never to have episodes 
of infection. Since recurrent peritonitis is the main cause of 
peritoneal thickening [12], technique failure and transfer to 
haemodialysis, from early in the history of CAPD a search 
has been conducted for reasons why some patients are 
apparently so peculiarly susceptible to peritonitis. The great 
majority of studies on host defences in the dialysed peri- 
toneum have been performed on adults, and here I extra- 
polate these results to children. However, we must not 
forget that the development of peritoneal immunity during 
childhood has scarcely been studied, expecially in relation 
to the higher incidence of peritonitis just mentioned. 
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Dirt or defect? 

Obviously acute infectious peritonitis implies the entry and 
multiplication of pathogenic organisms within the perito- 
neal cavity. In some instances poor technique, poor training 
and poor hygiene are clearly at fault; but in the majority of 
patients with recurrent peritonitis, there is no record of 
more frequent prior technique failure than in periods 
without peritonitis. Thus attention has turned towards host 
factors which might determine poor resistance to the micro- 
organisms involved. This in turn has led to studies of 
normal peritoneal immunology, and especially in patients 
instilling large volumes of CAPD fluid several times a day 
into their peritoneum. 

The normal  peri toneum 

The peritoneal lining 

The peritoneal cavity is lined with a layer of cells, the 
mesothelium [12- t6] .  These are cells of mesodermal ori- 
gin, which form an unbroken cobblestone layer (seen en 
face) with close junctions between four and seven other 
mesothelial cells. They show many surface microvilli, with 
a prominent rough endoplasmic reticulum, and are capable 
of ingesting particles or organisms by pinocytosis, but not 
of forming phagosomes and digesting/killing these. Apart 
from containing cytokeratin, vimentin and secreting lami- 
nin, as might be expected, they also secrete fibronectin [17] 
and express the leucocyte adhesion molecule intercellular 
adhesion molecule-1 (ICAM-1) and vascular cell adhesion 
molecule-1 (VCAM-1) (but not endothelial cell leukocyte 
adhesion molecule ELAM-1) [18, 19]. A prominent Golgi 
apparatus and ribosomes, and many mitochondria, suggest 
considerable synthetic activity, which is borne out by recent 
studies showing a capability to synthesise and release 
prostaglandins (PGI2, PGE2, but not thromboxane A2 
(TxA2) or leukotrienes [20], together with cytokines and 
chemokines [interleukin-1 (IL-1), IL-6 [21], IL-8 [22] and 
macrophage chemotactic protein -1 (MCP-1)] [19, 23] and a 
variety of other molecules including tissue-type plasmino- 
gen activator [24]. Prominent lamellar lipid bodies are 
present which form the origin of phosphatidylcholine in 
peritoneal fluid, in which mesothelial cells resemble type II 
pneumocytes. It should not be forgotten that one of the 

Fig. 1. The spatial distribution of resident peritoneal cells which 
provide a first line of defence against invading micro-organisms. 
Four populations of resident cells can be identified: an intraperitoneal 
population, predominantly macrophages but also containing CD4+ 
T lymphocytes, neutrophils, a few eosinophils and B lymphocytes; 
cells adherent to the peritoneal mesothelium, normally few in number 
but increased during peritonitis, consisting of macrophages and a few 
neutrophils in the resting peritoneum; a submesothelial layer :of 
macrophages; and finally submesothelial perivascular aggregates of 
T lymphocytes and macrophages. Within 1 h of microbial invasion 
these populations change, the predominant cell within the peritoneal 
fluid and adherent to the mesothelium becoming the polymorpho- 
nuclear leucocyte. From Suassuna et al. [25], with permission 

peritoneal mesothelium's main functions is lubrication. 
Finally, mechanical integrity of the mesothelial layer pro- 
tects the submesothelium from exposure and invasion by 
micro-organisms during peritonitis. In CAPD peritonitis, in 
contrast to surgical peritonitis, recovery of organisms from 
the blood is the exception rather than the rule. 

This layer of mesothelial cells lies upon a basement 
membrane, which in turn lies over a submesothelial stroma 
of areolar tissue 1 - 2  mm in depth, This contains collagen 
fibres in a matrix of ground substance with an organisation 
depending upon the visceral or parietal origin of the peri- 
toneum. Normally there are rather few cells in this region, 
but mast cells are present and recently we have shown [25] 
that there is a layer of submesothelial macrophages which 
obviously are in a position to form an important defence 
barrier (Fig. 1). In addition, submesothelial vessels are 
surrounded by lymphocytes and dendritic cells [22], 
forming a perivascular unit analogous to that already 
known to be present in the skin. Thus there are four po- 
pulations of defensive cells in the peritoneum: those free in 
the peritoneal fluid, those adherent to the peritoneum 
(normally rather small in number, but increased in perito- 
nitis), the submesothelial layer of macrophages and the 
submesothelial perivascular units. 

The peritoneal microcirculation 

This provides the site of the physiological interactions be- 
tween the circulating plasma and the peritoneal cavity [26]. 
Unfortunately, the effective blood flow to the peritoneal 
surface is inaccessible to measurement, although calcula- 
tions suggest that for small solutes blood flow is unlikely to 



Table 1. Peritoneal fluid in health and continuous ambulatory perito- 
neal dialysis (CAPD) 

Normal CAPD 

Volume (ml) 50 2,000 

Cell count (/ml) 106-107 103-104 

Opsonins 100 1-3 
(IgG, C3, fibronectin) 
(% plasma level) 

be rate limiting. There are many arcades in the perietal 
peritoneum, which will equalise both pressures and flows 
over wide areas, with few if any arteriovenous anasto- 
moses, as observed at many other sites. The overall per- 
meability of the peritoneal vessels is about the same as 
most other capillary beds. Constriction and dilatation of the 
capillary bed can take place, affecting exchange during 
dialysis, which is clearly a point of importance. The dy- 
namics of fluid exchange across peritoneal capillaries obey 
Starling forces as elsewhere. The endothelium of the peri- 
toneum displays tight junctions as elsewhere, and probably 
forms the main filtration barrier. The perivascular immune 
cells have been discussed in the previous section. 
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The bacteria coated with IgG are recognised by the Fcre- 
ceptors and the C3b by the CR- 1 receptor of the phagocyte. 
In the case of Staphylococcus aureus, the protein A of the 
organism binds fibronectin. However, non-opsonic phago- 
cytosis is important also, particularly for Pseudomonas and 
Escherichia coli, through the medium of lectinopha- 
gocytosis. E. coli are phagocytosed following binding of 
their type 1 fimbriae to macrophage-borne carbohydrate 
residues [42]. Carbohydrate residues bound in this way 
include components of CDll/CD18 molecules and Fcg 
receptors expressed by the cells. In addition, mature mac- 
rophages themselves express lectins known as mannose or 
[3-glucan receptors. These bind sugar residues on a variety 
of micro-organisms, which leads to internalization and 
killing in the absence of any opsonins. The possible im- 
portance of these mechanisms in peritoneal defence has yet 
to be established, however. 

Thus the model of normal peritoneal defence suggests 
that when bacteria enter the peritoneal cavity they are 
phagocytosed, with or without opsonisation, by macro- 
phages and polymorphs and then killed by oxidative and 
non-oxidative mechanisms. Both free and phagocytosed 
organisms are removed by transit of peritoneal fluid 
through the peritoneal lymphatics, principally across the 
diaphragm. 

Peritoneal defenees 

How does the peritoneum defend itself against microbial 
invasion in health? Apart from the mechanical integrity of 
the mesothelial layer and the submesothelium, the perito- 
neum has a number of humoral, mechanicai and cellular 
defences. These have been reviewed extensively during the 
past 5 or 10 years [27-35]. 

First, the peritoneal cavity contains a small amount of 
fluid, in which are found both opsonins and phagocytic 
cells. This fluid has been studied in health, principally by 
study of normal adult women at laparoscopy, or in adults 
during abdominal surgery, and its composition and contents 
are shown in Table 1. The volume is probably only about 
50-100 ml in adults. The principal cell population is made 
up of monocytes/macrophages (90%) and lymphocytes 
(5%), and there is good evidence that the main phagocyte 
of the normal peritoneal cavity is not the polymorpho- 
nuclear leucocyte (present as only 5% of cells), but the 
monocyte/macrophage [36-41]. These are found normally 
in concentrations of [06-107]ml and show markers of ac- 
tivation and maturation. They are not identical to tissue 
macrophages, however, forming a population of cells un- 
ique to the peritoneal cavity. This means that studies of 
peripheral blood cells, or those derived from other sites, 
have little relevance. For purposes of this review, however, 
we will refer to them simply as "macrophages". 

Plasma proteins (including immunologically relevant 
molecules such as antibodies, complement components and 
fibronectin) are present at approximately equal concentra- 
tions to those found normally in plasma. These are the 
principal opsonins of plasma and tissue. Opsonins are 
proteins which coat the bacteria making them more readily 
phagocytosable, and the principal molecules involved are 
IgG, complement-generated C3b and C3bi and fibronectin. 

The effect of instilling CAPD fluid into the peritoneum 

Obviously these normal defences are profoundly disturbed 
by the unphysiological intervention of CAPD, during which 
large volumes of toxic fluid are instilled into the perito- 
neum. CAPD fluid contains a low but detectable count of 
microparticulate matter (plastic and glass), has a pH of 
about 5-5.5, an osmolality of 300-500 mmol/1, a very 
high glucose concentration of 35 mmol/1 of lactate. 

Toxic effects on cells 

In vitro and ex vivo, raw CAPD fluid inhibits the respira- 
tory burst, phagocytosis and bacterial killing by peritoneal 
macrophages [35, 43-54], and is cytotoxic to lymphocytes 
[55]. During the dwell time within the peritoneum (4-12 h), 
the pH of the fluid rapidly equilibrates (within 1 -2  h), but 
the hypersomolality remains present throughout - as it must 
to effect ultrafiltration. Naturally there have been attempts 
to analyse the means by which dialysate exerts its toxicity, 
and the most popular view is that this is the result of the 
hyperosmolarity [53]; however, in some studies a fall in 
intracellular pH seemed to correlate best [54], and products 
of glucose sterilisation have been suggested rather than 
glucose itself [56]. Heating glucose results in a variety of 
products, including 3-acetyl acrylic acid (which gives the 
yellow-brown colour to bags improperly sterilised) and 
formic acid, which may be responsible for the pain when 
such bags are infused into the peritoneum. Unfortunately, 
glucose polymer solutions seem to share toxicity with 
simple glucose [52]. As well as the toxic effects of dialysate 
on the peritoneal macrophages, the constant removal of 
large numbers in the dialysate results in a younger popu- 
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lation of cells showing fewer marks of maturation [57]. 
This may be in part why the performance of the in- 
traperitoneal cells is different in patients undergoing CAPD 
compared with normals. 

As well as these effects upon intraperitoneal macro- 
phages, dialysate is toxic to cultured mesothelial cells in 
vitro [58, 59], with increased release of 51chromium label. 
Instillation of CAPD leads to a brisk efflux of mesothelial 
cells in the effluent [60], presumably as a result of loss of 
cells from the mesothelial layer. Mesothelial cell produc- 
tion of cytokines is also inhibited strongly [61], together 
with leukotriene production [62]. Within weeks of begin- 
ning CAPD, morphological changes occur in the peritoneal 
lining [63, 64], even in the absence of peritonitis. The 
rough endoplasmic reticulum increases in amount, the 
surface villi become more sparse, micropinocytotic va- 
cuoles become less frequent and there is an increase in 
submesothelial collagen. In the rat, however, there was an 
increase in cell density and in number of villi, pinocytotic 
vacuoles and rough endoplasmic reticulum [65]. 

Dilution o f  cells and opsonins 

The other obvious effect of instilling CAPD in- 
traperitoneally is that both cells and proteins are diluted, 
initially to almost zero concentrations, the exact level de- 
pending upon residual fluid (usually about 200-400 ml). 
Thereafter, the cell count and concentrations rise [66-68], 
but by the end of the dwell the cell concentration is only 
about 104-105/ml (10-100/gl,  1%-10% of normal) and 
the concentration of plasma proteins only 2 % - 4 %  of 
plasma levels. The peritoneal membrane is poorly selective 
for proteins [69[, so that there is little difference in the 
penetration of large and small molecular weight species 
into the peritoneal cavity during equilibration. Other effects 
of the large volume of intraperitoneal fluid on lymphatic 
removal of organisms have been noted already. 

Thus the peritoneum in CAPD patients is an im- 
munocompromised site, with semi-sterile access several 
times a day to an external world teeming with organisms; 
under these circumstances it is perhaps surprising that 
peritonitis is not more common than it actually is in patients 
practising CAPD! 

The organisms causing CAPD peritonitis 

The first important fact to be noted is that the organisms 
responsible for peritonitis in patients on CAPD are com- 
pletely different from those causing surgical peritonitis, in 
nephrotic children and (to a lesser extent) patients with 
cirrhosis. In all published series [70, 71], including our 
own, the list of organisms responsible for peritonitis is 
similar and has changed little during the past decade, al- 
though the proportion of cases attributed to S. epidermidis 
has fallen a little under the impact of disconnect systems. 
The organisms in children are much the same as in adults. 
An analysis of 646 published cases in children [10] showed 
44% Gram-positive organisms principally S. epidermidis 

and S. aureus, 21% Gram-negative organisms, 2% of cases 
with fungi or yeasts and 8% with a variety of unusual or- 
ganisms. In these collected series, there was no growth in 
25% of patients. Although many of these represent cases of 
S. epidermidis, a recent study of 37 adult patients using re- 
culture found that there were cases of both Gram-negative 
and fungal peritonitis amongst this initially culture-nega- 
tive group [72]. The rate of positive cultures may be pro- 
moted by lysis of the cells which have ingested organisms 
[73], and intracellular sequestration without killing may be 
a factor in relapse and persistence of infections [73, 74]. 
Many units use techniques similar to those applied to blood 
cultures to isolate organisms from CAPD fluid [75], and 
with care the proportion of negative cultures can be as low 
as 2%-3%.  

The most common single infecting organism is S. 
epidermidis. S. aureus (about 20%) is the next most com- 
mon organism, with Gram-negative organisms (occasion- 
ally in mixed growth) forming the majority of the re- 
mainder. A zoo of rare species may be found, but particular 
mention must be made of peritonitis arising frorm yeasts 
such as Candida or fungi. That intraperitoneal defences are 
important is suggested by the observation that fugal and 
pseudomonal infections are commoner in patients with the 
acquired immunodeficiency syndrome (AIDS) on CAPD 
[76] - although other observers have noted the usual mix of 
organisms in this context [77]. 

The route of entry of the various common organisms 
into the peritoneum is almost certainly different: S. epi- 
dermidis mostly comes in externally contaminated dialy- 
sate, then, once the indwelling catheter is colonised with 
biofilm, escapes into the general peritoneal cavity; this 
suggestion is supported by the fact that "flush before fill" Y 
connector systems cut the incidence of peritonitis almost 
exclusively in the group arising from S. epidermidis, both 
in adults [78-81] and in children [82]. However, when 
Brown et al. [83] compared the strains of S. epidermidis 
present on the hands and at the exit site with those from the 
peritoneum during peritonitis, they failed to find any con- 
cordance. These important observations deserve to be re- 
peated. 

S. aureus is strongly associated with exit site or tunnel 
infections with the same organism [84-90], which are both 
associated with chronic nasal carriage of this organism [68, 
73]. Gram-negative organisms [91] may enter either by 
contamination or translocate across the bowel wall, espe- 
cially if diverticular or infammat0ry bowel disease is 
present, as in many older adults. In children, this route is of 
course less likely. We have shown that the residual volume 
within the peritoneum may be important in determining the 
appearance of peritonitis, since there is a "washout" of 
organisms at every exchange [92]. This is most important 
for rapidly dividing, virulent organisms such as S. aureus, 
whereas with more slowly dividing organisms the like- 
lihood of multiplication exceeding washout is relatively 
independent of residual volume; similar considerations 
apply in the bladder, of course. An important clinical point 
is that need to remove the catheter is strongly associated 
with the presence of either S. aureus [85-87], Gram-neg- 
ative organisms or fungi, reflecting the greater clinical se- 
verity of peritonitis resulting from these organisms. 



Table 2. Anti-microbial function of peritoneal macrophages from peritoneal dialysis patients 
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Function Result Control Target Author Y e a r  Reference 

Phagocytosis Normal NPMPH S. epidermidis/E, coli Peterson et al. 1985 [38] 
S. epidermidis McGregor et al. 1987 [39] 

Lamperi 1990 [99] 
Normal NPMPH S. epidermidis/E, coli Verbrugh et al. 1983 [36] 
Depressed UPMO Brando et al. 1988 [97] 
Increased NP cells Betjes et al. 1993 [110] 
Depressed NPMPH Latex Sulowicz et al. 1991 [103] 
Depressed NPMO E. coli Lewis et al. 1995 [106] 

Oxidative metabolism 
Peroxidase 
Hydrogen peroxide generation 

Chemiluminescence 

Bacterial killing 

Normal NPMPH - Peterson et al. 1985 [38] 
Depressed NPMPH Zymosan McGregor et al. 1990 [101] 
Normal NPMPH Bos et al. 1988 [57] 

Increased UPMH Zymosan Davies et al. 1989 [40] 
Depressed NPMPH Zymosan Verbrugh et al. ' 1983 [36] 
Increased NPMPH Zymosan, PMA Peterson et al. 1985 [38] 

Normal NPMPH Candida Verbrugh et al. 1983 [36] 
Normal NPMPH/NPMO S. aureus Goldstein et al. 1984 [37] 
Depressed NPMPH S. epidermidis McGregor et al. 1987 [39] 

NPMPH, Normal peritoneal macrophages; UPMO, uraemic peripheral blood monocytes; NP cells, normal peritoneal cells (unseparated); NPMO, 
normal peripheral blood monocytes; UPMH, uraemic peritoneal macrophages; PMA, phorbol myristate acetate 

The defences of the peritoneum during CAPD 

It has been an abvious goal to examine the performance of 
the peritoneal defences during CAPD, both to see whether 
individuals vulnerable to peritonitis could be identified and 
also to see if improving peritoneal immunity is possible and 
might lead to a fall in the high incidence of peritonitis. 
Thus both peritoneal macrophage function and, to a lesser 
extent, intraperitoneal opsonins have been the subject of 
intense study in patients undergoing CAPD. Obviously any 
data obtained must be interpreted in the light of the fact that 
these patients are all to varying degrees uraemic and also in 
some cases less than optimally nourished, both factors well 
known to influence immune responses in general [93, 94]. 

Phagocytosis by peritoneal macrophages during CAPD 

The cells within the dialysed, but peritonitis-free perito- 
neum [95-121] differ not only in number but also activity 
from those present in the normal peritoneum [36-40]. 
There is much greater variability in both the cell count and 
the proportion of the various cells making up the population 
between individuals. Macrophages are usually predomi- 
nant, as in the normal state, but may vary from only 20% up 
to 90% of cells; lymphocytes likewise may predominate, 
rather than being a minority population. The proportion of 
polymorphonuclear leucocytes varies also, from 10% to 
30% or more. Eosinophils are prominent during the first 
weeks after catheter insertion, but become scaree thereafter, 
possibly representing an allergic reaction to the catheter 
material, which is supported by higher IgE concentrations 
in the plasma of these patients [95]. 

Numerous studies have tried to determine whether cell 
respiration and bacterial phagocytosis and/or killing are 
normal in macrophages from CAPD drainage fluid taken 

after various dwell times [36-41,  96-107].  Serial studies 
have also been performed [108-110], and the study of 
Betjes et al. [111] is particularly important in that they 
examined events immediately prior to an attack of perito- 
nitis and suggested that some macrophage functions were 
depressed at this time. Almost all these data come from 
adults, but at least one study in children has been performed 
[112]. 

We have already noted that fresh CAPD effluent inhibits 
phagocytosis almost completely, but at the end of the dwell 
time of 4 - 1 2  h the results obtained have been diverse and 
contradictory (Table 2), even when opsonin concentrations 
have been allowed for. Some workers (including ourselves) 
have found defective phagocytosis, others normal phago- 
cytic behaviour but defective killing; in contrast, in a few 
studies dialysis-elicited macrophages even showed a 
greater respiratory burst and greater killing capacity for 
Candida than resident laparoscopy macrophages [38]. 

The divergence in these results has been discussed in 
detail by Lewis and van Epps [96] and Holmes [34], and 
arises at least in part from the facts that: (1) different target 
organisms were used - usually E. coli or S. epidermidis - 
sometimes zymosan or Candida, or even inert particles; 
(2) the unique nature in terms of activation and maturation 
makes peripheral blood monocytes poor controls; in some 
studies, therefore, peritoneal macrophages obtained at la- 
paroscopy in normal women were used; (3) the method of 
separating the macrophages has differed; some studies 
employed removal of plastic adherent cells (which alters 
cell function profoundly) [82], others gradient centrifuga- 
tion and re-suspension and yet others flow cytometry; 
(4) although some studies were performed in standard so- 
lutions, in some the host's own effluent was used, which 
must contain a very variable quantity of opsonins; (5) in 
one study [109], which has not been repeated, the phago- 
cytic capacity as well as the number of peritoneal macro- 
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Fig. 2. Interactions between peripheral blood leucocytes and organisms 
(Escherichia coli E/2/64) in peritoneal dialysate in the presence of 
normal serum (for opsonisation). Both when the number of cells was 
held constant (4 x 106/tube) and the volume varied from 1 to 8 ml, or 
the volume kept constant and the number of organisms varied from 0.5 
to 4 x 10 6, bacterial killing ceased below a concentration of 0.5 x 106/ 
ml, 10 times that present is the resting peritoneum during peritoneal 
dialysis. From Duwe et al. [43], with permission 

phages decreased with time following the initiation of 
dialysis, becoming stable after the 1 st year or so, a variable 
which has not be controlled for in most other studies; 
(6) Antonsen et al. [104] have pointed out that the viable 
cells in effluent, especially after long dwell times, represent 
only a small fraction of the total cell population and may 
not be representative. 

In general, a summary of all these results suggests that 
even after equilibration the phagocytic and killing capacity 
of the very diluted concentration of monocytes within the 
peritoneal fluid is reduced, although not dramatically. In fact, 
the phagocytic capacity may not be crucial in the fluid phase 
during initiation of peritonitis, since if a 1:1 mixture of 
organisms and phagocytic cells is taken and diluted in vitro, 
when the concentration of phagocytes falls below about 
5 x 105/ml (500/lxl) killing almost ceases (Fig. 2) [43]. 
"Normal" peritonitis-free CAPD fluid nearly always con- 
tains less than 50 cells/gl, although this level may rise a 100- 
fold or more in peritonitis. The most convincing evidence 
that peritoneal macrophage phagocytic capacity may be 
important was presented by Betjes et al. [111] who found a 
reduction in phagocytic capacity preceded attacks of clinical 
peritonitis. Other serial studies [108, 109] showed that in the 
year following the initiation of dialysis the number of peri- 
toneal macrophages fell one or two orders of magnitude, 
whilst the number of lymphocytes increased [108]. 

Nevertheless, in the period immediately following the 
infusion of dialysate into the peritoneum - when fresh or- 
ganisms are most likely to be introduced - phagocytosis is 
almost eliminated for a period of 1 - 2  h, and obviously this 
could be important. Also, in the control and resolution of 
established peritonitis phagocytic capacity could be crucial. 

In many instances, phagocytosis is not followed by killing, 
and sequestration of an organism within the macrophage 
may even protect it [73, 74]. In summary, despite a large 
body of evidence it remains unclear whether macrophage 
phagocytic capacity is a crucial factor or not in determining 
the appearance of peritonitis; if it is crucial, then the en- 
counter between phagocyte and organism is much more 
likely to occur on the surface of a mesothelial cell or the 
dialysis catheter, rather than free in the vast litres of peri- 
toneal dialysis fluid. 

Other intraperitoneal ceil populations during CAPD 

We have concentrated upon macrophages because they 
form the majority of the cells (about 40%-50%) in the 
"resting" peritoneum during CAPD and because they form 
the initial population of cells which must resist bacterial 
invasion. In addition, in experimental animals there is clear 
evidence of transport of bacteria through the lymphatics 
[114]. However, some 5%-10% of intraperitoneal cells are 
polymorphonuclear leucocytes [115, 116] and after bac- 
terial invasion the count of macrophages changes little, 
whilst enormous numbers of polymorphs are recruited after 
about 1 h [116], leading in most cases m a visible turbidity 
of the peritoneal fluid ("cloudy bag"). 

The abundant lymphocytes (20%-40%) within the 
peritoneum have been little investigated [49, 117-123], 
compared with the many studies of intraperitoneal mono- 
cytes. All studies concur that the majority of lymphocytes 
are T cells, the majority CD4 positive and are in general a 
population showing both activation and maturation mar- 
kers, such as class II major histocompatibility complex 
antigens. Thus they are capable of secreting y-interferon 
and IL-2. Little is known about the B cells of the perito- 
neum [40, 117, 12!]. In one of our studies [40], they ap- 
peared incapable of responding in vitro with antibody 
production to non-specific stimuli, whilst peripheral blood 
B cells from the same patient could do so. It seems unlikely 
therefore that the make much contribution, if any, to anti- 
body concentrations within the peritoneum. Finally eosi- 
nophils are present, usually in small numbers, but in a few 
episodes of serositis are the predominant cell within the 
peritoneum [95]. These episodes are not usually associated 
with positive bacterial culture. 

Opsonins within the peritoneum during CAPD 

Functional opsonic activity and concentrations of individ- 
ual opsonins have been studied in dialysis effluent 
[122-132]. As noted above, concentrations of all plasma 
proteins within the dialysed peritoneum rise from nearly 
zero immediately after inflow of dialysate to 2 % - 4 %  of 
plasma concentrations during the dwell period. This is still 
far below that normally present or present in tissues else- 
where. In general, functional opsonic activity increases in 
parallel with the increase in protein concentrations (Fig. 3) 
during dwell within the peritoneum. However, Coles [126] 
reported that, like the concentration of cells, IgG con- 
centrations fall with time in patients on CAPD for several 
months or more. 
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Fig. 3. Opsonisation (chemiluminescence) of different strains of 
Staphylococcus epidermidis by peritoneal dialysate macrophages 
from 16 individuals on peritoneal dialysis at various times following 
instillation of dialysate. Opsonisation immediately after instillation of 
dialysate is, not surprisingly, negligible because of dilution. However, 
both the opsonic susceptibility of different organisms varies greatly in 
the same patient and opsonic recovery during the dwell period varies 
greatly between patients. Data of Bennett-Jones et al. [67] redrawn 
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Fig. 4. Interactions between mesothelium, intraperitoneal cells and 
bacteria, IL-1, Intefleukin-1; TNF, tumour necrosis factor; MCP-1, 
monocyte chemotactic protein-l; PGE2, prostaglandin E2; PMN, 
polymorphonuclear leucocytes; LTB4, leukotriene B4; HPMC, human 
peritoneal mesothelial cell; HPFB, human peritoneal fibroflast. [From 
Topley and Williams (1994) with permission] 

Schroeder et al. [133] noted that young children com- 
pletely lacked IgG2 (important in activity against capsular 
polysaccharides) in their peritoneal fluid; this intriguing 
observation has not been re-studied, but Fivush et al. [134] 
noted global hypogammaglobulinaemia in children on 
CAPD, an observation confirmed by Hisano et al. [135] and 
Katz et al. [136]. 

It has been suggested that intraperitoneal macrophages 
secrete some complement components, including C2 and 
C3, together with fibronectin [131], although others could 
not confirm these observations [132]; but again washout 
suggests that this will not contribute in the dialysed peri- 
toneum - although it could be important in the normal, non- 
dialysed peritoneum. 

The addition of IgG to CAPD fluid increases opsonic 
activity for S. epidermidis in vitro [122] and addition of 
complement that for E. coli [122], whilst heating (which 
destroys complement activity) reduces it; we showed that 
some clinical strains of S. epidermidis also require com- 
plement for optimal opsonisation [67] and that some strains 
are poorly or not all opsonised by the protein concentra- 
tions in CAPD fluid, even at the end of the dwell (Fig. 3). 
E. coli display lectins on their fimbriae and are susceptible 
to phagocytosis without the intervention of opsonins (lec- 
tinophagocytosis) [42]. To begin with there was hope that 
adding IgG to CAPD fluids might improve opsonisation 
and decrease peritonitis rates, but the practical problems, 
cost and fugitive increase in concentration of IgG [137] led 
to this idea being abandoned. Specific opsonic activity in 
CAPD effluent dependent on anti-staphyloccus antibodies 
does not correlate with peritonitis [138]. 

Until recently there were almost no studies on the op- 
sonisation of S. aureus. We have shown [98] that, as well as 
complement and IgG, fibronectin is also an important op- 
sonin for this organism; this is not surprising, since the 
complex molecule of fibronectin includes a domain which 
binds to the A protein of the staphylococcus [139]. 

Interactions between mesothelium, intraperitoneal cells 
and bacteria 

We are now in a position to put these observations together 
and try to deduce what happens when bacteria gain access 
to the peritoneum, first in numbers that can be coped with 
by the defences outlined above and then in quantities that 
permit multiplication faster than opposing factors and 
washout. The players in this game are the invading bacteria, 
the resident mesothelial cells, the macrophages, lympho- 
cytes and opsonins of the peritoneal fluid. The cellular 
elements communicate, as do cells throughout the body, by 
signals involving paracrine and autocrine mediators: eico- 
sanoids and other lipid mediators, cytokines and growth 
factors. It is not surprising that during peritonitis the con- 
centrations of IL-113 [120], IL-6 [140-142], IL-8 
[141 - 143], tumour necrosis factor-a (TNF-a) [144] and Y- 
interferon [145], as well as PGE2 [146] and other pros- 
taglandins, are all increased in the dialysate, relative to 
dialysed patients without peritonitis. However, it is worth 
noting that these concentrations, in turn, are higher than 
those in the few observations of normal peritoneal fluid. 
This tells us only that inflammatory events are underway, 
but from in vitro studies of the various origins of these 
cytokines [147-150] a picture of the cross-talk between 
cells has been constructed by the Cardiff group (Fig. 4) 
[149-151]. 

This model postulates that the primary event may be the 
activation of intraperitoneal macrophages when they en- 
counter and phagocytose opsonised organisms. This results 
in secretion of both prostaglandins (TXB2 and PGE2) and 
cytoldnes IL-I~ and IL-lcq TNF-c~ and IL-8. Under the 
influence of these agents the mesothelial cells synthesise 
prostaglandins and cytokines in turn, in particular PGE2 
and PGI2, together with IL-I~3 and IL-8. This last is a 
powerful chemoattractant for polymorphonuclear leuco- 
cytes, which enter the peritoneal cavity in large numbers on 
a time-scale consistent with this postulated. Mesothelial 
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Fig. 5. Adherence of S. aureus and peritoneal phagocytes to the 
peritoneal mesothelium. The adherence of S. aureus is dependent 
upon fibronectin (Glancey et al. [18]) whilst the long-term adherence 
of leucocytes is mediated by intercellular adhesion molecule-1 (ICAM- 
1) on the mesothelial cells and its ligand lymphocyte function 
associated molecule LFA-1 on the leucocytes [156]. However, before 
this firm adhesion is established, initial "rolling" contact mediated by 
P- and E-selectins is needed [158], similar to leucocyte adhesion to 
vascular endothelial cells 

which may be important in the rapid re-mesothelialisation 
after injury. 

In addition, macrophages and neutrophils [156, 157] can 
adhere to mesothelial cells, which process is ICAM-1 
[156], as well as L- and P-selectin [158] dependent. This 
adhesion stimulates PGE2 production, as does treatment 
with IL-1 and TNF-c~ [147], both produced in quantity by 
activated macrophages. Surprisingly, in peritoneal biopsies 
macrophages adherent to the mesothelium are only rarely 
seen. However, almost certainly in peritonitis-free patients, 
encounters between macrophages and cells take place 
predominantly on the surfaces of mesothelium, and parti- 
cularly the catheter biofilm; the phagocytic capacity of the 
peritoneal macrophages could play a crucial role in the 
outcome of these encounters, but in the only study to ad- 
dress this important point [159] macrophages proved in- 
capable of phagocytosing organisms on the surface of 
mesothelial cells, although polymorphonuclear leucocytes 
had this capacity. This important observation needs to be 
repeated. 

cells can also secrete MCP-1 [19, 23] in a fashion inducible 
with IL-1]3 and TNF-a. MCP-1 is an attractant for mac- 
rophage/monocytes, as is RANTES, normally produced by 
T lymphocytes, but also by mesothelial cells [23]. It is 
worth noting that the migration of the polymorphs and 
monocytes is from basal to apical across the mesothelium, 
the opposite to the migration of these cells from the plasma 
through endothelial cell layers. 

In addition, we must consider the direct cell-cell inter- 
actions between bacteria, mesothelial cells and peritoneal 
macrophages (Fig. 5). Adherence to surfaces facilitates 
phagocytosis [152]. Organisms have a varied capacity to 
adhere to mesothelial layers in vitro, S. aureus being much 
more capable in this respect than S. epidermidis [153]. 
Studies in our laboratory have shown that one of the critical 
molecules in the adherence of S. aureus is mesothelial fi- 
bronectin [18]: adherence is inhibited by anti-fibronectin 
antibody treatment of the cells or by soluble fibronectin 
treatment of the organism, and only strains expressing 
staphylococcal protein A will adhere. Adhesion mediated 
by lipoteichoic acid is also important [153]. In our ex- 
periments [20] cytokine pre-treatment of the mesothelial 
cells gave varied results: IL-1 and lipopolysaccharide sti- 
mulated adherence, whilst y-interferon inhibited it. Thus a 
major feature of virulence is ability to adhere, and pino- 
cytosis of the organism without killing by the mesothelial 
cell, which occurs in vitro, will only serve to protect the 
organism from phagocytosis and antibiotics. S. epidermidis 
adherence to mesothelial cells has been shown to inhibit 
PGE2 production, but in macrophages leukotriene B4 
(LTB4) and LTC4 production is increased [149]. Muijsken 
et al. [74] point out that after endocytosis S. epidermidis 
remains viable within the cells and may be protected in this 
environment from antibiotics other than those which pe- 
netrate well into cells. Detached mesothelial cells are shed 
into the dialysate [154] even in the absence of peritonitis, 
and large areas of basement membrane may be denuded of 
mesothelial cells during peritonitis. Mesothelial cells are 
capable also of secreting autocrine growth factors [155] 

Exit site and tunnel infections; catheter biofilm 

Exit  site infections. One major unsolved problem in patients 
performing CAPD is the long-term presence of a silastic 
catheter from the skin surface into and within the peritoneal 
cavity. The subcutaneous tunnel and exit site, however 
carefully placed, often becomes the site of chronic 
contamination, with or without actual suppuration 
[84-90]. Exit site infections are more common in children 
than in adults on CAPD [3]. In a single-centre study of 
children [160], 46% of infections were with S. aureus, both 
with and without pus, and 11% showed Pseudomonas 
aeruginosa. Gram-positive infections were commonest 
even in infants. 

Exit site infection is in turn is strongly associated with 
peritonitis [84-90], especially when the organism involved 
is S. aureus (38 of 132 episodes in the series of Levy et al. 
[160] developed peritonitis). In adults there is a strong host 
influence, since a major factor in the appearance of S. 
aureus exit site infection is prior nasal carriage of the or- 
ganism [84-90], although reports to the contrary have 
appeared [161]. In contrast to the incidence in actual 
peritonitis, S. epidermidis accounts for only about 10% of 
exit site infections. 

Catheter biofiIm. As well as exit site and tunnel infections, 
the catheter within the tunnel and within the peritoneum is 
almost invariably coated with a biofilm [162-165],  
consisting of adherent S. epidermidis embedded in a slime 
secreted by the organism, under the stimulus of the catheter, 
plus host protein (particularly fibrin) and cellular debris. 
This exopolysaccharide ("slime") may be found on many 
plastics in several sites within the body and was in fact first 
noted on jugulo-atrial shunts used for the treatment of 
hydrocephalus - although it was noted on catheters quite 
early in the history of CAPD [166]; It is produced in varying 
quantities by different strains of staphylococci [167] and is 
present on 80%-100% of catheters removed electively, as 
well as in those patients with recurrent peritonitis. 
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Table 3. Patients with high and low peritonitis rates: immunological 
differences? 

Macrophage Author Year Re- 
function ference 

Phagocytosis No Lamperi and Carozzi 1990 [99] 
No Lewis and van Epps 1987 [96] 

Staphylococcus No McGregor et al. 1987 [39] 
killing 

Expression Yes Davies et al. 1989 [40] 
of DR/RFD7 

Secretion Yes Lamperi et al. and 1990 [99] 
of interleukin- 1 Carozzi 

Secretion Yes Lamperi and Carozzi 1990 [99] 
of prostaglandin E2 

Fc receptor Yes Lamperi and Carozzi 1990 [99] 
expression No Lewis and van Epps 1987 [96] 

Fibronectin Yes Goldstein et al. 1984 [37] 
secretion No Khan et al. 1987 [125] 

This slime will inhibit both lymphocyte blastogenesis [168] 
and phagocytosis by peritoneal macrophages in vitro [169], 
and of  course provides a privileged environment for the 
organism away from phagocytosis and antibiotics [170], 
and obviously could play a role in recurrent peritonitis. 

In agreement with this, S. epidermidis can be cultured 
from peritoneal effluent in 5 % -  10% of  healthy patients at 
any time [171]. In contrast, S. aureus is virtually only 
cultured in the presence of  clinical peritonitis. Patients in 
whom a catheter is placed for CAPD rapidly develop an- 
tibodies directed against S. epidermidis even in the absence 
of  peritonitis or positive cultures [172], again suggesting 
that colonisation is near universal. 

Continuous intraperitoneal contamination and 
inflammation 

These observations, plus the evidence already alluded to 
which suggests complement activation [69, 130] and in- 
creased cytokine release in the dialysed peritoneum even in 
the absence of  clinical peritonitis [140], has led to a new 
concept of  the pathogenesis of  peritonitis in CAPD patients. 
In contrast to the "classical" model of  CAPD peritonitis, in 
which the peritoneum was pictured as a sterile cavity until 
bacterial contamination sufficient to overwhelm host de- 
fences took place, in almost all healthy patients on CAPD 
there is a continued low-grade intraperitoneal inflamma- 
tion as a result of  the localised "pericatheteritis" maintained 
within the catheter biofilm, possibly also from organisms 
within peritoneal macrophages or mesothelial cells. Only 
when the balance in this host-parasite relationship is dis- 
turbed does clinical peritonitis appear. This model holds 
only for S. epidermidis, however. If  S. aureus or Gram- 
negative organisms are cultured from dialysate, it is ahnost 
always in the context of  clinical peritonitis, perhaps re- 
flecting the greater virulence and faster replication of  this 
organism. 

Table 4. Patients with high and low peritonitis incidences: im- 
munological differences? 

Author Year Re- 
ference 

Opsonisation Yes Keanel et al. 1984 [122] 
Yes Steen et al. 1986 [203] 
Yes Bennett-Jones 1987 [66] 
Yes Coles 1990 [ 126] 
Yes McGregor et al. 1987 [39] 
Yes Lamperi and Carozzi 1 9 8 6  [123] 
No de Vecchi et al. 1990 [180] 
No Bennett-Jones (unpublished) 
No Gordon et al. 1990 [152] 

Yes Keane et al. 1984 [122] 
Yes Bennett-Jones 1987 [66] 
Yes Goodship et al. 1986 [124] 
Yes Coles 1990 [126] 
Yes Olivas et al. 1990 [179] 
Yes Kuroda et al. 1992 [182] 
No Steen et al. 1986 [203] 
No Anwar et al.. 1992 [177] 

et. a~.. 1989 [176] No Zemel 
No Nagano et al. 1992 [181] 

Yes Coles 1990 [126] 
No Steen et al. 1986 [203] 
No Anwar et al. 1992 [177] 
No Kuroda et al. 1992 [182] 

Yes Goldstein et al. 1986 [131] 
No Khan et al. 1987 [125] 

IgG concentration 

C3 concentration 

Fibronectin 

Studies of  patients with high and low peritonitis 
incidences 

Given the variety of  host factors, factors intrinsic to the 
organism, plus the possibility of  a triple inter-relationship 
between organism, macrophage and mesothelial cell, one 
obvious way to assess the importance of  host immune de- 
fences is to compare these in patients who have frequent 
peritonitis and/or lose their catheters with their peers, who 
enjoy almost indefinite trouble-free dialysis [173-177] ,  
with the object of  determining whether any host factors can 
be identified which predict frequent peritonitis (Tables 3, 4). 
Unfortunately the data are conflicting in many areas, per- 
haps because of  the difficulty of  defining new episodes of  
peritonitis from recurrences in those with frequent attacks 
and the overall low incidence of  peritonitis in most units 
today. These data are discussed extensively by Holmes and 
Lewis [34, 113, 127]. 

Peritonitis and activity of peritoneal monocytes 

Numerous studies have been made of  macrophage activity, 
including phagocytosis, oxidative burst, bacterial killing 
and release of  immune mediators on the one hand and 
susceptibility to develop peritonitis on the other 
[173-176] .  The results are confusing (Table 3), which is 
not surprising in view of  the disagreement about whether 
these functions are normal overall in dialysis-elicited 
macrophages from CAPD patients. Most authors have 
come to the conclusion that there is no difference between 
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monocytes from those patients with repeated peritonitis and 
others. However, Carozzi [119] and Lamperi and Carozzi 
[123] have described several functions of peritoneal mac- 
rophages, including decreased IL-1 production, increased 
PGE2 secretion and decreased expression of complement 
receptors in patients as associated with regular peritonitis; 
some of these observations have not been confirmed, others 
have not been re-studied as yet. On balance the role of 
functional macrophage deficiency does not appear to be 
very important, if it operates at all. Again the importance of 
macrophage phagocytic capacity, if it exists, probably re- 
lates to encounters between organism and macrophage on 
surfaces of the peritoneum or catheter, and not free in the 
large volume of intraperitoneal fluid. 

Peritonitis incidence and opsonic activity of CAPD fluid 

Several studies have been conducted to see if either con- 
centrations of particular opsonins (IgG has been studied 
most frequently) or total opsonic activity correlates with 
high peritonitis incidence [176-182]. Some data are sum- 
marised in Table 4. From this it appears that despite the 
difficulties and variability there is some relationship be- 
tween poor opsonisation and frequent peritonitis. However, 
even in those studies in which a correlation between levels 
of IgG and/or poor opsonisation and peritonitis rates was 
found, the overlap in the data is such that it is impossible to 
predict those who will suffer peritonitis. In addition, the 
usual effect of negative studies not being published for- 
mally is evident: for example, although in an initial study 
we were able to relate dialysate IgG concentrations to 
peritonitis rates [66], later work which failed to show any 
relation of opsonisation to peritonitis has never been pre- 
sented (Bennett-Jones et al., unpublished observations). 
However, in sum these data do suggest that varying dilution 
of opsonins may be a weak factor in the genesis of repeated 
peritonitis. 

tion in peritonitis rates - mainly from S. epidermidis - has 
already been demonstrated by "flush before fill" systems of 
the Y connector type in two prospective controlled trials 
[78, 79] and registry data [80, 81], including children [82], 
which makes it more difficult to perceive any effects of 
host factors and minimises their overall importance. Now, 
however, the challenge is to try and help those patients who 
still have major problems with recurrent peritonitis despite 
careful use of disconnect and flush systems. 

Treatment of S. aureus carriers 

One area for attention is clearly the S. aureus skin and nasal 
carrier [85-90]. Identification of such patients before they 
have their catheter placed can help by eliminating or in- 
hibiting the nasal carriage by local antiseptics such as 
mupirocin, chlorhexidine and vancomycin ointment, 
chlorhexidine baths etc. [183, 184]. The use of prophylactic 
antibiotics, including co-trimoxazole [185] and rifampicin 
[ 186], including impregnation of the catheter or flushing its 
lumen, has been recommended also. None of these man- 
oeuvres is proven to reduce the incidence of peritonitis. 

New styles of catheter placement 

For some time it has been clear that details of the catheter 
placement, and especially the direction of the emergent 
catheter (downwards is preferable), have a major effect on 
the incidence of catheter track infections. A radical sug- 
"gestion by the inventors of the technique of CAPD has been 
to make the initial placement of the catheter entirely sub- 
cutaneous, only allowing access to the outside world after 
the catheter track has healed in place [187]. This approach 
is under evaluation at the moment. 

Peritonitis incidence and presence or extent of biofilm 

Although a convincing case can be made that biofilm 
should be important, one immediate obstacle to this idea is 
that biofilm is almost universally present in patients, 
whatever their peritonitis histories [162]. Even the extent of 
the biofilm did not correlate in this best prospective anal- 
ysis of the subject. Thus, at the moment the presence or 
extent of biofilm does not seem to be an important issue in 
determining which patients get recurrent peritonitis; how- 
ever it is almost certainly of crucial importance in de- 
termining the continued presence of at least S. epidermidis 
within the peritoneum. 

W h a t  can w e  do to m i n i m i s e  the inc idence  of  
peritonit is?  

Flush before fill systems 

Obviously at a clinical level the goal is to achieve a re- 
duction in peritonitis rates. Obviously this starts with ef- 
fective teaching of good practice, but a substantial reduc- 

Immunisation against S. epidermidis and S. aureus 

Is specific immunity against S. epidermidis important and 
can it be boosted? We have already noted that almost all 
patients bearing CAPD catheters develop antibodies against 
S. epidermidis, and that this bears no relationship either 
way to episodes of clinical peritonitis [162]. In addition, 
there is no relationship between intraperitoneal specific 
antibody in CAPD effluent and peritonitis [138]. Therefore 
it is not surprising that despite some initial good reports 
[188], a controlled trial of immunisation against Staphylo- 
coccus (Staphypan Berna, Swiss Serum and Vaccine In- 
stitute, Bern, Switzerland) has not shown it to be effective 
[189], perhaps because no good antibody response was 
obtained. However, given new vaccines and modern 
bioimmunotechnology, this approach deserves to be kept 
under review. This is illustrated by work with S. aureus, 
showing that it is possible, using conjugate antigens to 
enhance immunogenicity, to induce antibodies directed 
against the common types 5 and 8 capsular polysaccharides 
[190], including in uraemic patients on haemodialysis 
[1911. 
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Increasing the opsonic activity of CAPD fluid 

If opsonic activity of the CAPD fluid is, important, then 
could it be increased? One obvious strategy is to add IgG to 
the dialysate, and this has been done [192, 193] with ap- 
parently beneficial effects. Although there have been 
claims that a single intraperitoneal instillation leads to 
persistent increases in levels of IgG, opsonisation and a 
reduction in peritonitis rates [193], we and others have been 
unable to replicate the results with regard to the IgG con- 
centrations, finding an immediate washout of the prepara- 
tion [137]. The high cost makes daily administration im- 
practical on a routine basis, but the use of donor serum - 
which would add all opsonins - as suggested for surgical 
peritonitis [194] has yet to be applied in CAPD. It is dif- 
ficult to see how this could be used prophylactically, al- 
though it might have a role in treating resistent peritonitis. 

Stimulating phagocytic activity and peritoneal macrophage 
function 

The division of opinion on the importance of macrophage 
activity and the low likelihood of free fluid encounter be- 
tween macrophage and organism have been outlined above. 
However, Lamperi and Carozzi [195] have reported that 
intraperitoneal instillation of T-interferon induces a sus- 
tained increase in phagocytic capacity of intraperitoneal 
macrophages. These studies have yet to be repeated. 
Likewise the use of 1,25'-dihydroxy vitamin D to stimulate 
macrophages has been suggested by the same group [196], 
but not confirmed by others [197]. 

"Resting" the peritoneum 

If intraperitoneal macrophages and opsonins are very im- 
portant, then the logical management of patients on CAPD 
would be to "rest" the peritoneum, and during an acute 
episode of peritonitis to haemodialyse the patient tem- 
porarily, thus allowing the concentration of phagocytic cells 
and opsonins to accumulate back to normal levels within 
the peritoneum [68]. Although the lack of washout could 
also allow rapid multiplication of any organism present, 
which might vitiate any advantage, the approach has been 
tried in patients with repeated attacks of peritonitis and 
seems to be of benefit [31]. 

As far as patients without peritonitis are concerned, 
"resting" the peritoneum can be achieved by schedules of 
automated peritoneal dialysis, and there is good (although 
not unanimous) evidence that the incidence of peritonitis 
using this technology is lower [198], even though immune 
responses within the peritoneum are similar; Brunkhorst 
et al. [199], however, found that macrophages were more 
responsive after a "rest" of 10 h. Thus repeated peritonitis 
might be one indication for employing this technique. In 
those with recurrent attacks of peritonitis, a regular "dry" or 
"rest" period might be introduced to allow the phagocytic 
defences of the peritoneum to recuperate. Both approaches 
cost a good deal more than standard CAPD, however, al- 
though savings of treatment of peritonitis and possibly 
catheter removal would made. 

The dubious role of catheter biofilm in determining 
whether or not "pericatheteritis" turns into peritonitis has 
been outlined above. Two approaches have been used to 
remove biofilm. The first is the obvious one of removing 
the catheter, with immediate rather than delayed replace- 
ment. This has been done and proved effective [200], al- 
though long-term effects on repeated peritonitis are less 
secure. 

Use of fibrinolytic agents 

Another approach is to use urokinase or another flbrinolytic 
agent to digest off the intraperitoneal biofllm. One dis- 
advantage is that this approach does not get rid of that 
along the catheter track, which could then re-extend into 
the peritoneum. Nevertheless, several groups have reported 
favourably on this approach [30, 201]. We have shown that 
fibrinogen is important for clumping of S. aureus, which 
protects the organism against opsonisation and phagocy- 
tosis [98]. In addition, in vitro urokinase treatment of ef- 
fluent CAPD fluid improved opsonisation of S. aureus, but 
not S. epidermidis. 

Conclusions 

Do host factors matter, then, in determining repeated at- 
tacks of peritonitis? The answer, in a typical adult patient, 
is not much. One suggestive piece of evidence is the ra- 
dically different pattern of peritonitis in AIDS patients 
found by some investigators [76]. Manipulation of host 
factors is unlikely ever to achieve as much in terms of a 
reduction in peritonitis rates as attention to details of ca- 
theter placement, careful instruction in meticulous techni- 
que and the introduction of "flush before fill" systems, such 
as the Y connector, have done. However, in some patients 
host defences are likely to be critical, an example being 
what can be achieved by simple measures, such as good 
positioning of the catheter outlet and identifying carriers of 
S. aureus and treating them appropriately. 

One aspect which I have not mentioned so far is the 
question of nutrition, which is well known to have a pro- 
found effect on immune responses [94]. Most of us have the 
impression that our patients with recurrent peritonitis are 
the most "flaky" in the clinic - but this may well be the 
result of the recurrent peritonitis rather than its cause. 
However, despite promising early results, no clear data 
emerged from a multi-centre study relating any parameter 
of general nutrition, such as serum albumin concentration, 
to the incidence of peritonitis, but this may reflect the 
imprecision of the nutritional indices [202]. 

What is certain is that recurrent peritonitis remains a 
clinical challenge in a group of patients, both adults and 
above all children, whose best treatment would otherwise 
be CAPD; we owe it to them to pursue the solution of their 
problems by whatever means possible. We have very little 
information on the systemic or peritoneal immune re- 
sponses of children on dialysis, especially infants, and in 
view of the higher incidence of peritonitis in young chil- 
dren this information is urgently needed. 



658 

References 

1. Gokal R, Nolph KD (eds) (1994) The textbook of peritoneal 
dialysis. Kluwer, Dordrecht 

2. Von Lilien T, Salusky IB, Boechat I; Ettenger RB, Fine RN (1987) 
Five years' experience with continuous ambulatory or continuous 
cycling peritoneal dialysis in children. J Pediatr 111:513-518 

3. Alexander SR, Honda M (1993) Continuous peritoneal dialysis for 
children: a decade of worldwide growth and development. Kidney 
Int 43 [Suppl 40]: $65-$74 

4. Alexander SR, Balfe JW, Harvey E (1994) Peritoneal dialysis in 
children. In: Gokal R, Nolph KD (eds) The textbook of peritoneal 
dialysis. Kluwer, Dordrecht, pp 591-637 

5. Gruskin AB, Baluarte HJ, Dabbagh S (1993) Hemodialysis and 
peritoneal dialysis. In: Edelmann CM Jr (ed) Pediatric nephrology. 
Little Brown, Boston, pp 827-916 

6. Fine RN, Sahisky IB, Hall T, Lucullo L, Jordan SC, Ettenger RB 
(1983) Peritonitis in children undergoing peritoneal dialysis. Pe- 
diatrics 71:806-809 

7. Warady BA, Campoy SF, Gross SP, Sedman AB, Lum GM (1984) 
Peritonitis with CAPD and CCPD. J Pediatr 105:726-730 

8. Powell D, San Lnis E, Calvin S, MacDaid T, Potter D (1985) 
Peritonitis in children undergoing continuous ambulatory perito- 
neal dialysis. Am J Dis Child 139:29-32 

9. Watson AR, Vigneaux A, Bannatyne RM, Balfe JW (1986) Peri- 
tonitis during continuous peritoneal dialysis in children. Can Med 
Assoc J 134:1019-1022 

10. Chesney RW, Zelikovic I (1988) Peritonitis in childhood renal 
disease. Am J Nephrol 8: 147-160 

11. Mocan H, Murphy AV, Beattie TJ, McAllister TA (1988) Perito- 
nitis in children on continuous ambulatory dialysis. J Infect 
16:243-251 

12. Rubin J, Herrera GA, Collins D (1991) An autopsy study of the 
peritoneal cavity from patients on continuous ambulatory perito- 
neal dialysis. Am J Kidney Dis 18:97-102 

13. DiPaolo N, Sacchi G, Buoncristiani U, Rossi P, Gaggiotti E, 
Alessandrini C, Ibba L, Pucci AM (1986) The morphology of the 
peritoneum in CAPD patients. In: Maher JF, Winchester JF (eds) 
Frontiers in peritoneal dialysis. Field Rich, New York, pp 11-19 

14. Dobbie JW, Zaki MA (1987) The ultrastrucmre of the parietal 
peritoneum in normal and uremic man and in patients on CAPD. 
In: Maher JF, Winchester JF (eds) Frontiers in peritoneal dialysis. 
Field Rich, New York, pp 3-10  

15. Stylianou E, Jenner LA, Davies M, Coles GA, Williams JD (1990) 
Isolation culture and characterization of human peritoneal me- 
sothelial cells. Kidney Int 37: 1563-1570 

16. Dobbie JW (1994) Ultrastmcture and pathology of the peritoneum 
in peritoneal dialysis. In: Gokal R, Nolph KD (eds) The textbook 
of peritoneal dialysis. Kluwer, Dordrecht, pp 17-44 

17. Suassuna J, Glancey G, Das Neves F, Hartley B, Ogg C, Cameron 
JS (1990) Mesothelial cell and endothelial cell markers of acti- 
vation in the peritoneal membrane of CAPD patients (abstract). 
Abstracts of the 4th meeting of the International Society for 
Peritoneal Dialysis, Kyoto, July 1990, p 43 

18. Glancey G, Cameron JS, Ogg CS, Poston S (1993) Adherence of 
Staphylococcus aureus to cultures of human peritoneal mesothelial 
cells. Nephrol Dial Transplant 8: 157-162 

19. Jonjic N, Peri G, Bernasconi S, Sciacca L, Colotta E Pelicci P, 
Lanfrancone L, Mantovani A (1992) Expression of adhesion 
molecules and chemotaxic cytokines in cultured human me- 
sothelial cells. J Exp Med 176:1165-1174 

20. Mackenzie RK, Coles GA, Williams JD (1990) Eicosanoid 
synthesis in human peritoneal macrophages stimulated with S. 
epidermidis. Kidney Int 37: 1316-1324 

21. Rapoport J, Douvdevani A, Conforti A, Zlotnik M, Chaimowitz C 
(1992) Peritoneal mesothelial ceils synthesise IL-1. J Am Soc 
Nephrol 3:416 

22. Topley N, Brown Z, J6rres A, Westwick J, Davies M, Coles GA, 
Williams JD (1993) Human peritoneal mesothelial cells synthesise 
interleukin-8. Am J Pathol 142: 1876-1886 

23. Li KK, Loetscher R Williams JD, Topley N (1995) Human peri- 
toneal mesothelial cells (HPMC) synthesise MCP-1 and RANTES: 
induction by IL-1 [3 and TNF(z Nephrol Dial Transplant: (in press) 

24. Vipond MN, Whawell SA, Thomson JN, Dudley HAF (1990) 
Peritoneal fibrinolytic activity and intraabdominal adhesions. 
Lancet 335: 1120-1122 

25. Suassuna JHR, Das Neves FC, Hartley RB, Ogg CS, Cameron JS 
(1994) Immunohistochemical studies of the peritoneal membrane 
and infiltrating cells in normal subjects and in patients on CAPD. 
Kidney Int 46:443-454 

26. White R, Korthius R, Granger DN (1994) The peritoneal micro- 
circulation in peritoneal dialysis. In: Gokal R, Nolph KD (eds) The 
textbook of peritoneal dialysis. Kluwer, Dordrecht, pp 45-68 

27. Keane WF, Peterson PK (1984) Host defense mechanisms of the 
peritoneal cavity and continuous ambulatory peritoneal dialysis. 
Perit Dial Bull 4: 122-127 

28. Tranaeus A, Heimberger O, Lindholm B (1988) Peritonitis during 
continuous ambulatory peritoneal dialysis (CAPD): risk factors, 
clinical severity, and pathogenetic aspects. Petit Dial Int 
8:253-263 

29. Harrison M, Keane W (1989) Host defense mechanisms in chronic 
ambulatory peritoneal dialysis-associated peritonitis. Semin Dial 
2:117-121 

30. Holmes CJ (1990) CAPD-associated peritonitis: an immunological 
perspective on causes and interventions. Contrib Nephrol 
86:73-90 

31. Cairns HS (1992) Continuous ambulatory peritoneal dialysis 
peritonitis: role and treatment of impaired host defenses. Semin 
Dial 4 :17 -19  

32. Holmes CJ (1992) Peritoneal immune defense in continuous am- 
bulatory peritoneal dialysis: clinical relevance and practical im- 
plications. Petit Dial Int 13 [Suppl 2]: $278-$281 

33. Churchill DN (1992) CAPD peritonitis: a critical appraisal of 
prophylactic strategies. Semin Dial 4: 94-100 

34. Holmes CJ (1994) Peritoneal host defense mechanisms in perito- 
neal dialysis. Kidney Int 46 [Suppl 48]: $58-$70 

35. Coles GA, Lewis SL, Williams JD (1994) Host defence and the 
effects of solutions on peritoneal cells. In: Gokal R, Nolph KD 
(eds) The textbook of peritoneal dialysis. Kluwer, Dordrecht, 
pp 503-528 

36. Verbrugh HA, Keane WE Hoidal JR, Freiburg MR, Elliott GR, 
Peterson PK (1983) Peritoneal macrophages and opsonins: anti- 
bacterial defense in patients undergoing peritoneal dialysis. J Infect 
Dis 147:1018-1029 

37. Goldstein CS, Bomalski JS, Zurier RB, Neilson EG, Douglas SD 
(1984) Analysis of peritoneal macrophages in continuous ambu- 
latory peritoneal dialysis patients. Kidney Int 26:733-740 

38. Peterson PK, Gaziano E, Suh HJ, Devalon M, Peterson L, Keane 
WF (1985) Antimicrobial activities of dialysate-elicited and re- 
sident human peritoneal macrophages. Infect Immun 49: 212- 218 

39. McGregor S J, Borck JH, Briggs JD, Junor B JR (1987) Bactericidal 
activity of peritoneal macrophages from continuous ambulatory 
dialysis patients. Nephrol Dial Transplant 2: 104-108 

40. Davies SJ, Suassuna J, Ogg CS, Cameron JS (1989) Activation of 
immunocompetent cells in the peritoneum of patients treated with 
CAPD. Kidney Int 36:661-668 

41. Eischen A, Duclos B, Schmitt-Goguel M, Rouyer N, Bergerat JR 
Hornel M, Oskam R, Oberling F (1994) Human resident peritoneal 
macrophages: phenotype and biology. Br J Haematol 88:712-722 

42. Boner G, Mhashilkar AM, Rodruigez-Ortega M, Sharon N (1989) 
Lectin-mediated nonopsonic phagocytosis of type I Escherichia 
coli by human peritoneal macrophages of uremic patients treated 
by peritoneal dialysis. J Leukoc Biol 24:239-245 

43. Duwe AK, Vas SI, Weatherhead JW (1981) Effects of composition 
of peritoneal dialysis fluid on chemiluminescence, phagocytosis, 
and bactericidal activity in vitro. Infect Immun 33: 130-135 

44. Alobaidi HM, Coles GA, Davies M, Lloyd D (1986) Host defence 
in continuous ambulatory peritoneal dialysis: the effect of dialy- 
sate on phagocyte function. Nephrol Dial Transplant i: 16-21 



659 

45. Cecchin E, Tesio F, Marchi S de (1987) Effect of dialysate on 
polymorphonuclear leukocytes function in CAPD. Nephrol Dial 
Transplant 2:191 - 192 

46. Topley N, Alobaidi HMM, Davies M, Coles GA, Williams JD, 
Lloyd D (1988) The effect of dialysate on peritoneal phagocyte 
oxidative metabolism. Kidney Int 34:404-411 

47. Bronswijk H van, Verbrugh HA, Heezius EC, Verkooyen RP, 
Meulen J van der, Verhoef J (1990) Host defences in CAPD 
treatment: the effect of dialysate on cell function. Contrib Nephrol 
86 :67-72  

48. JOrres A, Topley N, Witowski J, Leberek T, Gahl GM (1992) 
Impact of peritoneal dialysis solutions on peritoneal immune de- 
fense. Petit Dial Int 13 [Suppl 2]: $291-$298 

49. Liberek T, Topley N, Jtrres A, Oetersen MM, Coles GA, Gahl 
GM, Williams JD (1993) Peritoneal dialysis fluid inhibition of 
polymorphonnclear leukocyte respiratory burst activation is re- 
lated to the lowering of intracellular pH. Nephron 65:260-265 

50. Jtrres A (1994) Effect of peritoneal dialysis fluids on leukocyte 
function. Petit Dial Int 14 [Suppl 3]: $29-$32 

51. J/Srres A, Gahl GM, Frei U (1994) Peritoneal dialysis compati- 
bility: does it really matter? Kidney Int 46 [Suppl 48]: $79-$86 

52. Jtrres A, Gahl GM, Topley N, Neubaner A, Ludat K, Maller C, 
Passlick-Deetjen J (1994) In vitro biocompatibility of alternative 
CAPD fluids: comparison of bicarbonate-buffered and glucose- 
polymer-based solutions. Nephrol Dial Transplant 9 :785-790 

53. Libereck T, Topley N, Jtrres A, Coles GA, Gahl GM, Williams JD 
(1993) Peritoneal dialysis fluid inhibition of phagocyte function: 
effects of osmolality and glucose concentration. J Am Soc Nephrol 
3:1508-1515 

54. De Fijter CWH, Verbrugh HA, Peters EDJ, Oe PL, Meulen J van 
der, Verhoef J, Donker AJM (1993) In vivo exposure to the cur- 
rently available peritoneal dialysis fluids decreases the function of 
peritoneal macrophages in CAPD. Clin Nephrol 39 :75-80  

55. Rubin J, Lin LM, Lewis R, Cruse J, Bower JD (1983) Host defense 
mechanisms in continuous ambulatory peritoneal dialysis. Clin 
Nephrol 20: 140-144 

56. Wiselander AR Nordin MK, Kjellstrand PTT, Boberg UC (1991) 
Cytotoxic effects of peritoneal dialysis fluids on cultured fibro- 
blasts L-929. Kidney Int 40 :77-79  

57. Bos HJ, Bronswijk H van, Helmerhorst TJM, Oe PL, Hoefsmit 
ECM, Beelen RHJ (1988) Distinct subpopulations of elicited 
human macrophages in peritoneal dialysis patients and women 
undergoing laparoscopy. A study of peroxidative activity. J Leukoc 
Biol 43:172-178 

58. Bronswijk H van, Verbrugh HA, Bos HJ, Heezius ECJM, Pe PL, 
Meulen J van der, Verhoef J (1989) Cytotoxic effects of com- 
mercial continuous ambulatory peritoneal dialysis (CAPD) fluids 
and of bacterial exoproducts on human mesothelial cells in vitro. 
Perit Dial Int 9 :197-202 

59. Breborowicz A, Rodela H, Oreopoulos D (1992) Toxicity of os- 
motic solutes on human mesothelial cells in vitro. Kidney Int 
41:1280-1285 

60. Bos HJ, Struijk DG, Tuk CW, Veld JC de, Helmerhorst TJM, 
Hoefsmit ECM, Arisz L, Beelen RHJ (1991) Peritoneal dialysis 
induces a local sterile inflammatory state and the mesothelial cells 
in the effluent are related to bacterial peritonitis incidence. 
Nephron 59:508-509 

61. Witkowski J, Topley N, Jtrres A, Liberek T, Coles GA, Williams 
JD (1995) Effect of lactate-buffered peritoneal dialysis fluids on 
human peritoneal mesothelial cell interleukin-6 and prostaglandin 
synthesis. Kidney Int (in press) 

62. J6rres A, J~irres D, Topley N, Gahl GM, Mahiout A (1991) Leu- 
kotriene release from peripheral and peritoneal leukocytes fol- 
lowing exposure to peritoneal dialysis solutions. Nephrol Dial 
Transplant 6:495-501 

63. Dobbie JW, Anderson JD, Hind C (1994) Long-term effects of 
peritoneal dialysis on peritoneal morphology. Petit Dial Int 14 
[Snppl 3]: S16-$20 

64. Schneble F, Bonzel K-E, Waldherr R, Bachmann S, Roth H, 
Schgrer K (1992) Peritoneal morphology in children treated by 

continuous ambulatory peritoneal dialysis. Pediatr Nephrol 
6 :542-546 

65. Slater ND, Cope GH, Raftery AT (1991) Mesothelial hyperplasia 
in response to peritoneal dialysis fluid: a morphomettic study in 
the rat. Nephron 58:466-471 

66. Bennett-Jones DN (1987) Risk factors for peritonitis and techni- 
que failure in CAPD: increased age and dialysate IgG protect 
against peritonitis. Contrib Neplirol 57 :63-68  

67. Bennett-Jones DN, Yewdall VMA, Gillespie CME, Ogg CS, Ca- 
meron JS (1989) Strain differences in opsonisation of Staphylo- 
coccus epidermidis. Petit Dial Int 9 :333-339 

68. Vlaanderen K, Bos HJ, Fijter CWH de, Oe LP, Meulen J van der, 
Verbrugh HA, Beelen RHJ (1991) Short dwell times reduce the 
local defence mechanism of chronic peritoneal dialysis patients. 
Nephron 57:29-35 

69. Yewdall VMA, Bennett-Jones DN, Cameron JS, Williams DG, 
Ogg CS (1986) Opsonically active proteins in CAPD fluid. In: 
Maher JF, Winchester JF (eds) Frontiers of peritoneal dialysis. 
Field Rich, New York, pp 573-578 

70. Vas SL (1983) Microbiologic aspects of chronic ambulatory 
peritoneal dialysis. Kidney Int 23 :83-92  

71. Verbrugh HA (1990) Organisms causing peritonitis. Conttib Ne- 
phrol 85:39-48 

72. Burke M, Brier ME, Golper TA (1994) Culture negative CAPD 
patients - the network 9 study. Adv Petit Dial 10: 174-178 

73. Buggy DR, Schaberg, Swartz D (1984) Leukocytic sequestration 
as a cause of persistent Staphylococcus aureus peritonitis in con- 
tinuous ambulatory peritoneal dialysis. Am J Med 76:1035 - 1040 

74. Muijsken MA, Fijter C de, Heezius EJHM, Oe LR Verhoef J, 
Verbrugh HA (1991) Intracellular survival of staphylococci in both 
peritoneal macrophages (PMO) and mesothelial ceils (MC) as a 
possible cause of relapsing peritonitis (abstract). J Am Soc Ne- 
phrol 2:366 

75. Ludlam H, Dickens A, Simpson A, Phillips I (1990) A comparison 
of four culture methods for diagnosing infection in continuous 
ambulatory peritoneal dialysis. J Hosp Infect 16:263-269 

76. Dressier R, Peters AT, Lynn RI (1989) Pseudomonal and candidal 
peritonitis as a complication of continuous ambulatory peritoneal 
dialysis in human immunodeficiency virus-infected patients. Am 
J Med 86:787-790 

77. Kimmel PL, Umana WO, Simmens SJ, Watson J, Bosch JP (1993) 
Continuous ambulatory peritoneal dialysis and survival of HIV 
infected patients with end-stage renal disease. Kidney Int 
44:373-378 

78. Maiorca R, Cantaluppi A, Cancarini GC, Scalamonga A, Broc- 
coli R, Graziani G, Brasa S, Ponticelli C (1986) Prospective 
controlled trial of a Y connector and disinfectant to prevent 
peritonitis in continuous ambulatory peritoneal dialysis. Lancet 
II: 642-644 

79. Canadian CAPD clinical trials group (1989) Peritonitis in con- 
tinuous ambulatory peritoneal dialysis: a multi centre randomized 
clinical trial comparing the Y connector disinfectant system to 
standard systems. Petit Dial Int 9: 159-163 

80. Port FK, Held PJ, Nolph KD, Turenne MN, Wolfe RA (1992) Risk 
of peritonitis and technique failure by CAPD connection techni- 
que: a national survey. Kidney Int 42:967-974 

81. Holley JL, Beruardini J, Piraino B (1994) Infecting organisms in 
CAPD patients using the Y-set. Am J Kidney Dis 23:569-573 

82. Garcia-Lopez E, Mendoza-Guevara L, Morales A, Aguilar-Kitzu 
A, Vicencio LM, Hernandez-Fernandez N (1994) Comparison of 
peritonitis rates in children on CAPD with spike connector versus 
two disconnect systems. Adv Petit Dial 10:300-303 

83. Brown AL, Stephenson JR, Baker LRI, Tabaqchali S (1991) 
Epidemiology of CAPD-associated peritonitis caused by coagu- 
lase-negative staphylococci: comparison of strains isolated from 
hands, abdominal Tenckhoff catheter exit site and peritoneal fluid. 
Nephrol Dial Transplant 6 :643-648 

84. Piraino B, Bernardini J, Sorkin M (1987) A five year study of the 
microbiologic results of exit site infections and peritonitis in 
continuous ambulatory peritoneal dialysis. Am J Kidney Dis 
10:281-286 



660 

85. Davies SJ, Ogg CS, Cameron JS, Poston S, Noble WC (1989) 
Staphylococcus aureus nasal carriage, exite site infection and 
catheter loss in patients treated with continuous ambulatory 
peritoneal dialysis (CAPD). Petit Dial Int 9 : 6 1 -6 4  

86. Luzar MA, Coles GA, Faller B, Slingeneyer A, Dah GD, Briat C, 
Wone C, Knefati Y, Kessler M, Peluso F (1990) Staphylococcus 
aureus nasal carriage in continuous ambulatory peritoneal dia- 
lysis patients - a link to infection. N Engl J Med 322:505-509 

87. Luzar MA (1990) Exit site infections in CAPD: a review. Contrib 
Nephrol 85 :57-66  

88. Piraino B (1990) A review of  Staphylococcus aureus exit site and 
tunnel infections in peritoneal infections in peritoneal dialysis 
patients. Am J Kidney Dis 16:89-95 

89. Scalamonga A, Castelnovo C, Vecchi A de, Ponticelli C (1991) 
Exit site and tunnel infections in continuous ambulatory perito- 
neal dialysis patients. Am J Kidney Dis 18:674-677 

90. Piralno B, Perlmutter JA, Holley JL, Bernardini J (1992) Sta- 
phylococcus aureus peritonitis is associated with Staphylococcus 
aureus nasal carriage in peritoneal dialysis patients. Perit Dial Int 
13 [Suppl 2]: $332-$334 

91. Rutherford PA, Archer L, Gould K, Tapson JS, Venning M, 
Wilkinson R (1994) Four year experience of gram negative 
peritonitis in chronic peritoneal dialysis. J Nephrol 6: 159-163 

92. Glancey GR, Cameron JS, Ogg CS (1992) Peritoneal drainage: 
an important element in host defence against staphylococcal 
peritonitis in patients in CAPD. Nephrol Dial Transplant 
7:627-631 

93. Chatenoud L (1992) Effects of chronic renal failure on the im- 
mune response. In: Cameron JS, Davison AM, Grtinfeld J-R Kerr 
DNS, Ritz E (eds) Oxford textbook of clinical nephrology. Ox- 
ford University Press, London, pp 1312-1316 

94. Chandra RK (1989) Nutritional regulation of immunity and risk 
of infection in old age. Immunology 67: 141-147 

95. Chart MK, Chow L, Lam SS, Jones B (1988) Peritoneal eosi- 
nophilia in patients on continuous ambulatory peritoneal dialysis: 
a prospective study. Am J Kidney Dis 11:180-183 

96. Lewis SL, Epps DE van (1987) Neutrophil and monocyte al- 
terations in chronic dialysis patients. Am J Kidney Dis 
9 :381-395 

97. Brando B, Galato R, Seveso M, Dommoaruga E, Minetti L 
(1988) Flow cytometric study of immunocompetent cell pheno- 
types and phagocytosis in CAPD effluent. Trans Am Soc Artif 
Intern Organs 34:414-444 

98. Davies SJ, Yewdall VMA, Ogg CS, Cameron JS (1990) Perito- 
neal defence mechanisms and Staphylococcus aureus in patients 
treated with continuous ambulatory peritoneal dialysis. Petit Dial 
Int 10:135-140 

99. Lamperi S, Carozzi S (1990) Immunological defenses in CAPD. 
Blood Purif 7: 126-143 

100. Lewis SL, Norris PJ, Holmes CJ (1990) Phenotypic character- 
ization of monocytes and macrophages from CAPD patients. 
Trails Am Soc Artif Intern Organs 36:M575-M577 

101. McGregor SJ, Brock JH, Briggs JD, Junor B JR (1990) Release of 
hydrogen peroxide and expression of HLA-DR and transferrin 
receptors by monocytes and peritoneal macrophages from pa- 
tients undergoing continuous ambulatory peritoneal dialysis and 
controls. Clin Immunol Immunopathol 56: 151-158 

102. Lewis SL, Norris PJ (1990) Monocyte/macrophage function in 
CAPD patients. Contrib Nephrol 8 5 : 1 - 9  

103. Sulowicz W, Hanicki Z, Chichocki T, Zembala M, Ruggiero I, 
Uracz W (1991) Functional characteristics of peritoneal macro- 
phages of renal failure patients on peritoneal dialysis. Perit Dial 
Int 11:265-269 

104. Antonsen S, Pedersen FB, Wang P (1991) Leucocytes in peri- 
toneal dialysis effluents. Perit Dial Int 11:43-47 

105. Hart PH, Jones CA, Jones KL, Finlay Jones JJ (1993) Reduced 
secretion of IL-113 by peritoneal cells from patients on CAPD. 
Immunol Cell Biol 71: 99-107 

106. Lewis R, Ogg CS, Cameron JS, et al. (1995) Leukocytes from the 
peritoneum of patients maintained on continuous ambulatory 

dialysis show impaired phagocytosis of opsonised Escherichia 
coli. Nephrol Dial Transplant (in press) 

107. Betjes MGH, Tuk CW, Struijk DG, Krediet RT, Arisz L, Beeleu 
RHJ (1993) Antigen-presenting capacity of macrophages and 
dendritic cells in the peritoneal cavity of patients treated with 
peritoneal dialysis. Clin Exp Immunol 94:377-384 

108. McGregor SJ, Brock JH, Briggs JD, Junor BJR (1989) Lon- 
gitudinal study of peritoneal defense mechanisms in patients on 
continuous ambulatory peritoneal dialysis (CAPD). Petit Dial Int 
9:115-119 

109. Lin C-Y, Ku W-L, Huang T-P (1990) Serial peritoneal macro- 
phage function studies in new and established continuous am- 
bulatory peritoneal dialysis patients. Am J Nephrol 10:368-373 

110. Betjes MGH, Tuk CW, Sttijk DG, Krediet RT, Arisz L, Hoefsmit 
ECM, Beelen RHJ (1993) Immuno-effector characteristics of 
peritoneal ceils during CAPD treatment: a longitudinal study. 
Kidney Int 43:641-648 

111. Betjes MGH, Tuk CW, Visser CE, Zemel D, Krediet RT, Arisz L, 
Beelen RHJ (1994) Analysis of the peritoneal cellular immune 
system during CAPD shortly before a clinical peritonitis. Nephrol 
Dial Transplant 9 :684-692 

112. Valle MT, Degl'Innocenti ML, Giordano R Kunkl A, Costantini 
MT, Perfumo F, Manca F, Gusmano R (1989) Analysis of cellular 
populations in peritoneal effluents of children on CAPD. Clin 
Nephrol 32:235-238 

113. Lewis S, Holmes C (1991) Host defense mechanisms in the 
peritoneal cavity of continuous ambulatory peritoneal dialysis 
patients. I. Petit Dial Int 11:14-21 

114. Dunn DL, Barke RA, Ewald DC, Simmonds RL (1987) Macro- 
phages and translymphatic absorption represent the first line of 
host defence of the peritoneal cavity. Arch Surg 122: 105-110 

115. Dunn DL, Barke DA, Knight NB, Simmonds RL (1985) Role of 
resident macrophages, peripheral neutrophils, and translymphatic 
absorption in bacterial clearance from the peritoneal cavity. In- 
fect Immun 49:257-264 

116. Harvey DM, Morgan AG, Fletcher J (1990) The polymorph 
neutrophil in CAPD patients. Contrib Nephrol 85:10-15 

117. Davies SJ (1990) Peritoneal lymphocyte populations in CAPD 
patients. Contrib Nephrol 85:16-23 

118. Lewis SL, Kutvirt SG, Cooper CL, Bonner PN, Holmes CJ (1992) 
Characteristics of peripheral and peritoneal lymphocytes from 
continuous ambulatory peritoneal dialysis patients. Petit Dial Int 
13 [Suppl 2]: $273-$277 

119. Carozzi S (1990) Lympho-monokine disorders in continuous 
ambulatory peritoneal dialysis. Contrib Nephrol 85: 128-139 

120. Fernadez de Castro M, Selgas R, Jimenez C, Bajo MA, Martinez 
V, Ramon Romero J, Alvaro F de, Vara F (1994) Cell populations 
present in the nocturnal peritoneal effluent of patients on con- 
tinuous ambulatory peritoneal dialysis and their relationship with 
peritoneal function and incidence of peritonitis. Petit Dial Int 
14:265-270 

121. Tucci A, Zubler RH, Campisi S, Cavartorta F, Favre H (1993) In 
vitro function of peripheral blood and peritoneal B lymphocytes 
from CAPD patients. Petit Dial Int 13:84-86 

122. Keane WF, Comty C, Verbrugh HA, Peterson PK (1984) Opsonic 
deficiency of peritoneal dialysis effluent in continuous ambula- 
tory peritoneal dialysis. Kidney Int 25:539-543 

123. Lamperi S, Carozzi S (1986) Defective opsonic activity of 
peritoneal effluent in continuous ambulatory peritoneal dialysis - 
importance and prevention (CAPD) Petit Dial Bull 6 :87 -92  

124. Goodship THJ, McLachlan SM, Pooh TFH, Lloyd S, Ward MK, 
Kerr DNS (1986) Immunoglobulins in CAPD. In: Maher JR 
Winchester JF (eds) Frontiers in peritoneal dialysis. Field Rich, 
New York, pp 600-603 

125. Khan RH, Klein M, Vas S (1987) Fibronectin in the normal 
peritoneal fluids of patients on chronic ambulatory dialysis 
(CAPD) and during peritonitis. Perit Dial Bull 7 :69-73  

126. Coles GA (1990) Immunoglobulin and complement. Contrib 
Nephrol 85:24-29 



661 

127. Holmes C, Lewis S (1991) Host defense mechanisms in the 
peritoneal cavity of continuous ambulatory dialysis patients. II. 
Humoral defenses. Petit Dial 11: 112-117 

128. Yewdall VMA, Boscoe MJ, Bennett-Jones DN, Cameron JS 
(1987) Clinical applications of crossed immunoelectrophoresis to 
the study of complement activation. J Clin Lab Immunol 
24:51-56 

129. Holmes CJ, Lewis SL, Evans RC, Kubey WY, Luneberg P, 
Mucha D (1989) Periodic elevation of complement activation 
products in peritoneal dialysis effluent. Trans Am Soc Artif In- 
tern Organs 35:587-589 

130. Young GA, Kendall S, Brownjohn AM (1993) Complement ac- 
tivation during CAPD. Nephrol Dial Transplant 8: 1372-1375 

131. Goldstein CS, Garrick RE, Polin RA, Gerdes JS, Kolski GB, 
Neilson EG, Douglas SD (1986) Fibronectin and complement 
secretion by monocytes and peritoneal macrophages in vitro from 
patients undergoing continuous ambulatory peritoneal dialysis. 
J Leukoc Biol 39:457-464 

132. Zemel D, Koomens GC, Strijk DG, Krediet RT (1993) Fi- 
bronectin during CAPD related peritonitis: no indication for in- 
traperitoneal production. Blood Putif 11:378-383 

133. Schroeder RH, Bakkeren JAJM, Weemaes CMR, Monnens L 
(1989) IgG2 deficiency in young children treated with continuous 
ambulatory peritoneal dialysis (CAPD). Petit Dial Int 9:201 -205 

134. Fivush B, Case M, Lederman H (1989) Hypoganunaglobuline- 
mia in children undergoing continuous ambulatory peritoneal 
dialysis. Pediatr Nephrol 3: 186-188 

135. Hisano S, Miyazaki C, Hatae K, Kaku Y, Yamane I, Ueda K 
(1992) Immune status of children on continuous ambulatory 
peritoneal dialysis (CAPD). Pediatr Nephrol 6: 179-181 

136. Katz A, Kashtan C, Greenberg L, Shapiro R, Nevins T, Kim Y 
(1990) Hypogammaglobulinemia in uremic infants receiving 
peritoneal dialysis. J Pediatr 117:258-261 

137. Glancey GR, Cameron JS, Ogg CS, Fijter CWH de, Meulen J van 
der (1990) Washout kinetics of intraperitoneal IgG in CAPD 
patients. Nephrol Dial Transplant 5:78 

138. Nielsen H, Espersen E Kharazni A, Antonsen S, Ejlersen E, 
Joffe P, Pedersen FB (1992) Specific opsonic activity for sta- 
phylococci in peritoneal dialysis effluent during CAPD. Am 
J Kidney Dis 20:372-375 

139. Doran JE, Raynor RH (1981) Fibronectin binding to protein-A 
containing staphylococci. Infect Immun 33:683-689 

140. Goldman M, Vandenbeele R Moulart J, Amraoui Z, Abramo- 
wicz D, Nortier J, Vanherweghem J-L, Fiers W (1990) In- 
traperitoneal secretion of interleukin-6 during continuous am- 
bulatory peritoneal dialysis. Nephron 56:277-280 

141. Brauner A, Hylander B, Wretlind B (1993) Interleukin-6 and 
interleukin-8 in dialysate and serum from patients on continuous 
ambulatory peritoneal dialysis. Am J Kidney Dis 22:430-435 

142. Lin C-Y, Lin C-C, Huang T-P (1993) Serial changes of inter- 
leukin-6 and interleukin-8 levels in drain dialysate of uremic 
patients with continuous ambulatory peritoneal dialysis during 
peritonitis. Nephron 63:404-408 

143. Zemel D, Krediet RT, Koomen GCM, Kortekaas WMR, Geertzen 
HMG, Berge RJM ten (1994) Interleukin-8 during peritonitis in 
patients treated with CAPD: an in-vivo model of acute in- 
flammation. Nephrol Dial Transplant 9: 169-174 

144. Zemel D, Imholz ALT, Waart DR de, Dinkla C, Struijk DG, 
Krediet RT (1994) Appearance of tumor necrosis factor-~ and 
soluble TNF-receptors I and II in peritoneal effluent of CAPD. 
Kidney Int 46: 1422-1430 

145. Dasgupta MK, Larabie M, Halloran PF (1994) Interferon gamma 
levels in peritoneal dialysis effluents: relation to peritonitis. 
Kidney Int 46:475-481 

146. Steinhauer HB, Gtinter B, Schollmeyer P (1985) Stimulation of 
peritoneal synthesis of vasoactive prostaglandins during perito- 
nitis in patients on continuous ambulatory peritoneal dialysis. Eur 
J Clin Invest 15:1-5 

147. Lin C-Y, Huang T-P (1994) Gene expression and release of in- 
terleukin-8 by peritoneal macrophages and polymorphonuclear 

leukocytes during peritonitis in uremic patients on continuous 
ambulatory peritoneal dialysis. Nephron 68:437-441 

148. Topley N, Petersen MM, Mackenzie R, Neubauer A, Stylianou E, 
Kaever V, Davies M, Coles GA, J/Srres A, Williams JD (1994) 
Human mesothelial cell prostaglandin synthesis: induction of 
cyclooxygenase mRNA by peritoneal macrophage-derived cy- 
tokines. Kidney Int 46:900-909 

149. Stylianou E, Mackenzie R, Davies M, Coles GA, Williams JD 
(1990) The interaction of organism, phagocyte and phagocytic 
cell. Contrib Nephrol 85:30-39 

150. Topley N, Mackenzie R, J~Srres A, Coles GA, Davies M, Wil- 
liams JD (1992) Cytokine networks in continuous ambulatory 
peritoneal dialysis: interactions of resident cells during in- 
flammation in the peritoneal cavity. Petit Dial Int 13 
[Suppl 2]: $282-$290 

151. Topley N, Williams JD (1994) Role of the peritoneal membrane 
in the control of inflammation in the peritoneal cavity. Kidney Int 
46 [Suppl 48]: $71-$78 

152. Gordon DL, Rice JL, Avery VM (1990) Surface phagocytosis 
and host defence in the peritoneal cavity during continuous 
ambulatory peritoneal dialysis. Eur J Clin Microbiol Infect Dis 
9:191-197 

153. Haagen IA, Heezius HC, Verkooyen RP, Verhoef J, Verbrugh HA 
(1990) Adherence of peritonitis-causing staphylococci to human 
peritoneal mesothelial cells. J Infect Dis 161:266-273 

154. Betjes MGH, Bos HJ, Krediet RT, Arisz L (1991) The me- 
sothelial cells in CAPD effluent and their relation to peritonitis 
incidence. Perit Dial Int 11:22-26 

155. Breborowicz A, Rodela H, Pagiamitzis J, Oreopoulos D (1991) 
Stimulation of mesothelial cells proliferation by endogenous 
growth factor(s). Perit Dial Int 11:228-232 

156. Liberek T, Topley N, Luttmann W, Coles GA, Williams JD 
(1993) Adherence of PMN to cytokine-activated human perito- 
neal mesothelial cells (HPMC): importance of ICAM-1 (ab- 
stract). J Am Soc Nephrol 3:411 

157. Andreoli SP, Mallett C, Williams K, McAteer JA, Rothlein R, 
Doerschuk CM (1994) Mechanisms of polymorphonuclear leu- 
kocyte mediated peritoneal mesothelial cell injury. Kidney Int 
46:1100-1109 

158. Bosse R, Vestveber D (1994) Only simultaneous blocking of the 
L- and P-selectin completely inhibits neutrophil migration into 
mouse peritoneum. Eur J Immunol 24:3019-3024 

159. Mnijksen MA, Heezius HJCM, Verhoef J, Verbmgh HA (1991) 
Role of mesothelial cells in peritoneal antibacterial defence. 
J Clin Pathol 44:600-604 

160. Levy M, Balfe JW, Geary D, Fryer-Keene S, Bannantyne R 
(1990) Exit-site infection during continuous and cycling perito- 
neal dialysis in children. Petit Dial Int 10:31-35 

161. Lubrich-Birkner I, Schollmeyer E Bthler J (1994) Carrier status 
for nasal staphylococci does not predict infection in CAPD pa- 
tients. Adv Petit Dial 10: 154-157 

162. Dasgupta MK, Bettcher KB, Ulan RA, Burns VA, Lam K, 
Dossetor JB, Costerson JW (1987) Relationship of  adherent 
bacterial biofilms to peritonitis in chronic ambulatory peritoneal 
dialysis. Petit Dial Bull 7: 168-173 

163. Read RR, Eberwein P, Dasgupta MK, Grant SK, Lain K, Nickel 
JC, Costerton JW (1989) Peritonitis in peritoneal dialysis: bac- 
terial colonization by biofilm sprea d along the catheter surface. 
Kidney Int 35:614-621 

164. Dasgupta MK, Kowalewaska-Grochowska K, Costerton JW 
(1992) Biofilm and peritonitis in peritoneal dialysis. Petit Dial 
Int 13 [Suppl 2]: $322-$325 

165. Holmes CJ (1990) Catheter associated biofilm. Contrib Nepbrol 
85:49-56 

166. Marrie TJ, Noble MA, Costerson JW (1983) Examination of the 
morphology of bacteria adhering to peritoneal dialysis catheters 
by scanning and transmission electron microscopy. J Clin Mi- 
crosc 18:1388-1398 

167. Horsmann GB, MacMillan L, Amatnieks Y, et al. (1986) Plasmid 
profile and slime analysis of coagulase-negative staphylococci 
from CAPD patients with peritonitis. Petit Dial Bull 6: 195-198 



662 

168. Gray ED, Peters G, Verstegen M, Regelmann WE (1984) Effect 
of extracellular slime substance from Staphylococcus epidermidis 
on the human cellular immune response. Lancet I: 365-367 

169. Lewis R, Ogg CS, Cameron JS, et al. (1995) Staphylococcal 
extracellular slime substance inhibits peritoneal macrophage 
phagocytosis in patients maintained on continuous ambulatory 
dialysis. (Submitted for publication) 

170. Evans RC, Holmes CJ (1987) Effect of vancomycin hydro- 
chloride on Staphylococcus epidermidis biofilm associated with 
silicone elastomer. Antimicrob Agents Chemother 31:889-894 

171. Sombolos K, Vas S, Rifkin O, Ayiomamitis A, McNamee R 
Oreopoulos D (1986) Propionibacteria isolates and asymptomatic 
infections of the peritoneal effluent in CAPD patients. Nephrol 
Dial Transplant 1: 175-178 

172. Dryden MS, Talsania H, Rodgers J, Bayston R, Phillips I (1993) 
Serological response to coagulase-negative staphylococci in pa- 
tients with peritonitis on continuous ambulatory peritoneal dia- 
lysis. Eur J Clin Microbiol Infect Dis 12:87-92 

173. Coles GA, Minors SJ, Horton JK, Fifield R, Davies M (1989) 
Can the risk of peritonitis be predicted for new continuous am- 
bulatory peritoneal dialysis (CAPD) patients? Perit Dial Int 
9 :69 -72  

174. Holmes CJ, Lewis SL, Kubey WY, Epps DE van (1990) Com- 
parison of peritoneal white blood cell parameters from continu- 
ous ambulatory dialysis patients with high or low incidence of 
peritonitis. Am J Kidney Dis 15:258-264 

175. Coles GA, Alobaidi HMM, Topley N, Davies M (1987) Opsonic 
activity of dialysis effluent predicts those at risk of Staphylo- 
coccus epidermidis peritonitis. Nephrol Dial Transplant 
2 :359-365 

176. Zemel D, Struick DG, Krediet RT (1989) No relationship be- 
tween dialysate IgG and petitonitis incidence in CAPD (abstract). 
Abstracts of the European Dialysis and Transplant Association 
G6teborg, 1989, p 109 

177. Anwar N, Hutchison J, Manos J, Uttley L, Brenchley P, Gokal R 
(1992) Peritoneal dialysate IgG/C3 levels do not predict perito- 
nitis (abstract). J Am Soc Nephrol 3:406 

178. Steen S, Brenchley R Manot J, Pumphrey R, Gokal R (1986) 
Opsonizing capacity of peritoneal fluid and relationship to peri- 
tonitis in CAPD patients. In: Maher JF, Winchester JF (eds) 
Frontiers in peritoneal dialysis. Field Rich, New York, 
pp 565-568 

179. Olivas E, Jfmenez JL, Serrano A, Caseiro G, Ldpez A, Sfinchez 
Tfin'ega L (1990) D~fecit de immunoglobulinas en lfquido peri- 
toneal en pacientes ur6micos en DPCA con alta incidencia de 
peritonitis. Nefrologfa 8 :42-46  

180. De Vecchi AF, Kopple JD, Young GA, Nolph KD, Vonesh EF, 
Castelnovo C, Dichiro J, Nissenson A, Borwnjohn AM, Pro- 
want B, Algrim C (1990) Plasma and dialysate immnnoglobulin 
G in continuous ambulatory peritoneal dialysis patients: a mul- 
ticenter study. Am J Nephrol 10:451-456 

181. Nagano M, Tagawa H, Yamakodo M, Umezu M, Saito H (1992) 
Can serum and dialysate IgG levels predict the risk of peritonitis 
in continuous ambulatory peritoneal dialysis (CAPD) patients? 
ha: Ota K, Maher J, Winchester J, Hirszel P (eds) Current con- 
cepts in peritoneal dialysis. Excerpta Medica, Amsterdam, 
pp 310-314 

182. Kuroda M, Kawano M, Itoh M, Kinoshita T, Hatakeyama S, 
Koni I, Takeda R, Kusunoki N (1992) Significance of im- 
mnnoprotein measurements in peritoneal dialysis effluents in 
CAPD peritonitis. In: Ota K, Maher J, Winchester J, Hirszel P 
(eds) Current concepts in peritoneal dialysis. Excerpta Medica, 
Amsterdam, pp 310-314 

183. Ludlam HA, Young AE, Berry AJ, Phillips I (1989) The pre- 
vention of infection with Staphylococcus aureus in continuous 
ambulatory peritoneal dialysis. J Hosp Infect 14:293-301 

184. Ludlam H, Dryden M, Wing AJ, Phillips I (1990) Prevention of 
peritonitis in continuous ambulatory peritoneal dialysis (letter). 
Lancet 335:1161 

185. Swartz R, Messana J, Starmann B, Weber M, Reynolds J (1991) 
Preventing Staphylococcus aureus infection during chronic 
peritoneal dialysis. J Am Soc Nephrol 2: 1085-1091 

186. Zimmerman SW, Johnson CA (1989) Rifampin use in peritoneal 
dialysis. Petit Dial Int 9:241-243 

187. Moncrief JW, Popovich (1994) Moncrief-Popovich catheter: 
implantation technique and clinical results. Petit Dial Iut 14 
[Suppl 3]: $56-$58 

188. Sciatizzi A, Strippoli P (1986) Prophylaxis against Staphylo- 
coccus aureus peritonitis in continuous ambulatory peritoneal 
dialysis. Proc Eur Dial Transplant Assoc 22:392-396 

189. Poole Warren LA, Hallett MD, Hone PW, Burden SH, Farrell PC 
(1992) Vaccination for prevention of CAPD associated staphy- 
lococcal infection: results of a prospective multicentre clinical 
trial. Clin Nephrol 35:198-206 

190. Fattom A, Scheerson R, Watson DC, Karakawa WW, Fitz- 
gerald D, Pastan I, Li X, Shiloach J, Bryla DA, Robbins JB 
(1993) Laboratory and clinical evaluation of conjugate vaccines 
composed of Staphylococcus type 5 and 8 capsular poly- 
saccharides bound to Pseudomonas aeruginosa recombinant 
exoprotein A. Infect Immun 61: t023-1032 

191. Welsh R Fattom A, Sigmon J, Schneerson R, Robbins J, 
Moore J (1993) Safety and immunogenicity of a conjugate vac- 
cine against Staphylococcus aureus type 5 capsular poly- 
saccharide in hemodialysis patients. J Am Soc Nephrol 4:259 

192. Keane WE Bergeron B, Pence T, Peterson PK (1987) Nephrol- 
ogy ed AM Davison "Challenges for continuous ambulatory 
peritoneal dialysis". Proceedings of the Xth International Con- 
gress of Nephrology, Balliere Tindall, London, pp 1255-1267 

193. Lamperi S, Carozzi S (1989) Peritonitis prevention in continuous 
ambulatory peritoneal dialysis by intrapetitoneal IgG. Contrib 
Nephrol 70:325-329 

194. Billing AG, Fr61ich D, Konecny G, Schildberg FW, Machleidt W, 
Friitz H, Jochnm M (1994) Local serum applications: restoration 
of sufficient host defense in human peritonitis. Eur J Clin Invest 
24:28-35 

195. Lamperi S, Carozzi S (1988) Interferon-7 (IFN-~t) as an in vitro 
enhancing factor of peritoneal macrophage defective bactericidal 
activity during continuous ambulatory peritoneal dialysis. Am 
J Kidney Dis 11:225-230 

196. Carozzi S, Nasini MG, Schelotto C, Caviglia PM, Barocci S, 
Cantaluppi A, Salit M (1990) Modulation of peritoneal macro- 
phage antimicrobial activity by dialysis fluid Ca++ and 
1,25(OH)zD3 in CAPD patients. ASAIO Trans 36:467-469 

197. Chan PCK, Ip MSM, Pun KK (1991) 1,25 dihydrocholecalciferol 
and peritoneal macrophage chemotaxis in patients on continuous 
ambulatory peritoneal dialysis. Nephron 59:434-439 

198. Fijter CWH de, Verbrugh HA, Oe LR Peters EDJ, Meulen J van 
der, Donker AJM, Verhoef J (1992) Peritoneal defense in con- 
tinuous ambulatory versus continuous cyclic peritoneal dialysis. 
Kidney Int 42:947-950 

199. Brunkhorst R, Mahiout A, Schindler R, Wrenger E, Krautzig H, 
Koch KM (1993) Effects of nightly intermittent peritoneal dia- 
lysis (NIPD) oll interleukin-1 receptor antagonist in peritoneal 
macrophages. J Am Soc Nephrol 4:398 

200. Paterson AD, Bishop MC, Morgan AG, Burden RP (1986) Re- 
moval and replacement of Tenckhoff catheter at a single opera- 
tion: successful treatment of resistent peritonitis in continuous 
ambulatory peritoneal dialysis. Lancet II: 1245-1247 

201. Innes A, Burden RP, Finch RG, Morgan AG (1994) Treatment of 
resistant peritonitis in continuous ambulatory peritoneal dialysis 
with intraperitoneal urokinase: a double-blind clinical trial, Ne- 
phrol Dial Transplant 9 :797-799 

202. Young GA, Taylor A, Kendall S, Brownjohn AM (1990) Lon- 
gitudinal study of proteins in plasma and dialysate during con- 
tinuous ambulatory peritoneal dialysis (CAPD). Petit Dial Int 
10:257-261 

203. Steen S, Brenchley R Manos J, Pumphrey R, Gokal R (1986) 
Opsonising capacity of peritoneal fluid and relationship of peri' 
tonitis in CAPD patients. In: Maher JR Winchester JF (eds) 
Frontiers in peritoneal dialysis. Field Rich, New York, pp 565- 568 


