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Abstract: This study aimed to clarify the role of peritoneal
T-lymphocytes in peritoneal immune defense mechanisms.
This study was designed to examine the changes in T-cell
subpopulations during peritonitis in patients treated with
continuous ambulatory peritoneal dialysis (CAPD). Our
observations were correlated to responses to treatment and
with outcomes. The present study was carried out in 20
patients (8 males, 12 females) under CAPD. Peritonitis was
diagnosed according to the criteria defined by the Ad Hoc
Advisory Committee on Peritonitis Management. Perito-
neal dialysate effluent (PDE) samples were collected from
our patients, and lymphocyte subsets (CD2+, CD3+, CD3+/
4+, CD3+/8+, CD3-/16+56+, CD4/CD8 ratio) were quan-
titated by using monoclonal antibodies. CD4/CD8 ratio was
measured every day during peritonitis until the patients
had completely recovered. The serial measurements of the

CD4/CD8 ratio made in the PDE during peritonitis fol-
lowed two patterns: the first pattern was characterized by a
progressive increase in the CD4/CD8 ratio. The CD4/CD8
ratios on days 5, 6, and 7 were significantly higher than
those on day 1 (P < 0.05). Overall, the patients who exhib-
ited pattern 1 had favorable clinical courses. The second
pattern was characterized by high initial CD4/CD8 ratios,
which progressively decreased significantly (P < 0.05). This
second pattern was associated with a delayed clinical
response to treatment. Symptoms and signs of peritonitis
persisted beyond 72 h.The pattern of the CD4/CD8 ratio in
PDE may determine the outcome of peritonitis in CAPD
patients. Key Words: T-lymphocytes—Continuous am-
bulatory peritoneal dialysis—Peritonitis—CD4/CD8 ratio
—Outcome.aor_802 1091..1095

Continuous ambulatory peritoneal dialysis
(CAPD) is an established treatment for end-stage
renal disease. The peritoneal membrane forms the
permeability barrier across which ultrafiltration and
diffusion occur. Successful treatment depends on
the preserved functional integrity of the peritoneal
membrane. Infectious peritonitis remains the most
important complication of CAPD and may lead to
peritoneal fibrosis and compromise the efficiency of
dialysis. Recent observation suggests that the severity
and frequency of infection are reliable predictors of
long-term peritoneal membrane survival in CAPD
(1).

T-lymphocytes are classified into CD4+ and CD8+
cell subsets depending on their surface markers.CD4+
and CD8+ cells differentiate into type 1 and type 2
T-cell subsets, and their functions correlate with their
corresponding cytokines. Type 1 cytokines activate
cytotoxic and inflammatory functions, while type 2
cytokines are associated with strong antibody and
allergic responses. The outcomes of a wide range of
disorders, including infections, allergies, and autoim-
mune diseases, have been linked to the expression
patterns of type 1 or type 2 cytokines (2,3).

Chronic renal failure is accompanied by various
immunologic abnormalities of innate and acquired
immunity. The clinical relevance of this altered func-
tion is related with the morbidity and mortality
observed in uremic patients. The immunologic defi-
ciency due to uremia cannot be corrected by any
replacement therapy. At the same time, infections
are the main cause of hospitalization and the second
leading cause of death in patients with end-stage
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renal disease. Many studies are becoming focused on
immunologic deficiency mainly not only in cellular
but also in humoral immunity (4,5).

The cellular components of the immune system are
identified and isolated by flow cytometry by fluores-
cent staining of membrane antigens specific for each
cell group. These monoclonal antibodies are called
CD markers (6).

This study was designed to examine the changes in
T-cell subpopulations during peritonitis in patients
treated with CAPD in order to clarify the role of
peritoneal T-lymphocytes in peritoneal immune
defense mechanisms. Our observation was correlated
with responses to treatment and to outcomes.

PATIENTS AND METHODS

The present study was carried out in 20 patients
with peritonitis (8 males, 12 females) under CAPD
with mean age 67 � 13 years. Peritonitis was diag-
nosed according to the criteria defined by the Ad Hoc
Advisory Committee on Peritonitis Management
(7). Eight patients (mean age: 69.25 � 10.30 years, 5
males and 3 females) had a favorable response, and 12
patients (mean age: 74.66 � 9.48 years, 3 males and 9
females) had delayed clinical response to treatment.

We also examined 37 patients (mean age: 66.88 �
13.48, male/female: 16/21) without peritonitis under-
going CAPD. This study population was divided into
four groups depending on duration of replacement
therapy. Group I consisted of patients treated for 0–6
months,Group II for 6–12 months,Group III for 13–24
months, and Group IV for more than 25 months.

Two of the three following criteria had to be ful-
filled for peritonitis diagnosis: (i) 100 or more white
blood cells of dialysate, (ii) clinical manifestations of
CAPD peritonitis, and (iii) positive dialysate culture.
Patients with evidence of tunnel-tract infection
were excluded. Episodes of peritonitis were treated
according to a standard protocol. As we have already
mentioned, patients were divided into two groups
according to their clinical response, whether rapid
or delayed. A rapid clinical response was defined
as the resolution of symptoms and signs of peritonitis,
including disappearance of abdominal pain and clear-
ing of the dialysate, within 72 h of onset of appropri-
ate antibiotics, followed by complete recovery within
7–10 days of treatment. A delayed clinical response
was characterized by the persistence of symptoms
and signs, positive dialysate culture, and elevated
white blood cell (WBC) count in dialysate beyond
72 h of appropriate antibiotics treatment.

Peritoneal dialysate effluent (PDE) samples and
blood samples were collected from our patients, and

lymphocyte subsets (CD2+, CD3+, CD3+/4+, CD3+/
8+, CD3-/16+56+, CD4/CD8 ratio) (Table 1) were
quantitated by using monoclonal antibodies (Immu-
notech, Beckman Coulter, Fullerton, CA, USA) and
dual color flow cytometric analysis. Briefly, 20 mL of
the appropriate monoclonal antibody was incubated
with 100 mL of blood sample or PDE for 20 min in
the dark. The samples were then lysed by Immuno-
Prep reagent system (Beckman Coulter Company)
and analyzed in a flow cytometer (Epics Elite ESP,
Coulter). CD4/CD8 ratio was measured every day
during peritonitis until the patients completely
recovered.

Following analysis of variance, testing was per-
formed to test differences between groups (SPSS
Version 10, SPSS, Inc., Chicago, IL, USA).

RESULTS

Table 2 shows immunophenotypes of patients on
CAPD without peritonitis. In comparing patients
with and without peritonitis, we found significant
differences in the percentages of lymphocytes
(decreased in peritonitis, P < 0.05) and neutrophils
(increased in peritonitis, P < 0.05). CD2 was slightly
decreased in patients with peritonitis. Those patients
also had more intense CD3+/CD4+ lymphopenia
(P < 0.05) and larger expansion of natural killer (NK)
cells (P < 0.05). Patients with peritonitis appeared to
have a lower ratio of CD4/CD8 (P < 0.05). All the
above results are shown in Table 3.

We also compare the results between two groups
with peritonitis (pattern 1 and pattern 2). These
results are shown in Table 4. We did not notice any
significant differences between the two groups apart
from the percentage of neutrophils, which was higher
in patients with delayed clinical response, and the
percentage of lymphocytes, which was higher in
patients with rapid clinical response.

Lymphocyte subsets from PDE samples were
quantitated by using dual color flow cytometric
analysis, and the results comparing the two subgroups
with peritonitis are shown in Table 5.

TABLE 1. Monoclonal antibodies used for lymphocyte
analysis

Cluster differentiation Specificity

CD2+ T-lymphocytes, thymocytes
CD3+ Mature T-cells
CD3+/4+ T helper cells
CD3+/8+ T suppressor/cytotoxic cells
CD19 B lymphocytes
CD3-/16+56+ NK cells

NK, natural killer.
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Following the onset of peritonitis, a consistent
finding in all patients was a significant increase in CD2
population of peritoneal lymphocytes (PL) (85.71+/
-9.20, control values: 80.15+/-4.66) as well as in CD3
population (77.01+/-13.09,control values:73.7+/-5.8).
An increased number of CD3/8 in PL compared with
peripheral blood lymphocytes (PBL) (33.70+/-9.34,
control values: 24.3+/-6.4) was also noted.

The serial measurements of the CD4/CD8 ratio
made in the PDE during peritonitis followed two
patterns. The first pattern (pattern 1, n = 8) was
characterized by a progressive increase in the CD4/
CD8 ratio. The CD4/CD8 ratios on days 5, 6, and
7 were significantly higher than those on day 1
(P < 0.05). Overall, the patients who exhibited
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TABLE 3. Characteristics of the PDE immunophenotypes
of patients on CAPD (%)

Parameter No peritonitis Peritonitis P

Lymphocytes 22.9+/-8.5 16.9+/-9.9 P < 0.05
Neutrophils 65.9+/-9.2 73.3+/-11.6 P < 0.05
CD2+ 83.9+/-5.5 82.6+/-7.3 NS
CD3+ 68+/-15.3 67.7+/-11.6 NS
CD3+/4+ 41+/-7.8 37.6+/-9.4 P < 0.05
CD3+/8+ 24.2+/-9.5 27.9+/-10.7 NS
CD4+/CD8+ 2.1+/-1.4 1.6+/-0.9 P < 0.05
CD3-/16+56+ 15.2+/-9.5 16.5+/-10.5 P < 0.05

NS, not significant.

TABLE 4. Characteristics of the immunophenotypes of
patients on CAPD with peritonitis (%) (blood samples)

Parameter Pattern 1 Pattern 2 P

Lymphocytes 24.76+/-7.72 14.7+/-8.39 <0.05
Neutrophils 65.87+/-9.29 75.44+/-11.47 <0.05
CD2+ 83.03+/-8.87 82.47+/-6.91 NS
CD3+ 69.89+/-13.06 68.39+/-13.52 NS
CD3+/4+ 36.20+/-9.25 38.01+/-9.46 NS
CD3+/8+ 29.44+/-12.88 27.53+/-10.17 NS
CD4+/CD8+ 1.47+/-0.78 1.63+/-0.99 NS
CD3-/16+56+ 15.07+/-8.08 16.94+/-11.16 NS

NS, not significant.

TABLE 5. Characteristics of PDE immunophenotypes in
patients on CAPD with peritonitis (%)

Parameter Pattern 1 Pattern 2 P

Lymphocytes 17.71+/-12.98 20.15+/-20.18 NS
Neutrophils 70.05+/-18.68 57.10+/-31.33 NS
CD2+ 93.04+/-2.40 83.71+/-6.34 <0.05
CD3+ 80.44+/-3.65 76.73+/-7.16 NS
CD3+/4+ 33.8+/-7.51 36.66+/-9.46 NS
CD3+/8+ 32.14+/-6.28 32.36+/-9.46 NS
CD4+/CD8+ 1.09+/-0.40 1.25+/-0.55 NS
CD3-/16+56+ 8.44+/-2.61 8.56+/-8.71 NS

NS, not significant.
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pattern 1 had favorable clinical courses. The second
pattern (pattern 2, n = 12) was characterized by high
initial CD4/CD8 ratios, which progressively
decreased significantly (P < 0.05). This second
pattern was associated with a delayed clinical
response to treatment. Symptoms and signs of peri-
tonitis persisted beyond 72 h.

DISCUSSION

Lymphocytes normally comprise 20–40% of
peripheral blood leukocytes. About 70–80% of these
are T-lymphocytes, and 10–20% are B-lymphocytes.
T-cells can further be classified into cytotoxic T,
helper T, and suppressor T-cells. Helper T and sup-
pressor T-cells serve as immunoregulatory cells of the
immune response. Altered numbers of immune cells
contribute to immunologic abnormalities, depressed
erythropoiesis, increased infection rates (8), and poor
outcome (9). Early detection of immunologic distur-
bances may initiate early clinical intervention, result-
ing in more effective treatment with peritoneal
dialysis. Repeated determinations of T-lymphocyte
counts seem to be helpful in the early diagnosis of
such disturbances. In specific, recent literature con-
firms that repeatable determinations of CD3, CD3+/
CD4+, CD3+/CD8+ cell counts indicate that these
counts decrease earlier than an evaluation of total
leukocyte indicates (10). The significance of these
findings in the patients’ lymphocytes suggests an
activated and proinflammatory environment.

When patients developed peritonitis, we found sig-
nificant changes in PL immunophenotype.This obser-
vation supports clinical findings that peritonitis is a
localized infection. In contrast to surgical peritonitis,
when patients undergoing CAPD develop peritonitis,
septicemia is very unusual, blood cultures are gener-
ally negative, and peripheral WBC counts usually do
not increase.

The finding of a lower ratio of CD4/CD8 (P < 0.05)
in peritonitis suggests a need for more research and
care in clinical CAPD settings concerning CD4/CD8
ratio.

We observed that the different patterns of T-cell
subsets were associated with different therapeutic
responses and outcomes of peritonitis. Pattern 1
exhibited a progressive increase in the peritoneal
CD4/CD8 ratio and a generally favorable response to
treatment. In pattern 2, the CD4/CD8 ratio at the
onset of peritonitis was higher, then decreased pro-
gressively, and the response to treatment was usually
delayed.

It seems that the pattern of the CD4/CD8 ratio
may be related to outcomes in CAPD peritonitis. A

progressively increasing CD4/CD8 ratio during
peritonitis may predict a favorable outcome, while a
decreasing ratio may be a sign of unfavorable clinical
evolution. The clinical outcome may be predicted
early by measuring the peritoneal T-cell CD4/CD8
ratio. Longitudinal and cross-sectional studies have
both suggested that a single or repetitive episodes of
peritonitis may predispose the loss of ultrafiltration
(11) or the development of peritoneal fibrosis (12).

Several investigators have described the impact of
the various cytokines of T-cell subsets on the evolu-
tion of peritonitis in CAPD. Significant and persistent
interleukin-4 (IL-4) mRNA expression in recurrent
peritonitis has been reported but not in transient,
resolving peritonitis (13). Lu et al. found a persistent
and prolonged increase in concentrations of IL-10 in
persistent cloudy dialysate (14). Shardin et al. showed
that enhancing Th-1-cytokine in murine peritonitis,
by the administration of recombinant IL-2, signifi-
cantly prolonged the survival of the animals (12).
These observations suggest that T-cell cytokine
expression plays a role in the response to therapy of
peritonitis complicating CAPD.

During peritonitis, denudation of the mesothelial
surface and separation of the mesothelial cells have
been noted. The normal repair process consists of
remesothelialization. However, pathological condi-
tions, such as delayed healing, prolonged or persistent
inflammation, repeated tissue injury, and defects in
transforming growth factor beta 1 (TGF-b1) regula-
tion, promote disorderly repair and contribute to
peritoneal fibrosis and dialysis failure (3).

Recent literature confirms the above results and
suggests that the progressive decrease of the CD4/
CD8 ratio in PDE correlates with a persistent expres-
sion of TGF-b1 and plays a pathogenetic role in
the evolution of peritonitis, peritoneal equilibration
test determination, and peritoneal fibrosis. The
link between initial inflammation and subsequent
peritoneal fibrosis remains an important issue
(11,12,15–18).

CONCLUSIONS

In conclusion, the results of this study suggest an
immune activation during peritonitis. The causes and
the clinical consequences of this chronic activation
remain unknown. Activated peritoneal cells may par-
ticipate in enhanced peritoneal immunity. In contrast,
the pattern of the CD4/CD8 ratio in PDE may deter-
mine the outcome of peritonitis in CAPD patients.
Future studies will concentrate on modulating the
immune response during peritonitis in order to
improve outcome and prevent the development of
peritoneal fibrosis.
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