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The Role of Cell-Free Plasma DNA in 
Peritoneal Dialysis Patients 

with Peritonitis

Peritonitis is the major complication of peritoneal dialysis 
(PD), and severe or repeated episodes of peritonitis cause 
long-term complications that potentially lead to peritoneal 
membrane failure (1). 

Mesothelial cells play an important role in regulating the 
inflammatory response in the peritoneal cavity, with produc-
tion of pro-inflammatory cytokines and chemokines. These 
cytokines promote the return of the mesothelial cells to normal 
phenotype but, at the same time, contribute to peritoneal 
fibrosis (2). Cell-free DNA (cfDNA) is composed of circulating 
extracellular DNA fragments that originate from necrotic and 
apoptotic cells, reflecting inflammation (3). Cell-free DNA is 
present in blood and urine in various healthy and pathological 
conditions (4–5). High levels of cfDNA have also been reported 
in many clinical nephrological conditions, such as chronic 
kidney disease, hemodialysis, and PD (6–7). However, there 
are no data on cfDNA in PD patients with peritonitis. 

The aim of this study was to evaluate the variation in plasma 
levels of cfDNA subsequent to peritonitis as an indication of 
inflammation, apoptosis, and tissue damage in a population 
of PD patients.

MATERIALS AND METHODS 

We enrolled 54 PD patients: 25 without any history of 
peritonitis (group A), 21 whose last episode of peritonitis 
was more than 3 months prior to inclusion (group B), and 8 
who had had an episode of peritonitis within 3 months prior 
to enrolment (group C). Peritoneal dialysis patients with 
medical histories of comorbidities, such as active infection 
(exception from peritonitis), were excluded from the study 
to avoid confounding factors. Blood samples were collected 
from all 54 patients and centrifuged twice. Cell-free DNA was 
extracted from plasma using a DNA isolation kit and quantified 
by real-time quantitative polymerase chain reaction (PCR) for 
the β-actin gene. For each run, 1 aliquot of stock DNA was seri-
ally diluted to generate a 6-point standard calibration curve. 
Results are expressed as genome equivalents (GE)/mL; 1 GE/
mL equals 6.6 pg DNA. Plasma caspase-3, interleukin (IL)-
1β and IL-6 concentration were measured by enzyme-linked 
immuno-sorbent assay (ELISA). All the numerical variables are 
presented as mean ± standard deviation. Significance at the  
p < 0.05 level was assessed by non-parametric Mann-Whitney 
tests for 2 groups of data and Kruskal-Wallis for 3 or more 
groups by means of the SPSS software package (SPSS, Chicago, 
IL, USA). Spearman’s rho correlations were calculated to verify 
the correlation between variables.
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RESULTS AND DISCUSSION

A total of 54 chronic PD patients (29 male; mean age 63.1 ± 
16.3, median time on PD 25.5 months interquartile range 
[IQR]: 13.2 – 49.4) were enrolled (Table 1). 

Twenty-four patients had a first episode of peritonitis and 
responded to first-line antibiotics (75% gram-positive, 25% 
gram-negative), whereas 5 subjects had a relapsing episode 
of peritonitis (50% gram-positive, 50% gram-negative) but 
subsequently responded to intraperitoneal antibiotics. At 
day 10 from the peritonitis treatment, white blood cell (WBC) 
count in the peritoneal effluent was normal in all patients. No 
patient required catheter removal and no patients died during 
the study period. Twelve patients had multiple episodes (maxi-
mum = 5) of peritonitis, and 17 patients had a single episode of 
peritonitis in their clinical history. The median number of days 
from the start of the last peritonitis was 583 days (IQR 265 – 
925) in group B, and 12 days (IQR 2 – 27) in group C.

Group A and B patients showed a lower high-sensitivity 
C-reactive protein (HS-CRP), and this parameter was signifi-
cantly elevated in group C. In fact, its levels rise dramatically
during inflammatory processes, such as peritonitis, and return 
to normal with resolution of the acute episode.

Median plasma cfDNA levels were 1,564.2 GE/mL (IQR 1,154.2 – 
2,200.8) in group A, 1,433.4 GE/mL (IQR 540.0 – 3,680.2) in 
group B and 16,025.0 GE/mL (IQR 4,280.0 – 33,0687.9) in group 
C. The level of cfDNA in group C was significantly higher when
compared with group A and group B (p < 0.001) (Figure 1A).
However, plasma cfDNA levels in group A and group B did not
differ significantly. No significant difference was found between 
the levels of plasma cfDNA in PD subjects with new (3,355.2 GE/
mL; IQR 774.9 – 17,145.4) and relapsing (2,330.0 GE/mL; IQR
574.1 – 11,691.3) episodes of peritonitis and no significant
difference was found between the levels of plasma cfDNA in PD
subjects with 1 (2,330.0 GE/mL; IQR 696.6 – 8,019.57) or multiple 
(3,448.0 GE/mL; IQR 1,235.9 – 28,432.5) episodes of peritonitis.

TABLE 1 
Clinical, Laboratory and PD-Related Parameters of All 54 Patients Included in the Study

Group A	 Group B	 Group C	 p value

Sex (male/female)	 14/11	 11/10	 4/4	 NS
Age (years) 63.0±16.3 63.6±16.5 63.5±16.7 NS
Time on PD (months)	 26.4 (13.3–51.4)	 23.6 (12.8–49.3)	 25.1 (16.3–39.1)	 NS
Type of PD (APD/CAPD)	 8/17	 7/14	 2/6	 NS
Weekly creatinine clearance (L/week/1.73 m2)	 72.7 (53.0–102.6)	 72.7 (52.1–106.1)	 87.7 (61.8–108.6)	 NS
Weekly Kt/Vurea 1.95 (1.63–2.21)	 1.94 (1.63–2.18)	 2.02 (1.63–2.21)	 NS
Hemoglobin (g/dL)	 11.9 (11.4–12.9)	 11.9 (11.5–12.9)	 11.6 (11.1–12.9)	 NS
HS-CRP (mg/dL)	 0.33 (0.29–0.82)	 0.30 (0.29–0.82)	 0.68 (0.30–2.85)	 0.012
Albumin (g/dL)	 3.0 (2.7–3.2)	 3.0 (2.8–3.2)	 3.0 (2.8–3.1)	 NS
Diuresis (mL)	 600 (25–1,075)	 600 (147–1,175)	 650 (54–1,094)	 NS

PD = peritoneal dialysis; APD = automated PD; CAPD = continuous ambulatory PD; HS-CRP = high-sensitivity C-reactive protein; NS = not significant.

Figure 1 — cfDNA and caspase-3 levels in PD patients. A: Comparison of plasma cfDNA levels between group A, group B and group C; B: Comparison 
of plasma caspase-3 levels between group A, group B, and group C. cfDNA = cell-free DNA; PD = peritoneal dialysis; IQR = interquartile range; 
NA = not applicable; GE = genome equivalents.
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No statistically significant relationship was observed 
between HS-CRP and cfDNA levels (p = 0.3); similarly, no 
statistically significant relationship was observed between 
HS-CRP and days from the start of the last peritonitis. Our 
results showed that HS-CRP returned to normal levels more 
quickly than cfDNA. On the contrary, cfDNA decreased slowly 
after an episode of peritonitis. We speculated that cfDNA may 
be related to the gradual recovery of the peritoneal tissue after 
an episode of peritonitis. We hypothesized that cfDNA may be 
derived from apoptotic events in peritoneal and/or inflam-
matory cells induced by peritonitis. Although these findings 
are provocative, the design of the study does not allow us to 
make these conclusions. Furthermore, we theorized that the 
cfDNA decline may be inversely connected with the peritoneal 
membrane repair process from this damage. In general, the 
elimination process of cfDNA from the blood remains largely 
unknown; it is speculated that liver, spleen, and kidney may 
be involved in cfDNA disappearance (4).

Our data suggested an increased intraperitoneal produc-
tion of cfDNA during the course of the peritonitis episode and, 
consequently, the release of cfDNA into the blood circulation. 

Furthermore, we analyzed the 29 patients with peritonitis 
according to their clinical history. A significant negative corre-
lation was observed between plasma cfDNA concentration and 
days from the start of the last peritonitis (Spearman’s rho = 
-0.74, p < 0.01). We performed a univariate linear regression
of log(cfDNA) on days from the start of the last peritonitis, and 
we observed that each 1-unit increase in days from the start
of peritonitis was associated with a 0.402% decrease in cfDNA 
levels. Lower levels of cfDNA were detected in patients with a
longer peritonitis-free period; moreover, cfDNA levels tend
to progressively decrease in correlation with peritonitis-free
time. Based on these results, we hypothesized the presence
of a threshold beyond which no difference can be observed
between subjects with previous peritonitis and subjects with-
out peritonitis. Further studies are necessary to define this
threshold. After this threshold period, we may consider these 
patients similarly to the way we consider patients without
peritonitis in their history.

The level of plasma caspase-3 in group C was significantly 
increased when compared with groups A and B (p < 0.001) 
(Figure 1B). A significant positive correlation was observed 
between caspase-3 and cfDNA levels (Spearman’s rho = 0.5, p < 
0.01). We speculated that the abundance of cfDNA present in 
PD patients who had had peritonitis in the previous 3 months 
was potentially due to apoptotic events. Indeed, Moreira et 

al. hypothesized the induction of cfDNA by apoptotic events 
in febrile patients and considered cfDNA as a direct marker of 
cell apoptosis (8). Based on our findings, we hypothesized 
that cfDNA induced by peritonitis may strongly activate the 
innate immune system to promote pro-inflammatory events 
and cytokine networks up-regulation.

In addition, we examined the inflammatory state of these 
patients. Plasma pro-inflammatory cytokine levels (IL-1β and 
IL-6) were measured in all 54 PD patients (Table 2). Plasma 
IL-1β and IL-6 levels were significantly elevated in group C 
compared with groups A and B (p < 0.001). However, no sig-
nificant difference was found in these cytokine levels between 
the 2 latter groups. A significant positive correlation was 
observed between IL-6 levels and caspase-3 and cfDNA levels 
(Spearman’s rho = 0.7 and 0.4, both p < 0.05). A positive cor-
relation was found between IL-6 and IL-1β levels (Spearman’s 
rho = 0.4, p < 0.05) and between IL-1β and caspase-3 levels 
(p < 0.05, Spearman’s rho = 0.28). However, no significant 
relationship was found between IL-1β and cfDNA levels. These 
data suggest that cfDNA production subsequent to peritoni-
tis may be an indicator of inflammation, apoptosis induced 
by peritoneal damage in this acute event. Furthermore, 
based on IL-1β results, we hypothesized that cfDNA produc-
tion may not be mediated by the inflammasome complex. 
However, we are unable to directly address this hypothesis  
in this study.

CONCLUSION

Our study is the first report to address the association 
between dynamic changes of cfDNA and the peritoneal mem-
brane repair process in PD-related peritonitis. Cell-free DNA 
could potentially serve as an index for noninvasive monitor-
ing of tissue damage and apoptosis after peritonitis and the 
reverse peritoneal membrane repair from this damage.

Grazia Maria Virzì1* 
Sabrina Milan Manani1 

Vincenzo Cantaluppi2 
Alessandra Brocca1,3* 

Massimo de Cal1, 
Ilaria Tantillo1 

Giacomo Mason1 
Francesco Ramponi1 

Sonia Berti1 
Carlo Crepaldi1 

TABLE 2 
Cytokine Levels in PD Patients 

Group A	 Group B	 Group C	 p value

IL-1β (ng/mL)	 1.84 (0.82–3.14)	 1.82 (0.94–2.52)	 17.17 (13.39–22.04)	 0.0003
IL-6 (ng/mL)	 22.96 (10.80–91.79)	 19.16 (7.95–59.04)	 202.54 (164.55–278.36)	 0.0005

PD = peritoneal dialysis; IL = interleukin.
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