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provided by training centers has exhibited improved clinical 
outcomes including decreased technique failure, lower peri-
tonitis rate, and a lower chance of hospitalization (6). Saudi 
Arabia and most Middle Eastern countries share distinct social 
cultures that may act as possible barriers to the home-visit 
program. This is probably why most PD programs in the kingdom 
abandoned home visits. Interestingly, some of these hospitals 
do run successful home-intravenous-antibiotics programs, 
which indicates the lack of awareness of the importance of 
PD home-visit programs by hospital administration, patients, 
and nephrologists. The fact that 87% of participants dedicated 
part of their training to PD, and yet their skills and knowledge 
are neither being utilized nor being maintained by CME, means 
that we are not only underutilizing a great therapeutic modality 
but also wasting a scientific wealth we should be maintaining 
and expanding. 

In conclusion, during this era of expanding outsourced 
HD centers in the kingdom where more HD seats will be easily 
available to patients, it is crucial to address the abovemen-
tioned issues to improve PD utilization. We recommend that all 
nephrology programs increase their PD educational activities to 
both nephrologists and patients. Patients’ education is prob-
ably best achieved through multidisciplinary predialysis CKD 
clinics. Support to existing PD patients and their caregivers 
should include easy access to a healthcare team, home-visit 
programs, and well-trained PD nurses. This is the first study 
to address the issue of underutilization of PD in a Middle East 
country. It is limited by the fact that nephrologists’ views may 
not accurately reflect patients’ views.  
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Asymptomatic Effluent Protozoa Colonization 
in Peritoneal Dialysis Patients 

Currently, chronic kidney disease (CKD) is a global health 
problem. Considering the impaired immunity of CKD patients, 
the relevance of infection in peritoneal dialysis (PD), and the 
increased prevalence of parasites in CKD patients, protozoa 
colonization was evaluated in PD effluent from CKD patients 
undergoing PD. Overnight PD effluent was obtained from 49 
asymptomatic stable PD patients. Protozoa analysis was performed 
microscopically by searching cysts and trophozoites in direct wet 
mount of PD effluent and after staining smears. Protozoa were 
found in PD effluent of 10.2% of evaluated PD patients, namely 
Blastocystis hominis, in 2 patients, and Entamoeba sp., Giardia 
sp., and Endolimax nana in the other 3 patients, respectively. 
None of these patients presented clinical signs or symptoms of 
peritonitis at the time of protozoa screening. Our results dem-
onstrate that PD effluent may be susceptible to asymptomatic  

TABLE 4 
Impact of an Existing PD Program on the Perceived Reasons for PD Underutilization

	 % of respondents who perceived it as a major reason	
	 Reason for underutilization 	 Ongoing PD program	 No PD program	 P values 

Patients’ refusal    	 42.3 %	 86.7%	 0.0001
Lack of well-trained PD nurses	 62.5%	 22.3%	 0.0001
Lack of predialysis education and late referral	 68%	 60.2%	 0.48
Lack of nephrologist’s motivation	 60%	 47.3	 0.37
Lack of support by the administration	 57.5%	 27.8%	 0.005
Nephrologists believe that PD is not an effective therapy	 24%	 9.8%	 0.059

PD = peritoneal dialysis.
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protozoa colonization. The clinical impact of this finding should 
be further investigated.
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KEY WORDS: Peritoneal dialysis effluent; protozoa colo-
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Alterations in immune response induced by the uremic 
state of chronic kidney disease (CKD) patients increase 

the susceptibility to infection and appear to play an impor-
tant role in determining the type, incidence, and outcome of 
infectious complications (1,2). In this setting, opportunistic 
infections depend upon the state of immunosuppression and 
the epidemiological exposure of the patients. Despite preven-
tion strategies, peritonitis remains a leading complication of 
peritoneal dialysis (PD). Therefore, prevention of infection is 
crucial for the success of PD therapy. The factors that influ-
ence the PD-related infections occurrence are still not entirely 
understood. Peritoneal dialysis-related peritonitis occur more 
frequently due to bacterial infection, but culture-negative 
peritoneal infection in some PD units still accounts for 20% 
of peritonitis episodes (3,4). In these culture-negative cases, 
consideration should be given to unusual microorganisms.

More than 4,000 million people worldwide are infected 
with parasitic infections (5). Nowadays, with the increase in 
number of patients with immune deficiency, increased organ 
transplantation, immune-suppressing drugs, and radiation 
therapy, higher statistics related to parasitic infection are 
common in developed countries (6). In accordance with the 
fact that parasitic infections are more prevalent in immuno-
compromised patients, several reports found higher prevalence 
of intestinal parasites in CKD patients than in healthy individu-
als (2,6). Although very scarce, some reports describe parasite 
infections in dialysis fluid in end-stage renal disease (ESRD) 
patients undergoing PD (7–9). Considering the low immunity 
of CKD patients, the high relevance of infection in PD, and the 
increased prevalence of parasites in CKD patients, the aim of 
the present study was to screen protozoa colonization in PD 
effluent from ESRD patients undergoing PD. 

MATERIALS AND METHODS 

A group of 49 CKD patients undergoing PD in the outpatient 
clinic of the nephrology department of Centro Hospitalar S. 
João (Porto, Portugal) participated in the present study and 
their written informed consent was obtained (approved by the 
Ethics Committee of Centro Hospitalar de S. João). Peritoneal 
dialysis effluent (50 mL) was collected aseptically and centri-
fuged at 1,500 rpm, 10 minutes, 4ºC. Six smears per patient 
were analyzed corresponding to 50 μL of pellet. For protozoa 
identification by microscopic evaluation, both latency and 

vegetative cellular forms were searched on direct wet mount 
smears with Lugols’ iodine solution and stained with Giemsa, 
Trichrome, and Modified Acid-Fast Kinyoun (10). Protozoa 
evaluation in saliva and feces was performed as described for 
PD effluent. Feces were also analyzed by the local microbiology 
department. Feces were collected only from patients with PD 
effluent protozoa colonization.

RESULTS AND DISCUSSION

The mean age of the 49 asymptomatic stable PD patients 
was 47.7 ± 12.9 years with a balanced proportion of each genus 
(55.1% male [M], 44.9% female [F]). In general, the evaluated 
population presented a low educational level (illiterate 4.1%, 
elementary school 53.0%, high school 6.1%, university 8.6%, 
unknown 22.4%). The most prevalent CKD etiologies were 
chronic glomerulonephritis (22.4%, including high prevalence 
of IgA nephropathy) and diabetic nephropathy (16.3%), fol-
lowed by polycystic kidney disease (10.2%), others (26.5%), 
and undetermined (24.5%). These patients presented a mean 
time in a PD program of 10.8 ± 13.7 months, ranging from 1 to 
72.3 months, with 89.8% on continuous ambulatory PD (CAPD) 
and 10.2% on automated PD (APD). From the 49 PD patients, 
26.5% had 1 or more previous peritonitis episodes, bacteria 
and fungi being responsible for 70.6% and 5.9%, respectively, 
whereas culture-negative accounted for 23.5% of the total 
peritonitis episodes. Among 49 CKD patients undergoing PD, 
5 presented PD effluent protozoa colonization without any 
clinical signs or symptoms of peritonitis. These 5 PD patients 
did not present leukocytosis or eosinophilia. In the PD efflu-
ent of 3 PD patients, cysts were observed, namely, 1 patient 
with cysts of Endolimax nana (Figure 1A) and 2 patients with 
cysts of Blastocystis hominis (Figure 1D). Also, we found thro-
phozoites of Entamoeba sp. (Figure 1C) in 1 PD patient and 
throphozoites of Giardia sp. (Figure 1B) in another patient. 
In each positive PD patient sample, we observed less than 
5 cellular forms (cysts or trophozoite) per smear. This may be 
due to the low number of protozoa found in each patient that 
can represent a non-infectious dose. However, even if these 
protozoa are considered symbionts, it should be noted that 
this population is immune-impaired, and thus commensals may 
represent relevant opportunistic microorganisms. In the few 
clinical reports describing the presence of parasites in dialy-
sis effluent, a Pseudomonas sp. peritonitis with concomitant 
presence of a protozoon, Balantidium hominis, was described 
(9). The patient was treated efficiently with specific antibiotic 
therapy for Pseudomonas sp. infection, raising the question 
of the role of this specific protozoan: symbiont or pathogen.

Recent findings associated CKD to an impairment of the 
intestinal epithelial barrier structure and function that may 
enable translocation of microorganisms and other microbial 
products across the intestinal wall to systemic circulation 
(11,12). Peritoneal dialysis effluent protozoa colonization may 
represent a marker for the loss of intestinal epithelial barrier 
integrity in CKD patients. In the fecal samples of 3 PD patients, 
no intestinal protozoa were found by the research team or 
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by the local laboratory. Since during the study, 2 protozoa-
positive PD patients died, 1 with a peritonitis episode caused 
by Escherichia coli due to an intestinal perforation 5 months 
after sampling and the other due to sudden death, the collec-
tion of feces from these patients was not possible. The clinical 
history of the 5 PD patients colonized by protozoa, regarding 
signs and symptoms, peritonitis, and catheter exit-site (CES) 
infections revealed that 2 patients had an intestinal deregu-
lation 6 months previous to effluent sampling and 1 patient 
had 2 peritonitis episodes by Streptococcus sp. and E. coli 
with intestinal perforation 1 and 5 months after sampling, 
respectively. Thus, our results could represent an accidental 
gut colonization acquired by water or food consumption. The 
absence of correlation with intestinal colonization was previ-
ously described in the literature (13), but it is important to 
note that the stools were collected after the PD effluent analy-
sis and in some cases the time gap was superior to 6 months. 

Entamoeba protozoa are recognized oral colonizers, although 
with low prevalence (14). Interestingly, this protozoon also 
colonized the saliva of the patient presenting Entamoeba sp. in 
PD effluent, suggesting that the digestive tract may represent 
in this case the source of this microorganism. 

In order to understand the transmission routes of these 
microorganisms among the PD patients, it is crucial to char-
acterize other environmental factors. In the group of PD 
patients presenting effluent protozoa colonization, clinical 
and environmental/social characterization was performed 
(Supplemental Table 1). In general, these 5 patients pre-
sented a low education level, different CKD etiologies, 1 being 

diabetic. Moreover, 2 out of 5 of these patients combined the 
following features: female, had contact with and frequently 
ate domestic poultry, water source was a private water-well, 
which made them more prone to contamination given their 
open access to the environment.  

Despite the importance of these results, this study pre-
sented some limitations, such as the limited number of patients 
analyzed, and the applied methodology that presents lower 
sensitivity and specificity than other methods, such as enzyme 
immunoassays, polymerase chain reaction (PCR), as well as 
flow cytometry (15). Thus, one can hypothesize that with a 
more sensitive methodology, a higher prevalence of patients 
with PD effluent protozoa colonization could be detected. In 
conclusion, PD effluent of CKD patients undergoing PD may 
be susceptible to asymptomatic protozoa colonization. The 
clinical impact of this finding should be further investigated.

ACKNOWLEDGMENTS

LSS and ISS were supported by SFRH/BD/84837/2012 and SFRH/
BPD/101016/2014 FCT/QREN–POPH/FSE. This work was financed by 
FEDER - Fundo Europeu de Desenvolvimento Regional funds through 
the COMPETE 2020 - Operacional Programme for Competitiveness 
and Internationalisation (POCI), Portugal 2020, and by Portuguese 
funds through FCT - Fundação para a Ciência e a Tecnologia/Ministério 
da Ciência, Tecnologia e Inovação in the framework of the project 
“Institute for Research and Innovation in Health Sciences” (POCI-
01-0145-FEDER-007274); Study supported by Dental Medicine Faculty .

DISCLOSURES

The authors have no financial conflicts of interest to declare.

Liliana Simões-Silva1,2,3† 
Inês Correia4† 

Joana Barbosa3,5 
Carla Santos-Araujo6,7 

Maria João Sousa6 
Manuel Pestana1,2,6,8 
Isabel Soares-Silva1,2 

Benedita Sampaio-Maia1,2,4*

i3S - Instituto de Investigação e Inovação em Saúde1 

INEB - Instituto de Engenharia Biomédica2 

Serviço de Microbiologia, Faculdade de Medicina3 
Faculdade de Medicina Dentária4 

CINTESIS, Faculdade de Medicina5  
Universidade do Porto 

Porto, Portugal
Departamento de Nefrologia6 

Centro Hospitalar de São João, EPE 
Porto, Portugal

Departamento de Fisiologia e Cirurgia Cardiotorácica 
Unidade de I&D Cardiovascular7

Departamento de Doenças Renais, Urológicas e Infecciosas8  
Faculdade de Medicina, Universidade do Porto 

Porto, Portugal

Figure 1 — Protozoa found in PD effluent from CKD patients under-
going PD: A) Endolimax nana; B) Giardia sp.; C) Entamoeba sp.; and  
D) Blastocystis hominis. Images obtained after Giemsa stain observed 
at amplification of 400x. PD = peritoneal dialysis; CKD = chronic 
kidney disease.
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Effect of balance Solution on the Peritoneal 
Membrane in Automated  

Peritoneal Dialysis 

Interference of conventional peritoneal dialysis fluids (cPDFs) 
with peritoneal membrane cell functions may be attributed to 
the dialysis fluid’s low pH, high glucose concentration, and/or the 
presence of glucose degradation products (GDPs), the last of which 

leads to higher levels of advanced glycation end-products (AGEs). 
It has been suggested that the peritoneal membrane might be bet-
ter preserved by using biocompatible solutions, including cancer 
antigetn 125 (CA125). This prospective, open-label, multicentre, 
randomized, controlled, cross-over phase IV study compared the 
in vivo biocompatibility of a neutral-pH, low-GDP peritoneal dialy-
sis (PD) solution (balance) with a cPDF in automated PD (APD) 
patients. Our study revealed a significantly increased appearance 
rate and concentration of CA125 in the peritoneal effluent of APD 
patients treated with the neutral-pH, low-GDP solution balance 
versus a conventional PD solution.
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gen 125; residual renal function; peritoneal dialysis fluids; 
ultrafiltration.

Interference of conventional peritoneal dialysis fluids 
(cPDFs) with peritoneal membrane cell functions (1) may 

be attributed to the dialysis fluid’s low pH, high glucose 
concentration, and/or the presence of glucose degradation 
products (GDPs) (2), the last of which leads to higher levels 
of advanced glycation end-products (AGEs) (3). Previous 
continuous ambulatory peritoneal dialysis (CAPD) studies 
suggest a better preservation of the peritoneal membrane 
with the use of biocompatible solutions, in particular those 
using cancer antigen 125 (CA125) as a marker of mesothelial 
cell mass/turnover (3–5). It is noteworthy that the negative 
effects of the low pH and high glucose concentrations in 
cPDFs are most significant immediately after inflow. There-
fore, one may assume that in automated PD (APD), with its 
more frequent exchanges, shorter dwell times, and larger 
solution volumes, the use of a bioincompatible solution is  
particularly relevant (6).

This prospective, open-label, multicentre, randomized, 
controlled, cross-over phase IV study compared the in vivo bio-
compatibility of a neutral-pH, low-GDP PD solution (balance) 
with a cPDF in APD patients. As a secondary aim, fluid overload 
(FO) was compared. Both solutions were from Fresenius Medical 
Care, Germany. The study was approved by the relevant ethics 
committees and/or national authorities, and written informed 
consent was obtained from all patients.

SUBJECTS AND METHODS

Patients were randomized to 1 of the 2 treatment sequences 
of 8 weeks each. Prior dialysis schedule prescriptions were 
maintained throughout the study, unless changes were medi-
cally indicated.

At baseline (Visit 1) and during the control visits at the 
end of each treatment phase (Visits 2 and 3), samples from 
the pooled 24-hour dialysate and serum were collected for 
analysis of biocompatibility markers (CA125, hyaluronic acid 
[HA], carboxymethyllysine [CML], C-reactive protein [CRP] 
and interleukin-6 [IL-6]). Cancer antigen125 was expressed as 
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