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RESUMO 

As infeções são uma das principais complicações da técnica de diálise peritoneal (DP), estando 

associadas à morbilidade e mortalidade dos doentes renais crónicos (DRC) em tratamento de 

DP. Apesar de os doentes em DP adotarem rigorosos procedimentos de higiene, um baixo mas 

persistente número de peritonites é ainda registado anualmente. A contaminação no momento 

da troca de dialisante é considerada como uma das principais causas de peritonite, no entanto, a 

existência de outras vias de infeção é hoje uma hipótese emergente. Presentemente, os fatores 

responsáveis pela ocorrência de infeções associadas à técnica de DP, nomeadamente as 

peritonites e as infeções do orifício de saída do cateter peritoneal, não são totalmente 

compreendidos. Com a recente descoberta do papel do microbioma humano, a comunidade 

científica debruçou-se sobre o seu estudo como uma possível fonte de agentes infeciosos, 

especialmente em populações com imunidade reduzida como é o caso de doentes com DRC. A 

existência de estudos que descrevem a existência de ADN bacteriano no efluente peritoneal e 

em células do peritoneu, bem como estudos que revelam que a bactéria Staphylococcus aureus 

mantem a viabilidade intracelular após internalização em células mesoteliais, vem reforçar esta 

perspetiva. Estes factos sugerem ainda que o peritoneu poderá ter o seu próprio microbioma. 

Por outro lado, a cavidade oral tem sido apontada como um ponto de partida para a 

disseminação de microrganismos patogénicos. A proximidade dos microrganismos orais da 

corrente sanguínea, torna a bacteremia com origem na cavidade oral um evento comum, embora 

transitório, que pode resultar da rotina das atividades diárias ou de procedimentos dentários 

invasivos. Apesar de ter sido reportada a existência de uma associação entre as doenças orais e 

uma sobrevivência reduzida de doentes com DRC, as evidências científicas que associam esta 

via de infeção ao desenvolvimento de peritonite são escassas. 

Neste trabalho, procuramos estudar o papel do microbioma humano na população em DP e a 

sua possível contribuição para o desenvolvimento de infeções associadas à DP. No capítulo I, 

apresentamos uma revisão bibliográfica onde descrevemos o papel do microbioma intestinal na 

DRC. A disbiose deste microbioma é um factor de risco não tradicional para o risco 

cardiovascular e progressão da DRC. No capítulo II, descrevemos o microbioma de doentes com 

DRC submetidos a diferentes técnicas de diálise, nomeadamente a hemodiálise (HD) e a DP. A 

terapia de substituição renal parece influenciar não só o microbioma intestinal, melhor 

caracterizado, mas também microbiomas de outros locais.  
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Nos capítulos seguintes, apresentamos estudos em que a microbiota de doentes em DP foi 

caracterizada, incidindo em diferentes tipos de microrganismos. No capítulo III avaliamos a 

colonização da cavidade oral pelos principais agentes responsáveis por infeções associadas à 

DP, as bactérias do género Staphylococcus sp.. No Capítulo IV, apresentamos os resultados de 

estudos sobre a colonização pela levedura Candida sp., uma vez que as infeções fúngicas, 

apesar de serem menos frequentes, são de mais difícil resolução. O último grupo de 

microrganismos avaliado, os protozoários, encontra-se descrito no Capítulo V. As metodologias 

usadas na identificação microbiana diferiram nos diferentes microrganismos analisados: 

crescimento em meio de cultura Mannitol-Salt agar e sequenciação do gene DnaJ dos isolados 

de Staphylococcus; crescimento em meio de cultura CHROMagar-CandidaTM® e sequenciação 

do gene 18S rRNA/ITS para identificação das leveduras Candida sp.; na identificação de 

protozoários foi realizada uma avaliação microscópica de esfregaços diretos corados por Lugol e 

por técnicas de coloração específicas (Giemsa, Trichrome e Kinyoun). No último capítulo, 

apresentamos os resultados de estudos em que o microbioma do peritoneu foi caracterizado em 

doentes com DRC, por sequenciação de nova geração e em que foi avaliado o efeito da DP na 

composição do microbioma peritoneal. 

Os resultados apresentados sugerem que a colonização por Staphylococcus da cavidade oral 

pode atuar como uma fonte de agentes infeciosos em doentes em DP. Identificámos a existência 

de espécies comuns à microbiota oral dos doentes em DP e aos agentes patogénicos de 

infecções ocorridas nestes mesmos doentes. Por outro lado, os doentes em DP apresentaram 

menor diversidade de Staphylococcus spp. na cavidade oral. Neste trabalho foram ainda 

testados diferentes métodos para a identificação de isolados de Staphylococcus spp.: API 32 

STAPH, sequenciação do gene DnaJ e MALDI-TOF (VITEK MS). Pudemos concluir que os 

métodos moleculares devem ser utilizados sempre que possível, pois apesar de a técnica de 

MALDI-TOF ser usada por rotina na prática clínica, não atinge os níveis de precisão necessários 

para uma correta identificação microbiana. 

Relativamente à colonização oral por Candida sp., verificamos que esta representa um risco 

limitado para o desenvolvimento de infeções fúngicas em doentes em DP. Ao comparar doentes 

em DP e HD, observamos que a HD tem um impacto mais adverso na saúde oral, em particular 

no desenvolvimento da doença periodontal. Verificamos também que a colonização por 

leveduras do género Candida é maior em doentes em HD. O impacto da HD na saúde oral 

parece ser reduzido quando os doentes transitam da HD para a DP. 
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Nos estudos em que foi avaliada a colonização por protozoários na população de DP, os nossos 

resultados demonstraram que 10,2% dos efluentes de doentes em DP apresentavam 

colonização por protozoários, sem no entanto esses doentes apresentarem sinais clínicos ou 

sintomas de peritonite no momento da colheita. Este facto sugere que o efluente peritoneal pode 

ser suscetível de uma colonização assintomática por protozoários, sendo necessário um estudo 

mais aprofundado do possível impacto clínico desta colonização. No que se refere à colonização 

oral por protozoários, esta foi muito baixa tanto nos doentes em DP como nos controlos, 

sugerindo que a colonização oral por protozoários da população portuguesa é baixa e não se 

altera na presença de DRC. 

A última parte deste trabalho foi dedicada à caracterização do microbioma do peritoneu de 

doentes com DRC. Os nossos resultados revelaram que o peritoneu destes doentes apresenta 

um microbioma específico, dominado por Proteobactérias, Firmicutes, Actinobactérias e 

Bacteroidetes. A DP parece ter um efeito na composição do microbioma do peritoneu, 

diminuindo a sua riqueza em termos de diversidade microbiana, verificando-se o predomínio das 

famílias Pseudomonadaceae e Prevotelaceae. 

Na sua globalidade, este trabalho contribuiu para uma melhor caracterização do microbioma dos 

doentes em DP e poderá ajudar a uma melhor compreensão do papel do microbioma nas 

infeções associadas à DP. 
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ABSTRACT 

One of the major complications of the peritoneal dialysis (PD) technique is the infection-related 

morbidity and mortality. Despite the standard hygiene procedures adopted by PD patients, there 

is still a persistent low number of peritonitis every year. Although the contamination at the time of 

the PD exchange is assumed to be a major cause of peritonitis the factors influencing the 

occurrence of PD-related infections, namely peritonitis and catheter exit-site infections, are still far 

from being fully understood. The recent discovery of tissue specific microbiomes is changing 

researcher’s perception on possible sources of infection, especially in populations with impaired 

immunity like end-stage renal disease (ESRD) patients. Corroborating this hypothesis are the 

previous reports describing bacterial DNA in PD effluent or peritoneum cells as well as studies 

revealing intracellular viability of Staphylococcus aureus after sequestration by mesothelial cells. 

These facts suggest that the peritoneum may harbor its own microbiome. On the other hand, the 

oral cavity has been pointed out as a starting point for dissemination of pathogenic organisms. 

The proximity of oral microorganisms to the blood stream makes bacteremia from the oral cavity 

a common, but transient event that may result from routine daily activities or from invasive dental 

procedures. Despite the possible association between oral diseases and an adverse survival of 

renal diseases patients, the scientific evidence linking this route of infection to peritonitis is still 

scarce.  

In this work, we aimed to understand the role of the human microbiome in the PD population and 

its possible contribution for the development of PD-related infections. In chapter I, we present a 

bibliographical review on the role of the gut microbiome on Chronic Kidney Disease (CKD). Gut 

dysbiosis is being unraveled in CKD and pointed as a non-traditional risk factor for cardiovascular 

risk and CKD progression. In chapter II, we focused on the microbiome of ESRD patients 

undergoing different renal replacement therapies, namely HD and PD. These appear to influence 

not only the most studied microbiome, the gut microbiome, but also microbiomes in other body 

habitats. In the following chapters, we characterized the microbiota of PD patients, focusing on 

different types of microorganims. In chapter III we evaluated the colonization of the oral cavity by 

the most prevalent PD-infectious agent, Staphylococcus sp. In Chapter IV the same approach 

was carried out for the yeast Candida sp.. Despite being less frequent, Candida infections 

represent a major problem once its resolution is more difficult. The last group of microorganisms 

evaluated, the protozoa is presented in Chapter V. The microbial identification was 

microorganism-dependent: growth in Mannitol-Salt agar and sequencing of DnaJ gene for 
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Staphylococcus species; growth in CHROMagar-CandidaTM® and sequencing of 18S rRNA/ITS 

for Candida species; and microscopic evaluation by direct mounts with Lugols’ direct smear and 

specific staining techniques (Giemsa, Trichrome and Kinyoun) for protozoa identification. In the 

last chapter, we studied the peritoneum of ESRD patients to evaluate its microbiome by next-

generation sequencing, as well as the influence of peritoneal catheter insertion in the peritoneum 

microbiome composition. 

The results of our study suggests that the oral cavity could act as a potential reservoir of 

Staphylococci infectious agents in PD patients, as in this study we identified the existence of 

common agents between the oral microbiota and PD-related pathogens. Additionally, PD patients 

presented less diversity of Staphylococcus species in the oral cavity. During this work, we tested 

different methods for Staphylococcus identification, API 32 STAPH, DnaJ sequencing and 

MALDI-TOF (VITEK MS). We suggest that molecular methods should be used when possible, 

since even though MALDI-TOF mass spectrometry is widely used in the clinical setting, we 

demonstrate that it did not achieve the established levels of accuracy that are necessary for 

clinical practice.  

On the other hand, oral yeast colonization represents a limited risk for the development of fungal 

infections in PD patients. When comparing PD and hemodialysis (HD) patients, we observed that 

HD has a more adverse impact on oral health, in particular periodontal disease. Also, Candida 

colonization is also higher in HD patients. The impact on oral health of HD appears to be reduced 

or ameliorated when patients change from HD to PD therapy. 

In another study, we also searched for protozoa colonization in the PD population. Our data 

showed that 10.2% of effluent of PD patients had protozoa, however none of these patients 

presented clinical signs or symptoms of peritonitis at the time of the screening. This demonstrated 

that PD effluent may be susceptible to asymptomatic protozoa colonization, and the clinical 

impact of this finding should be further investigated. Concerning oral protozoa colonization, it was 

very low in both PD patients and controls, suggesting that the oral protozoa colonization of 

Portuguese population is low and not significantly modified by the presence of ESRD. 

The last part of this work was dedicated to the characterization of the peritoneum microbiome of 

ESRD patients. Our data demonstrates that the peritoneum of these patients presents a unique 

low-abundance microbiome dominated by Proteobacteria, Firmicutes, Actinobacteria and 

Bacteroidetes. The PD therapy appears to have an impact in this microbiome, decreasing species 

richness with a dominance by Pseudomonadaceae and Prevotelaceae families.  
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Together this work increases the existing knowledge on the microbiome of PD patients. We 

expect that in the future it will contribute for the better understanding of the role of the microbiome 

in PD-related infections. 
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ABBREVIATIONS 

APD – Automated peritoneal dialysis 

AVF – native arteriovenous fistula 

CAPD – Continuous ambulatory peritoneal dialysis 

CCPD – Continuous cyclic peritoneal dialysis 

CKD - Chronic kidney disease 

CVC – ventral venous catheter 

CVD - Cardiovascular disease 

ESRD - End-stage renal disease 

GFR - Glomerular filtration rate 

HD – Haemodialysis 

HOMD - Human Oral Microbiome Database 

IPD – Intermittent peritoneal dialysis 

ISPD – International Society of Peritoneal Dialysis 

K/DOQI - Kidney Disease Outcomes Quality Initiative 

NIPD – Nocturnal intermittent peritoneal dialysis 

NKF - National Kidney Foundation 

PD - Peritoneal dialysis 

RRT - Renal replacement therapy 

TPD – Tidal peritoneal dialysis 
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Introduction 

The human microbiome, defined by the NIH human microbiome project (http://hmpdacc.org/) as the 

collection of all the microorganisms living in association with the human body, includes eukaryotes, 

archaea, bacteria and viruses. In the last years, after the discovery that the human body harbours 10 

times more microbial cells than human cells (Alberts, B et al. 2002), the study of the human microbiome 

and the existing host-microbe interactions became a priority. Diverse studies have characterized the 

microbial communities existing in the different body locations and its association with health and 

disease conditions. However, much is yet to be uncovered with regards to mapping extant microbiome 

biodiversity.  

The recent discovery of microbiomes in body sites previously considered sterile, together with the need 

to further understand infection occurrence in chronic kidney disease (CKD) patients undergoing 

Peritoneal Dialysis (PD), triggered the need to explore the existence of a peritoneal microbiome and 

understand it’s role in PD-related infections. Additionally, the role played by other microbiomes, 

specially by the oral microbiome whose relation with CKD was previously suggested, was also 

assessed. In this work, we focused in different microbial groups, namely bacteria, in particular 

Staphylococcus, fungi and protozoa. 

 

Chronic kidney disease 

The definition of chronic kidney disease (CKD) has undergone readjustments over time. It is usually 

defined by a progressive loss of renal function and is a general term for heterogeneous disorders 

affecting the structure and function of the kidney. According to the Kidney Disease Outcomes Quality 

Initiative (K/DOQI) guidelines from National Kidney Foundation (NKF) CKD is defined by the decrease 

of kidney function detected by decreased GFR (less than 60 mL/min per 1.73 m²), by increased rates of 

urinary albumin excretion or by abnormal kidney structure detected by imaging occurring for at least 

three months, independently of the cause (National Kidney, Foundation 2002, Webster, A. C. et al. 

2016). Chronic Kidney Disease is classified in five different stages according to the glomerular filtration 

rate (GFR): more than 90 mL/min per 1.73 m² (stage 1), 60-89 mL/min per 1.73 m² (stage 2), 30–59 

mL/min per 1.73 m² (stage 3), 15–29 mL/min per 1.73 m² (stage 4), and less than 15 mL/min per 1.73 

m² (stage 5), being this last the most severe form of CKD. 

As a consequence of renal failure, the kidney is unable to excrete toxic substances, which accumulate 

in the plasma. The uremic syndrome is manifested by elevated plasma urea and creatinine levels and 
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is associated to symptoms as fatigue, nausea, loss of appetite, vomiting, puritis, and neurological 

changes (Chikotas, N. et al. 2006). The progression of renal failure is evaluated by the combination of 

GFR, clinical history and physical signs and symptoms. 

When patients progress to stage 5 CKD, called end stage-renal disease (ESRD), renal replacement 

therapy (RRT) may be required in the form of hemodialysis (HD), peritoneal dialysis (PD) or renal 

transplant (RTx). 

Due to increasing numbers of patients, CKD is currently considered a public health problem. The 

incidence and prevalence of this disease is affected by ethnicity, social health determinants, and 

possibly by epigenetic factors (Webster, A. C. et al. 2016). In 2016, Hill and colleagues concluded that 

CKD has a high prevalence world-wide, being the global CKD prevalence between 11 to 13%, 

approximately 18% in Europe (Hill, N. R. et al. 2016). In Portugal, it is estimated that 800,000 

individuals have CKD; more than 2,000 new cases of renal failure occur every year. In the end of 2015, 

18,928 patients were submitted to a RRT: 11,514 were on HD, 751 on PD and 6,663 received a RTx. A 

report from the Portuguese Nephrology Society (2016) reveals that, in comparison to the majority of 

European countries, Portugal has a higher incidence and prevalence of ESRD patients, however the 

factors responsible for these increases are not well clarified. Overall, the incidence and prevalence of 

ESRD is variable, but the majority of patients being treated reside in countries with an aging population 

with access to health care (Webster, A. C. et al. 2016).  

There are several causes of CKD, however, the most common causes worldwide are diabetes and 

hypertension (Levey, A. S. et al. 2012). On the other hand, cardiovascular (CV) disease is the major 

cause of death in CKD patients. The CV risk increases exponentially during CKD progression, and CV-

related mortality rate may be up to 500-fold higher in CKD patients than the general population (Sarnak, 

M. J. et al. 2003). This is the reason why CKD patients are five to ten times more likely to die 

prematurely than progress to ESRD (Webster, A. C. et al. 2016). Also, ESRD patients present a high 

burden of infectious complications, having an annual mortality rate secondary to sepsis 100 to 300-fold 

higher than in the general population (Li, P. K. et al. 2011). Interestingly, septicemia was recognized as 

a risk factor for the development of CV events and death in HD or PD patients (Foley, R. N. et al. 2004). 

In comparison to the general population, CKD patients present not only premature mortality but also a 

considerably lower quality of life (De Nicola, L. et al. 2016). Also, with the progression of CKD to ESRD 

there is a significant increase in social and financial costs (De Nicola, L. et al. 2016).  
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Renal replacement therapy 

The life expectancy of patients with ESRD has improved since the introduction of dialysis as a RRT in 

the 1960s, although it is still below that of the general population (Mailloux, L.U.  et al. 2016). As 

previously mentioned the therapeutic modalities of CKD in stage 5 are kidney transplantation, dialysis 

in the form of chronic HD or chronic PD.  

The clinical relevant outcomes of kidney transplant and dialysis were assessed in a systematic review, 

where it was concluded that kidney receptors presented reduced cardiovascular events and mortality 

and had a superior life quality, in comparison to dialysis patients  (Tonelli, M. et al. 2011). Although the 

prevalence of treated ESRD patients with a functioning kidney transplant in Portugal is increasing 

progressively, it is still far below the national needs (Sociedade Portuguesa de Nefrologia 2016). The 

transplanted kidney can be from a cadaver or a living donor that usually is a familiar member. Since 

kidney transplantation cannot be performed in all cases, due to the lack of suitable donors, most 

patients with ESRD are submitted to dialysis during their lifetime. The global prevalence of people who 

have a functioning kidney transplant is 65 per million, compared with 280 per million people of ESRD 

patients on dialysis (Webster, A. C. et al. 2016). Dialysis can occur in the form of HD or one of the two 

forms of PD, continuous ambulatory PD (CAPD) or automated PD (APD) (Teixeira, J. P. et al. 2015). 

There are many factors that influence the choice of dialysis type; they range from the patient’s 

motivation/education, underlying medical problems, age, distance to HD unit, the physician/nurse’s 

influence to cost-effectiveness. PD presents some advantages over HD, as it is associated with higher 

survival rate at the start of dialysis, together with higher patient satisfaction and lower costs 

(Sinnakirouchenan, R. et al. 2011). A population-based cohort study from Sweden reported that 

patients on HD incurred the highest healthcare cost, 45 times more that general population and 50% 

higher than patients on PD (Eriksson, J. K. et al. 2016). However, these PD advantages do not directly 

translate into increased use of PD, since it is possible to verify that the option for dialysis modality 

varies significantly across countries (Li, P. K. et al. 2016). In China, USA and Thailand, PD is 

increasing, whereas in Japan and most European countries it is decreasing.  

According to the data provided by the Portuguese Society of Nephrology for the year 2015, in Portugal 

the incidence of patients starting RRT decreased 4.9%, contradicting the tendency of the previous two 

years; the incidence of patients initiating RRT with HD decreased significantly (5.6%), whereas the 

prevalence of patients on HD slightly increased (1.4%) (Sociedade Portuguesa de Nefrologia 2016).  

Regarding PD, there was a slight increase in both incidence (1.06%) and prevalence (2.6%). PD was 

the first treatment option of 9.8% of patients and corresponds to 6.1% of prevalent patients on dialysis. 
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Regarding transplantation, an increase in renal transplantation from both cadaver and living donors was 

observed.  

 

Haemodialysis 

Technically, HD consists in the process of purifying the blood of ESRD patients, through the 

extracorporeal removal of waste products (for example creatinine, urea and potassium) and free water, 

with a dialysis machine that pumps the patient's blood and the dialysate through the dialyzer; for this 

process an extensive water purification system is absolutely critical. For these reasons, HD is usually 

performed in a dialysis outpatient facility, either a hospital or a dedicated clinic, three or more times a 

week. Rarely HD is done at home.  

The HD procedure require a well-functioning vascular access, which can be of three types: native 

arteriovenous fistula (AVF), arteriovenous graft, and central venous catheter (CVC). AVF is the most 

used access since is the best regarding longevity, morbidity and mortality association (Santoro, D. et al. 

2014). Arteriovenous grafts are the second-best option followed by CVCs. CVCs can be inserted in 

different body sites, preferably in the internal jugular and femoral veins, since the subclavian vein is 

associated to a high risk of thrombosis. Infections are the cause of 30% to 60% of CVC’s removal and, 

in comparison to patients with AVF, patients with CVC present higher hospitalization rates.  

As previously described, fistulas present great advantages, such as best longevity, morbidity and 

mortality association. These are recommended by international guidelines instead of CVCs, however 

they require a long time of maturation, being this the reason for increased catheter-dependence for 

vascular access (Recommendations, K/DOQI Clinical Practice Guidelines and Clinical Practice 2006). 

In our country, tunnel cuffed catheters (TCC) are the permanent vascular access in more than 20% of 

prevalent HD patients and is used for the initial dialysis session for 50% of incident HD patients 

(http://www.spnefro.pt/). Catheter design improved in these last years, but in comparison to AVF the 

TCC still presents more risk of sepsis, hospitalization and even mortality (Zelenitsky, S. A. et al. 2016). 

Accordingly, it has been estimated that the relative risk of bacteremia is 10 times higher in HD patients 

with TCC than with AVF (Power, A. et al. 2009). In HD patients with TCC, catheter-related bacteremia 

can have two origins: the skin (migration from the skin along the outside of the catheter into the 

bloodstream) and/or catheter biofilm (direct inoculation from a biofilm containing pathogenic 

microorganisms on the inner surface of the catheter) (Allon, M. 2004). A study performed in the Hospital 

S. João Nephrology Department, showed that, in comparison to both HD patients with AVF and PD 
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patients, incident HD patients with TCC experienced a significantly higher mortality rate at one year of 

dialysis, being infection the most common cause of death (Coentrão, L. et al. 2012). Also 43% of all 

deaths in these patients were related to dialysis access complications, which were all caused by 

infections. 

 

Peritoneal dialysis 

PD consists in the removal from the body of soluble substances and water by transfer across a self-

dialysis membrane, the peritoneum. This is a serous membrane, composed by a layer of mesothelium 

supported by a thin layer of connective tissue that supports many of the abdominal organs and serves 

as a conduit for their blood vessels, lymphatic vessels, and nerves. The space that exists between the 

peritoneum that surrounds the abdominal wall and the peritoneum that surrounds the internal organs is 

the peritoneal cavity. In this RRT, a dialysis solution (dialysate) is introduced into the peritoneal cavity 

through a long-term catheter. Basically, solute diffusion and ultrafiltration occurs between blood in the 

peritoneal capillaries and dialysate, across the peritoneum. The dialysate is drained from the peritoneal 

cavity and is exchanged several times during the day (Gülcan, E. et al. 2014). The ultrafiltration 

depends not only of fluid removal but also of solute clearance, essential to PD success (Teitelbaum, I. 

2015). 

Over the years, the PD technique has undergone several improvements in the different elements of the 

system (PVC bag, dialysate, transfer set, and catheter access to the peritoneal cavity); for example, the 

connection technology (Y-shaped connector), and the addition of a “flush before fill” system between 

bags exchange (Mehrotra, R.  et al. 2009, Castledine, C. I. et al. 2011). These have contributed to the 

decrease in the risk of PD-related infections, however different results are still obtained among centers 

which may be related with unequal application of the available knowledge and experience. These 

technical innovations now used in PD allow the maintenance of patients on PD for long periods, with a 

survival rate equivalent to HD (Mehrotra, R. et al. 2016). 

One of the advantages of this technique is that it is a home-based dialysis technique in which the 

patients are trained to perform the treatment themselves, both in case of continuous ambulatory 

peritoneal dialysis (CAPD) and automated peritoneal dialysis (APD) (Mehrotra, R.  et al. 2009). CAPD 

implies 3 to 5 exchanges during the day and one during the night. APD implies the use of cycler 

machines performing dialysis exchanges and includes the following methods: continuous cyclic 

peritoneal dialysis (CCPD), intermittent peritoneal dialysis (IPD), nocturnal intermittent peritoneal 
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dialysis (NIPD), and tidal peritoneal dialysis (TPD). In some cases, the patients need the help of an 

assistant, a nurse or a trained family member, to perform the PD exchanges or to operate de PD 

cyclers, in order to ensure the continuation of PD (assisted PD). This happens especially in physically 

dependent patients.  

One of the main advantages of APD is that it gives patients more freedom, since dialysis exchanges 

can be performed during the night, allowing patients or patients’ helpers to work during the day 

(Castledine, C. I. et al. 2011). 

As already described PD treatment has many advantages over HD, however it is still underused. This 

may be related with diverse factors such as the development of recurrent peritonitis, failure to attain 

efficient dialysis, technical troubles with PD catheter, low literacy level of patients, and familial and 

occupational reasons (Gülcan, E. et al. 2014). A nationwide survey in Japan concluded that to prolong 

the use of PD by CKD patients, it is necessary to develop solutions that better preserve peritoneal 

function, to educate PD patients regarding salt and fluid restriction, and also to improve the early 

diagnosis and treatment of peritonitis (Kawaguchi, Y. et al. 2003). 

According to the data provided by the Portuguese Society of Nephrology, in Portugal the number of 

incident and prevalent PD patients increased in 2015 and APD was less commonly used than CAPD. 

The first cause of PD abandonment is peritoneal access infection, followed by inadequate ultrafiltration 

or dialysis failure. Regarding the death causes of PD patients in 2015, cardiovascular diseases were 

the leading cause corresponding to approximately 40% of deaths in this population. Also, there was a 

decrease in infections related to peritoneal access  (2.6%) (Sociedade Portuguesa de Nefrologia 2016).  

Although the incidence of peritonitis is decreasing, this complication persists as the Achilles’ heel of PD. 

Prevention of infection thus is a critical step to the success of every PD-program once PD-related 

infections are responsible for catheter loss, transfer to HD, prolonged hospitalization and in more 

serious cases death. These infections are not only a cause of PD failure but also an important 

contributor to morbidity and mortality in this population. 
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Figure 1: Reasons for discontinuation of PD in 2015 (N = 187). Adapted from SPN Registration Office, Fernando 
Macário 2015. 

 

PD-related infections 

Peritonitis and exit-site infections (ESI) are the more relevant and more common PD-related infections. 

Recently Kim and colleagues (2017) reported that peritonitis and exit-site/tunnel infections were 

responsible for 45.7% of technique failure, and that lower education of PD patients is associated to the 

development of infections and higher risk of PD failure. 

Despite the importance of PD-related infections, the factors responsible for development of these 

infections are still not fully understood. It is assumed that contamination at the time of PD fluid 

exchange remains a major cause of peritonitis, occurring mainly by an external route (Barraclough, K. 

A. et al. 2009). Thus, high standard hygiene procedures during the PD exchange are promoted in PD 

patients. According to the data provided by the Portuguese Society of Nephrology the peritonitis rate 

was in 2015 of 0.37 episodes/patient and in the same year 34% interrupted the technique due to 

infection (Figure 1). The International Society for Peritoneal Dialysis (ISPD) 

guidelines/recommendations state that the peritonitis rate should be at most 0.5 episodes per year at 

risk (Li, P. K. et al. 2016). This rate corresponds to the number of infections by organism for a time 

period, divided by dialysis years’ time at risk, and expressed as episodes per year. Ideally each PD 

patient shouldn’t have more than one infection episode every two years on PD. 

For an improved resolution of PD-related infections it is very important to conduct a thorough 

microbiological study of these infections. Some observational studies have described a decrease of 

PD-related infections rates in recent years, especially in the case of Gram-positive but also in Gram-
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negative infections (Rocha, A. et al. 2012, Cho, Y. et al. 2014, Ozisik, L. et al. 2015). This reduction has 

been associated to diverse factors as implementation of twin bag disconnection system, mupirocin 

administration in Staphylococcus aureus carriers, chemoprophylaxis protocol, topical application of 

gentamicin in catheter exit site and improved training of patients, among others.  

In a study conducted in Turkey over a six-year period with 440 PD patients, Ozisik and colleagues 

(2015) reported that coagulase-negative staphylococci were the most frequent microorganisms 

identified as infectious agents. Additionally, the peritonitis episodes were caused in the majority by 

gram-positive, followed by gram-negative and in a minority of the cases by fungi (Ozisik, L. et al. 2015). 

In another study, Zelenitsky and colleagues (2016) reported the microbiological etiology and 

antimicrobial susceptibilities regarding PD-related peritonitis during a 9 year period (2005-2014). They 

observed that, in monomicrobial peritonitis 71% are caused by gram-positive bacteria, including 

coagulase-negative staphylococci, Streptococcus spp. and Staphylococcus aureus; whereas in 

polymicrobial infections a mixed gram-positive/gram-negative bacteria and multiple gram-positive 

bacteria was observed, being coagulase-negative staphylococci and Streptococcus spp. the most 

prevalent. Also in the relapse cases, coagulase-negative staphylococci and S. aureus were the most 

common infectious agents. Coagulase-negative staphylococci reported as PD-related infectious agents 

included Staphylococcus haemolyticus, Staphylococcus warneri, Staphylococcus hominis, 

Staphylococcus simulans, Staphylococcus capitis, and Staphylococcus saprophyticus (Wilcox, M. H. et 

al. 1991, Shin, J. H. et al. 2011). An infectious agent that is frequently associated with a poor response 

to antibiotics as well as with a high rate of catheter removal is Pseudomonas species. In a study by Lu 

and colleagues  (2018) 8.3% of peritonitis episodes were caused by this specie. 

In accordance with the data available in recent years in the PD outpatient clinic of the Nephrology 

Department of the S. João Hospital Center, the most common peritonitis agents were Streptococcus 

spp., Staphylococcus spp., Pseudomonas spp., Escherichia coli and Klebsiella pneumonia 

(unpublished data). Also, catheter exit-site infections are frequent in these patients, and the most 

common agents responsible for this type of infections were Staphylococcus spp., Pseudomonas spp. 

and Corynebacterium spp. (unpublished data).  

Regarding fungal infections, these are usually less frequent, however with high clinical importance 

since its resolution is more difficult. In the majority of fungal peritonitis episodes, the patients need to 

replace or even remove the catheter, and consequently they are transferred to HD. Candida spp. is the 

principal infectious fungal agent (Rex, J. H. et al. 2000). In 2010, Restrepo and co-workers described 

for the first time that the administration of prophylactic fluconazole to patients receiving antibiotics 
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(bacterial peritonitis) successfully reduced the appearance of secondary fungal peritonitis and other 

complications (Restrepo, C. et al. 2010).  

In the study of Zelenitsky, only 5% of culture-positive peritonitis were from fungal origin (Zelenitsky, S. 

A. et al. 2016). There are several Candida species that colonize specific body locations, as the skin, 

oropharynx, gastrointestinal tract and vagina, and that in the presence of a microbiota disruption may 

be responsible for opportunistic infections (Kauffman, C.A. 2017). Fungal infections are usually 

associated with immunosuppression, malnutrition and previous antibiotherapy. Additionally in PD 

patients, fungal infections are associated with previous bacterial infections (Matuszkiewicz-Rowinska, J. 

2009).  

Although fungal peritonitis have already been the subject of several studies, and international 

guidelines reflect the results obtained in the procedures adopted for its diagnosis and treatment, fungal 

ESI are less explored. In a study conducted in the 90’s the majority of the etiology of ESI episodes was 

S. aureus, followed by CNS, S. epidermidis and the less frequent fungi (Luzar, M. A. et al. 1990). In 

another study, the authors compared the use of a prophylactic antiseptic against mupirocin, and 

described a greater rate of infection in the first group (Findlay, A. et al. 2013). They also described the 

etiology of ESI episodes in both groups, being gram-negative bacteria the only identified agent in the 

mupirocin group contrasting with the antiseptic group that presented ESI episodes caused by gram-

negative, namely Pseudomonas, followed by gram-positive mostly by S. aureus (Findlay, A. et al. 

2013). In a recent study of the PD unit from São João Hospital, including 26 patients that developed 

ESI, 5.6% were from fungal origin. In these ESI from fungal origin, 13% had been exposed to 

immunosuppressive therapy in the previous 6 months, 75% had been exposed to antibiotherapy in the 

previous 3 months (the majority for PD-related infections) and almost half received a prophylactic 

treatment with fluconazol (Coelho, S. et al. 2016). The most frequent Candida species identified as ESI 

infectious agents were: Candida parapsilosis (67%), Candida glabrata (10%), Candida zeylanoides 

(6.6%), Candida famata (6.6%) and Candida tropicalis (3.3%). Antifungal therapy was efficient in 80% 

of the patients, and the remaining patients were subjected to catheter replacement or removal (Coelho, 

S. et al. 2016).  

Another important aspect regarding the management of PD-related infections is the existence of culture 

negative peritonitis. Zelenitsky and colleagues (2016) described a rate of culture-negative peritonitis of 

0.11 episodes per patient-year and in another study more than 20% of PD-related peritonitis were 

reported as culture-negative (Li, P. K. et al. 2010). These cases frequently result from the presence of 

uncultivable microorganisms, low pathogen number or previous antibiotic administration. These facts 
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outline the need for improvement in diagnosis, since in these situations, treatment with a specific 

antibiotic is not possible and an empirical treatment with broad spectrum antibiotics has to be 

performed. This lack of a targeted and specific treatment contributes to the development of antibiotic 

resistance, drug toxicity and to microbiota imbalance (Pereira, B. et al. 2005). Notwithstanding, these 

problems can also occur in culture-positive peritonitis, since traditional microbiology results take several 

days. Misidentifications of microorganisms in PD-related infections can also pose a problem, namely 

when the diagnosis of recurrent peritonitis and the possibility of catheter replacement are at stake. 

Thus, a fast and accurate diagnosis of microbial infections in PD is a fundamental step to improve 

patient management and to implement infection control procedures. Until recently, microbial 

identification relied on the characterization of phenotypic markers; however, these techniques are 

hardly applied to slow growing or uncultivable microorganisms. With the development of molecular 

biology, new strategies should be adopted (Petinaki, E. et al. 2006). Molecular assays can either be 

designed specifically for one organism or be broad-range assays. Several groups have studied the 

usefulness of such techniques, such as 16SrRNA sequencing, DGGE, PCR-RFLP and PFGE for 

bacterial diagnosis in clinical infections (Ratanarat, R. et al. 2007, Woo, P. C. et al. 2008, Cho, C. H. et 

al. 2009, Reier-Nilsen, T. et al. 2009), but their application to PD-related infections is still necessary.  

 

The human microbiome 

Microorganisms play an important role in the human body. It is now known that some microorganisms 

play a role in digestion, appetite regulation, and in modulation of the immune system (Alarcon, P. et al. 

2016, Andoh, A. 2016, Fetissov, S. O. 2017, Fung, T. C. et al. 2017). The majority of microorganisms 

are harmless, but they can cause disease if for some reason, they are in an unusual habitat or in 

increased levels. The Human Microbiome Project (HMP) Consortium described the diversity of the 

microbiome across multiple body sites (Human Microbiome Project, Consortium 2012). The HMP 

analysed samples collected from five major body sites: oral cavity, nasal cavity, skin, gastrointestinal 

tract and urogenital tract. 

The microbiome of skin, gastrointestinal tract and oral cavity are constituted by four principal phyla: 

Actinobacteria, Firmicutes, Bacteroidetes and Proteobacteria, but with different proportions. In the skin 

the most prevalent are Actinobacteria while in gastrointestinal tract are Firmicutes and Bacteroidetes 

(Grice, E. A. et al. 2011). Regarding the oral cavity, and considering the diverse oral samples analysed, 
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the dominant phyla are Firmicutes, Proteobacteria, Actinobacteria, Fusobacteria, TM7 and 

Spirochaetes (Lazarevic, V. et al. 2009). 

The definition of a healthy microbiome is not an easy task, since variation is present across individuals. 

The human microbiome of diverse locations differs in healthy individuals, and this diversity is not yet 

fully explained. However, some reasons have been pointed for its diversity, namely host genetics, early 

microbial exposure, environment and diet (Human Microbiome Project, Consortium 2012). 

Lloyd-Price and colleagues (2016) made such an attempt taking into account not only the composition, 

but also the function, dynamics, and ecology of the microbial species that compose the human 

microbiome. Accordingly, a “core” healthy microbiome might include specific microbial gene family 

combinations, metabolic modules and regulatory pathways that together promote a stable host-

associated ecology. 

The definition of a “healthy microbiome” based on sets of taxa that might be expected to be found 

prevalently in healthy people (Lloyd-Price, J. et al. 2016), led to the identification of typical genera or 

families in healthy populations namely: 

- Skin: Propionibacterium, Staphylococcus, Corynebacterium, Moraxella and Malassezia;  

- Oral cavity: Streptococcus, Rothia, Neisseria, Candida, Veillonella and Actinomyces; 

- Vagina: Lactobacillus, Gardnerella and Mycoplasma/Ureaplasma;  

- Gut: Bacteroidaceae, Clostridiaceae, Prevotellaceae, Eubacteriaceae, Ruminococcaceae, 

Bifidobacteriaceae, Lactobacillaceae, Enterobacteriaceae, Saccharomycetaceae and 

Methanobacteriaceae.  

Taking into account the ecological patterns, several aspects affect the microbial composition, such as 

the order of colonization, that is affected by geography and early exposures, the prolonged availability 

of each microbe in the host’s local environment, and host selection that is influenced by genetics or diet 

(Lloyd-Price, J. et al. 2016). 

In terms of dynamics, an unstable infant microbiome that gradually became a healthy adult state, could 

be subjected to perturbations. The two possible results are: resistance or a healthy state microbiome 

alteration that could result in a resilient microbiome that will return to a healthy state (possibly different 

from the original healthy state) or result in an unhealthy state (Montebugnoli, L. et al. 2004). 
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With the acquired knowledge in recent years, the human microbiome is now considered by some 

authors as a metabolically active endogenous “organ” in itself (Human Microbiome Project, Consortium 

2012, Ramezani, A. et al. 2014, Nallu, A. et al. 2017). It influences the well-being of the host by 

contributing to its nutrition, metabolism, physiology, and immune function (Dethlefsen, L. et al. 2007, 

Costello, E. K. et al. 2009, Human Microbiome Project, Consortium 2012, Rautava, S. et al. 2012), 

maintaining the balance between health and disease states.  

The role of disturbances of normal gut microbiome in the pathogenesis of several chronic diseases has 

been reported, such as obesity, insulin resistance, diabetes, inflammatory bowel disease, liver cirrhosis, 

myocardial ischemia and CKD (Frank, D. N. et al. 2007, Wang, Z. et al. 2011, Qin, J. et al. 2012, Le 

Chatelier, E. et al. 2013, Qin, N. et al. 2014, Sampaio-Maia, B. et al. 2016). Other dysbiosis of 

microbiomes were associated with chronic diseases, as is the case of the lower airway dysbiosis that 

has been shown to contribute to the pathophysiology of asthma (Lu, J. et al. 2017). Also, skin 

microbiome dysbiosis was reported as one of the contributing factors to atopic dermatitis, the most 

common chronic inflammatory skin disease (Weidinger, S. et al. 2018). In the oral cavity, the ecological 

imbalance was already associated to diverse local infectious diseases (dental caries, periodontitis, 

periodontal diseases) (Costalonga, M. et al. 2014), but also with several systemic diseases, such as 

cancer, diabetes, cardiovascular diseases and preterm birth (Herzberg, M. C. et al. 1996, Wu, T. et al. 

2000, Campus, G. et al. 2005, Farrell, J. J. et al. 2012). In the specific case of rheumatoid arthritis, 

beyond the environmental factor disturbances, the microbiome of the intestine, lung and oral cavity 

were described as being involved its pathogenesis (Branimir, Anic et al. 2014).  

Recent studies have described the existence of specific microbiomes in tissues previously considered 

sterile, such is the case of placenta and breast tissue (McLaughlin, R. W. et al. 2002, Aagaard, K. et al. 

2014, Damgaard, C. et al. 2015, Potgieter, M. et al. 2015, Hieken, T. J. et al. 2016, Paisse, S. et al. 

2016). Still many other studies are necessary to fully characterize the human microbiome, and its role in 

health and disease development. 

The hypothesis that peritoneum may harbor its own microbiome will be explored in the chapter VI. 
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The human oral microbiome 

The human oral microbiome constitutes one of the most diverse microbiomes (bacteria, fungi, protozoa, 

viruses and archaea) of human body (Wade, W. G. 2013), being the second most abundant after the 

gastrointestinal tract (Verma, D. et al. 2018).  

In 2010, the Human Oral Microbiome Database (HOMD) included 619 taxa in 13 phyla (Actinobacteria, 

Bacteroidetes, Chlamydiae, Chloroflexi, Euryarchaeota, Firmicutes, Fusobacteria, Proteobacteria, 

Spirochaetes, SR1, Synergistetes, Tenericutes, and TM7) (Dewhirst, F. E. et al. 2010) identified by 16S 

rRNA gene sequences. Recently, the expanded Human Oral Microbiome Database (eHOMD, 

www.homd.org) was created. This includes comprehensive information on the bacterial species present 

in the human aerodigestive tract (oral cavity, pharynx, nasal passages, sinuses and esophagus). 

Currently, eHOMD includes genomes for 475 taxa. In addition, to allow access to bacterial taxa, this 

resource contains a repository of bacterial genome sequences and an identification tool based on 16S 

rRNA sequencing. 16S rDNA profiling of the healthy oral cavity categorized the inhabitant bacteria 

(96% of total oral bacteria) into six broad phyla: Firmicutes, Actinobacteria, Proteobacteria, 

Fusobacteria, Bacteroidetes and Spirochaetes (Verma, D. et al. 2018). 

The first studies on the Human oral microbiome were done with traditional methods based on microbial 

cultures. The introduction of culture-independent methods revealed that approximately half of the oral 

microbiome was composed by uncultured species. These studies enabled a more complete 

identification of the oral bacterial community and revealed that the  individuals’ oral microbiome is 

highly specific concerning the species level (Wade, W. G. 2013). Recently Lloyd-Price and colleagues 

(2016) reported that overall the oral microbial community is more similar within a certain population than 

with the microbial communities from other habitats of the same person. However, intra-individual 

variability over time is lower than inter-individual differences within habitats (Human Microbiome 

Project, Consortium 2012, Monteiro-da-Silva, F. et al. 2014, Lloyd-Price, J. et al. 2016). 

The two bacterial diseases most common in man are dental caries and periodontal diseases.  They are 

the result of different factors interactions, namely host susceptibility, commensal microbiota and 

environmental factors. In order to understand host-microbiome interactions the focus should be not only 

on the microbiome composition but also on the function of each microorganism within oral community 

(Wade, W. G. 2013). Some studies point out the oral cavity as a starting point for dissemination of 

pathogenic organisms (Li, X. et al. 2000); the oral cavity is an entry way, since food and air pass 

through the mouth and follow the respective pathways probably spreading oral microorganisms to other 
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body habitats (Dewhirst, F. E. et al. 2010). Also, it is known that oral microorganisms are frequently 

responsible for bacteraemia due to routine daily hygiene activities, such as tooth brush, dental tape 

use, or invasive dental procedures, reason why patients at risk are prophylactic treated with antibiotic 

therapy before dental interventions (Bahrani-Mougeot, F. K. et al. 2008, Sampaio-Maia, B. et al. 2016). 

Moreover, several studies reported that oral bacteria are associated to different systemic diseases, as 

cardiovascular disease, stroke, diabetes and pneumonia (Joshipura, K. J. et al. 2003, Montebugnoli, L. 

et al. 2004, Beck, J. D. et al. 2005, Genco, R. J. et al. 2005, Seymour, G. J. et al. 2007, Awano, S. et al. 

2008). A preliminary study by Kshirsagar and colleagues (2009) described that a moderate-to-severe 

periodontal disease was strongly associated with CVD mortality in CKD patients on dialysis, despite the 

possible association between oral diseases and an adverse survival of renal diseases patients the 

scientific evidence linking this route of infection to peritonitis is still scarce (Strippoli, G. F. et al. 2013). 

In the particular case of PD-related infections, an evaluation of possible alternative routes of infection 

would help to improve the knowledge on infection development and to implement preventive strategies 

to control them. Oral microbiota could represent a reservoir of infectious agents that could reach the 

peritoneum by hematogenous route. 

 

Microbiome and CKD  

As previously mentioned, the existence of an imbalanced human microbiome was already reported in 

CKD. Most of the existing studies have focused on the gut microbiome and is now a well described 

phenomenon (Wang, F. et al. 2012, Barrios, C. et al. 2015, Barros, A. F. et al. 2015). CKD associated 

factors may play a role in the promotion of gut microbiome imbalance, such as increasing the intestinal 

availability of uremic toxins, metabolic acidosis, intestinal wall edema and reducing the colonic transit 

and digestive capacity. Pharmacological therapies (e.g., antibiotics and iron deliver) and dietary 

restrictions (e.g. reduced fiber intake) also alter gut microbiome and may play a significant role on gut 

dysbiosis. Within the intestinal epithelia, commensal bacteria compete with pathogens for epithelial 

adhesion sites and nutrients. In a dysbiotic state this natural defense is reduced, consequently 

increasing CKD patients’ vulnerability to pathogen invasion.  

The intestinal microbial imbalance occurs either quantitative and qualitatively being frequently 

associated with the overgrowth of Enterobacteriaceae, Lachnospiraceae and some Ruminococcaceae, 

and with the reduction of some Bacteroidaceae, Prevotellaceae and particular Bifidobacterium and 

Lactobacillus species (Sampaio-Maia, B. et al. 2016). 
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The pathophysiological mechanisms underlying the role of gut dysbiosis in CKD are presented in 

chapter I. However, the characterization of other human microbiomes and its relationship with disease 

progression is still poorly explored in CKD. 

The midstream urine microbiome was recently described in CKD (Kramer, H. et al. 2018) reporting that 

the microbial diversity decreases with the progression of CKD. However, it was not possible to 

determine whether it is the kidney disease that influences the midstream urinary microbiome or vice 

versa, and thus further studies are still necessary to understand this relationship.  

In 2012 another study compared the oral microbiome in CKD patients with periodontitis to the one of 

individuals without CKD and with periodontitis. The periodontitis-associated subgingival microbiome 

was equivalent in both groups in terms of composition, but the subgingival microbiome of patients 

with CKD presented increased levels of pathogenic species after mechanical non-surgical periodontal 

treatment (Artese, H. P. et al. 2012). Recently, Hu and colleagues (2018) described the association 

between the oral microbiome of CKD patients and the presence of inflammatory kidney biomarkers, 

suggesting that the oral microbiome has a potential role in CKD pathogenesis. Bossola and colleagues 

(2009) showed that 20.7% of blood samples from HD patients presented bacterial DNA (E. coli, S. 

aureus, P. aeruginosa, S. epidermidis, E. faecalis, Proteus mirabilis and Staphylococcus haemolyticus), 

in contrast to the absence of blood microbiome in healthy controls. In a study of 2015 lower α-diversity 

levels were observed in the periodontal microbiome of some ESRD patients when compared to 

controls; suggesting that increasing dialysis vintage was associated to less diversity and smaller 

microbial community (Araujo, M. V. et al. 2015).  Among CKD patients the dialysis therapies have been 

associated with different modifications of the gut microbiome, such as a decrease in Proteobacteria 

relative abundance in HD patients and increase in PD patients. However, both therapies may have an 

impact on the human microbiome beyond the gut. Chapter II presents the impact of HD and PD 

therapies on the human microbiome. 
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Aim of the Study 

 

This thesis emerged from the need to further characterize and understand the role of the human microbiome in 

the development of infection in the PD population. Although the number of peritonitis has decreased in the last 

years, there is still a considerable number of patients that abandon this technique due to peritonitis episodes that 

result in catheter loss, transfer to HD and, in severe cases, death.  

Our goal was to study the relationship between the patients’ microbiota, infection development and PD-related 

infectious agents. In the future, this could lead to a decrease in PD-related infection occurrence, by identification 

of novel infection routes and implementation of newly devised preventive strategies in this population.  

For this purpose, we evaluated a group of ESRD adult patients undergoing PD, followed up in the outpatient 

clinic of the Nephrology Department of the “Centro Hospitalar de S. João”.  

The major goals of this study, subdivided in the following six chapters, were: 

- Chapter I - Review of the literature focused on the role of gut dysbiosis in CKD; 

- Chapter II - Review of the literature on the characterization of the human microbiome in CKD patients 

undergoing HD and PD; 

- Chapter III – Colonization of the oral cavity by Staphylococcus and its correlation to PD-infection 

development; and comparison between different methodologies for Staphylococcus identification;  

- Chapter IV - The oral colonization by yeasts and the development of PD-related infections; and 

comparison between yeast colonization of CKD patients on HD and PD; 

- Chapter V - Protozoa colonization of the peritoneal effluent and oral cavity of PD patients;  

- Chapter VI - Characterization of the peritoneum microbiome in ESRD adult patients and evaluation of the 

effect of PD on its composition. 
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CHAPTER I 

 

 

 

 

 

 

 

 

“The role of the Gut microbiome on Chronic Kidney Disease” 

Published in Advances in applied microbiology 2016;96:65-94. doi: 10.1016/bs.aambs.2016.06.002. 
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In the last years, the role of the gut microbiome has been evaluated in diverse chronic diseases. In 

CKD, gut dysbiosis has been pointed out as a nontraditional risk factor for CV risk and CKD 

progression. In this chapter, we review the state-of-the-art concerning gut dysbiosis in CKD and its role 

in pathophysiological mechanisms of CKD, particularly in relation with CV risk. The strategies towards 

the prevention and treatment of gut dysbiosis in CKD progression are also described. 
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“The microbiome in chronic kidney disease patients undergoing hemodialysis and 
peritoneal dialysis.” 

Pharmacological Research 130 (2018) 143–151 
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The increasing knowledge on the human microbiome and its role in health or disease state has 

changed our view regarding the relevance of microorganisms as an ecological community and not only 

as potential infectious agents. In this chapter, we review the existent literature reporting the microbiome 

of ESRD patients undergoing RRT, in specific HD and PD. These appear to influence the gut 

microbiome composition, and also other microbiomes. 
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Staphylococcus species are the most common agents responsible for PD-related infections, causing 

either peritonitis or exit-site infections. In this chapter, we characterize the colonization of oral cavity of 

PD patients by Staphylococcus, in comparison to a healthy population, and study its relation to the 

clinical history of infections. Also, we compared the performance of different methodologies for the 

identification of Staphylococcus isolates: API STAPH 32 methodology, sequencing of the DnaJ gene 

and MS VITEK2. 
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Abstract 

Presently, there is an extensive set of methods available for microbial identification based on their phenotypic 

and/or molecular characteristics. Although many use MALDI-TOF-based methodologies, in less equipped 

laboratories phenotypic and API methodologies are still widely used. In this study, we compared the performance 

of phenotypic and molecular tools for the identification of Staphylococcus isolates, growing in Mannitol Salt agar. 

The API STAPH 32 methodology, based on biochemical tests, and sequencing of the DnaJ gene were applied to 

52 isolated strains. The API method resulted in 23% unidentified isolates vs. 4% by DNA sequencing. A third 

MALDI-TOF-based methodology, VITEK MS, was applied when discrepancies were observed. In this subset of 

samples, only 33% of the identifications were in accordance with API or DnaJ sequencing, 67% were ambiguous 

or different from both methods. Also, we verified that Staphylococcus aureus can represent a minority of the 

gram positive, catalase positive cocci, isolated from yellow colonies grown in Mannitol Salt agar. Here, we 

highlight the importance of the method of choice for Staphylococcus identification. Molecular methods are in 

general more accurate than phenotype- based methods and should be used when possible. Even though 

MALDI-TOF mass spectrometry is considered a very accurate, rapid, high-throughput proteomic technique for 

bacteria identification, we demonstrate that it did not achieve the established levels of accuracy in a 

subpopulation of clinical isolates. 

 

Keywords: API 32 STAPH; DnaJ; identification; Staphylococcus; VITEK MS. 

 

1. Introduction 

Staphylococci are regarded as one of the most 

important group of pathogens, being frequently 

associated with human and animal infections 

(Archer, 1998, Becker et al., 2014, Widerstrom et 

al., 2012). The genus Staphylococcus is 

characterized by gram- positive, catalase-positive 

cocciform bacteria. There are currently 52 

established Staphylococcus species 

(http://www.bacterio.net/), 12 of which contain 

different subspecies (28 in total). Staphylococci are 

usually divided into two groups, coagulase-positive 

and coagulase negative (CoNS), based on the 

presence or absence of the secreted coagulase 

polypeptide that promotes the fibrin of blood plasma 

to clot (Becker, et al., 2014). Very few staphylococci 

are coagulase-positive, although Staphylococcus 

aureus, the most extensively studied species and 

an important human pathogen, belongs to this 

group. Staphylococcus aureus is frequently isolated 

from community and hospital infections, being the 

leading cause of skin and soft tissue infections, 

foreign body infections, and infective endocarditis 

(Archer, 1998). Its well-studied mechanisms of 

pathogenicity, such as antibiotic resistance and 

biofilm-forming capacity, immune evasion and toxin 

production contribute to S. aureus’s success as 

human pathogen (McCarthy et al., 2015, Otto, 

2014a). The majority of the Staphylococcus species 

are CoNS, and are regarded as saprophytes with 

pathogenic potential. CoNS species most frequently 

associated with human infections include 

Staphylococcus epidermidis (Otto, 2014b), 
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Staphylococcus haemolyticus (Czekaj et al., 2015) 

and Staphylococcus saprophyticus (Widerstrom, et 

al., 2012). Other strains are also recognized as 

opportunistic pathogens, including S 

Staphylococcus warneri, Staphylococcus capitis, 

Staphylococcus cohnii, Staphylococcus hominis, 

Staphylococcus simulans, Staphylococcus xylosus, 

Staphylococcus lugdunensis, and Staphylococcus 

saccharolyticus (Becker, et al., 2014). Infections by 

CoNS have increased in recent years, possibly 

deriving from changes in patient population 

structure and the increasing use of inserted foreign 

bodies, i.e. catheters, stents or prosthesis (Becker, 

et al., 2014). Thus, it is important to correctly 

identify Staphylococcus species, since accurate 

identification is the basis for a better understanding 

of the pathogenic potential of its various species 

(Dai et al., 2012, Heikens et al., 2005). Before the 

development of molecular methods, microbial 

identification relied solely on characterization by 

phenotypic-based methods. Such is the case of the 

API methodology that depends on the detection of 

metabolic activities of the analysed 

microorganisms. A common drawback of this 

methodology is that without the existence of the 

optimal conditions for the expression of metabolic 

activities, these assays may result in the 

misidentification of isolates (Sheraba et al., 2010). 

Recently the MALDI-TOF MS was introduced in the 

clinical setting. This technology is based on protein 

fingerprinting and has successfully reduced the time 

required to identify pathogens (Tan et al., 2012). 

MALDI-TOF MS‘s high diagnostic accuracy makes 

it an attractive option to be used for direct detection 

of pathogens from clinical specimens (Wattal and 

Oberoi, 2016). Molecular methods are reliable 

alternatives to phenotypic methods. The 16S rRNA 

gene is the most frequently used gene for 

identification and classification of bacteria. 

However, in recent years other candidate genes, 

such as hsp60, rpoB and sodA have appeared, 

since closely related species have high degrees of 

sequence similarity for the 16SrRNA gene 

(Drancourt and Raoult, 2002, Ghebremedhin et al., 

2008, Kwok et al., 1999, Poyart et al., 2001). Some 

of these are species specific as they are not 

ubiquitous, such is the case of the MecA gene 

present in Staphylococci (Rolo et al., 2017). Ezaki 

and his team (Shah et al., 2007) have developed a 

sequence-based assay using the DnaJ gene. This 

assay displayed a greater resolving power for the 

genus Staphylococcus, resulting in the identification 

and phylogenetic characterization of almost all 

staphylococci at both the species and, with some 

exceptions, the subspecies levels. In the present 

work, we compared the identification of 

Staphylococcus spp. isolated from yellow colonies 

grown in Mannitol Salt agar, by API 32 STAPH and 

sequencing of DnaJ gene. Isolates with disagreeing 

identifications were further characterized by the 

Vitek MS system. 

 

2. Material and Methods 

2.1. Biological material 

Samples from saliva, nose and skin surrounding the 

peritoneal catheter exit-site were obtained from 

Peritoneal Dialysis (PD) patients, followed up in the 

outpatient clinic of the Nephrology Department of 

“Hospital S. João” (Porto, Portugal); saliva samples 

were also collected from controls. Written informed 

consent was obtained from both PD patients and 

controls (approved by the Ethics Committee of 
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Centro Hospitalar de S. João). Saliva samples were 

collected by spiting the whole-mouth saliva under 

resting conditions for 5 min. Saliva was mixed in a 

1:1 ratio with Brain Heart Infusion containing 20% 

glycerol, and subsequently cryopreserved at -80ºC 

until microbial analysis. Epithelial cell swabs from 

the peritoneal catheter exit-site and nasal cavity 

were collected only from PD patients without 

previous topic antibiotic application. Swabs were 

cryopreserved at -80ºC in Brain Heart Infusion with 

10% glycerol, until microbial analysis. Staphylococci 

were isolated on Mannitol Salt agar (Liofilchem, 

Italy) and sub- cultured in BHI agar (Biolab, 

Hungary). Samples were serially diluted with 0.9% 

sterile NaCl solution up to 10-2. Plates were 

incubated aerobically for 48h at 37°C. 

Staphylococci were first screened with Gram-stain 

and catalase tests. The Gram-positive, catalase-

positive cocci isolated from yellow colonies grown in 

Mannitol Salt agar were submitted to further 

characterization. 

2.2. Staphylococcus identification by API/ID32 

The multi-test system, API 32 STAPH (Biomerieux) 

was performed according to the manufacturer’s 

instructions. The Apiweb software was used to 

calculate the probability of identification within a 10 

to 100% range (https://apiweb.biomerieux.com). 

Only identifications with >90% of probability were 

accepted (Sampimon et al., 2009). 

2.3. DNA extraction and amplification of the 

DnaJ gene 

DNA was extracted with the boiling method. Briefly, 

5 colonies were resuspended in 100 µL of 

molecular grade water and incubated at 100ºC for 

10 min. The diluted suspension (1:10) was 

centrifuged at 12.000 rpm for 10 min and the 

supernatant used as DNA template. DnaJ gene was 

amplified as previously described (Shah, et al., 

2007). PCR amplification products were identified 

by Sanger sequencing (StabVida, Caparica, 

Portugal). The identification by sequencing of DnaJ 

gene was only accepted when sequence identity 

was 98% or higher to DnaJ sequences resulting 

from whole genome sequencing deposited at 

GenBank® (Benson et al., 2013). 

2.4. Staphylococcus identification by the Vitek 

MS system 

Identification with the Vitek 2 MS system 

(Biomerieux) was performed according to the 

manufacturer’s instructions and based on the 

clinical protocol. Four spots were analysed with the 

recommended matrix. Before measurement, 

cultures were checked for purity and the colony 

used for analysis was obtained from fresh agar 

plates (24h incubation). The strains did not changed 

colony morphology during storage. 

2.5. Phylogenetic comparison 

Staphylococcus isolates were classified according 

to the phylogenetic analysis conducted by Lamers 

et al. (2012), where staphylococci were classified 

into 6 “species groups” (based on phenotypic 

variance) and 15 “cluster groups” (based on 

molecular data). In the disagreeing results, we 

verified if the identified species belonged to the 

same cluster group, the same species group, 

different species groups or different genera. 

2.6. Data analysis 

The reference method for staphylococci species 

identification was DnaJ gene sequencing. Isolates 
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were considered to be correctly identified by API 

Staph ID 32 and VITEK MS if the identification 

retrieved the same species as the reference 

method. A misidentified isolate was considered 

when a different species was found, compared to 

the reference method. For API STAPH 32, 

sensitivity and specificity were calculated 

(Sampimon, et al., 2009). Sensitivity was calculated 

as the proportion of true positive isolates that were 

correctly identified. Specificity was calculated as the 

proportion of true negatives that were correctly 

identified; for a given species it is the proportion of 

isolates other than that species, based on 

sequencing data, which were identified as 

something other than that species by API. An 

ambiguous identification was considered when the 

obtained result included more than one species. 

Results are presented as percentages. Data was 

analysed using IBM SPSS Statistics for Windows, 

Version 23.0 (IBM Corp, NY, USA). The agreement 

test, Kappa value, was applied when appropriate. A 

P value of less than 0.05 was assumed to denote a 

statistically significant difference. 

 

3. Results 

In the present study, 52 staphylococci strains were 

isolated and analysed by both DnaJ sequencing 

and API 32 STAPH. Fifty Staphylococcus clinical 

isolates were successfully identified with the 

reference method, DnaJ sequencing (Shah, et al., 

2007). Of the two isolates not identified by 

sequencing, no amplification of DnaJ was obtained 

in one isolate, whereas in the other, sequence 

identity was inferior to 98%. Regarding analysis by 

API 32 STAPH, 10 unidentified results were 

obtained, whose probability score was <90%. A 

total of 42 isolates were identified by both methods 

(Fig. 1A). 

 

 

Figure 1: A) number of isolates (n=52) identified by API32 STAPH and DnaJ sequencing and both techniques. 

B) Phylogenetic relationships for disagreeing results obtained between API32 STAPH and DnaJ sequencing. 

Species were organized according to Lamers et al. (2012) as belonging to the same cluster group, the same 

species group, different species group or different genus. 
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The Staphylococcus species identified by the two methods are described in Table 1. 

 

Table 1: Staphylococcus species identified by DnaJ sequencing, API32 STAPH, and 

202 VITEK MS. 

 

 

 

 

 

 

 

 

 

 

 

 

In isolates characterized by both methods, the 

comparison between API 32 STAPH and DnaJ 

sequencing revealed a disagreeing identification in 

10 (25%) of the isolates (Fig. 1B). To further extend 

the characterization of the isolates with disagreeing 

species identification, these were subsequently 

subjected to analysis by the automated microbial 

identification system VITEK MS. We were unable to 

recover growth from one of the isolates, and, three 

isolates had ambiguous identifications, presenting 

more than one species in its identification report, 

resulting in six de facto identifications (Table 1). In 2 

isolates the identification was identical to the 

obtained by DnaJ sequencing, and one to API 

(Table 2). However, 3 isolates had a new 

identification, different from the two previous. 

 

 

 Species identification 

 
DnaJ sequencing (n=50) 

API32 STAPH 
(n=42) 

VITEK MS 
(n=6) 

S. aureus 12 9 - 

S. epidermidis 14 11 2 

S. capitis 3 2 1 

S. saprophyticus 7 4 - 

S. warneri 3 6 1 

S. cohnii 5 3 - 

S. xylosus 1 3 - 

S. hominis 3 1 1 

S. pasteuri  2 - - 

S. equorum - 1 - 

S. kloosii - 1 - 

S. haemolyticus - - 1 

Kocuria varians - 1 - 
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Table 2: Species identification of a subpopulation of staphylococci by VITEK® MS. Percentage of results 

obtained by VITEK® MS similar to the reference method DnaJ sequencing, similar to API32 STAPH, different 

from both methods or unable to discriminate between more than one species. 

 
 

 
 
 

 

We used the sensitivity and specificity to evaluate 

the API performance for Staphylococcus 

identification. The best sensitivity was found for the 

species S. capitis, S. xylosus and S. aureus, as 

each presented 100% of sensitivity; the specificity 

of detection for these species was of 100, 98 and 

98%,  

 

 

respectively (Table 3). The other species presented 

sensitivities that ranged from 50% to 80%, with the 

exception of S. pasteuri that displayed 0% 

sensitivity, although only two isolates were tested. 

Nevertheless, the specificity of detection of this 

specie was high (100%) (Table 3). 

 
 
Table 3: Sensitivity and specificity of the API Staph ID 32 multi-test system for the identification of 

Staphylococcus species, using DnaJ sequencing as a reference method. 

 

Staphylococcus spp. API Staph ID 32 
Sensitivity Specificity 

S. capitis 100% 100% 
S. xylosus 100% 98% 
S. aureus 100% 98% 
S. saprophyticus 80% 100% 
S. epidermidis 70% 95% 
S. warneri 67% 94% 
S. cohnii 60% 100% 
S. hominis 50% 100% 
S. pasteuri 0% 100% 
 

 

 The Kappa agreement test was applied to measure 

the correlation between the results obtained with 

the two methodologies. This test revealed a Kappa 

value of 0.700 (p<0.001) that according to McHugh 

et al (2012) corresponds to a moderate agreement 

between the two methods used. To further analyse 

the inconsistent results obtained with the two 

methods we investigated the phylogenetic 

relationships of the Staphylococcus isolates 

identified by the two methods, based on the 

analysis conducted by Lamers et al. (2012) (Fig. 1). 

In the disagreeing results obtained with API 32 

 VITEK MS identification (n=9) 
Identical to DnaJ sequencing 2 
Identical to API32 STAPH 1 
Different from both methods 3 
Unable to discriminate between more 
than one species 

3 
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STAPH vs DnaJ sequencing, we observed that 

approximately 20% of inconsistent identifications 

belonged to different species groups, 60% to the 

same species group, and only 10% to the same 

cluster group, which is the closest phylogenetic 

order. 

 

4. Discussion 

One of the most widely used methods for the 

isolation of staphylococci is the growth in Mannitol 

salt agar, a selective medium for Staphylococcus, 

followed by identification based on phenotypic or 

molecular methods. Staphylococcus aureus, the 

most pathogenic Staphylococcus species, is 

described as developing yellow colonies in this 

medium, due to its capacity to ferment mannitol 

producing acid and consequently turning the phenol 

red pH indicator from red to yellow. Most 

manufacturers also state that coagulase-positive 

staphylococci are expected to produce yellow 

colonies that may have a yellow halo around the 

colony, whereas coagulase-negative staphylococci 

will produce small, colourless-to-pink colonies with 

no colour change to the medium (Neogen, UK; BD, 

Germany). Other manufacturers refer that yellow 

colonies are only presumed to be coagulase-

positive and that a coagulase test is necessary to 

confirm this phenotype (Oxoid Limited, UK). 

Nonetheless, some authors claim that the 

coagulase test is not always effective and if the 

coagulase test is inaccurate, conventional testing 

methods may wrongly identify S. aureus as 

coagulase-negative staphylococci (CoNS) (Dai, et 

al., 2012). In the present work, we compared 

different methodologies for the identification of 

staphylococci, having as the starting point the 

detection of yellow colonies in Mannitol Salt agar. In 

our study only 23.7% of yellow colonies grown in 

Mannitol salt agar were identified as S. aureus. No 

other described coagulase-positive Staphylococcus 

was presently identified, namely Staphylococcus 

delphini, Staphylococcus hyicus, Staphylococcus 

intermedius, Staphylococcus lutrae, 

Staphylococcus pseudintermedius, and 

Staçhylococcus schleiferi subsp. coagulans. Given 

this low percentage of S. aureus growing as yellow 

colonies in Mannitol salt agar it is of outmost 

importance to identify the isolates obtained by this 

methodology, given that a serious pathogen may be 

overestimated. When comparing API 32 STAPH 

and DnaJ sequencing methodologies, we observed 

that the former identified a wider range of species 

than the latter. In parallel, there was an increased 

number of unidentified isolates by the API 32 

STAPH method, representing more than 23% of 

total isolates vs 4% by DnaJ sequencing. Two 

isolates were not identified with the DnaJ 

sequencing approach. In one of the isolates no 

amplification was obtained and in the other the 

identity of DnaJ sequence was lower than 98%. The 

primers used to amplify the DnaJ gene were 

designed for the genus Staphylococcus and the 

isolate could belong to another genus and thus no 

amplification was obtained. Alternatively, the isolate 

was from a Staphylococcus species that was not 

included in the original study and thus no DnaJ 

sequence is available (Shah, et al., 2007). Having 

an identity of DnaJ sequence lower than 98% 

suggests the presence of another specie of 

Staphylococcus since in the original study, only 45 

Staphylococcus type strains were analysed (Shah, 

et al., 2007). All the species here identified by DNA 

sequencing have already been associated with 
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human disease on a higher or lesser extent (Rupp 

and Fey, 2014). Assuming that DNA sequencing is 

the most accurate method for Staphylococcus 

identification (Shah, et al., 2007), the percentage of 

isolates correctly identified by API 32 STAPH was 

74%. We further characterized disagreeing results 

based on the phylogenetic relationships among 

Staphylococcus (Lamers, et al., 2012). When 

analysing inconsistent results obtained with API and 

DnaJ sequencing, we verified that the majority 

belonged to the same species group and only 10% 

to the same cluster group, which is the closest 

phylogenetically. This could be linked to the fact 

that the species group classification is based on 

phenotypic characteristics, and API 32 STAPH 

identification is based on phenotypic tests. The 

existence of Staphylococcus misidentifications not 

even belonging to the same species group, and 

thus phylogenetically most distant, is noteworthy. In 

fact, one of the isolates was misidentified for 

species from different genus (Kocuria varians and 

Staphylococcus epidermidis). In the past, other 

methods have led to the erroneous identification of 

coagulase-negative staphylococci as Kocuria spp., 

namely the VITEK 2 system (Ben-Ami et al., 2005), 

later identified as CoNS by 16S rRNA gene 

sequencing. This emphasises the importance of 

careful consideration of the laboratory and clinical 

procedures when uncommon pathogenic 

microorganisms are identified. As stated, 

disagreeing isolates were also identified by the 

VITEK MS system. Results obtained with this 

method were somewhat unexpected, since only 

22% were in agreement with the reference method 

of DnaJ sequencing. In addition, only 11% were in 

accordance with API and 67% of the analysed 

isolates were either ambiguous or different from 

both techniques tested (API and DnaJ sequencing). 

These values may be biased by the fact that this is 

a small subsample of the original group, enriched in 

isolates whose identification was already 

inconsistent with the two initial techniques. As such, 

isolates may represent atypical strains that do not 

have the phenotypic traits characteristics of the 

reference strains and thus are difficult to identify by 

these technologies. Nevertheless, a study by 

Loonen and co-workers (2012) reported a correct 

identification rate of 99.3% for the identification of 

CoNS when using MALDI-TOF MS technology, 

although a different system was used in this study 

Thus, considering the accuracy of DNA sequencing 

and MALDI-TOF MS (Ksiazczyk et al., 2016) the 

results of these two methodologies would be 

expected to be more identical. 

 

5. Conclusions 

With the current strategy, we wanted to highlight the 

importance of the method-of- choice for the 

identification of bacteria, using as a model the 

Staphylococcus genus. Phenotypic methods may 

be useful in preliminary identification of bacteria, as 

they lead to important data concerning phenotypic 

or physiological traits in the absence of more 

sophisticated analysis. However, the present report 

reinforces the notion that molecular methods are 

more accurate and should be preferably used, 

especially when dealing with atypical isolates. Even 

though MALDI-TOF MS methodologies, such as 

VITEK MS, are considered very accurate, rapid and 

high-throughput techniques for bacteria 

identification, we demonstrate that in a sub-group of 

isolates it did not achieve the described levels of 

accuracy necessary for the clinical setting, and 
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should be supplemented by molecular methods 

when strains difficult to identify are encountered. 
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Despite being rare, fungal peritonitis are associated with significant morbidity and mortality in 

PD patients. In this chapter, we characterize the colonization of oral cavity of PD patients by 

yeasts, and study the relation between yeast colonization and fungal infection development in 

these patients. Additionally, we evaluated the influence of HD and PD in the oral yeast 

colonization. 
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Abstract  

Objectives: Chronic kidney disease (CKD) is a public health problem worldwide and it is not clear if 

observed differences regarding oral health status between haemodialysis (HD) and peritoneal dialysis 

(PD) patients are due to dialysis modality or to dialysis vintage. Therefore, the aim of this study was the 

evaluation of the periodontal disease, dental caries and Candida colonization among patients on HD, 

PD and PD with previous history of HD (HD/PD).  

Method and Materials: The clinical history, smoking and oral hygiene habits were recorded. Decayed, 

Missing and Filled Teeth index, visual plaque index (VPI), clinical attachment level (CAL), bleeding on 

probing, saliva flow rate, pH, and yeast colonization were assessed.  

Results: HD/PD patients were submitted to longer periods of dialysis therapy than the other groups. 

The number of decayed and filled teeth did not differ between groups, but HD patients presented a 

higher number of teeth. Among the three groups, HD patients presented higher VPI, CAL and Candida 

colonization, independently of the time on dialysis. The isolated species of Candida were C. albicans 

(HD and PD), C. krusei (HD), and C. carpophila (PD).  

Conclusion: HD has a more adverse impact on oral health than PD, in particular periodontal disease 

and Candida colonization, but this impact on oral health appears to be reduced or ameliorated when 

patients change from HD to PD therapy.  

 

Keywords: Renal Replacement Therapy; Renal Insufficiency; Periodontal disease; Oral health; Saliva; 

Candida. 

 

Introduction 

Chronic kidney disease (CKD) is considered a 

public health problem worldwide.1 Across the 

worldthere are wide variations in the choice of 

the renal replacement therapy. For example, 

peritoneal dialysis (PD) prevalence in Mexico 

attains 85% whereas in Bulgaria reaches only 

3.7%.2 In Portugal, approximately 60% of the 

patients in end-stage renal disease (ESRD) are 

on haemodialysis (HD), 36% are transplanted 

and only 4% are on PD.3 Both dialysis 

modalities (HD and PD) aim to clear blood 

toxins by using a semipermeable membrane. 

On HD the membrane is synthetic whereas on 

PD it is the patient´s own peritoneal 

membrane.4 HD does not prevent many 

complications of the disease itself as chronic 

renal anaemia, phosphocalcium metabolism 

disorders, hormonal disorders, and others. 

Also, oral complications persist or are worsen 

in HD patients in comparison to the general 

population. Accumulation of dental calculus, 

changes in periodontal tissue, xerostomia, 

opportunistic infections by microorganisms5, as 

well as alterations in salivary secretion rate, 

pH, and composition are common in HD 

patients.6 Patients undergoing PD have a 

medium-term survival comparable to patients 

undergoing HD.7 PD potentially offers a 

number of important clinical advantages over 
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HD, including better preservation of residual 

renal function and vascular access sites, 

reduced erythropoietic stimulatory agent 

administration and blood transfusion 

requirements, decreased risk of blood-born 

infections (such as hepatitis B and C), 

improved quality of life, enhanced treatment 

satisfaction, and improved subsequent renal 

allograft function.8 PD advantages are 

jeopardized by the risk of PD-related infections, 

namely peritonitis and catheter exit-site 

infections.9 In the literature, it is not clear if the 

observed differences regarding oral health 

status between HD and PD patients are due to 

dialysis modality or to dialysis vintage. Oral 

health may be evaluated by the two major oral 

pathologies, dental caries and periodontal 

disease, but also by the microbial load, in 

particular, the oral Candida colonization. 

Although Candida spp. are part of the normal 

microbiota of the oropharyngeal and 

gastrointestinal tract, they represent one of the 

most frequent opportunistic microorganisms of 

the human body.10,11 Therefore, this study aims 

to evaluate the dental caries, periodontal 

disease, and oral Candida colonization in an 

ESRD population on HD, PD and PD with 

previous history of HD (HD/PD) to determine 

the influence of the type of Renal Replacement 

Therapy on oral health. 

 

Material and methods 

Study design and patient selection 

A cross-sectional clinical study was performed 

at the outpatient clinic of the Nephrology 

Department of a Portuguese Hospital. 

According to previous studies12, patients with 

active systemic infection and with less than 8 

remaining teeth were excluded. A total of 63 

patients were included in the present study, 17 

undergoing HD, 35 undergoing PD, and 11 

undergoing PD with previous history of HD 

(HD/PD group). The study sample included 8 

patients with diabetes (12.7%), belonging to 

PD and HD/PD groups (≈17% each). The 

Ethics Committee of this hospital approved the 

study. All participants were recruited voluntarily 

after receiving detailed information on the study 

protocol. Written informed consent was 

obtained in all cases and the study was 

performed in accordance with the Declaration 

of Helsinki. Demographic variables including 

age, gender and level of education as well as 

medical chart information such as dialysis 

modality, time on dialysis, CKD aetiology, 

smoking habits, serum creatinine, blood urea 

nitrogen and antibiotics prescription in the 

previous 3 months to the oral evaluation were 

recorded for all subjects. Data were collected 

from February 2009 to February 2012. 

Assays 

Routine laboratory testing of blood and 24-hour 

urinary samples were performed by the 

laboratory of the hospital using standard 

procedures. We used renal creatinine 

clearance (mL/min) as a measure of residual 

renal function (RRF). 

Oral evaluation 

Oral evaluation was performed in all patients 

undergoing HD (n=17), but only in 24 (69%) PD 
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patients and 7 (58%) HD/PD patients received 

oral assessment due to patients’ availability. 

Oral health-related habit such as tooth 

brushing per day was recorded using a medical 

questionnaire. The intra-oral exam included the 

assessment of Visible Plaque Index (VPI), 

Clinical Attachment Level (CAL), Bleeding on 

Probing (BOP) and Decayed, Missing and 

Filled Teeth (DMFT) index. Oral hygiene was 

assessed using the Visible Plaque Index (VPI) 

in four sites of each tooth (mesio-buccal, mid-

buccal, distobuccal, mid-lingual)13; the 

percentage of the examined sites with visible 

plaque ranged from 0% to 100%. For each 

participant the DMFT index was calculated 

following the World Health Organization 

recommendations.14 In addition, a full-mouth 

periodontal examination was performed for all 

the teeth in the oral cavity, excluding the third 

molars, using a dental mirror, an explorer and 

the Florida Probe (FP, Florida Probe 

Company, Gainesville, FL, USA).15 CAL and 

BOP were assessed at 6 sites around each 

tooth (mesio-buccal, mid-buccal, disto-buccal, 

mesio-lingual, mid-lingual, disto-lingual). CAL 

was expressed as the distance in mm from the 

cemento-enamel junction to the bottom of the 

gingival pocket, whereas BOP was scored 

positive if a site bled after pocket probing within 

the time interval used for the buccal and lingual 

measurements of a quadrant. Two calibrated 

dentists performed the oral evaluation. Prior to 

the oral assessment, the dentists received a 

brief training; which included written 

instruction/information and a compact clinical 

practice course. For quantitative 

measurements, the t-test for paired samples 

was used. The results reveal no statistical 

significant differences between the two 

examiners (p>0.05). Additionally, before the 

oral clinical evaluation, unstimulated whole 

saliva was collected in to a sterile container for 

5 minutes in a quiet room, between 9:00 to 

11:00 AM to minimize the circadian rhythm 

effects, and at least 2h after eating, tooth 

brushing, mouth washing or smoking. The 

same protocol was adopted to collect 

stimulated saliva, using paraffin pellets (Ivoclar 

vivadent, NY, USA). The volume collected over 

a 5-min period was registered, enabling the 

calculation of salivary flow rates (ml/min). The 

salivary pH was measured immediately after 

saliva collection using a pH indicator paper 

(5.0-8.0, Duotest, Germany) as previously 

reported.12 

Microbiological analysis 

Saliva samples from all patients were serially 

diluted with 0.9% sterile NaCl solution until 10-2 

and immediately plated in triplicate in a 

selective and differential culture medium, 

CHROMagar CandidaTM®. Plates were 

incubated aerobically for 48h at 37°C. The 

lower limit of detection was 102 CFU/ml. 

Colonies were isolated and identification of 

Candida species was performed following 

manufacturer instructions according to specific 

colour of the colonies. Non-identified yeasts 

were identified by sequence analysis of 18s 

rRNA and internal transcribed spacer (ITS) 

regions. Single colonies of non-identified yeast 

isolates were cultured on Sabouraud agar for 

24h at 30ºC and a sodiumhydroxide based 

method was used to extract DNA from yeasts 
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(protocol at 

http://www.aspergillus.org.uk/indexhome.htm?s

ecure/laboratory_protocols, “DNA Extraction, 

miniprep”). PCR amplification was performed 

using a group of previously described primers – 

EF3, EF4, fung5, ITS1-F, ITS416,17 in a 

Thermo-Hybaid-PX2 thermal cycler. 

Amplification products were visualized in a 

polyacrylamide gel followed by silver-staining. 

Sequence analysis was performed in a Genetic 

Analyzer ABI-Prism-3100 (AppliedBiosystems). 

Genomic data was compared with a database 

that comprises a large collection of yeast 

sequences of 18s rRNA and ITS regions 

obtained from GenBank.18 

Statistical analysis 

The statistical analysis was performed using 

IBM SPSS Statistics version 22.0. The 

categorical variables were described through 

absolute and relative frequencies (%) and 

analysed by Pearson's chisquared test or 

Monte Carlo simulation when more than 20% 

of the cells had expected counts less than 5. 

Continuous variables were described using 

mean ± standard deviation (SD) and analysed 

by one way ANOVA test when following a 

normal distribution, or described by median 

(minimum, maximum) and analysed by 

Kruskall-Wallis test, when there was no 

normality of data. Statistical significance was 

assumed when the p values were less than 

0.05. 

Results 

Age, gender, dialysis vintage, creatinine and 

urea blood levels, residual renal function, CKD 

aetiology, educational level and antibiotic 

therapy from the three groups are described in 

table 1.  

The age was similar between groups, but 

regarding the gender balance, the HD group 

included a higher percentage of men. HD/PD 

patients presented higher average dialysis 

vintage than the other two groups. This group 

of patients had a median time on HD of 65.6 

months (min: 1.2 months; max: 208.9 months), 

followed by a median time on PD of 7.49 

months (min: 1.3; max: 28.9).  

No significant differences were observed 

among the three groups regarding antibiotic 

therapy intake at the time of the study, 

although HD patients were less exposed to 

antibiotic therapy than the other two groups 

(Table 1). 

Both HD and PD patients reduced the smoking 

habit through time (McNemar´s test, p<0.001), 

however HD patients included more smokers at 

the time of sample collection (Table 2).  

Concerning oral hygiene habits, no differences 

were found among the three groups (Table 2). 

Although DMFT index was similar among the 

three groups, differences were observed in 

Missing teeth values, with HD patients 

presenting the lowest level of tooth loss (Table 

2). Both VPI and CAL values differ among 

groups, with HD patients presenting the highest 

level. No significant differences were observed 

among the three groups concerning BOP, 

unstimulated and stimulated-saliva flow rate 

and pH (Table 2).  
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Table 1. Demographic and clinical parameters of Chronic Kidney Disease patients undergoing 

haemodialysis, peritoneal dialysis or peritoneal dialysis with previous history of haemodialysis. 

 

Values are in mean±standard deviation, median (min,max) or in percentage. CKD - chronic kidney disease; HD – 

haemodialysis; PD - peritoneal dialysis; HD/PD - peritoneal dialysis with previous history of haemodialysis.

 HD PD HD/PD p 

Age (years) 53.8±6.8 46.6±12.3 45.3±13.6 0.080  

Gender (%)    0.048  

Male 82.4% 48.6% 45.5%  

Female 17.6% 51.4% 54.5%  

Time on dialysis modality (months) 
33.5 

(4.0,115.0) 
5.8 

(1.0,84.0) 
79.9 

(4.2,213.7) 
<0.001 

Blood creatinine (mg/dL) 
9.2 

(4.4,35.8) 
7.0 

(3.0,12.4) 
9.3 

(3.8,15.9) 
0.088  

Blood urea (mg/dL) 
103.0 

(35.0,242.0) 
128.0 

(90.0,224.0) 
134.5 

(69.0,172.0) 
0.534  

Residual renal function (mL/min) <5.0 7.4±3.9 5.1±3.9  

CKD aetiology (%)    0.198  

Chronic glomerulonephritis 38.5% 20.0% 9.1%  

Polycystic kidney disease 15.4% 17.1%  0%  

Other 7.7% 34.3% 36.4%  

Undetermined 38.5% 28.6% 54.5%  

Education level (%)    0.308  

Sixth grade 81.8% 60.7% 50.0%  

Higher than sixth grade 18.2% 39.3% 50.0%  

Antibiotic therapy (previous 3 
months) 

0% 29.0% 30.0% 0.052  
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Oral Candida spp. prevalence was significantly 

different among the three groups, presenting 

the highest value in patients undergoing HD 

(Table 3).  

 

Candida albicans was the most prevalent 

yeast, but other Candida species were also 

found, namely C. krusei in HD patients and C. 

carpophila in PD patients (Table 3). 

 

Table 2. Smoking habits, oral hygiene habits, decayed missing filled teeth index, visual plaque index, 

bleeding on probing, clinical attachment level, saliva flow rate, and saliva pH in chronic kidney disease 

patients undergoing haemodialysis, peritoneal dialysis or peritoneal dialysis with previous history of 

haemodialysis. 

 

Values are presented in percentage or mean±standard deviation. HD – haemodialysis; PD - peritoneal 
dialysis; HD/PD - peritoneal dialysis with previous history of haemodialysis; DMFT - decayed missing filled 
teeth index; VPI -  visual plaque index; BOP - bleeding on probing;  CAL - clinical attachment level. 

 HD  PD HD/PD p 

Smoking habits (%)     

Current  47.1%  9.1%  0% 0.007    

Past  64.7% 66.7% 33.3% 0.340  

Oral hygiene habits (%)     

Daily tooth brushing (<2times/day) 53.8% 63.6% 50.0% 0.766  

DMFT index (n) 12.0±9.0 13.0±7.0 15.0±4.0 0.790  

Decay teeth 3.0±3.0 3.0±3.0 4.0±3.0 0.295   

Missing teeth 2.0±4.0 6.0±6.0 7.0±6.0 0.001 

Filled teeth 8.0±8.0 4.0±5.0 4.0±4.0 0.163  

VPI (%) 85.0±26.0 69.0±30.0 60.0±38.0 0.030 

CAL (mm) 3.4±1.3 2.5±0.9 2.5±0.5 0.002 

BOP (%) 13±24 32±37 40.0±49.0 0.243  

Saliva flow rate (mL/min)     

Unstimulated saliva  0.3±0.2 0.4±0.4 0.4±0.4 0.751  

Stimulated saliva  1.0±0.5 1.1±1.4 0.8±0.5 0.227  

Saliva pH     

Unstimulated  7.3±0.7 7.6±0.6 7.4±0.5 0.069  

Stimulated  7.8±0.4 7.8±0.4 7.8±0.5 0.708  
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Table 3. Prevalence of yeast colonizers in Chronic Kidney Disease patients undergoing haemodialysis, 

peritoneal dialysis or peritoneal dialysis with previous history of haemodialysis. 

 HD PD HD/PD p 
Candida spp. 35.3% 15.2% 0% 0.044 

C. albicans 29.4% 12.1% 0%  
C. krusei 5.9% 0% 0%  
C. carpophila 0% 3.0% 0%  

Values are in percentage. HD – haemodialysis; PD - peritoneal dialysis; HD/PD - peritoneal dialysis with 

previous history of haemodialysis. 

Discussion 

The main goal of the present study was to 

compare oral health status among patients on 

HD and PD with or without previous history of 

HD. Taken together our results evidence that 

HD patients presented poorer oral hygiene, 

higher rates of periodontal disease and were 

more colonized in the oral cavity by Candida 

spp. in comparison to PD and HD/PD patients. 

These facts suggest that the adverse impact of 

HD therapy on oral health may be reduced or 

ameliorated when patients change from HD to 

PD therapy. 

The higher dental plaque accumulation 

observed in HD patients is consistent with 

previous studies, namely from Bayraktar and 

co-workers that justified this observation with 

the lower educational level of HD patients in 

comparison to PD.19 In this study albeit no 

significant differences were observed among 

groups regarding education level, PD and 

HD/PD patients presented slightly higher 

percentages of education level when compared 

to HD patients. Note that CKD patients in order 

to engage the PD program have to present a 

high comprehension level to be able to 

autonomously comply with the technical 

requirements of this technique. Also, dental 

plaque correlates with poor oral hygiene that 

strongly and positively correlates with 

periodontal disease. In fact, our HD population 

showed higher apical migration of the epithelial 

attachment when compared to PD patients. 

This gingival weakness may be attributed to 

the use of repeated systemic anticoagulation 

therapy administered to HD patients, promoting 

gingival bleeding and enhancing bacterial 

colonization.20 Although presenting longer 

dialysis vintage, PD patients with previous 

history of HD presented an oral health status 

more similar to PD patients, hypothesizing that 

the alterations induced by HD in the oral health 

status of CKD patients may be reversible when 

the patient changes to other renal replacement 

therapy. Nevertheless, HD patients gather 

more risk factors than PD patients for 

periodontal disease, namely poor oral hygiene, 

smoking habits and higher male 

percentage.21,22 It is well known that, besides 

tooth decay or infection, periodontal disease is 

one of the most common reasons for dental 

extraction. In our study, although HD patients 

presented a poorer periodontal status, a higher 
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number of teeth were observed, in comparison 

to PD and HD/PD patients. Given that HD 

patients have more bleeding tendencies than 

PD patients, and special drug dosage 

adjustments are necessary for all patients in 

dialysis therapy, one can hypothesize that 

dental care was more conservative in HD 

patients possibly to avoid surgical procedures, 

when compared to the other two groups. 

In PD, infections are still one of major 

complication of this renal replacement therapy, 

mainly associated to contamination at the time 

of the PD fluid exchange in patients’ home. 

However, HD patients are in a clinical 

environment several times a week, being 

therefore more susceptible to acquire health 

care associated infections than PD patients.23 

The fact that Candida species are frequent 

nosocomial fungal pathogens24 may in part 

justify the higher oral Candida colonization of 

HD patients. 

Nevertheless, Candida spp. are common 

commensal microorganisms of most 

individuals.25 Furthermore, antibiotic therapy 

could not justify the differences on oral 

Candida colonization given that PD patients 

that were less colonized were under more 

antibiotic therapy than HD patients. The higher 

Candida colonization of HD patients may be 

linked to the more severe periodontal disease 

or higher smoking habits, two factors known to 

promote Candida growth.26,27 

Higher oral Candida prevalence and more 

severe periodontal disease are two features 

that may represent increased risk of systemic 

infection in renal transplants. Thus, to control 

and minimize the risk of developing invasive 

infections, it is important to promote a good 

oral hygiene in order to reduce periodontal 

disease and oral Candida prevalence.11 

Educational programs focusing on the 

promotion of oral health are urgently needed 

among CKD population as recently highlighted 

by Ruokonen and colleagues.28 

 

Conclusion 

HD has a more adverse impact on oral health 

than PD, in particular periodontal disease and 

Candida colonization, independently of the time 

on dialysis. Therefore, and despite the limited 

number of patients, this study highlights some 

relevant risk factors for HD patients and 

suggests that the adverse impact of HD 

therapy on oral health may be reduced or 

ameliorated when patients change from HD to 

PD therapy. 
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Taking into account 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 the protozoa colonization of the dialysis effluent and oral cavity of PD patients. 
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Factors influencing the occurrence of PD-related infections are not fully understood. Recent studies 

describe the existence of specific microbiomes in body sites previously considered microbiome-free, 

unravelling new pathways of microbial translocation in the human body. Additionally, in CKD occurs an 

impairment of intestinal epithelial barrier allowing the translocation of intestinal microorganisms and 

microbial products to the intestinal wall, systemic circulation, and the internal milieu. These facts led us 

to hypothesise that the peritoneum of CKD patients may harbour a unique microbiome. In this chapter, 

we characterized the peritoneum microbiome in ESRD patients and the impact of PD therapy. 
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Abstract 

 

Background: Factors influencing the occurrence of peritoneal dialysis (PD) related infections, namely 

peritonitis and catheter exit-site infections, are still far from being fully understood. Recent studies 

describe the existence of specific microbiomes in body sites previously considered microbiome-free, 

unravelling new pathways of microbial translocation in the human body. The aim of the present study 

was to understand if the peritoneum of end-stage renal disease (ESRD) patients harbours a unique 

microbiome and if it is altered in patients on PD therapy. 

Methods: We conducted a cross-sectional study where the microbiome of peritoneal tissue from ESRD 

patients with intact peritoneal cavity (ESRD-nonPD, n=11) and ESRD patients undergoing PD therapy 

(ESRD-PD, n=9) was analysed by a metagenomic approach including PCR amplification of the V3-V4 

region of 16S rRNA gene using MiSeq Illumina® technology. 

Results: Peritoneum tissue of both groups of ESRD patients harbours a unique low abundance 

microbiome dominated by Proteobacteria, Firmicutes, Actinobacteria and Bacteroidetes. Patients 

undergoing PD therapy presented lower species richness with a dominance by Pseudomonadaceae 

and Prevotelaceae families. 

Conclusions: This study provides the first characterization of the peritoneum microbiome in ESRD 

patients bringing new insights to the human microbiome. Additionally, PD therapy may be accompanied 

by changes in this unique microbiome. The clinical relevance of these observations should be further 

explored, in particular by uncovering the role of the peritoneum microbiome as a key element in the 

onset or aggravation of ESRD patients’ infections, especially patients undergoing PD. 

 

Key-words: microbiome, peritoneum, chronic kidney disease, peritoneal dialysis, end-stage renal 

disease. 
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Introduction 

The human microbiome influences the well-

being of the host by contributing to its nutrition, 

metabolism, physiology and immune function, 

serving to maintain the balance between health 

and disease states.1-3 Disturbances of normal 

gut microbiome are currently associated with 

the pathogenesis of several chronic diseases, 

including chronic kidney disease (CKD).4-12 

CKD is an emerging public health problem, 

with 11–13% of the world’s population 

presenting CKD in its different stages (1 to 

5).13, 14 

The number of patients with end-stage renal 

disease (ESRD) requiring renal replacement 

therapy (RRT) is increasing every year.15 

Peritoneal dialysis (PD) is a home-based RRT 

for almost 200 thousand worldwide patients 

suffering from ESRD.16 

In most parts of the world PD is still underused, 

even though it has comparable risks and is 

significantly less costly than haemodialysis.17 

Major complications of patients undergoing PD 

are peritonitis and exit-site infections (ESI);18, 19 

however, factors influencing the occurrence of 

these infections are still far from being fully 

understood. 

The most recognized factor contributing to PD 

patients’ peritonitis is the contamination 

via an exogenous route with skin pathogenic 

bacteria such as Staphylococcus.20-22 This may 

occur during connection and disconnection of 

the dialysis transfer-set. Although 

microorganisms may access the peritoneum 

through the catheter exit-site and tunnel, the 

association between peritonitis and catheter 

ESI was described in just less than 13% of all 

peritonitis episodes.23-25 In parallel, 

endogenous contamination routes of the 

peritoneal cavity have been recognized. These 

include the haematogenous route, vaginal leak, 

and translocation of microorganisms through 

the intestinal epithelial barrier.26, 27 Valadez and 

colleagues28 suggested that the decrease of 

intestinal permeability to microorganisms could 

be relevant for the prevention of several 

complications of liver cirrhosis, namely 

bacterial spontaneous peritonitis. In CKD, the 

impairment of intestinal epithelial barrier 

structure and function allows the translocation 

of intestinal microorganisms, endotoxin, 

antigens and other microbial products through 

the intestinal wall, towards the systemic 

circulation and the internal milieu.29-35 A blood 

microbiome is presently acknowledged to exist 

in healthy, non-infectious states.36-40 Some 

authors postulate that the haematogenous 

route may be responsible for the colonization of 

body sites that were previously considered 

sterile, as is the case of the placenta,41 and 

breast tissue.42 Although the peritoneal cavity 

and surrounding tissues have so far been 

considered as being sterile, previous reports 

described the in vitro intracellular viability of 

Staphylococcus aureus within mesothelial 

cells, as well as the presence of bacterial DNA 

and protozoa colonization of peritoneal 

dialysate in PD patients.43-46 

In this study, we postulated that the seemingly 

sterile peritoneum could host its own 

microbiome. We thus implemented a 

metagenomic approach to investigate whether 

the peritoneum of ESRD patients harboured a 
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unique microbiome, one that could differ in 

patients undergoing PD therapy. 

 

Methods 

Study design, subjects and sample 

collection 

This cross-sectional study included adult ESRD 

patients followed up in the outpatient clinic of 

the Nephrology Department of “Centro 

Hospitalar de S. João”, scheduled for 

peritoneal catheter insertion, replacement or 

removal, or hernia repair. Twenty ESRD adult 

patients accepted to participate in the study 

between December of 2014 and June of 2016, 

and were distributed into two groups: 11 ESRD 

patients scheduled for peritoneal catheter 

insertion (ESRD-nonPD) and 9 ESRD patients 

undergoing PD scheduled for catheter 

replacement or removal, or hernia repair 

(ESRD-PD). Clinical evidence of infection 

during the preceding month was an exclusion 

criteria. The study protocol was approved by 

the Ethics Committee for Health and 

Institutional Review Board of “Centro 

Hospitalar de S. João” and with the 1964 

Helsinki declaration and its later amendments; 

all recruited patients were asked to give their 

written informed consent. 

Clinical information was gathered from all 

patients including age, gender, aetiology of 

CKD, residual renal function and time on PD 

therapy. Information about PD-related 

infectious episodes was gathered in the ESRD-

PD group before and after peritoneal biopsy 

collection, and in the ESRD-nonPD group after 

peritoneal tissue collection (i.e. their 

engagement in PD therapy). Peritoneal tissue 

samples (1cm2 sections) were collected by 

trained surgeons under strict sterile conditions 

and placed in DNA-free sterile microtubes. 

Samples were immediately frozen in liquid 

nitrogen and stored at -80ºC. 

Specimen processing and microbiome 

analysis  

Genomic DNA was isolated in a strictly 

controlled environment at Vaiomer SAS 

(Labège, France) and the methodology used 

was described by Lluch and colleagues.47 

Briefly, PCR amplification was performed using 

16S rRNA gene universal primers targeting the 

V3-V4 region of the bacterial 16S rRNA gene.47 

Illumina sequencing length, by use of the 

2x300 paired-end MiSeq kit V3, was designed 

to encompass the 476 base pair amplicon. 

Sample multiplexing was performed using 

tailor-made 6 bp unique indexes and for each 

sample, a sequencing library was generated. 

All libraries were pooled in the same quantity in 

order to generate equivalent number of raw 

reads with each library. The DNA concentration 

in the pool was quantified by qPCR using the 

7900HT Fast Real-Time PCR System (Life 

Technologies) and KAPA Library Quantification 

Kits for Illumina Platform (Kapa Biosystems, 

Inc., Wilming- ton, MA, USA) as recommended 

by the manufacturer (Illumina, San Diego, CA, 

USA). The final pool, at a concentration after 

dilution between 5 and 20 nM, was used for 

sequencing. The sequencing effort was 

performed using a paired-end sequencing run 

in a MiSeq Illumina device. 
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16S rRNA Gene Sequence Analysis 

The targeted metagenomic sequences were 

analysed using the FROGS bioinformatics 

pipeline established by Vaiomer SAS (Labège, 

France).48 Briefly, bar code Illumina paired 

reads were demultiplexed, single read 

sequences were removed, and paired reads 

were assembled into longer contigs. 

Operational taxonomic units (OTU) were 

produced via single-linkage clustering, and 

taxonomic assignment was performed to 

determine community profiles. This included 

quality-filtering, alignment against a 16S rRNA 

gene reference database, and OTU clustering 

with the Swarm algorithm. Outputted OTUs 

files were uploaded and formatted for LEfSe49 

analysis using the per-sample normalization of 

sum values option. The linear discriminant 

analysis effect size was determined using 

default values (alpha value of 0.5 for both the 

factorial Kruskal-Wallis test among classes and 

the pairwise Wilcoxon test between 

subclasses, threshold of 2.0 for the logarithmic 

LDA score for discriminative features) and the 

strategy for multi-class analysis set to ‘all-

against-all’. LEfSe cladograms from the LDS 

effect size data were generated with Bacteria 

as the tree root. Differential features detected 

as biomarkers from the raw data were used to 

generate the cladograms, plotted as 

abundance histograms with class and subclass 

information. Principal Coordinate Analysis 

(PCoA) was performed on the normalized OTU 

table, for comparison of sample groups/class 

based on four methodologies for β-diversity 

evaluation: 1) Bray-Curtis, 2) Jaccard, 3) 

Unifrac, and 4) Weighted Unifrac. 

Statistics 

Categorical variables were described through 

relative frequencies (%) and analysed by Chi-

square independence test or Fisher Exact test 

when more than 1 cell had expected counts 

less than 5. PERMANOVA was used to test the 

significance of beta diversity. Continuous 

variables were described using mean ± 

standard deviation (SD) and analysed by 

student`s t test. P<0.05 was assumed to 

denote a significant difference. The presence 

or absence of OTUs were used to make a heat 

map. 

 

Results 

To investigate the existence of a microbiome in 

the peritoneum of ESRD patients we generated 

a cohort of ESRD patients undergoing PD 

(ESRD-PD), and ESRD patients before PD 

onset (ESRD-nonPD). The demographic and 

clinical characteristics of the two groups of 

patients included in this study were similar 

(Table 1)).  
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Table 1: Age, sex, education level, aetiology of chronic kidney disease (CKD), time on peritoneal 

dialysis of ESRD patients undergoing PD (ESRD-PD) and ESRD patients (ESRD-non PD).  

 
ESRD-PD  

(n=9) 

ESRD-non PD  

(n=11) 
P value 

Age (years) 45.11±11.27 43.27±12.42 0.736 

Sex (male, %)   0.070 

   Male (%) 77.8% 23.7%  

   Female (%) 22.2% 72.7%  

Aetiology of CKD (%)   0.515 

Glomerular disease 44.4% 45.5%  

Diabetic nephropathy 11.1% 18.2%  

      Other GD 33.3% 27.3%  

Tubulointerstitial disease 22.2% 45.5%  

ADPKD 22.2% 18.2%  

      Other TID 0% 27.3%  

Vascular disease 11.1% 9.1%  

Unknown 22.2% 0%  

Time on PD (months) 20.37±24.97 -  

Results are shown in prevalence (%) or mean ± SD. ESRD, End-stage renal disease, CKD, chronic kidney 

disease; PD, peritoneal dialysis; GD, glomerular disease; ADPKD, Autosomal Dominant Polycystic Kidney 

Disease; TID, Tubulointerstitial disease. 

 

Both groups were subjected to bacterial 

metagenomic analysis of peritoneal tissue. 

Samples displayed a median of 39,116 reads 

(range: 33,085–46,171), of which 64.2±2.7% 

were classified into OTUs. A total of 339 OTUs 

were detected (median was 62 OTUs per 

sample), with samples presenting between 22-

129 OTUs. The rarefaction curve analysis 

demonstrated the sufficiency of our read 

coverage to capture sample diversity 

(Supplementary figure 1). OTUs were then 

clustered with the Swarm algorithm, revealing 

the relative proportion of different taxonomic 

levels in each individual sample (figure 1; 

Supplementary figure 2). The taxonomic 

profiles of the peritoneal tissue microbiome in 

ESRD-PD and ESRD-nonPD were similar, 

dominated by Phylum Proteobacteria, 

Firmicutes, Actinobacteria and Bacteroidetes 

(figure 1). Taxonomic differentiation was nicely 

resolved at the family level, with an 

overrepresentation of Burkholderiales Genera 

incertae sedis (figure 1), whereas at the 

species level, an overabundance of multi-

affiliation and unidentified OTUs was observed 

(Supplementary figure 2). 



 

155 

 

 

 

 

 

 

Alpha-diversity analysis was estimated across 

different indexes (figure 2; Supplementary 

figure 3), and presented statistical significance 

in Observed and Chao1 analysis. Collectively, 

alpha-diversity analysis revealed that ESRD 

patients with intact peritoneal cavity (ESRD-

nonPD) presented higher bacterial species 

richness than ESRD patients undergoing PD 

(ESRD-PD). Principal Coordinate Analysis for 

Beta-diversity assessment did not show 

differences in the microbial communities in 

peritoneal tissue between ESRD-PD and 

ESRD-nonPD groups (Supplementary figure 

4), indicating that the observed differences may 

be mainly associated with rare and/or less 

abundant lineages. In fact, a higher species 

richness was observed in the peritoneal 

microbiome from ESRD-nonPD group, as can 

be seen in the heatmap (figure 3) where more 

OTUs, mostly of low abundance, are observed 

in the ESRD-nonPD microbiome. 
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The metagenomic biomarker discovery 

approach LEfSe (linear discriminate analysis 

coupled with effect size measurements) 

revealed that ESRD-PD patients, when 

compared to ESRD-nonPD patients, showed 

an enrichment of the microbial families 

Prevotellaceae, Alcanivoracaceae, 

Pseudomonadaceae, specifically from the 

genus Prevotella, Alcanivorax and 

Pseudomonas. This was associated with a 

decrease in the abundance of the families 

Fusobacteriaceae, Peptococcaceae, 

Lactobacillaceae, Bifidobacteriaceae, 

Synergistaceae, and in the genus 

Peptococcus, Lactobacillus, Bifidobacterium, 

Gardnerella and Corynebacterium (figure 4A). 

The metagenomic derived bacterial taxa 

identified as differentially abundant are 

projected as a cladogram (figure 4B). The 

barplots representing the abundances of the 

genera and families different in ESRD-PD and 

ESRD-nonPD are shown in Supplementary 

figure 5. 
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Regarding the infectious episodes of ESRD 

patients from the study group, the majority of 

PD-related infectious episodes observed were 

ESI, being Corynebacterium and 

Staphylococcus sp. the main infectious agents 

(Table 2). In all PD-related infections, before 

and after sampling, the genus of the ESI 

infectious agent was also present in the 

patient’s peritoneum microbiome, with the 

exception of 1 ESRD-nonPD patient that 

presented an ESI by Staphylococcus. 

Moreover, all infectious agents were within the 

10 most prevalent known genera that 

composed the peritoneal microbiome of each 

patient, with the exception of the Streptococcus 

genus (Supplementary table 1). This seems to 

suggests the existence of infectious agents in 

the peritoneum microbiome of ESRD patients. 

 

Table 2: Bacterial infection history of ESRD patients (ESRD-PD and ESRD-nonPD), namely peritonitis 

and exit-site infections before and after the peritoneum biopsy. 

Infection 

history 

ESRD–PD  

(n=9) 

ESRD–non PD  

(n=11) 

Before biopsy After biopsy After biopsy 

Peritonitis 

Staphylococcus epidermidis (1) 

Streptococcus mitis/oralis (1) 

No ID (1) 

 

Staphylococcus aureus (1) 

S. mitis/oralis (1) 

No ID (2) 

Exit-site 

infections 

Corynebacterium (2) 

Corynebacterium xerosis (1) 

S. epidermidis + 

Sphingomonas paucimobilis (1) 

Staphylococcus hominis + 

Corynebacterium (1) 

Pseudomonas (1) 

No ID (3) 

Corynebacterium (1) 

Corynebacterium simulans (1) 

No ID (1) 

Corynebacterium (2) 

S. epidermidis + 

Corynebacterium (1) 

Pseudomonas aeruginosa (1) 

S. aureus (1) 

No ID (3) 

Results are expressed as “Agent (number of patients)”. 

 

Discussion 

To the best of our knowledge, this study is he 

first report of a distinctive microbiome in the 

peritoneum of ESRD patients, dominated by 

Proteobacteria, Firmicutes, Actinobacteria and 

Bacteroidetes (figure 5).  
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In line with our findings, previous studies have 

unravelled microbiomes in body sites that were 

previously considered microbiome-free, as is 

the case of the placenta41 and breast tissue.42 

These newly identified microbiomes are 

unravelling new routes of microbial 

translocation in the human body: the breast 

tissue microbiome may originate via the nipple-

areolar orifices, nipple-oral contact via lactation 

or sexual contact as well as bacterial 

translocation from the gut;42 the placenta 

microbiome may be established by 

hematogenous spread.41 

Collectively, these studies uncover a scenario 

of mobility pathways of the human microbiome 

through different body habitats. This 

atopobiosis (microbes that appear in places 

other than their normal location) has long been 

recognized as an important route for 

endogenous infections, and more recently, was 

implicated in the pathogenesis of a variety of 

inflammatory diseases.36 

Although there are no studies exploring the role 

of the blood microbiome in CKD, the existence 

of an impairment of intestinal epithelial barrier 

structure and function is recognized in this 

chronic disease. A previous study from our 

group reported the asymptomatic protozoa 

colonization in peritoneal dialysate of PD 

patients,46 providing evidence for the intestinal 

translocation, not necessarily linked to an 

infectious state. 

The fact that the peritoneal tissue of ESRD 

patients harbours a unique low-abundance 

microbiome dominated by Proteobacteria, 

Firmicutes, Actinobacteria and Bacteroidetes 
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may be linked to the increased microbial 

intestinal translocation observed in these 

patients. In fact, all these phyla dominate the 

intestinal microbiome of ESRD patients.50 This 

is also the case of spontaneous bacterial 

peritonitis (SPB) in cirrhotic patients, that is 

well known to occur in the absence of any 

intra-abdominal, surgically treatable source of 

infection.51 Several mechanisms were 

proposed for SPB occurrence, namely 

intestinal bacterial overgrowth, alterations 

(structural and functional) of the intestinal 

mucosal barrier and deficiencies of the local 

immune response. Moreover, a previous study 

reported a microbiome dominated by 

Proteobacteria, Actinobacteria, Firmicutes and 

Bacteroidetes phyla in peritoneal tumours of 

Pseudomyxoma peritonei.52 

In this study, we demonstrate that patients on 

PD therapy presented a decrease in peritoneal 

microbiome species richness and a dominance 

by Pseudomonadaceae and Prevotelaceae 

families (figure 5). In ESRD, the PD therapy 

per se could represent a source of microbial 

translocation, either through the close contact 

with the skin microbiome due to the existence 

of a catheter connecting the skin and the 

peritoneal cavity, or via the presence of the PD 

catheter biofilm itself. However, we did not 

observe a direct evidence of skin microbiome 

translocation, since the most abundant 

colonizer organisms of umbilical and inguinal 

crease, Staphylococcus and Corynebacterium 

spp.,1, 53 were not altered or increased in 

ESRD-PD patients in comparison to ESRD-

nonPD (Supplementary figures 5 J to O and 

AA). However, the existence of biofilm in PD 

catheters may explain the dominance of the 

Pseudomonaceae family in peritoneal 

microbiome of ESRD-PD patients since they 

are common PD catheter colonizers.54, 55 

Regardless, other factors may alter the 

peritoneum environment favouring certain 

species in detriment of other less adapted 

ones. These factors include dialysis solution 

composition, frequent daily exchanges, and 

pressure variations. 

In PD patients it is especially critical to 

understand the role of the peritoneal 

microbiome in the development of PD-related 

infections, due to patients’ local immune 

impairment.56 Also, infection-related morbidity 

is still a major complication in these patients, 

and all possible routes of infection should be 

identified in order to prevent infection more 

efficiently.57, 58 Interestingly, the majority of the 

genera of the PDrelated infectious agents of 

the present study population were within the 10 

most prevalent known genera of the 

peritoneum microbiome of each patient. This 

strengthens the possible association between 

peritoneal microbiome and PD-related 

infections. However, the lack of identification at 

the species level, implicit in the metagenomics 

approach used in this study, is a limitation that 

does not allow the establishment of a more 

accurate relationship. The dominance of 

Pseudomonadaceae family in peritoneal 

microbiome of PD patients could be of major 

clinical importance given that Gram-negative 

peritonitis have worse clinical outcomes,17 are 

more likely to require hospital admission, and 
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result in catheter loss and failure of PD.17, 59-63 

Pseudomonas spp. is probably the most 

relevant agent of severe peritonitis in ESRD 

patients undergoing PD.17 However, within our 

patients’ population we did not observe any 

Pseudomonadaceae infection either before or 

after biopsy sampling. 

Overall, this study brings new insights to the 

characterization of the human microbiome. 

Considering that the peritoneum has its own 

microbiome, there is still a long way to go 

before we can understand its role in health and 

disease. The peritoneum microbiome in 

particular can contribute to the onset or 

aggravation of ESRD patients’ infections, in 

particular patients undergoing PD. 

In conclusion, peritoneum of ESRD patients 

harbours a specific microbiome and PD 

therapy may be associated with changes in this 

peritoneal microbiome, namely an increased 

dominance of Pseudomonadaceae and 

Prevotelaceae families. The clinical relevance 

of these facts, in particular regarding PD-

related infections, should be further explored. 
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Discussion 

Understanding the role of the patients’ microbiome on the development of PD-related infections 

was the driving force of this work that emerged from the need to better understand the 

mechanisms underlying the occurrence of PD-related infections. The data presented in this work 

may contribute to the identification of possible sources of infection, which ultimately can lead to 

the decrease of PD-related infection occurrence. 

With the development of the Human Microbiome Project a huge amount of knowledge on the 

microbiome was unraveled, enabling not only the characterization of the human microbiome but 

also the analysis of its role in human health and disease. Nowadays it is known that Humans and 

microbes co-evolved and that the host physiology is influenced by host-microbe interactions 

(Wang, B. et al. 2017). Curiously, only a third of microbiome constituent genes were found in the 

majority of healthy individuals and understanding this variability has been the main challenge in 

microbiome research (Lloyd-Price, J. et al. 2016). The focus of most microbiome studies has 

been the establishment of associations between the gut microbiome and several diseases, as gut 

microbiome is currently the most well studied microbiome.  

In CKD, the gut microbiome has been associated to disease progression (Wang, F. et al. 2012, 

Vaziri, N. D. et al. 2013, Barrios, C. et al. 2015, Sampaio-Maia, B. et al. 2016). However, it still 

necessary to clarify the pathogenic role of this microbiome. Several studies described the 

existence of lower levels of Bifidobacteriaceae and Lactobacillaceae and higher levels of 

Enterobacteriaceae in the gut of CKD patients, when compared to healthy individuals. This 

picture is however incomplete, as it lacks characterization of bacterial dysbiosis at the species 

level, as well as the characterization of other communities such as archaea, fungi and virus. Only 

when this is achieved we will be able to fully understand gut dysbiosis in CKD and its role in 

disease progression. Regarding the different dialysis therapies carried out by CKD patients, HD 

and PD have unique characteristics that may contribute to changes in the human microbiome, not 

only restricted to the gut, but also affecting the blood microbiome (in HD) and the peritoneal 

microbiome (in PD). This may be related to specific dietary restrictions and different types of 

dialysis access (vascular vs. peritoneal), as well as the continuous inflow of peritoneal dialysate, 

containing microbial nutrients. Notwithstanding, the impact of HD or PD on the human 

microbiome is still not fully understood.  
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In PD, infections are still one of major complication of this RRT, mainly associated to 

contamination at the time of PD dialysate exchange. Staphylococcus species are common agents 

of PD-related infections and are frequently identified in the oral cavity of adults in health and 

disease (Percival, R. S. et al. 1991, Smith, A. J. et al. 2001). Nevertheless, the role of 

staphylococci in the oral ecology is not fully understood (Smith, A. J. et al. 2001). The likelihood 

that these microorganisms could act as opportunistic infectious agents in distant body locations 

led us to evaluate the oral colonization status of PD patients and healthy controls. In the Human 

Oral Microbiome Database (http://www.homd.org/) few Staphylococcus species are described 

namely S. aureus, S. epidermidis, S. warneri, and Staphylococcus caprae. In our study we 

detected the presence of six other Staphylococcus species, namely S. saprophyticus, S. capitis, 

S. cohnii, S. pasteuri, S. hominis and S. lugdunensis. Taking in consideration that we found a 

prevalence close to 100% of Staphylococcus in both PD patients and control groups, we suggest 

that this genus is a common member of the oral microbiome. In agreement, other authors also 

described Staphylococcus species as frequent oral colonizers of adults, in health and oral 

disease (Percival, R. S. et al. 1991, Smith, A. J. et al. 2001). Nonetheless, this was the first report 

of S. pasteuri, considered a rare CNS clinical isolate (Morfin-Otero, R. et al. 2012), as member of 

the oral microbiome.  

No differences were observed in specific Staphylococcus species oral colonization between 

controls and PD patients, however PD patients presented less diversity which may be justified by 

more frequent antibiotic therapy of these patients, as well as by changes in the oral biochemical 

milieu, including higher pH and urea content observed in patients on PD therapy. Also, PD 

patients, when compared to controls, included more individuals that were smokers in the past and 

its known that tobacco use significantly reduces bacterial richness which is maintained over time 

(Thomas, A. M. et al. 2014). The fact that the oral cavity of PD patients presented lower 

staphylococci diversity together with the existence of common species between the oral 

colonization and PD infectious agents, supports the hypothesis that PD-related infections could 

have origin in the oral cavity. Since, prevention of infection is a critical step to the success of a 

PD-program we believe that the oral cavity should be considered as a possible infection route. In 

addition to the protocol already applied, as the use of mask, we consider that in order to prevent 

infections by this route, oral health care should be promoted in this population. 

In the course of this work we highlight the importance of the method-of-choice for the 

identification of Staphylococcus genus. Our data support that phenotypic methods are useful in 

preliminary identification of bacteria, as they lead to important data concerning phenotypic or 
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physiological traits in the absence of more sophisticated analysis. Nevertheless, our data 

reinforces the notion that molecular methods are more accurate and should be preferably used, 

especially when dealing with atypical isolates. Even though MALDI-TOF MS methodologies, such 

as VITEK MS, are considered very accurate, rapid and high-throughput techniques for bacteria 

identification, we demonstrate that in a sub-group of isolates it did not achieve the described 

levels of accuracy necessary for the clinical setting, and its replacement by molecular methods 

such as DnaJ sequencing, in the case of Staphylococcus species, should be considered. 

Fungal infections associated to the PD technique constitute a minority, however they are usually 

more difficult to treat and therefore are important complications in PD patients. The opportunistic 

fungi inhabiting distant body sites are thought to be the major source of infection. Taking into 

account our results, that showed lack of relationship between fungal oral colonizers and PD 

infectious agents, we suggest that oral yeast colonization may be not associated with PD-related 

fungal infections. Also, in comparison to healthy controls PD patients presented a lower 

prevalence of oral yeasts, namely C. albicans. This may be related not only with a higher 

exposure to antifungal therapy, recommended during an antibiotic course (Lo, W. K. et al. 1996, 

Restrepo, C. et al. 2010), but also with alterations of the oral environment secondary to systemic 

ESRD effects, PD therapy and medication. Several molecules prescribed to PD patients are 

reported to be associated with altered susceptibility to fungal infections that may impact on yeast 

colonization. Additionally, the high urea levels may contribute in part to the higher salivary pH and 

changes in the oral pH may be the major ecological factor that alters the oral commensal 

microbiome, leading to shifts in its natural diversity (Kraneveld, E. A. et al. 2012).  This modified 

oral environment of PD patients could result in the emergence of rare yeasts, such as C. 

carpophila. 

In this study, the antifungal susceptibility profile of the yeast isolates revealed: 1) resistance to 

itraconazole; 2) non-wild type phenotype for posaconazole; 3) variable susceptibility profiles to 

caspofungin. Taking into account that these antifungals are prescribed for the treatment of 

systemic fungal infections (Allen, U. 2010) and that the existence of resistant strains to 

itraconazole and caspofungin was previously reported (Zomorodian, K. et al. 2016) we consider 

that it is important to determine the susceptibility of clinical isolates to these antifungals.  

In another work the analysis of oral yeast colonization of HD patients and PD with or without 

previous history of HD revealed the existence of relevant differences. In comparison to PD 

patients with or without previous history of HD (PD or HD/PD), HD patients present higher oral 
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prevalence of Candida species and more severe periodontal disease, which are risk factors that 

may contribute to systemic infection. Dental plaque accumulation was higher in HD patients, 

probably due to the higher educational level of PD patients, and higher gingival weakness of HD 

population that may be attributed to the use of repeated systemic anticoagulation therapy, 

promoting gingival bleeding and enhancing bacterial colonization (Borawski, J. et al. 2007).  

Overall HD patients are more susceptible to acquire health care associated infections than PD 

patients, since they attend to clinical environment several times a week (Gulcan, A. et al. 2016), 

which may justify the higher oral Candida colonization since Candida species are frequent 

nosocomial fungal pathogens (Delaloye, J. et al. 2014).  In comparison to PD patients, HD 

patients presented a more acidic saliva that may be associated to the higher oral Candida 

prevalence. As previously described Candida is a well-known acidogenic microorganism and is 

frequently associated to higher rates and severity of periodontal disease (Canabarro, A. et al. 

2013). 

In the light of recent findings that 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 (Vaziri, N. D. 2012, Vaziri, N. 

D. et al. 2013), we hypothesised that peritoneal dialysis effluent protozoa colonization may 

represent a marker for the loss of the intestinal epithelial barrier integrity in CKD patients. Five out 

49 PD patients presented PD effluent protozoa colonization without any clinical signs or 

symptoms of peritonitis. However, this population is immune-impaired so commensals 

microorganisms may represent relevant opportunistic microorganisms. Based in the clinical 

history of these 5 PD patients and given that all protozoa found in the peritoneal effluent may 

inhabit the human intestine, our results could mirror an accidental gut colonization acquired by 

water or food consumption that then resulted in the colonization of the peritoneal cavity due to 

loss of the intestinal epithelial barrier integrity.  

We also evaluated the oral protozoa colonization in PD patients and healthy controls, and only 

one PD patient presented oral protozoa colonization by Entamoeba sp., possibly by Entamoeba 

gingivalis, given that this is the most frequent amoeba in the oral cavity, although with low 

prevalence (Ghabanchi, J. et al. 2010). Interestingly, this protozoon also colonized the PD 

effluent of the same patient, suggesting that the digestive tract may represent in this case the 

source of this microorganism; however it was not observed in the oral cavity of his corresponding 

healthy familiar control. The fact that no protozoa were observed in the control group, despite the 
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very low oral protozoa colonization among the studied PD population, probably suggests a higher 

susceptibility of PD patients to protozoa colonization in comparison to non-ESRD individuals. Our 

data supports that among the northern Portuguese population the protozoa colonization is low, 

which is in accordance to a Portuguese study that reported the existence of a low infection risk for 

protozoa with surface raw and drinking water samples (Almeida, A. et al. 2010). The water source 

of the PD patient colonized by protozoa in saliva was the public network system, suggesting that 

other transmission routes may have be involved in the oral colonization by this infectious agent.  

Recently several studies described the existence of specific microbiomes in tissues considered 

sterile, such as placenta, breast tissue and blood (Aagaard, K. et al. 2014, Bhattacharyya, M. et 

al. 2017). These observations uncover a scenario of mobility pathways of the human microbiome 

through different body habitats. This atopobiosis has long been recognized as an important route 

for endogenous infections, and more recently, was implicated in the pathogenesis of a variety of 

inflammatory diseases (Potgieter, M. et al. 2015). Since there was no data regarding the 

existence or absence of a peritoneum microbiome, we analysed the peritoneum of ESRD 

patients. Our data allowed us to identify a unique microbiome of peritoneum of ESRD patients, 

dominated by Proteobacteria, Firmicutes, Actinobacteria and Bacteroidetes, that may be linked to 

the increased microbial intestinal translocation observed in these patients since all these phyla 

dominate the intestinal microbiome of ESRD patients (Crespo-Salgado, J. et al. 2016).  

We also evaluated the influence of PD therapy and the results show that the peritoneum of PD 

patients presented a decrease in species richness, prevalence and a dominance by 

Pseudomonadaceae and Prevotelaceae families. PD therapy could represent a source of 

microbial translocation, either through the close contact with the skin microbiome due to the 

existence of a catheter connecting the skin and the peritoneal cavity, or via the presence of the 

PD catheter biofilm itself. However the most abundant colonizer organisms of umbilical and 

inguinal creases, Staphylococcus and Corynebacterium spp. were not altered or increased in 

ESRD-PD patients in comparison to ESRD-nonPD (Costello, E. K. et al. 2009, Grice, E. A. et al. 

2009). The existence of PD catheters biofilm may explain the dominance of the 

Pseudomonaceae family in peritoneal microbiome of ESRD-PD patients since they were reported 

as being common PD catheter colonizers (Bayston, R. et al. 1999, Sampaio, J. et al. 2016). In 

addition, other factors may alter the peritoneum environment favouring certain species in 

detriment of other less adapted ones, such as dialysis solution composition, frequent daily 

exchanges, and pressure variations. The local immune impairment of PD patients justifies that it 

is especially critical to understand the role of the peritoneal microbiome in the development of 
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PD-related infections (Burkart, J. 2014). The possible association between peritoneal microbiome 

and PD-related infections is strengthened by the fact that the majority of the genera of the agents 

of PD-related infectious in our study population were within the 10 most prevalent known genera 

of the peritoneum microbiome of each patient.  

The present characterization of the peritoneum microbiome is another piece added to the so far 

incomplete puzzle of the human microbiome. The peritoneum microbiome could then contribute 

to the onset or aggravation of PD-related infections.  

The studies that compose this work had some limitations, particularly the limited number of 

patients analysed and in some cases the methodology used. Regarding the number of patients, 

we need to emphasize that the collection of human samples was not always as fast as predicted 

and several setbacks difficulted the task. Despite being a smaller group than initially planned, the 

collaboration of these PD patients and controls allowed the completion of this PhD thesis. On the 

other hand, the methodology used, for example for yeast isolation (direct spread plate technique) 

is associated with limited sensitivity (Samaranayake, L. P. et al. 1986). However, the percentage 

of Candida colonization obtained in controls was similar to other studies that used the same 

methodology (Rio, R. et al. 2017). In the Staphylococcus study, besides the traditional culture 

method, we used a DNA sequencing approach for species identification. Regarding protozoa 

colonization, one can hypothesize that with a more sensitive methodology, eg. enzyme 

immunoassays, polymerase chain reaction (PCR) and flow cytometry, a higher prevalence of 

patients with PD effluent protozoa colonization could be detected. In chapter VI the lack of 

identification at the species level, implicit in the metagenomics approach used in this work, is a 

limitation that does not allow the establishment of a more accurate relationship between 

peritoneal microbiome and PD-related infections. 

It is important to highlight that in this study, the control groups used were constituted by family 

members of the PD patients. This is a relevant aspect since the oral microbial colonization is 

strongly correlated to the diet, oral hygiene, and familial predisposition (Lamont, RJ et al. 2010). 

In the specific case of the studies presented in chapter V, oral protozoa prevalence is associated 

with living environment conditions as well as alimentary habits (Smith, H. V. et al. 2007, Almeida, 

A. et al. 2010) being family members of the patients the ideal control group (Areias, C. M. et al. 

2011). In addition, evaluation of oral colonization in PD patients’ family members is crucial since 

they could represent a potential source of infection and act as vehicles for opportunistic 

microorganism transmission.  
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Conclusions 

The major conclusions of the present work can be grouped as follows: 

Chapter I 

• Gut dysbiosis is being characterized in CKD and several studies described lower levels 

of Bifidobacteriaceae and Lactobacillaceae and higher levels of Enterobacteriaceae; 

however, the characterization up to species level will be important. Also, information on 

other microbial groups (archaea, fungi, and virus) in the gut of CKD patients, and its 

impact in disease progression may be relevant to fully understand gut dysbiosis in CKD. 

This will allow to understand if gut dysbiosis or uremic toxins of microbial origin can be 

used as CKD biomarkers as well as if the manipulation of gut microbiota can be used to 

prevent CV risk and CKD progression. 

 

Chapter II 

• The specific impact of RRT, namely HD and PD, on the microbiota imbalance of CKD 

patients is still underexplored. HD and PD have unique characteristics that may 

contribute to changes in the human microbiome, not only restricted to the gut, but also 

affecting the blood microbiome (HD) and the peritoneal microbiome (PD). 

Factors promoting these changes may be related to specific dietary restrictions and 

different types of dialysis access (vascular vs. peritoneal), as well as the continuous 

inflow of peritoneal dialysate, containing microbial nutrients.  

 

Chapter III 

• PD patients and controls present both high prevalence of staphylococci in the oral cavity, 

although PD patients presented less diversity of species. The association between oral 

Staphylococcus carriage and PD-related infections was present for S. epidermidis; 

however, in the case of S. aureus it doesn’t seem to be a relation between oral 

colonization and occurrence of PD-related infection.  

• The Staphylococcus spp. most commonly found in the saliva, nasal cavity or CES of the 

studied population corresponded to the most prevalent spp. associated with infections, 

suggesting that staphylococci PD-related infections may be strongly related to normal 

human microbiota. The human Staphylococcus population should be characterized using 

molecular methods, that are more accurate, given that morphological plus biochemical 
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approaches, including API 32 STAPH methodology and high-throughput techniques such 

as MALDI-TOF MS methodologies, have limitations, especially with atypical isolates. 

 

Chapter IV 

• PD patients present low prevalence of Candida species, especially C. albicans, on the 

oral cavity. Also, no relation was found between oral colonization by yeasts and PD-

related yeast infections.  

• HD has a more adverse impact on oral health than PD, in particular periodontal disease 

and colonization by Candida species, independently of the time on dialysis. Some 

relevant risk factors for HD patients were highlighted, and also suggested that the 

adverse impact of HD therapy on oral health may be reduced or ameliorated when 

patients change from HD to PD therapy. 

 

Chapter V 

• PD effluent may be susceptible to asymptomatic protozoa colonization, highlighting the 

need for a more systematic screening of protozoa colonization in this population, and the 

impact of these sub-clinical infections should be further explored.  

• Oral protozoa colonization was found to be very low in both PD patients and controls, 

suggesting that this may reflect the oral protozoa colonization of Portuguese population. 

However, future studies are required to evaluate the possible higher susceptibility to oral 

protozoa colonization of ESRD patients undergoing PD. 

 

Chapter VI 

• The peritoneum of ESRD patients harbours a specific and a unique low-abundance 

microbiome dominated by Proteobacteria, Firmicutes, Actinobacteria and Bacteroidetes. 

Additionally, PD therapy may be associated with changes in this peritoneal microbiome, 

namely characterised by an increased dominance of Pseudomonadaceae and 

Prevotelaceae families. The clinical relevance of these facts, in particular regarding PD-

related infections, should be further explored. 
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FOLHA DE INFORMAÇÃO PARA O DOENTE 

As infecções do peritoneu designadas por peritonites são complicações que 

podem ocorrer nos doentes em tratamento de diálise peritoneal, cuja origem 

nem sempre é fácil de identificar.  

O estudo para o qual estamos a solicitar a sua participação tem como 

objectivo detectar no seu sangue, líquido peritoneal, cateter de diálise 

peritoneal, nariz e no peritoneu, a presença de microrganismos possivelmente 

responsáveis pelo desenvolvimento de infecções designadas por peritonites.  

Se concordar em participar neste estudo, ser-lhe-á facultada toda a 

assistência prevista para a sua situação clínica. Depois de ser observado pelo 

seu médico e de lhe ter sido colhida a história da sua doença, ser-lhe-ão 

colhidas amostras de sangue, de líquido peritoneal de 24 horas, do orifício de 

saída do cateter e do nariz para os objectivos do presente estudo.  

Caso não aceite colaborar neste estudo, em nada ficará prejudicado na 

assistência que lhe é prestada. 

A colheita de sangue será efectuada em repouso, 30 minutos depois de lhe ser 

colocado um cateter (um pequeno tubo) numa veia do braço, através do 

qual será retirado sangue sem ser necessário repetir a picada de outra veia. 

Será colhida uma amostras de sangue de 5 ml para pesquisar a presença de 

microrganismos. 

A colheita de líquido peritoneal de 24 horas será efectuada por si, de acordo 

com o procedimento a que está habituado na avaliação de rotina do Sector 

de Diálise Peritoneal. 

A colheita de amostras do nariz e do orifício de saída do cateter de DP será 

efectuada com uma zaragatoa de algodão.  

A colheita de um pequeno fragmento de peritoneu <1cm2 será efectuada por 

um cirurgião no momento da cirurgia indicada pela necessidade de 

colocação, remoção ou reposicionamento do cateter peritoneal.  

O seu processo clínico só será consultado por um médico do Serviço de 

Nefrologia, de forma a transferir para uma ficha clínica avaliável todos os 
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dados da sua história clínica que forem considerados relevantes. Nessa ficha 

clínica figurará apenas um número de código e portanto não haverá registo e 

qualquer elemento que o possa identificar, respeitando-se assim o seu 

anonimato e a confidencialidade dos seus dados.  

Mesmo depois de dar o seu consentimento para participar neste estudo, é livre 

de retirar esse consentimento em qualquer momento, sem ter que fornecer 

qualquer explicação. Tal atitude não terá quaisquer implicações para si, e não 

afectará de modo algum a sua relação com o médico que o irá assistir ou 

prejudicará o tratamento de que necessita para a doença de que sofre 

presentemente. 

O estudo foi autorizado pela Comissão de Ética para a Saúde do Hospital de S. 

João. 

Dada a natureza do estudo não são previsíveis quaisquer riscos ou benefícios 

imediatos para os doentes que nele aceitarem participar. No entanto, se 

forem identificadas associações entre os microrganismos presentes no doente 

e os microrganismos causadores de peritonites poderão ser esclarecidas 

possíveis fontes de contaminações e essa informação poderá ser muito útil 

para a prevenção de futuras infecções. Paralelamente, estes estudos poderão 

ainda contribuir para o desenvolvimento de novos métodos, mais rápidos e 

eficazes, de diagnóstico de peritonites. 

 

Investigadora responsável: 

Doutora Isabel João Soares da Silva  

Unidade de I&D de Nefrologia 

(contacto 965673251) 

 


