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‘‘By three methods we may learn wisdom: First, by reflection, which is noblest; Second, by 
imitation, which is easiest; and third by experience, which is the bitterest.’’

Confucius (551 BC to 479 BC)
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A girl with abdominal pain
Rosie is a 9-year old girl without a relevant medical history. During the last four 
months, she experienced abdominal pain, crampy and located throughout the entire 
abdomen. Most of the time the abdominal pain increased during defecation. Her stool 
consistency varies, but mostly consists of diarrhea, without blood, up to five times a 
day. The abdominal pain is present more on week days than on weekend days. She 
did not have complaints of nausea. There were no alarm symptoms, such as jaundice, 
bilious vomiting, unexplained fever, joint pains or weight loss. Rosie has a negative 
family history for inflammatory bowel disease. Rosie was reported sick at primary 
school at least once a week, for several months and therefore was referred to her 
general practitioner. One of Rosie’s aunts was recently diagnosed with celiac disease 
(CD), this worried Rosie’s mother because she also had abdominal pain and variable 
consistency of her stools. After multiple appointments at the general practitioner, 
Rosie was referred to a pediatrician in order to find a cause for her complaints. After a 
thorough medical history and physical evaluation, the pediatrician suspected Rosie to 
suffer from a functional abdominal pain disorder (FAPD). Consequently, the pediatrician 
performed additional diagnostic blood tests, including a complete blood count and CD 
serology, and fecal examination for Giardia lamblia (G. lamblia), according to the Dutch 
national guidelines on chronic abdominal pain. Blood results, including celiac disease 
serology, were normal. Rosie’s stools turned out to be negative for G. lamblia, but as a 
unrequested result her dual-feces-test, applied for ruling out G. lamblia was positive for 
Dientamoeba fragilis (D. fragilis). After reviewing Rosie’s test results, the pediatrician 
realized that the pathogenicity of D. fragilis is questionable. Despite his uncertainty 
the pediatrician decided to treat Rosie with a ten day course of Metronidazole. Six 
weeks after Rosie’s first outpatient visit Rosie comes back for routine control at the 
pediatricians office. Rosie experienced a lot of side effects of Metronidazole, but despite 
the side effects finished her course of antibiotics. Rosie’s symptoms were still present 
during two days a week, but control of eradication of D. fragilis was not performed by 
the pediatrician. The course of the case made the pediatrician start to think…

Reflection on Rosie’s case
The diagnostic work-up and determination of therapeutic strategies in children with 
chronic abdominal pain (CAP) is commonly challenging for clinicians since abdominal 
pain can be caused by a wide variety of organic abdominal and extra-abdominal 
diseases. Furthermore, young children can be limited in their ability to provide accurate 
history and parents can have difficulties interpreting the presenting symptoms. 
These factors can cause uncertainty for clinicians which could lead to the execution 
of diagnostic tests, such as blood tests, fecal tests and even radiological imaging. 
Another complicating factor is the absence of a clear-cut guideline for diagnostic- and 
therapeutic management of children with CAP. When treating children with abdominal 
pain differentiating between acute- and chronic abdominal pain is puzzling, but 
essential. Acute abdominal pain usually lasts for hours to days, is frequently described 
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as sharp or stabbing and is usually limited to one episode whereas CAP usually lasts 
weeks to months and is usually diffuse, dull and poorly localized. It is important to 
assess the symptoms in accordance with the age of the child since the age of the child 
affects some of the likely diagnoses. Also, clinicians should assess the presence of alarm 
symptoms such as unexplained fever, bloody diarrhea, jaundice, bilious vomiting, weight 
loss, joint pain and lethargy, which could imply more serious causes of abdominal pain. 
However, in up to 90% of cases, CAP in children is mostly without any organic cause and 
is classified as functional. In Rosie’s case, there were no alarm symptoms present. There 
was a positive family history for celiac disease, but her aunt only is a second degree 
relative which makes it less likely that Rosie had celiac disease. Every other piece of 
information in Rosie’s case points towards a functional origin. The pediatrician in Rosie’s 
case was aware of the current national guidelines for chronic abdominal pain in children, 
however, as an unrequested result of the dual-feces-test to rule out G. lamblia he found 
Rosie to test positive for D. fragilis. Clinical insecurity in pediatricians, or insecurities 
in parents, may lead to the execution of additional tests which sometimes lead to the 
generation of ‘unwanted’ results such as the positive fecal test for D. fragilis in Rosie’s 
case [1–3]. These ‘unwanted’ results could generate further insecurities, especially 
when there is an ongoing debate regarding the pathogenicity of these results such as 
the positive dual-feces-test for D. fragilis in Rosie’s case.

Identifying children with an organic cause of CAP can be puzzling and doubt in parents 
or treating clinicians can lead to the execution of unnecessary diagnostic tests because 
they do not want to miss organic disease. This execution of unnecessary diagnostic tests 
could lead to false- positive or –negative results, financial costs and unnecessary anxiety 
in children and their parents. This thesis focused on the daily clinical practice in children 
referred with CAP. Aim was to provide insight in the diagnostic work-up of children 
referred with CAP in the presence of available guidelines, with a main focus on two 
organic causes of CAP, namely, celiac disease and D. fragilis. Causes with an increasing 
prevalence, with shifting paradigms in diagnostic- and therapeutic management and 
with increasing health care costs.

Chronic abdominal pain
Chronic abdominal pain (CAP) is one of the most common clinical conditions amongst 
children and adolescents and can be very disabling. Global prevalences of abdominal 
pain in children vary widely, but a meta-analysis of epidemiologic studies on the 
prevalence of abdominal pain, including 196,472 children, reported a pooled global 
prevalence of 13.5% [4]. The prevalence of pediatric CAP in Western countries is 
reported even higher, with prevalence rates up to 19% amongst school-going children 
in Europe and the United States [5]. CAP has a significant social burden during childhood, 
whereas children with CAP experience a significantly lower quality of life compared to 
their healthy peers and abdominal pain is ranked second as a cause of school absence in 
Western countries [6,7]. Despite a variety of treatments and frequent medical attention, 
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a significant proportion of children with abdominal pain will experience persisting 
symptoms with up to 30% of children experiencing symptoms for more than five years, 
continuing into adulthood [8,9]. Furthermore, adolescents with abdominal pain have 
an increased risk for developing anxiety disorders or depression at the adult age [7,10].

CAP often is a reason for referral to a pediatrician and it is estimated that 2-4% of 
referrals to a pediatrician are caused by CAP [11]. CAP in children and adolescents 
can be caused by a variety of organic disorders, such as celiac disease, inflammatory 
bowel disease, intestinal parasites, constipation, (recurrent) urinary tract infections, 
gastro-esophageal disorders and in rare occasions by neoplasms [12–14]. However, in a 
vast majority of approximately 90% of children who seek medical attention for CAP, no 
explanatory organic cause can be identified and these children are often diagnosed with 
one of the functional abdominal pain disorders (FAPD)[15]. One way for pediatricians to 
provide themselves with more diagnostic certainty is to conduct additional diagnostic 
tests to differentiate between functional and organic causes of CAP. In children with 
CAP, most pediatricians perform a series of blood, stool, and urine tests in order 
to differentiate between functional and organic disease, even in the absence of so 
called ‘red flags’ [3]. Consequently, the health care costs for children with chronic 
abdominal pain in Europe and the United States are rising with health care expenses 
of the diagnostic work-up and consultation by clinicians up to 2,500 euro per child in 
the Netherlands and up to 6,000 dollar per child in the United States [16–18]. A clear 
clinical compass for pediatricians in treating children with CAP is warranted. In Chapter 
2 we present a single center study amongst general pediatricians in the Netherlands 
investigating the amount-, and variation of additional diagnostic tests performed in 
children with CAP in the presence of current national guidelines We aimed to assess 
current clinical practice in diagnosing children with CAP and aimed to investigate the 
heterogeneity in clinical practice caused by the current national guidelines.

Functional abdominal pain disorders
Functional abdominal pain is abdominal pain without any structural or biochemical 
cause such as an anatomical, metabolic, infectious, inflammatory or neoplastic cause. 
The first description of functional abdominal pain disorders goes back to 1958, when 
Apley and Naish first referred to this condition as ‘recurrent abdominal pain’ [19]. Apley 
and Naish defined it as “at least three episodes of abdominal pain, severe enough to 
affect the activities of the child over a period longer than three months” [19]. Since 
1999, with the introduction of the pediatric Rome-II criteria, RAP was referred to as 
‘abdominal pain-related functional gastrointestinal disorders’, but nowadays, under the 
current Rome-IV criteria, it is referred to as ‘functional abdominal pain disorders’ (FAPD) 
[20]. FAPD consists of four main diagnostic entities: irritable bowel syndrome (IBS), 
functional dyspepsia (FD), abdominal migraine (AM) and functional abdominal pain-not 
otherwise specified (FAP-NOS) [20]. Diagnostic criteria for FAPD include: the presence 
of symptoms during at least four days per month (or once a week) and the persistence 
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of symptoms during two subsequent months [20]. The pathophysiological mechanisms 
underlying functional abdominal pain disorders are not yet clearly understood but 
two decades of research suggest that interactions in the “gut-brain-axis” are key in 
the development of FAPD [21]. Various factors have been suggested to cause these 
interactions such as: low grade intestinal inflammation, post-infectious changes or 
chronic infections, genetic factors, disturbances in gut microbiota, immune activation 
and altered intestinal permeability, disordered bile salt metabolism, abnormalities in 
serotonin metabolism and, finally, by alterations in brain function [21]. However, this has 
mostly been investigated in adults and precise underlying mechanisms remain largely 
undetermined in children.

Celiac disease
Celiac disease (CD) is a chronic immune-mediated enteropathy of the small intestine 
which is precipitated by exposure to dietary gluten in genetically susceptible individuals 
[22,23]. Approximately 95% of children with CD is positive for the human leukocyte 
antigen (HLA) DQ2.5 and most of the remaining 5% is either carrier of HLA-DQ8 or 
HLA-DQ2.2 [22,23]. The pathophysiology of CD is characterized by adaptive and innate 
immune responses towards gliadin peptides, which derive from incomplete digestion 
of gluten in the gut lumen. Gliadin peptides are formed by the trans-tissue glutaminase 
enzyme and the presentation of these gliadin peptides to HLA-DQ2 or DQ8-carrying 
antigen presenting cells in the plaques of Peyer in the intestinal mucosa leads to the 
activation of CD4+ T-cell lymphocytes [23]. The cytokines produced by these T-cell 
lymphocytes lead towards an influx of cytotoxic T-cell lymphocytes which causes 
mucosal damage and, ultimately, villous atrophy and subsequent reduced resorption 
of minerals and micronutrients [22,23].

The prevalence of pediatric CD in the Western population, including the Netherlands, 
has been estimated at 0.5–1% [24–n27]. Historically, an esophagogastroduodenoscopy 
with histological examination of duodenal biopsies, classified according to the Marsh 
criteria, was necessary to establish the diagnosis CD [28,29]. But, through the past 
decades, highly sensitive and specific serological tests for the detection of CD have 
been developed. The sensitivity and specificity for the anti-tissue transglutaminase 
type 2 (TG2A) test are as high as 96 and 99% and for the endomysial antibody (EMA) 
test as high as 95 and 100%, respectively [30–32]. As a result of this, nowadays, in 
accordance with the current 2019 European Society for Pediatric Gastroenterology, 
Hepatology and Nutrition (ESPGHAN) guidelines for diagnosing CD, in children with 
typical symptoms, the combination of high TG2A antibody levels (at least 10 times the 
upper limit of normal) with anti-EMA and human leukocyte antigen (HLA), type DQ2 or 
DQ8, is enough for the diagnosis CD, thus circumventing the need for endoscopy [33].

It is evident that CD can affect individuals of any age and that patients may present 
with various atypical symptoms [34–38]. The clinical spectrum of CD was historically 
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characterized as a pediatric illness with the typical malabsorption syndrome presented 
by failure to thrive, distended abdomen and chronic diarrhea [39]. However, over 
the past two decades, also in the Netherlands, the traditional clinical picture has 
shifted towards display of more atypical, often extra-intestinal symptoms, like iron 
deficiency anemia, altered bone metabolism, short stature and elevation of liver 
serum transaminases [35–38]. However, the studies were not recently conducted and 
there was a lack of information on the current clinical spectrum of pediatric CD in the 
Netherlands. In Chapter 3 we present a single center study amongst Dutch children 
with CD where we investigate the current clinical spectrum of CD in the Netherlands.

Due to the nature of CD, children with CD are susceptible to various vitamin and mineral 
deficiencies during diagnosis. However, the latest, updated versions of international 
guidelines such as the European Society for Pediatric Gastroenterology Hepatology 
and Nutrition (ESPGHAN) and North American Society for Pediatric Gastroenterology 
Hepatology and Nutrition (NASPGHAN) provide no clear statement on biochemical 
measurements of vitamin and minerals during diagnosis and follow-up of children with 
CD [29,40]. In the Netherlands, dated national guidelines do provide statements for 
biochemical follow-up in children with CD [41]. The study in Chapter 4 explores the 
amount-, variation and diagnostic yield of performed additional diagnostic tests by 
pediatricians during follow-up of CD, in regard of the current national guidelines for 
CD. We aimed to assess guideline adherence amongst pediatricians and to investigate 
the clinical relevance of the laboratory tests suggested by the Dutch national guidelines 
for follow-up of pediatric CD.

Dientamoeba fragilis
Dientamoeba fragilis is a flagellate anaerobic parasite that inhabits the human 
gastrointestinal tract. The first description of D. fragilis was already 100 years ago by 
Jepps and Dobell, but there is still a lack of consensus on the potential pathogenicity 
of this protozoa [42,43]. It remains unclear why some patients harboring D. fragilis 
manifest clinical symptoms while others are only asymptomatic carriers. Possible 
interactions with the gut microbiota by the parasite or the possibility of different 
virulent strains remain unidentified. The protozoan appears to be particularly prevalent 
amongst children, yet it appears that the view on its pathogenicity in adults is more 
widespread accepted than in children [44]. A large series of scientific reports (primarily 
case reports or prospective or retrospective studies), from the time of its discovery until 
now, have provided support D. fragilis to be a potential pathogen [45–47]. However, 
this is opposed by the only conducted randomized controlled trial regarding the effect 
of metronidazole on gastrointestinal symptoms in children which showed no beneficial 
effect over placebo [48]. These conflicting results lead to the performance of the survey 
in Chapter 5 where we explore the clinical attitude of Dutch general practitioners 
and pediatricians regarding potential pathogenicity, and diagnostic/ and therapeutic 
considerations towards D. fragilis in children and to the study described in Chapter 6 
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in which we explore if children with symptomatic D. fragilis infections might have a 
different gut microbiota in terms of composition and diversity, possibly leading to the 
displayed gastrointestinal symptoms.

The clinical presentation of D. fragilis varies, from asymptomatic carriers to a wide 
spectrum of gastrointestinal complaints, of which the most frequently reported 
symptoms are abdominal pain, and diarrhea [45,47,49–52]. These symptoms, however, 
are very common in the pediatric population. The diagnosis of D. fragilis is made by 
examination of stools and can be performed by using light microscopy (LM) after 
permanent staining of fixed stool samples, culture, or molecular techniques [53]. 
Until recently, microscopy was the most often used diagnostic tool worldwide for the 
diagnosis of D. fragilis. However, more recently, molecular diagnosis with real-time 
polymerase chain reaction (RT-PCR) was introduced for the diagnosis of D. fragilis [53]. 
This method proved to have a strongly increased sensitivity as compared to microscopy 
with a sensitivity of 100% [45,54]. Worldwide prevalence rates of D. fragilis vary 
between 0.3% and 52%, depending on the study cohort and used diagnostic modality 
[45,46,53] The reported prevalence rates may have increased due to the routine 
introduction of the more sensitive RT-PCR techniques [45]. D. fragilis infections can be 
treated by a single course of antibiotics, but available current literature suggest various 
kinds of possibly effective antibiotics in variable dosages and duration of treatment 
[53,55]. The most effective antibiotic regiment remains to be elucidated. In Chapter 7 
we present a systematic review which reviews the diagnostic considerations and efficacy 
of antibiotic treatment in children with D. fragilis infections.

1
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ABSTRACT

Purpose: To evaluate intra- and inter-observer variability and guideline adherence 
amongst pediatricians in treating children aged between 4 and 18 years referred with 
recurrent abdominal pain (RAP) without red flags.

Methods: The first part of the study is a retrospective single-center cohort study. The 
diagnostic work-ups of eight pediatricians were compared to the national guidelines. 
Intra- and inter-observer variability were examined by Cramer’s V test. Intra-observer 
variability was defined as the amount of variation within a pediatrician and inter-
observer variability as the amount of variation between pediatricians in the application 
of diagnostic work-up in children with RAP. Prospectively, the same pediatricians were 
requested to provide a report on their management strategy with a fictitious case to 
prove similarities in retrospective diagnostic work-up.

Results: A total of 10 patients per pediatrician were analyzed. Retrospectively, a 
(very) weak association between pediatricians’ diagnostic work-ups was found (0.22), 
which implies high inter-observer variability. The association between intra-observer 
diagnostic was moderate (range, 0.35–0.46). The Cramer’s V of 0.60 in diagnostic work-
up between pediatricians in the fictitious case implied the presence of a moderately 
strong association and lower inter-observer variability than in the retrospective study. 
Adherence to the guideline was 66.8%.

Conclusion: We found a high intra- and inter-observer variability and moderate 
guideline adherence in daily clinical practice amongst pediatricians in treating children 
with RAP in a teaching hospital.
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INTRODUCTION

Recurrent abdominal pain (RAP) is common amongst children and adolescents and often 
a reason for referral to a paediatrician. RAP is classified according to the paediatric 
Rome criteria as an abdominal pain related-functional gastrointestinal disorder (AP-
FGID) [1,2]. In approximately 10% an identifiable somatic cause for RAP is identified 
[1,2]. Clinical decision rules and guidelines have been developed to guide clinicians in 
the decision to perform or to omit additional laboratory testing in children with RAP.

The Dutch evidence based guidelines advise detailed history and physical examination 
to detect alarm symptoms, the so-called “red flags”, in children with RAP. In the absence 
of these “red flags” clarification and reassurance is justified. According to the guidelines, 
extensive diagnostic tests are not recommended in view of a low pre-test probability 
of finding a somatic cause [3]. In addition, this policy may serve to reduce financial 
costs, minimize nonspecific findings, and remove fear for painful diagnostic testing 
[4-6]. Despite well-defined guidelines, it is unknown whether paediatricians adhere to 
the guidelines during daily clinical practice.

The present study was undertaken to evaluate current clinical practice in children 
referred with RAP without alarm symptoms amongst paediatricians in a large 
teaching hospital. We retrospectively studied adherence to the Dutch guidelines and 
prospectively studied adherence to a synthetic case, and were especially interested in 
guideline adherence and intra- and interobserver variability.

METHODS

Study design
This single center study was conducted at the Tergooi Hospital in Blaricum, the 
Netherlands between August 2016 and December 2016. Tergooi Hospital is a 496-bed 
teaching hospital and serving a population of approximately 250.000 habitants.

The first part of the study was a retrospective single-center cohort study. The second 
part was a prospective survey study amongst paediatricians working at the Tergooi 
Hospital. Both parts were not subject to the Dutch Medical Research in Human Subjects 
Act.

Retrospective cohort study

Participants
Pediatricians were included for intra- and interobserver variability analysis if they 
worked in Tergooi Hospital since January 2013 and if they had at least 10 patients with 
RAP between 2013 and 2015 in their care. The number of included paediatricians was 
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based on the maximum attainable number of patients with a minimum of 10 patients 
per paediatrician. Intra-observer variability was defined as the amount of variation 
within a paediatrician and inter-observer variability as the amount of variation between 
paediatricians in application of diagnostic work-up in children with RAP.

Study protocol
Patients were eligible for inclusion if they were between 4 and 18 years old and 
attended the outpatient department of Tergooi Hospital between January 1st 2013 
and December 31st 2015 with RAP. Included patients were referred to a paediatrician 
by a general practitioner (GP). Diagnostic work-up and follow-up was performed by 
the same paediatrician (with exception of medical students and paediatric trainees 
under supervision). RAP was the major symptom and at least present during three 
episodes in three months (severe enough to affect daily activities). Patients were 
excluded from this study if “red flags” in medical history were present, which were 
defined as unintentional weight loss, gastrointestinal blood loss, vomiting (prolonged, 
bilious or projectile), chronic diarrhoea (≥ 3 watery stools per day, longer than two 
weeks), arthralgia, unexplained fever and/or positive family history for inflammatory 
bowel disease (IBD), celiac disease or familial Mediterranean fever. Patients were also 
excluded if abnormalities during physical examination were found (i.e. abnormal growth 
curve, fever, uveitis, mouth ulcers, erythema nodosum, arthritis, icterus, suspected 
anaemia, persistent abdominal pain localized in the right upper or lower quadrant and/ 
or perianal abnormalities). Finally, patients under 4 years old were excluded because 
of a higher pre-test probability of underlying somatic causes [4,5].

Data extraction
The patient care administration department at the Tergooi Hospital provided a list 
of children classified with ‘recurrent abdominal pain’ and their paediatrician during 
the study period. The medical records of included patients were reviewed in reverse 
chronicle order to represent the most recent population. The following data were 
obtained from the medical records: demographic characteristics, diagnosis according 
to Rome III criteria [1], characteristics of outpatient visits and performed diagnostic 
work-up by paediatrician.

Guideline adherence was studied by comparing diagnostic work-ups with the national 
guidelines. The guidelines recommended to order a complete blood count (CBC), CRP 
and celiac serology. In patients who suffer from diarrhea additional feces for Giardia 
Lamblia was advised and in patients who were suspected for inflammatory bowel 
disease a fecal calprotectin was advised. Guideline adherence was defined as: 0%: no 
adherence, 1-49%: very weak to weak adherence, 50-80%: moderate adherence, >80%: 
moderate strong to very strong adherence.
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Prospective survey
Paediatricians who were included in the first part of the study were invited to complete 
a questionnaire. The survey concerned questions about diagnostic work-up in a 
synthetic case and guideline adherence. Briefly, the questionnaire consisted of several 
items, demographic characteristics, diagnostic work-up in a fictitious case of a child 
with RAP without red flags, reasons and considerations to perform diagnostic tests in 
children with RAP and questions and reasons about the use of guidelines (awareness, 
application, individual preferences and reasons to deviate).

Statistical analysis
For the statistical analysis the SPSS (SPSS version 22.0, SPSS Inc., Chicago) software 
and Microsoft Excel (2013) were used. Demographic and clinical characteristics were 
presented by descriptive statistics. A Kruskal-Wallis test was performed to analyse 
differences between paediatricians on several domains (i.e. patients’ characteristics and 
clinical work-up). An independent Student’s T-test was performed to analyse differences 
in duration of symptoms in months and time of follow-up between functional and 
organic RAP. For all comparisons an α-value of <0.05 was considered significant. 
Cramer’s V test was used to study retrospective intra- and interobserver variability and 
prospective interobserver variability of our nominal variables. Intra- and interobserver 
variability was studied by means of a Cramer’s V-test. The result of a Cramer’s V-test 
lies between 0 and 1 and is interpreted as followed: 0 = no association, 0.01-0.3 = very 
weak to weak association, 0.3-0.5 = moderate association and >0.5 = a moderate strong 
to very strong association.

RESULTS

Retrospective cohort study

Participants and patients
During the study period 587 children visited the outpatient department of Tergooi 
Hospital with RAP (Figure 1). After first reviewing these 587 children, 189 children 
were excluded and 398 records remained for analysis in reverse chronicle order. After 
reviewing the 398 files, 8 of 10 paediatricians met the inclusion criteria (≥10 patient 
with RAP). Included paediatricians were anonymously categorized (A till H). Per included 
paediatrician the 10 most recently diagnosed patients with RAP were selected.

We found that 70% (n=56) of patients with RAP were classified as AP-FGID according 
to Rome III criteria. In 26% (n=21) an organic cause was found, and in 4% (n=3) a 
combination of an organic and functional cause was found, respectively.

2
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Diagnostic work-up
The clinical work-up per pediatrician in patients with RAP are shown in Table 1. There 
were no statistically significant differences between the included paediatricians except 
for the total number of outpatient visits (p= 0.045). Paediatricians performed an average 
of 5.3 (range 2.8-8.7) tests per patient.

Intra- and interobserver variability
A very weak association (Cramer’s V value 0.22) between paediatricians’ diagnostic 
work-ups was found, which implies a high interobserver variability. In terms of intra-
observer variability, a moderate association (mean Cramer’s V value 0.40, range: 0.35-
0.46) was found for all paediatricians.

Guideline adherence
The adherence to the guidelines was moderate strong for performing a CBC (83%, range: 
50-100%), moderate for performing celiac serology (76%, range: 50-100%) and weak for 
performing CRP (41%, range: 0-80%). None of the paediatricians strictly performed the 
defined combination of CBC, CRP and celiac serology. A sensitivity test was performed 
to determine the degree of national guideline adherence by the paediatricians (Table 
1). This sensitivity test measured the proportion of tests that was recommended by 
the guidelines (CRP, CBC and celiac serology). The mean sensitivity was 66.8% (range: 
47-80%), which represents a moderate adherence.
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Figure 1. Study flow chart.

Prospective survey
The survey was completed by the eight paediatricians who participated in the 
retrospective study. Diagnostic tests performed by paediatricians in retrospect (R, 
n=10 patients) and in the prospective synthetic case (P, n=1 patient) are shown in 
Table 2. Both in prospect and in retrospect the CBC and celiac serology were the most 
performed tests, followed by stool examination for parasites. The Cramer’s V of 0.60 
in diagnostic work-up between paediatricians in the synthetic case implies a moderate 
strong association and lower interobserver variability than in the retrospective study. 
Reasons to deviate from the guidelines included feelings of being insufficiently informed 
about the guidelines, disagreement with the guidelines and not being convinced of the 
added value.
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DISCUSSION

The aim of this study was to objectify intra- and interobserver variability and the degree 
of guidelines adherence in diagnostic work-up in children with RAP without red flags. We 
observed that guidelines adherence was moderate and inconsistent and the inter- and 
intra-variability in diagnostic work-up in children with RAP was large. To our knowledge, 
simultaneously reporting intra- and interobserver variability in diagnostic work-up has 
not been reported before. These results demonstrate that paediatricians rather prefer 
their clinical experience above practising evidence-based guidelines. The consequences 
of such an approach on patient related outcomes were not examined.

The results of our study are in line with various other paediatric studies that evaluated 
diagnostic work-up in common paediatric disorders [7-10]. For example, in a multi-
centre retrospective cohort study in 30 large paediatric centres in the United States a 
variation of 38-89% in performing chest X-rays in hospitalized infants <1 year old with 
bronchiolitis was reported [7]. Also, the performance of diagnostic tests, for example, 
CBC’s, blood cultures, blood chemistries, viral studies, inflammatory markers and 
chest radiographs in children with community-acquired pneumonia across emergency 
departments in the United States showed a large variation [8]. Low adherence has also 
been reported in the presence of well-defined evidence based guidelines [9,10]. Niele 
et al. reported that almost 50% of clinicians in the Netherlands managing children with 
minor traumatic brain injury often deviate from the evidence based guidelines [10]. 
Urkin et al. reported non-adherence in 50% of paediatricians managing children with 
acute pharyngitis [9].

The results of our study indicate that clinical decision making is based on the 
combination of evidence based guidelines and clinical experience. The main reason 
of guideline deviation in our study was disagreement with the guidelines. Reasons 
for guideline deviation amongst Dutch GP’s included lack of agreement with the 
recommendations by the guidelines, lack of knowledge regarding the guidelines, and 
unclear recommendations by the guidelines as main reasons to deviate [11]. The degree 
of adherence to evidence based guidelines is also partly influenced by the clinicians 
number of years in practice [9,10,12]. Experienced clinicians are more likely to deviate 
from guidelines [10,12]. This may also be true for the paediatricians involved in our 
study, all were experienced paediatricians with at least 10 years of clinical practise. 
Adherence is also higher if guidelines recommendations are based on stronger evidence 
than those based on lower evidence [13]. Finally, Urkin et al. reported various cultural, 
psychological and local factors that influenced the behaviour of clinicians treating 
children with acute pharyngitis, which cannot be easily incorporated into guidelines [9].

Although non-adherence to evidence based guidelines may have clinical consequences, 
the opposite is also true in case of strict adherence to guidelines. Both approaches may 
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result in performing unnecessary diagnostic tests leading to possible false- positive or 
false-negative results and generates financial costs. For example, strict adherence to 
mild traumatic head injury increases CT scan use, which may increases the risk of non-
specific findings [14].

Based on our results we think it is very important that guidelines are evaluated 
frequently, in particular whether the guidelines perform well diagnostically and how 
applicable the guidelines are to clinical practice. This also increases the awareness 
of differences in diagnostic approach within a team of paediatricians as well as in 
individuals. Furthermore, patient related outcome measures should also be take into 
account when evaluating diagnostic work-up or treatment in common paediatric 
disorders. Finally, it is important to explore influencing factors for not adhering to 
evidence based guidelines.

Various studies have been conducted to identify possible factors for improving 
paediatricians adherence to guidelines [15-17]. Paul et al. reported improved adherence 
to paediatric septic shock guidelines by monthly educational meetings, hospital-wide 
internet based learning modules, creating pocket cards and by a survey regarding 
barriers to adherence in order to make local modifications for the guidelines [15]. Also, 
e-learning significantly improved guideline adherence in paediatricians treating children 
with acute gastro-enteritis [16]. Finally, Redaèlli et al. reported that a physician’s free 
choice between additional e-learning, training of practical nurses or e-learning and 
training of practical nurses improved asthma guidelines adherence with 10% [17]. 
However, a more individualized approach was considered necessary [17].

This study has some limitations. First, the use of a synthetic case has limitations. 
A paper case does not offer the opportunity to detect subtle signs during clinical 
presentation and therefore does not completely represent reality. Second, although 
we have found lower percentages of children diagnosed with functional RAP (70%) 
than reported literature (90%), it remains very questionable whether a positive stool 
on parasites fully explains symptoms of organic RAP [18]. Therefore, our percentage 
of children with functional RAP might be an underestimate. Our sample of patients 
represents, however, a general paediatric population and the patient characteristics per 
paediatrician were comparable. The major strength of our study is that we examined 
both retrospective and prospective intra- and interobserver variability. We were able to 
illustrate differences and similarities in retrospective clinical work-up and in a synthetic 
case in children with RAP. To our knowledge, very little is known regarding factors 
determining intra-observer variability.

In conclusion, we found a high intra- and interobserver variability and moderate 
guideline adherence in children with RAP in daily clinical practice amongst paediatricians. 

2
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We advocate to evaluate whether the guidelines perform well diagnostically and how 
applicable the guidelines are to clinical practice
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ABSTRACT

This study was undertaken to gain insight in the clinical spectrum of paediatric 
coeliac disease (CD) in a Dutch teaching hospital. We retrospectively compared the 
frequency of CD in children with a wide spectrum of complaints with and without CD 
antibodies in serum and were interested if certain complaints are more pathognomonic 
for CD. Furthermore, we expected that over a period of 10-year incidence rates of 
CD would have increased and shifted towards an atypical presentation with more 
non-gastrointestinal symptoms with increasing age. A retrospective, single-centre, 
case-control study was performed. All patients who presented at the Department 
of Paediatrics, Tergooi Hospital, with symptoms suspected for CD were eligible for 
inclusion during the study period from 1 January 2007 till 31 December 2016. Children 
were diagnosed with CD according to the 2005 and 2012 ESPGHAN guideline between 
2007 and 2016, respectively. Demographic data, presenting symptoms, prevalence of 
associated conditions and serology results were examined. A total of 105 new cases of 
paediatric CD were observed, with an average of 10 new cases each year. The calculated 
incidence was 21.09 (CI 17.49–25.22)/100,000 under 18 years of age. About 40% were 
infants and toddlers, predominantly presenting with gastrointestinal symptoms. Primary 
and high school children had more display of atypical symptoms (p = 0.001, p = 0.017) 
and non-gastrointestinal symptoms (p = 0.009, p = 0.009) than infants and toddlers. 
In 8.6% of the CD patients, mostly primary school aged female patients, the serology 
was repeated at least once in time to become positive. The median time for serology 
to become positive was 609 days (range 140–1054).

Conclusion: As it is well known, our study supports the increasing notion of a shift in 
the clinical spectrum of presenting symptoms in paediatric CD towards an atypical 
presentation, with more non-gastrointestinal symptoms and a diagnosis at a later age in 
a Dutch population, whereas the number of new cases did not increase over the years.
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INTRODUCTION

Coeliac disease (CD) is a chronic immune-mediated enteropathy of the small intestine 
which is precipitated by exposure to dietary gluten in genetically susceptible 
individuals [3, 22]. The prevalence of paediatric CD in the Western population, 
including the Netherlands, has been estimated at 0.5–1% [9, 22, 26, 31, 34]. Until 2012, 
esophagogastroduodenoscopy with histological examination of duodenal biopsies, 
classified according to the Marsh criteria, was necessary to establish the diagnosis 
according to European Society for Paediatric Gastroenterology and Nutrition (ESPGHAN) 
guidelines [16, 23]. Current ESPGHAN and Dutch guidelines state that in children with 
typical symptoms, the combination of high anti-transglutaminase type 2 (anti-tTG) 
antibody levels (at least 10 times the upper limit of normal) with anti-endomysial 
antibodies (anti-EMA) and human leukocyte antigen (HLA), type DQ2 or DQ8, is enough 
for the diagnosis, thus circumventing the need for endoscopy [17]. Sensitivity and 
specificity for the anti-tTG2 test are as high as 96 and 99% and for the endomysial 
antibody (EMA) test as high as 95 and 100%, respectively [11, 19, 30].

By application of these serological tests as a screening tool in asymptomatic individuals, 
genetic predisposition or positive family history of CD, many asymptomatic cases 
became evident, contributing to the idea of CD as an iceberg conception [9, 12, 27, 29]. 
It is evident that CD can affect individuals of any age and that patients may present with 
various atypical symptoms [1, 8, 12, 18, 27, 29, 32, 34]. The clinical spectrum of CD was 
historically characterized as a paediatric illness with the typical malabsorption syndrome 
presented by failure to thrive, distended abdomen and chronic diarrhoea [21]. Over the 
past years, also in the Netherlands, the traditional clinical picture has shifted towards 
display of more atypical, often extra-intestinal symptoms, like iron deficiency anaemia, 
altered bone metabolism, short stature and elevation of liver serum transaminases [1, 
5, 8, 12, 18, 27, 29, 32, 34]. However, it is not known if increased awareness of CD also 
results in increased incidence rates, therefore increasing the visible part of the coeliac 
iceberg. Since 2000, this has not been documented in the Netherlands [34].

This study was undertaken to gain insight in the clinical spectrum of paediatric CD in a 
Dutch teaching hospital. We therefore retrospectively compared the frequency of CD in 
children with a wide spectrum of complaints with and without CD antibodies in serum 
at our hospital and were interested if certain complaints were more pathognomonic 
for CD. Furthermore, we expected that over a period of 10-year incidence rates of CD 
increased and shifted towards an atypical presentation with more non-gastrointestinal 
symptoms with increasing age.

3
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METHODS

Study design
This study was a retrospective single-centre, case-control study at the Tergooi Hospital 
in Blaricum, the Netherlands. Approval for the study was obtained from the Scientific 
Review Committee of Tergooi Hospital.

Participants
All patients age ≤ 18 years, who presented at the Department of Paediatrics of the 
Tergooi Hospital with symptoms suspected for CD were eligible for inclusion during the 
study period from 1 January 2007 till 31 December 2016. In these children, IgA levels of 
tTG and EMA and serum IgA levels were measured. If IgA deficiency was present, IgG 
levels of tTG and EMA were measured. Serum IgA deficiency was defined as < 0.20 g/L. 
A tTG-level of > 8 U/mL was considered positive.

Children were classified as positive CD cases if they were diagnosed with CD during 
2007–2011 based on the 2005 ESPGHAN guidelines or diagnosed with CD during 
2012–2016 based on the 2012 ESPGHAN guidelines for the diagnosis of CD in 
children and adolescents [16, 17]. Briefly, the old 2005 guideline stated that every 
CD serology (tTG/EMA) positive patient needed to be confirmed histologically by a 
esophagogastroduodenoscopy with duodenal biopsy. This guideline was used for 
patients who presented between 2007 and 2011. In these children, a Marsh score of 
≥2 (crypt hyperplasia of the duodenum and an increased number of intraepithelial 
lymphocytes) was confirmative for CD. The new 2012 guideline was used for patients 
who presented between 2012 and 2016. The 2012 guideline stated that children with 
a tTG > 10× upper limit of normal (ULN) and a positive EMA and positive HLA haplotype 
(DQ2 or DQ8) are conclusive for the diagnosis CD; so, an esophagogastroduodenoscopy 
with duodenal biopsy can be omitted in that specific case. In every other case, a 
confirmative esophagogastroduodenoscopy with duodenal biopsy was necessary. In 
these children, a Marsh score of ≥2 was also confirmative for CD.

If serology was negative at first but became above the cut of value (> 10× ULN) after 
repeated testing, the amount of requested serological tests and the time interval to 
develop positive CD serology were extracted. The time interval to develop positive 
CD serology was defined as the date of positive CD serology minus the date of first 
requested CD serology and was expressed in days. Patients were excluded from 
this study if a confirmative esophagogastroduodenoscopy showed a Marsh score 
≤1, revision of paper charts revealed a different diagnosis, the diagnosis was made 
in another hospital or if the diagnosis was established before 2007. The patient care 
administration provided a list of patient with the diagnosis CD during the study period.



41Clinical spectrum of paediatric CD

To investigate if certain complaints are more pathognomonic for CD, we included a 
matched control group for age at diagnosis (up to 6 months younger or older), sex 
and period of presentation (up to 6 months earlier or later), in whom CD serology was 
negative during the study period. Control patients were selected based on a list with all 
the requested CD serology in patients aged 0–18 years during the study period that was 
provided by the Department of Microbiology of the Tergooi Hospital. If there was more 
than one suitable control patient available, the closest match (based on age and time of 
presentation) was selected. Patients referred for screening because of positive family 
history or CD-associated diseases were excluded as possible control patients. However, 
if a patient with a positive family history or CD-associated disease was referred because 
of complaints, they were included as a possible control patient.

The study population was divided into three separate age groups: under 4 years old 
(infants and toddlers), 4–12 years old (primary school) and over 12 years old (high 
school).

PROCEDURE AND MATERIALS

Data extraction
The following demographic characteristics were extracted from the paper charts: 
age, gender, ethnicity, age at time of first presentation of symptoms, year of 
presentation, height and weight at first presentation, body mass index, date of first 
visit, date of diagnosis of CD and family history for CD. The date of diagnosis was 
defined as the date the blood tests were performed or as the date on which the 
esophagogastroduodenoscopy was performed. The results of the different serological 
tests for CD (tTG/EMA) and HLA haplotypes were extracted from the electronic patient 
file using the ChipSoft HiX EPD software (ChipSoft HiX, version 6.1, Intermax, Rotterdam), 
which contained all results of laboratory tests performed during the study period.

Symptoms
Based on previous studies, presenting symptoms were categorized into “classical” and 
“atypical” symptoms and extracted from the paper charts [1, 5, 8, 12, 18, 27, 29, 32]. 
Classical symptoms included chronic diarrhoea, failure to thrive, distended abdomen, 
irritability, anorexia and coeliac crisis (defined as a life-threatening syndrome in 
which patients with CD have profuse diarrhoea and severe metabolic disturbances). 
Atypical symptoms were defined as recurrent abdominal pain, constipation, short 
stature, vomiting, iron deficiency anaemia, arthritis, aphthous stomatitis, dermatitis 
herpetiformis-like rash, pubertal delay, elevated liver enzymes, dental enamel defects 
and fatigue.

3
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Since a number of these presenting symptoms were subjective symptoms, we 
used demarcated definitions beforehand. Chronic diarrhoea was defined as having 
defaecation ≥3 times a day during at least 14 days [36]. Failure to thrive was defined 
as a deflective weight-to-height curve or as being ≤−2SDs off on the weight-to-length 
curve. Recurrent abdominal pain was defined as having intermitting abdominal pain 
for at least 2 months [2]. Constipation was defined as having defaecation three times 
or less a week or as having pain during defaecation with the production of hard stools 
[6]. Short stature was defined as being two or more SDs smaller than children with the 
same age, or as being two or more SDs under their target height [28]. The presence 
of an iron deficiency anaemia was based on haematological references for children 
[4]. If there was no definition possible, the symptom was needed to be described by a 
paediatrician in the paper chart. Patients were described having a classical presentation 
if they presented with at least one classical symptom. If both classical and atypical 
symptoms were present, the patient was classified into classical or atypical based on 
the largest amount of classical or atypical symptoms.

Statistical analysis
For the statistical analysis, the SPSS (SPSS version 22.0, SPSS Inc., Chicago) software was 
used. Categorical variables between groups were studied by means of a chi-squared 
test. For small groups, the Fisher’s exact test was used. Normally distributed continuous 
variables between two groups were studied by means of an independent samples t test. 
Continuous variables between the three groups were studied by means of one-way 
analysis of variance. For all comparisons, an α value of < 0.05 was considered significant.

In order to calculate incidence rates, demographic data about children aged 0–18 years 
old of the adherence area of the Tergooi Hospital (Gooi and Vechtstreek area) were 
provided by the Central Bureau of Statistics (CBS, The Hague, the Netherlands). The 
numbers of new outpatients per year was provided by the administration office.

RESULTS

Study population
During the study period, 147 patients met the inclusion criteria, of whom42 patients 
were excluded from participation for various reasons (Fig. 1). Of the 105 included CD 
patients, 52 (49.5%) were diagnosed according to the old 2005 ESPGHAN guideline 
(median age 4.3, range 1.0–17.6) and 53 patients (50,5%) were diagnosed according 
to the new 2012 ESPGHAN guideline (median age 5.2, range 1.0–17.3) (p = 0.388, not 
shown) (Table 1).

The majority of the CD patients was female (67%, ratio 2:1) (Table 1). The median 
age at time of first presentation was 5.8 years (range 1.0–17.6). We observed that 43 
patients (41%) were diagnosed at the toddler age (0–3 years), 50 patients (48%) at the 
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primary school age (4–12 years) and 12 patients (11%) at the high school age (> 12 
years), respectively. Almost 25% of the patients (all diagnosed by symptoms, not by 
screening) had a positive family history for CD. There were no auto-immune hepatitis, 
auto-immune thyroid disease, IgA nephropathy, Turner syndrome or Williams syndrome 
observed in the studied population.

Figure 1. Flowchart of the studied population with coeliac disease.

A total of 2718 patients were screened as control patients and manually matched for 
age (up to 6 months younger or older), sex and period of presentation (up to 6 months 
earlier or later). In 96 of 105 patients, only 1 suitable control patient (based on matching 
criteria) was available. In the other nine patients, the closest match (based on age and 
time of presentation) was selected.
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Diagnostics
CD serology was performed in 100% of all CD subjects (median serum tTG-IgA total CD 
population 128 U/L, range 0–1300, median serum tTG-IgA matched controls 0.1 U/L, 
range 0–1.4). In 63 of 105 patient s (60%), an Esophagogastroduodenoscopy (EGD) with 
duodenal biopsies was necessary to establish the diagnosis, in the other 42 patients, CD 
serology alone was conclusive.CD serology was not conclusive (< 10× ULN of tTG-IgA/
IgG) in 19.0% (n = 20) of the CD population (18 in tTG-IgA group, 2 in tTG-IgG group). 
In 100% of these CD patients, a confirmative esophagogastroduodenoscopy with 
duodenal biopsies was performed. In the 2005 ESPGHAN group, 51 patients (98%) had 
a Marsh score of 3. In the 2012 ESPGHAN group, 12 patients (22,6%) underwent an 
esophagogastroduodenoscopy with duodenal biopsies and 12 patients (100%) had a 
Marsh score of 3.

We observed that in 8.6% (n = 9) of the CD patients, CD serology had to be repeated at 
least once in time to become positive. The majority of these patients was female (67%, 
n=6) and of primary school age (78%, n=7). The median time for serology to become 
positive after repeated testing (n=2) was 609 days (range 140–1054). The EMA test 
was initially negative in these patients but became positive after repeated testing. 
Diagnostic features of these patients can be found in Supplementary Table 1. None 
of these patients was on a gluten restricted diet, and only one of these nine patients 
used immunosuppressive drugs (inhalation corticosteroids) and had a CD-associated 
IgA deficiency.

Incidence
Demographic data regarding children aged 0–18 years provided by the Central Bureau of 
Statistics revealed that a total of 545,216 children, 278,458 males and 266,758 females, 
respectively, lived in the adherence area of the Tergooi Hospital. Patients that were 
excluded because of the diagnosis made in another hospital were included in the 
incidence calculation. The calculated incidence rate was 21.09 (CI 17.49–25.22)/100,000 
inhabitants ≤18 years and for males of 14.36 (CI 10.40–19.37)/100,000 inhabitants and 
for females 28.12 (CI 22.27–35.04)/100,000 inhabitants, respectively.

Between 1 January 2012 and 31 December 2016, a total of 32.286 new outpatients 
visited our outpatient clinic, of which 46 patients were diagnosed with CD resulting 
in a crude incidence rate of 1.43 (CI 1.055–1.884)/1000 new outpatients visiting our 
outpatient clinic.

Clinical presentation of CD patients and matched controls
The most common presenting symptoms of CD in our population were recurrent 
abdominal pain (54.3%) and distended abdomen (Table 2). The classical triad of CD 
symptoms (failure to thrive, distended abdomen and chronic diarrhoea) occurred in 
32.6% of the cases with a mean age of 1.8 ± 0.9 years. Infants and toddlers presented 
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with more gastrointestinal symptoms (diarrhoea, distended abdomen, recurrent 
abdominal pain, constipation, vomiting, elevated liver enzymes) than primary and high 
school children (p = 0.009 and p = 0.009) (Fig. 2). The clinical spectrum shifted from 
a classical presentation in almost 90% of the toddlers to an atypical presentation in 
primary school children (42%, p = 0.001) and high school children (41.7%, p = 0.017) 
(Fig. 2). Subgroup analysis showed that this effect could be attributed to female gender 
(p = 0.002 vs. p = 0.190 for male gender).

Figure 2. Distribution of new CD cases according to symptoms present at diagnosis. a Classifica-
tion according to the presence of GI-symptoms vs. non-GI symptoms. b Classification according 
to atypical presentation vs. classical presentation.

Differences in presenting symptoms, according to the different age groups, between 
CD patients and control patients are depicted in Table 2. There were no statistically 
significant differences in presenting symptoms during first outpatient visits between 
high school children with CD and their matched control patients (Table 2).

DISCUSSION

The aim of our study was to describe the incidence and current clinical spectrum of 
paediatric CD in our hospital over the past 10 years. We observed 105 new cases of 
paediatric CD, of which 40% were infants and toddlers, predominantly presenting with 
gastrointestinal symptoms and 60% were primary or high school children presenting 
with an atypical presentation in 42 and 41.7%, respectively. We did not observe a 
difference in presentation between patients with CD and controls with increasing age. 
In almost 25% of our CD population, the family history for CD was positive. In almost 

3
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10% of the CD population, mostly females of primary school age, CD serology had to 
be repeated at least once in time to become positive.

We found that 41%of the patients with CD were diagnosed at the infant and toddler age. 
The mean age at time of diagnosis was 5.8 years. Previously, van Gils et al. found that 
52% of the children with CD were diagnosed before the age of 4 years and the median 
age at time of diagnosis for the total CD population was 3 years [15]. These differences 
may be explained by the fact that the study ran between 1980 and 2015. In particular 
during the early stages of that study, probably most infants presented at the “classical 
way” and the invisible part of the coeliac iceberg was missed because of the absence 
of serological testing.

The shift in the clinical spectrum of paediatric CD has also been described in other 
studies [1, 8, 12, 18, 27, 29, 32, 34]. In the Netherlands, a decrease in rates of classical 
symptoms and low rates for atypical symptoms as presenting symptoms during first 
presentation were observed [34]. Our study found lower rates for classical symptoms 
and higher rates for atypical symptoms like recurrent abdominal pain (54.3 vs. 16%) 
and fatigue (32.4 vs. 12%), suggesting an ongoing shift in clinical spectrum. However, 
since no Dutch studies were conducted in the last 17 years, it is difficult to confirm this 
observation. Also, international studies in children with CD found atypical symptoms as 
the most common presenting symptoms suppand an atypical presentation varying from 
36 to 41% [1, 8, 18, 27, 29, 32]. A recent American study even showed that nonspecific 
or extra-gastrointestinal symptoms were the most common presenting symptoms in 
43% of the patients [1].

Our study showed that the classic CD triad of symptoms (chronic diarrhoea, failure to 
thrive and distended abdomen) are still pathognomic for paediatric CD, mostly for the 
infants and toddlers group, but with increasing age, atypical symptoms become more 
relevant. In our study population, iron deficiency anaemia is frequently seen in CD 
patients. Iron deficiency anaemia on itself can be caused by multiple diseases; however, 
in combination with for instance recurrent abdominal pain or chronic diarrhoea, it 
is very well justified to test for CD in paediatric patients. Recurrent abdominal pain 
is the most frequent presenting symptom of our studied population; however, the a 
priori chance of recurrent abdominal pain being a predominant presenting symptom of 
paediatric CD is very low. In primary and high school children, fatigue is more frequently 
seen but it is a too atypical symptom to be pathognomic for paediatric CD.

In our study in about 10% of the CD patients, CD serology had to be repeated at least 
once before becoming positive. The majority of these patients were primary school 
aged females with numerous subjective complaints. It is known that CD antibodies 
are not detectable in the blood of all patients with CD [20]. Also, it recently became 
clear that tTG levels are not sufficient to diagnose CD in North-American practices 



49Clinical spectrum of paediatric CD

without intestinal biopsies [10]. This could also be possible for European or Dutch 
practices. From a clinical point of view, this remains a challenge. According to the 
ESPGHAN recommendations, these children with (a specific) symptoms compatible 
with CD but with negative serology, CD serology should be repeated and eventually 
diagnostic duodenal biopsies should be performed [17]. However, in general hospitals, 
a large number of children are seen with various complains, whereas the a priori chance 
that isolated recurrent abdominal pain or fatigue in this age group is caused by CD is 
very low. We only found an average of 10 new cases per year, whereas the number 
of children with subjective complaints is much higher. Despite this, we underscore 
the important role for CD screening or case finding to prevent under diagnosis of CD 
because of the significant clinical consequences of missing CD in children [14, 25].

Our calculated (gender-specific) incidence rates were higher than the incidence rates 
found by Burger et al. in 2010 (21.09 vs. 12.29/100,000 inhabitants ≤18 years) [7]. We 
cannot compare our crude calculated incidence rate of 1.43/1000 new outpatients to 
the incidence rates of 0.81/1000 live births during 1993–2000 and 1.1/1000 live births 
in 2000 [9, 34].We observed a male to female ratio of 1.0:2.0 comparable to other 
Dutch studies [7, 9, 20, 24, 33, 34]. These results may indeed suggest that the visible 
part of the coeliac iceberg is increasing. However, we cannot draw definite conclusions, 
in particular, since data on older cohorts within our hospital are lacking. Also, our 
calculated incidence rate could still be an underestimate of the true incidence rate for 
paediatric CD because of the possibility of patients being referred directly towards an 
academic hospital for esophagogastroduodenoscopy with duodenal biopsies instead 
of being referred to a general hospital first.

In our study, about 25% of the children with CD had a family history positive for CD, 
which is a higher percentage than 14% reported in a previous Dutch study and 18% in an 
Australian study [15, 35]. A large American multi-centre epidemiologic study conducted 
in 32 states between 1996 and 2001 already showed that the prevalence of CD in first 
and second degree relatives is high, even in asymptomatic relatives [13]. In our study, 
every patient was diagnosed by complaints, not by screening. We therefore underscore 
the ESPGHAN 2012 guideline that justifies the use of HLA diagnostics as a screening 
tool for CD in family members of patients with CD [17].

Our study has several limitations. First, it is a single-centre, retrospective study. 
Nevertheless, we believe that our study is representative for clinical and epidemiological 
trends for paediatric CD in the Netherlands, because our hospital covers a large 
residential area which is both rural and urban, and because previous studies found 
relatively small differences in paediatric CD incidence between the different provinces 
in the Netherlands [7, 15]. Second, it is not feasible to measure the “true” incidence of 
CD due to the nature of the disease and its symptomatology and the lack of a nationwide 
screening programme. Patients are detected only by symptomatic disease or by 
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screening of asymptomatic high-risk individuals and the remainder are missed. Third, 
some of the presenting symptoms we have investigated like, for instance irritability, 
anorexia and fatigue are subjective symptoms. We aimed to overcome this by defining 
most of these presenting symptoms using demarcated definitions, although a certain 
degree of subjectivity could not be avoided. Fourth, the number of high school patients 
was relatively small, making the group underpowered for detection of differences 
between high school children with CD and their matched controls.

CONCLUSION

Our study supports the increasing notion of a shift in the clinical spectrum of 
presenting symptoms in paediatric CD towards an atypical presentation, with more 
non-gastrointestinal symptoms and a diagnosis at a later age in a Dutch population, 
whereas the number of new cases did not increase over the years. We advise a larger 
multi-centre or nationwide study to be conducted to confirm these results.
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ABSTRACT

Aim: Dutch national guidelines on follow-up of paediatric celiac disease (CD) are 
available. The primary aim was to evaluate guideline adherence by paediatricians during 
follow-up. The secondary aim was to determine the clinical relevance and diagnostic 
yield of routine laboratory tests suggested by these guidelines.

Methods: A retrospective, single-centre, cohort study was performed in paediatric 
CD patients who visited Tergooi Hospital, the Netherlands, between January 2017 and 
December 2019, with follow-up of at least twelve months after diagnosis. We analysed 
guideline adherence, number of outpatient visits and all laboratory data.

Results: We included 91 CD children with a median follow-up of 4.0 years (range 1-16 
years) and 162 follow-up visits. Strict adherence amongst paediatricians during follow-
up was 8.0% (13/162 cases). A total of 1570 laboratory tests were performed of which 
45.4% (713/1570) was in strict compliance with the Dutch national guidelines. Clinically 
relevant deviations were observed in 5.3% of requested laboratory tests.

Conclusion: Strict guidelines adherence amongst paediatricians in follow-up of 
paediatric CD was low and the clinical relevance of the suggested routine laboratory 
tests is limited. This underlines the increasing notion that evidence-based guidelines 
on follow-up of CD are warranted.
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INTRODUCTION

The prevalence of paediatric coeliac disease (CD) in the Western population is estimated 
at 1%, [1–4]. CD is usually diagnosed in childhood, with an increasing age at diagnosis 
over the past decades [1,2,5]. Patients may present with a wide spectrum of classical 
and atypical (extra)intestinal symptoms [1,4,5]. The only effective treatment for CD is a 
lifelong gluten free diet (GFD) [6]. Possible concomitant vitamin and mineral deficiencies 
can be corrected by supplements [7]. Reported GFD adherence or incidental gluten 
intake varies between 23-98%, with higher reported adherence in younger children 
[8,9]. GFD leads to restoration of gut function, normalization of laboratory results and 
deficiencies, and recovery from other complications. Anti-transglutaminase type 2 
antibodies (TG2A) return to normal values in 20-72% of children after one year and 
58-95% of children after two years [10–13].

International guidelines regarding the follow up of paediatric CD are lacking. The 
European Society for Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) 
and North American Society for Paediatric Gastroenterology Hepatology and Nutrition 
(NASPGHAN) provide no evidence-based protocol regarding follow-up in terms of 
frequency and duration of visits and biochemical and serological measurements in 
their latest updated guidelines [15,16]. Available, but dated, Dutch national guidelines 
for diagnosing and follow-up of paediatric CD recommend yearly follow-up visits with 
length and weight measurements, monitoring GFD adherence and laboratory testing 
(during diagnosis and follow-up) for CD serology, haemoglobin, haematocrit, mean 
corpuscular volume, folic acid, vitamin B12, calcium, alkaline phosphatase, iron levels 
(serum iron or serum ferritin) and, when indicated, for thyroid function [17]. Both 
adherence to existing national guidelines and clinical relevance of laboratory tests 
during follow-up of paediatric patients with CD remain largely unknown [14]. In the 
Netherlands, children with CD are not exclusively seen by paediatric gastroenterologists 
for diagnosis and during follow-up. Routine care is also, and in fact in the majority of 
cases, provided by general paediatricians and general practitioners and children are 
also seen by dieticians.

The primary aim of this study was to evaluate adherence to Dutch national guidelines 
amongst paediatricians in children with CD during follow-up. Secondary aim was to 
determine the clinical relevance of all laboratory tests during follow-up of paediatric CD.

PATIENTS AND METHODS

Study design and patients
This study was a retrospective, single centre, cohort study at Tergooi hospital in 
Blaricum, the Netherlands. Tergooi hospital is a 496-bed teaching hospital and serves 
a population of approximately 250,000 habitants, with approximately 5,000 paediatric 
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out-patient visits yearly. All patients under 18 years of age with a diagnosis of CD, who 
underwent follow-up of at least 12 months after the initial diagnosis at the department 
of Paediatrics of the Tergooi hospital, were included during the study period from 1st 
January 2017 until 31st December 2019. Children diagnosed between 2004 and 2011 
were diagnosed based on 2005 ESPGHAN guidelines for CD and children diagnosed 
between 2012 and 2019 were diagnosed based on 2012 ESPGHAN guidelines [15].

Study protocol
The 2008 Dutch national guidelines, as stated by the Dutch Society for Gastroenterology, 
recommends yearly monitoring of length and weight measurements, anamnestic GFD 
adherence, haemoglobin, haematocrit, mean corpuscular volume, folic acid, vitamin 
B12, calcium, alkaline phosphatase, iron levels (serum iron or serum ferritin) and 
TG2A in GFD adherent paediatric patients [17]. In GFD non-adherent children, these 
measurements are suggested to be monitored more frequently [17]. Thyroid stimulating 
hormone (TSH) and free T4 should be tested yearly, upon clinical indication as judged 
by the clinician [17].

Data collection
The following demographic and patient characteristics were extracted from the 
electronic patient file system ChipSoft HiX EPD software (ChipSoft HiX, version 6.1, 
Intermax, Rotterdam) and stored coded using Castor EDC (Castor Electronic Data 
Capture, 2019): age during follow-up, gender, year of diagnosis, year of follow-up, 
height and weight, body mass index, primary responsible physician, family history for 
CD, GFD compliance, comorbidities, CD complications, use of medication and every 
performed laboratory test during follow-up. We numbered total outpatient visits and 
follow-up visits in which laboratory tests were performed. The laboratory tests were 
compared to reference range values, specified for age and sex [18,19]. Growth charts 
of all patients were analyzed individually. Growth delay was defined as a deviation of 
≥ -1SD in 1 year in length, and/or weight to length charts during the study period. If 
follow-up ended during puberty and no length gain was obtained thereafter, this was 
not considered pathological.

Data analysis
Since we aimed to evaluate adherence to the Dutch national CD guidelines by 
paediatricians and the clinical relevance and diagnostic yield of laboratory tests 
suggested by these guidelines, length and weight measurements and GFD adherence 
were not included in the analysis on guideline adherence. Guideline adherence 
was therefore defined as yearly measurement of the nine laboratory parameters 
recommended by the Dutch national guidelines [17]. In case laboratory tests were 
performed in addition to these recommended parameters, we considered this as 
adherent to the guidelines. If the timeframe between outpatient visits for CD follow-up 
was longer than 12 months or if at least one laboratory parameter was not measured, 
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this was considered non-adherent. Since monitoring of TSH and free T4 in children 
is only suggested on indication, these parameters were not included in the analysis 
of guidelines adherence, but only used for analysis of the diagnostic yield of routine 
follow-up. If a patient was seen multiple times during the study period of three 
years, guideline adherence was analysed every single year. If one patient had more 
than one follow-up visit per year and the required nine parameters were evaluated 
in these follow-up visits combined, this was also considered adherent. Haemoglobin, 
haematocrit, mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), 
erythrocytes and relative distribution width (RDW) were clustered into two single 
elements: haemoglobin/haematocrit (Hb/Ht) and “red blood cell indicators” (MCV/
MCH/RDW/erythrocytes). Guideline adherence was determined by comparison of 
performed laboratory tests to those suggested by the Dutch national guidelines, by a 
research fellow (MK), independent from the treating physicians.

As secondary aim, we determined the clinical relevance and diagnostic yield of all 
performed laboratory tests during follow-up of CD. Every measured laboratory test in 
patients where paediatricians were adherent or non-adherent to the guidelines were 
analysed individually, analysed for deviations and determined for its clinical significance. 
Deviations in laboratory tests were defined as a laboratory test value outside the 
reference range, corrected for age and sex. Deviations were determined clinically 
relevant if: laboratory test values were outside the reference range in combination 
with clinical complaints and/or requiring supplementation or if deviations could result 
in earlier follow-up (for instance anaemia without the presence of clinical complaints). 
If these criteria were not fulfilled than it was considered not relevant. The clinical 
relevance of deviations in laboratory tests were scored by two clinical researchers 
(MK/FP). If there was no consensus, a third researcher was consulted (TM).

Reference values
During the study period TG2A IgA and anti-deaminated gliadin peptide reference values 
used in Tergooi hospital were adjusted on July 1st 2018 from negative <5 U/ml to <20 
U/ml, weakly positive from 5-10 U/ml to 20-30 U/ml and positive from >10 U/ml to >30 
U/ml, therefore a differentiation in time was made before and after July 1st 2018 for 
final statistical analysis. Endomysial antibodies (EMA) were categorised in negative, 
weakly positive and positive. All haematology, chemistry, endocrinal and immunological 
tests were collected and compared to reference values. Tergooi hospital changed its 
measuring equipment (besides CD immunology) in some laboratory tests at February 
12th 2019. In case reference values had been adjusted during the study period because 
of a change in test material, interpretation of data was done accordingly.

Statistical analysis
For the statistical analysis, the SPSS software (SPSS, version 26, SPSS Inc., Chicago) was 
used. Descriptive statistics and 95% confidence interval were calculated for laboratory 
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results for absolute deviations. Categorical variables between the study groups were 
analysed using Pearson’s chi-square test or Fisher’s exact test when the expected 
frequencies were low. For all comparisons, a p-value of <0.05 was considered significant.

Ethical standards
The study was approved by the Medical Ethics Review Committee of Tergooi hospitals 
(Reference number 19.59). The study was not subject to the Medical Research Involving 
Human Subjects Act, because no intervention was performed and only clinical data 
were collected.

Table 1. Clinical characteristics and anthropometric data.

Characteristic Guideline adherent
(n=13)

Guideline non-adherent
(n=149)

P-value

Age (years) 8.0 [3 – 16] 9.0 [2 – 17] 0.40
Gender
   Male
   Female

6
7

106
43

-
-

Length (cm)
SD length

135.5 [91.8 – 174.4]
-0.86 [-2.19 - 2.09]

139.8 [90.2 – 190.9]
-0.27 [-2.96 – 224]

0.30
0.44

Weight (kg)
SD weight

32.3 [16.3 – 74.5]
0.52 [-2.23 – 2.35]

31.8 [13.0 – 84.2]
-0.01 [-2.32 – 2.60]

0.88
0.08

BMI (kg/m2)
SD BMI

17.43 [14.86 – 24.49]
0.96 [-1.96 – 2.69]

16.42 [13.20 – 24.47]
0.11 [-2.11 – 2.38]

0.10
0.01

Years of follow-up 4.0 [1 – 8] 4.0 [1 -16] 0.49
Comorbidities
   Alport syndrome
   ADHD/ADD
   Asthma
   Crohn’s disease
   IgA-deficiency

0
0
1
0
1

1
5
3
1
1

-
-
-
-
-

Nominal variables expressed in median + range

RESULTS

Study population
We included 91 CD children with 176 follow-up visits (cases) in which additional blood 
tests were performed. Of these visits, 14 were excluded since some patients were seen 
multiple times per year. Therefore 162 cases were included for statistical analysis. There 
were 52 follow-up visits in 2017, 49 in 2018 and 61 in 2019, respectively.

Patient characteristics
The majority of children with CD were female (62/91, 68.1%). Median age at follow-up 
of our studied population was 9.0 years (range 2.0 – 17.6). Clinical characteristics and 
anthropometric data is presented in table 1. During the last follow-up visit six children 
were of toddler age (6.5%), 53 children of pre-school age (57.6%) and 32 children of high-
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school age (35.2%). A total of 39 children had one follow-up visit, 28 children had two 
follow-up visits, 19 children had three follow-up visits, three children had four follow-up 
visits and two children had five follow-up visits within the studied period of three years 
(mean 1.9 ± 1.0). Mean follow-up since diagnosis was 4.0 years (range 1-16). Analysis 
of all individual growth charts did not show growth delay in our studied population.

Guidelines adherence
Overall, paediatricians adhered strictly to the Dutch national guidelines in 8.0% (13/162) 
of cases (Table 2). In children were paediatricians were non-adherent to the guidelines, 
haemoglobin/haematocrit 78.5% (117/149), red cell indicators 78.5% (117/149) and 
TG2A serology 92.6% (138/149) were the most requested laboratory tests, whereas folic 
acid 6.7% (10/149) and vitamin B12 8.7% (13/149) were the least requested laboratory 
tests. Screening for thyroid disease was performed in 27.8% (45/162) of total cases.

Laboratory investigations
A total of 1570 laboratory tests (CD serology included) were requested in 162 cases, of 
which 45.4% (713/1570) was in compliance with the Dutch national guidelines (Table 
2). We observed deviations in 12.9% (203/1570) of all requested laboratory tests, 
of which only 2.5% (40/1570) was considered clinically relevant. Of these clinically 
relevant deviations in laboratory tests 95.6% (36/40) were deviations in laboratory 
tests recommended by the Dutch national guidelines. These 40 deviations included 
low haemoglobin (n=3), decreased levels of serum ferritin (n=4), deviations in thyroid 
function (n=4), elevations in liver enzymes (elevation <2x ULN (n=4)) and elevations 
in TG2A (n=25)(table 1). Overall, clinically relevant deviations in laboratory tests were 
observed in 5.0% (36/713) of laboratory tests recommended by the Dutch national 
guidelines (CD serology included). Data on laboratory tests and deviations can be found 
in the supplemental tables (Table S1-S4).

DISCUSSION

This study was undertaken to evaluate adherence to Dutch national guidelines during 
follow-up of paediatric CD patients and to evaluate the clinical relevance of laboratory 
tests recommended by the Dutch national guidelines. Strict adherence to the Dutch 
national guidelines was observed in only 8.0% of paediatric CD patients in a general 
teaching hospital in the Netherlands. Despite low adherence to the guidelines, 95.6% 
of observed clinically relevant deviations of laboratory tests were deviations in 
laboratory tests recommended by the Dutch national guidelines. However, the overall 
clinical relevance of routine laboratory tests seems limited since we observed clinically 
relevant deviations in only 5.0% of requested laboratory tests recommended by the 
Dutch national guidelines.
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Our study shows that non-adherence to guidelines during the follow up of paediatric 
CD led to the execution of unnecessary tests with only 4.4% clinically relevant 
deviations in laboratory tests. Non-adherence to guidelines amongst paediatricians, 
despite the presence of well-defined evidence based guidelines, has been shown by 
previous research in CD, where for instance biopsy guidelines are not strictly followed 
by paediatric gastroenterologists and in several other paediatric conditions [21–24]. 
Previous studies provided several reasons why clinicians would deviate from available 
guidelines of which some are difficult to address: availability of too many guidelines, 
decreased sense of autonomy, guidelines are not specific enough, oversimplification 
of medicine, uncertainty regarding the evidence on which guidelines are based and 
the way clinicians have treated patients throughout their career without problems 
[25–27]. Furthermore, variation in clinical practice can also be caused by various 
cultural, psychological and local factors which influences the behavior of clinicians which 
cannot be incorporated into guidelines. It is known that publication of guidelines do not 
guarantee the clinical implementation and adherence by clinicians [21,23,24]. Although 
non-adherence to guidelines may consequently lead to the execution of unnecessary 
tests leading to false-positive or false-negative results, unnecessary anxiety in children 
and their parents, and the generation of financial costs, the reverse is also true in 
case of strict adherence. Whether or not strict guideline adherence during follow-up 
of paediatric CD leads to a reduction in the execution of unnecessary tests, anxiety, 
financial costs and improvement of care cannot be concluded based upon this study.

The clinical relevance of the laboratory tests suggested by the Dutch national CD 
guidelines seems limited since we observed clinically relevant deviations in only 5.0% 
(36/713) of requested laboratory tests recommended by the Dutch national guidelines. 
Our results are in line with previous studies conducted in relatively small paediatric CD 
populations, whereas iron deficiency (5-20.5%), hypocalcaemia (0%), folic acid deficiency 
(0-1.4%) and vitamin B12 deficiency (0-1%) were reported in only a small proportion of 
children [14,25]. Notably, normalisation of observed deficiencies occurred in practically 
all patients after a year of compliance to a GFD without the use of supplements [14]. 
We observed no growth delay or deviations in length- or weight-length curves, which 
is an interesting finding since growth delay is a common finding in children with CD 
[29]. However, growth delay is mostly present during diagnosis and more frequent at 
particular young age and in children with severe clinical and histological presentation 
of CD [29].
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Table 2. Laboratory investigations requested during follow-up of paediatric CD patients.

Guideline 
adherent

(n=13)

Deviations Guideline 
non-adherent

(n=149)

Deviations Total 
cases

(n=162)

Deviations

Dutch national guidelines
Haemoblobin/haematocrit
Red cell indicators
Calcium
Alkaline phosphatase
Folic acid
Vitamin B12
Ferritin
Iron
TG2A serology
TSH
Free T4

13 (100)
13 (100)
13 (100)
13 (100)
13 (100)
13 (100)
13 (100)
13 (100)
13 (100)
4 (30.8)
4 (30.8)

1 (7.7)
1 (7.7)
0 (0)

1 (7.7)
0 (0)

3 (23.1)
1 (7.7)

5 (41.7)
4 (30.8)

0 (0)
0 (0)

117 (78.5)
117 (78.5)
38 (25.5)
22 (14.8)
10 (6.7)
13 (8.7)

38 (25.5)
30 (20.1)

138 (92.6)
41 (27.5)
25 (16.8)

11 (9.4)
4 (3.4)
0 (0)

14 (63.3)
0 (0)
0 (0)

3 (7.9)
13 (43.3)
21 (15.2)

3 (7.3)
1 (4.0)

130 (80.2)
130 (80.2)
51 (35.5)
35 (21.6)
23 (14.2)
26 (16.0)
51 (31.5)
42 (25.9)

151 (93.2)
45 (27.8)
29 (17.8)

12 (9.2)
5 (3.8)
0 (0)

15 (42.8)⸸
0 (0)

3 (11.5)
4 (7.8)

18 (42.9)
25 (16.6)

3 (6.7)
1 (3.4)

Outside of guidelines
ESR
Leukocyte count
Leukocyte differentiation
Reticulocytes
Trombocyte count
CRP
Sodium
Potassium
Magnesium
Phosphate
Urea
Creatinine
ASAT
ALAT
GGT
LD
Glucose
Albumin
Total protein
Vitamin D
Transferrin
Iron saturation
Total IgA
Total IgG

0 (0)
13 (100)
13 (100)

0 (0)
13 (100)
2 (15.4)

0 (0)
0 (0)

2 (15.4)
0 (0)
0 (0)
0 (0)

2 (15.4)
3 (23.1)

0 (0)
1 (7.7)
0 (0)

13 (100)
0 (0)

10 (76.9)
12 (92.3)
12 (92.3)
13 (100)

2

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

4 (33.3)
2 (15.4)

0 (0)

13 (8.7)
71 (47.7)
59 (39.6)

1 (0.7)
71 (47.7)
13 (8.7)
14 (9.4)
14 (9.4)
6 (4.0)

30 (20.1)
13 (8.7)
17 (11.4)
17 (11.4)
18 (12.1)
12 (8.1)
7 (4.7)
11 (7.4)

47 (31.5)
2 (1.3)

30 (20.1)
30 (20.1)
30 (20.1)

142 (95.3)
1 (0)

1 (7.7)
6 (8.5)

18 (30.5)
0 (0)

1 (1.4)
1 (7.8)
1 (7.1)
0 (0)

1 (16.7)
4 (13.3)
1 (7.8)

13 (76.5)
4 (23.5)

0 (0)
0 (0)

1 (14.3)
0 (0)

4 (8.5)
0 (0)

6 (20.0)
1 (3.3)

11 (36.7)
5 (3.5)
1 (0)

13 (8.0)
84 (51.9)
72 (44.4)

1 (0.6)
84 (51.9)
15 (9.3)
14 (8.6)
14 (8.6)
8 (4.9)

30 (18.5)
13 (8.0)
17 (10.5)
19 (11.7)
21 (13.0)
12 (7.4)
8 (4.9)

11 (6.8)
60 (37.0)

2 (1.2)
40 (24.7)
42 (25.9)
42 (25.9)

155 (95.7)
3 (1.9)

1 (7.7)
6 (7.1)

18 (25.0)
0 (0)

1 (1.2)
1 (6.7)
1 (7.1)
0 (0)

1 (12.5)
4 (13.3)
1 (7.7)

13 (76.5)⸷
4 (21.1)

0 (0)
0 (0)

1 (12.5)
0 (0)

4 (6.7)
0 (0)

6 (15.0)
1 (2.4)

15 (35.8)
7 (4.5)
0 (0)

Endocrinology
LH
FSH
Testosteron
IGF-1
Anti-TPO

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

2 (1.2)
2 (1.2)
2 (1.2)
5 (3.4)
1 (1.2)

1 (50.0)
0 (0)

1 (50.0)
0 (0)
0 (0)

2 (1.2)
2 (1.2)
2 (1.2)
5 (3.1)
1 (0.6)

1 (50.0)
0 (0)

1 (50.0)
0 (0)
0 (0)

Celiac serology
Endomysial antibodies
DGP-IgG

5 (38.5)
2 (15.4)

3 (60.0)
0 (0)

44 (29.5)
14 (9.4)

24 (54.5)
2 (14.3

49 (30.2)
16 (9.9)

27 (55.1)
2 (12.5)

Values in parentheses represent percentages of vertical column. 
*Laboratory values as suggested by the national guidelines. ⸷Deviations in shown creatinine values are deviations 
based upon reference values for adults. ⸸Most deviations in shown ALP values occurred since ALP values 
were not corrected for age anymore after change of measuring equipment. Anti-TPO: anti-thyroid peroxidase; 
ASAT: aspartate aminotransferase; ALAT: alanine aminotransferase; CRP: C-reactive protein; DGP: deamidated 
gliadin peptide; ESR: erythrocyte sedimentation rate; FSH: follicle stimulating hormone; G-GT: gamma-glutamyl 
transferase; IGF-1: insulin-like growth factor-1; LD: lactate dehydrogenase; LH: luteinizing hormone; TG2A: anti-
tissue transglutaminase type 2 anti-bodies; TSH: thyroid stimulating hormone;
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It is remarkable that even in the latest international guidelines the follow-up in paediatric 
CD patients is not addressed. These guidelines provide no recommendations on how 
often outpatients should be seen during follow-up and which additional laboratory tests 
should be performed. Our results suggest that routine control of vitamin B12 and folic 
acid seems unnecessary since deficiencies seem to occur only rarely in the paediatric 
population. However, since these parameters were only requested in 16% and 14% 
of cases, firm recommendations cannot be made. Since iron deficiency anaemia is 
commonly seen as an adjuvant intestinal symptom in the paediatric CD population we 
suggest serum ferritin and haemoglobin as routine biochemical measurements during 
follow-up [1,5,13,26]. Despite hypocalcaemia only seems to occur rarely, it seems rather 
important to keep this parameter inclined in routine biochemical follow-up since its 
potential effects on bone metabolism and growth and its importance in prevention of 
osteoporosis in the paediatric CD population. We would suggest to add vitamin D to the 
suggested routine biochemical measurements of children with CD, despite that vitamin 
D deficiency is frequently found in a general paediatric population and supplementation 
of vitamin D in GFD-adherent children not always leads to normalisation of vitamin 
D levels [18,30]. However, routine assessment of vitamin D levels and subsequent 
supplementation of deficiencies can be considered as good clinical practice in children 
because of its potential beneficial effects on bone metabolism and future prevention of 
osteoporosis. Furthermore, in GFD-adherent children TG2A serology remained negative 
over time after becoming negative [10–13]. This could implicate that routine assessment 
of TG2A serology in GFD-adherent children, and children with accidental gluten intake, 
may not be necessary after becoming negative [7].

In summary, when future guidelines regarding follow-up of paediatric CD are constructed 
we advocate that certain elements need to be taken into account: assessment of 
growth, GFD adherence and laboratory testing for vitamin and mineral deficiencies. 
The assessment of vitamin and mineral deficiencies during follow-up need to be based 
upon the presence of deficiencies during diagnosis. Routine assessment of haemoglobin, 
serum ferritin, calcium (+albumin) and vitamin D seems indicated on annual base. If 
deficiencies are present at diagnosis routine assessment and supplementation are 
indicated. Routine assessment of TG2A serology depends on GFD adherence and 
needs to be performed until normalization of TG2A levels in GFD-adherent children and 
thereafter should be performed every two years to monitor GFD adherence. In GFD non-
adherent children routine assessment of TG2A serology needs to be performed more 
frequently until normalization, whereas monitoring every three to six months would 
seem sufficient. Screening of thyroid function needs to be performed on indication.

Our study comes with one main limitation. Our study is a retrospective study and 
retrospective studies are always dependent on accurate record keeping. However, our 
study mostly covers requested laboratory parameters which were recorded digitally in 
electronic patient files therefore no requested laboratory parameters could be missed.



65Guideline adherence and biochemical follow-up in paediatric CD

CONCLUSION

Strict adherence to Dutch national guidelines amongst paediatricians during the follow-
up of paediatric CD was observed in only 8% of patients. The clinical relevance of 
recommended laboratory tests by the Dutch national CD guidelines seems limited. In 
order to prevent unnecessary additional diagnostic tests, we advocate that future (inter)
national guidelines also address evidence-based recommendations on biochemical 
follow-up in paediatric CD.
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ABSTRACT

This survey was undertaken to obtain insight in the attitude of Dutch physicians 
towards pathogenicity, diagnostic- and therapeutic approach towards Dientamoeba 
fragilis (D. fragilis) in children. Physicians were invited by e-mail for a questionnaire. A 
total of 211/450 physicians (46.9%) completed the questionnaire, including 67 general 
practitioners (GPs) and 144 pediatricians. Of all respondents, 175/211 (82.9%) considered 
D. fragilis a “potential pathogen”, when other causes of gastro-intestinal complaints are 
ruled out. Only 16/211 (7.6%) performed diagnostic tests regularly. Diagnostic tests were 
performed by 162/211 (77%) of respondents in children with diarrhea and abdominal 
pain in consideration of duration of symptoms. Fecal polymerase chain reaction (PCR) 
was diagnostic modality of preference. 89/142 (62.7%) prescribed metronidazole as 
antibiotic of first choice. This study shows heterogeneity in clinical practice amongst 
Dutch physicians regarding diagnostic- and therapeutic approach of D. fragilis in 
children. Different attitude towards pathogenicity and inconsistent guidelines could 
be causative factors.
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INTRODUCTION

Dientamoeba fragilis (D. fragilis) is a single-celled protozoan parasite, which can inhabit 
the human bowel and was first described over 100 years ago [1]. D. fragilis can be 
detected in children with abdominal pain and diarrhea, but also in asymptomatic 
children [2–4]. Some studies even report D. fragilis to be more prevalent amongst 
healthy controls than in children with gastro-intestinal complaints [5–7]. Consequently, 
the potential pathogenicity of D. fragilis is still under debate. During the past decades 
replacement of light microscopy by highly sensitive real-time polymerase chain reaction 
(RT-PCR) techniques for the diagnosis of D. fragilis led to an worldwide increase in 
detection rate, with incidence rates varying between 0.3% - 52% depending on the 
studied cohort and used diagnostic modality [3,8]. Treatment guidelines of D. fragilis 
mainly consist of a single set of antibiotics with paromomycin having the best eradication 
rates followed by clioquinol and metronidazole [8–10].

The debatable pathogenicity and increased incidence of D. fragilis may challenge 
physicians responsible for the care of children how to manage D. fragilis. Therefore 
the aim of this survey was to obtain insight in clinical practice amongst physicians 
responsible for the care of children, hence general practitioners (GPs) and pediatricians, 
regarding pathogenicity, diagnostic approach and therapeutic strategies of D. fragilis 
in children in the Netherlands.

METHODS

Participants
Physicians eligible for inclusion were Dutch GPs and pediatricians. Both residents and 
interns were invited for participation and were required to be currently practicing in 
the Netherlands. Respondents who provided incomplete questionnaires were excluded 
from the study.

The scientific review committee of the Amsterdam University Medical Center reviewed 
and approved the application for this study and concluded that it was not subject to the 
Medical Research Involving Human Subjects Act (WMO, METc#: 2020.0640).

Procedure and materials
Participating GPs were randomly selected through a list of Dutch GPs in the surrounding 
area of Amsterdam, provided by the department of family medicine of the Amsterdam 
UMC. Participants were contacted and invited for participation by e-mail. Questionnaires 
were send by e-mail containing an internet link to the online questionnaire. Participating 
pediatricians were selected by contacting departments of Pediatrics of hospitals in 
the surrounding area of Amsterdam but also three hospitals outside this region in 
order to obtain a comparable, more rural, insight in clinical practice: Amsterdam UMC 
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(location VUmc and AMC), OLVG (location east and west), Spaarne Gasthuis Haarlem, 
Amstelland Hospital Amstelveen, Noordwest Hospital (Alkmaar and Den Helder) 
Dijklander Hospital (Hoorn and Purmerend), St. Anthonius Hospital Nieuwegein, Rode 
Kruis Hospital Beverwijk. Gelre Hospital (Zutphen and Apeldoorn), Rijnstate Hospital 
Arnhem and Isala Hospital Zwolle. Included hospitals were both secondary and tertiary 
care centers. After contacting the secretaries of these departments, they administered 
the questionnaires towards participating clinicians through e-mail.

Questionnaire
The questionnaire was developed using the Survalyzer software (Survalyzer BV) for 
online questionnaires. Before entering the questionnaire, participants received 
information on the study by e-mail, including aim of the study, procedure, possible 
(dis-)advantages and a privacy statement (Supplementary data 1). Completion took 
approximately 2-10 minutes. All questions included an open text box in case the 
multiple-choice options were not conclusive. Open text answers were categorized 
and encoded into subgroups. A full version of the questionnaire is provided in the 
supplementary data (supplementary data 2). Briefly, the questionnaire consisted of 
three parts with a total of 25 questions. The first part provided questions regarding 
demographic data of the participants. The second part provided questions regarding 
pathogenicity and diagnostic considerations regarding D. fragilis in children. The 
third part provided questions regarding treatment and follow-up. Finally, an open 
text box was provided for responders to note questions or provide comments on the 
questionnaire.

Encoding data and statistics
All data were imported from Survalyzer (Survalyzer BV) into SPSS (SPSS version 26.0, 
SPSS Inc., Chicago). Data was analyzed by means of descriptive statistics. Results are 
shown in percentages of the total amount of the responders per question since the 
amount of provided questions by the questionnaire varied per care giver based upon the 
answers. In case multiple answers on a question were possible, responses are presented 
in percentages of the amount of care givers per given option. Categorical variables 
between groups were studied by means of a chi-square test. For small groups the 
Fisher’s exact test was used. For all comparisons, an p-value of <0.05 was considered 
significant.

RESULTS

Demographic data of participants
A total of 211 out of 450 invited physicians (46.9%) completed the questionnaire. Of 
the 211 included respondents 67/211 (31%) were GPs and 144/211 (69%) pediatricians 
(Table 1). Of the 144 pediatricians, 95/144 (66.4%) were general pediatricians, 12/144 
(8.4%) were pediatric gastroenterologists and 32/144 (22.4%) were fellows in pediatrics.
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All respondents
A total of 175/211 (82.9%) respondents considered D. fragilis to be a potential 
pathogen, but only 16/211 (7.6%) performed diagnostic tests regularly (Table 1). 
Of all respondents, 125/162 (77%) performed diagnostic tests for D. fragilis when 
diarrhea and/or abdominal pain were presenting symptoms and 140/162 (86.4%) of 
the respondents handled in consideration of duration of these symptoms, whereas the 
majority of respondents (102/140, 72.9%) performed diagnostic tests <2 months after 
onset of symptoms (Table 1). PCR was the test of preference for 63/162 (38.9%). When a 
positive test result was found, 78/162 (48.1%) ruled out first other causes when initiating 
treatment. Some responded to take the Cq-value of the PCR test into account when 
performing treatment (open text answers). When performing treatment, 89/142 (62.7%) 
prescribed metronidazole as preferred antibiotic, followed by clioquinol (28.2%)(Table 
2). A vast majority of respondents 96/130 (73.8%) do not control effect of eradication 
of D. fragilis, but when follow-up is performed, 26/35 (74.2%) of respondents, perform 
follow-up within 6 weeks after treatment (Table 2).

Differences between pediatricians and pediatric gastroenterologists
Pediatric gastroenterologists consider D. fragilis more often “strictly commensal” 
than pediatricians (25% vs. 19%). Diagnostic tests are performed by 7/12 (58.3%) of 
pediatric gastroenterologists, but pediatricians perform diagnostic tests earlier (54% 
vs. 43% <2 months). Pediatric gastroenterologists prescribe clioquinol (37.5% vs. 33.3%) 
and metronidazole (50% vs. 61.9%) in a similar amount as pediatricians. Control of 
eradication is performed more frequent by pediatric gastroenterologists than by 
pediatricians (62.5% vs. 28.4%).

Differences between GP’s and pediatricians
Pediatricians consider D. fragilis more often “strictly commensal” than GPs, 19% vs. 
7%, p=0.03. GPs responded to perform diagnostic tests for D. fragilis more often than 
pediatricians (combined response “sometimes/regularly/rarely” 76.2% vs. 55.4%, 
p=<0.01)(Table 1). When diagnostic tests are performed, GPs perform diagnostic 
tests earlier than pediatricians (88.2% vs. 54% <2 months, p=0.04). When performing 
treatment pediatricians prescribe clioquinol more often as preferred antibiotic than 
GPs (33.3% vs. 20.7%, p=0.10). Control of eradication of D. fragilis is not performed 
frequently but GPs perform control of eradication earlier than pediatricians (83.4% vs. 
66.7% <6 weeks, p=0.37)(Table 2).
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Table 1. Pathogenicity and diagnostic considerations.

General 
practitioners

(n=67)

Pediatricians
(n=144)

p-value Total
(n=211)

Pathogenicity “I consider D. fragilis:”

Strictly pathogenic
Mostly commensal, but able to cause 
symptoms
Strictly commensal
No opinion

Respondents 
(n=67)
1 (1.5)

59 (88.0)

5 (7.5)
2 (3.0)

Respondents 
(n=144)
0 (0.0)

116 (80.6)

28 (19.4)
0 (0.0)

N.S.
0.18

0.03
N.S.

Respondents 
(n=211)
1 (0.5)

175 (82.9)

33 (15.6)
2 (1.0)

Diagnostic considerations
“Do you perform diagnostics for D. fragilis?”
Regularly
Sometimes
Rarely
Never
Not specific, unrequested result

“Presenting symptoms when performing 
diagnostics?” (multiple responses possible)
Diarrhea
Abdominal pain
Bloating
Weight loss
Bloody stools
Anorexia
Flatulence
Nausea
Vomiting
Other

“Duration of symptoms in consideration 
when testing for D. fragilis?”
Yes
No

“Duration of symptoms when you perform 
tests for D. fragilis?”
<2 week
2-4 weeks
1-2 months
3-4 months
>5 months
Other: variable by patient

“What kind of test do you perform?”

Fecal PCR
DFT
TFT
Other: decided by laboratory

Respondents 
(n=67)
4 (6.0)

42 (62.7)
5 (7.5)

8 (11.9)
8 (11.9)

Respondents 
(n=58)

51 (87.9)
42 (72.4)
15 (25.9)
8 (13.8)
6 (10.3)
5 (8.6)
5 (8.6)
4 (6.9)
0 (0.0)

9 (15.5)

Respondents 
(n=58)

56 (96.5)
2 (3.5)

Respondents 
(n=56)
0 (0.0)

16 (28.6)
30 (53.6)

4 (7.1)
4 (7.1)
2 (3.6)

Respondents 
(n=58)

18 (31.0)
7 (12.1)

13 (22.4)
20 (34.5)

Respondents 
(n=144)
12 (8.3)

66 (45.7)
2 (1.4)

40 (27.9)
24 (16.7)

Respondents 
(n=104)
74 (71.2)
82 (78.8)
27 (26.0)
16 (15.4)
22 (21.2)
12 (11.5)
13 (12.5)
16 (15.4)

8 (7.7)
26 (25.0)

Respondents 
(n=104)

84 (80.8)
20 (19.2)

Respondents 
(n=84)
1 (1.2)

13 (15.5)
42 (50.0)
21 (25.0)

4 (4.8)
3 (3.5)

Respondents 
(n=104)

45 (43.3)
33 (31.7)
21 (20.2)

5 (4.8)

0.56
0.03
0.02
0.01
0.37

0.03
0.24
0.99
0.79
0.08
0.56
0.45
0.12
0.03
0.26

0.01

-
-

N.S.
0.06
0.68
0.01
0.55
N.S.

0.13
0.01
0.74

<0.01

Respondents 
(n=211)
16 (7.6)

108 (51.2)
7 (3.3)

48 (22.7)
32 (15.2)

Respondents 
(n=162)

125 (77.2)
126 (77.8)
42 (25.9)
24 (14.8)
28 (17.3)
17 (10.5)
18 (11.1)
20 (12.3)

8 (4.9)
35 (21.6)

Respondents 
(n=162)

140 (86.4)
22 (13.6)

Respondents 
(n=140)
1 (0.7)

29 (20.7)
72 (51.4)
25 (17.9)

8 (5.7)
5 (3.6)

Respondents 
(n=162)

63 (38.9)
40 (24.7)
34 (21.0)
25 (15.4)

Numbers in parentheses are percentages of vertical column; N.S. means not significant; DFT: dual-feces-
test; PCR: polymerase chain reaction; TFT: triple-feces-test;
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Table 2. Therapeutic considerations.

GPs
(n=67)

Pediatricians
(n=144)

p-value Total
(n=211)

“Do you perform treatment for a positive D. 
fragilis test?”
Yes
Yes, but only when other causes are ruled out
No, I perform expectative management
Other: incidental or shared decision making

“Do you perform treatment when D. fragilis is 
a unrequested result”
Yes, but only when other causes are ruled out
No, I perform expectative management
Other: incidental or shared decision making

“First choice of antibiotics?”

Metronidazole
Paromomycin
Clioquinol
Doxycycline
Other: Probiotics, diet, advice microbiologist

“Do you perform control of eradication?”

Yes
Yes, but only if symptoms persist
No, I do not perform control of eradication
Inconclusive

“When do you perform control of eradication?”

<2 weeks after treatment
<4 weeks after treatment
<6 weeks after treatment
>6 weeks after treatment
Inconclusive

“What would you do when eradication is not 
achieved?”
I prescribe a second (different) course of 
antibiotics
I perform expectative management
Other: Shared decision making or dependent on 
symptoms
Other: probiotics/diet

Respondents 
(n=58)
3 (5.2)

29 (50.0)
9 (15.5)

17 (29.3)

Respondents 
(n=7)

2 (28.6)
2 (28.6)
3 (42.8)

Respondents 
(n=58)

37 (63.8)
0 (0.0)

12 (20.7)
0 (0.0)

9 (15.5)

Respondents 
(n=49)
4 (8.2)
3 (6.1)

38 (77.5)
4 (8.2)

Respondents 
(n=12)
0 (0.0)

7 (58.4)
3 (25.0)
1 (8.3)
1 (8.3)

Respondents 
(n=12)

3 (25.0)

1 (8.3)
7 (58.4)

1 (8.3)

Respondents 
(n=104)
12 (11.5)
49 (47.1)
23 (22.1)
20 (19.2)

Respondents 
(n=24)

5 (20.8)
14 (58.4)
5 (20.8)

Respondents 
(n=84)

52 (61.9)
1 (1.2)

28 (33.3)
1 (1.2)
2 (2.4)

Respondents 
(n=81)

19 (23.5)
4 (4.9)

58 (71.6)
0 (0.0)

Respondents 
(n=23)
4 (17.4)
6 (26.1)
6 (26.1)
4 (17.4)
3 (13.0)

Respondents 
(n=23)

10 (43.5)

2 (8.7)
10 (43.5)

1 (4.3)

0.11
0.62
0.15
0.14

0.67
0.17
0.24

0.82
-

0.10
-

<0.01

0.03
0.77
0.45

-

-
0.06
0.94
0.47
0.68

0.28

0.97
0.40

0.63

Respondents 
(n=162)
15 (9.3)

78 (48.1)
32 (19.8)
37 (22.8)

Respondents 
(n=31)

7 (22.6)
16 (51.6)
8 (25.8)

Respondents 
(n=142)

89 (62.7)
1 (0.7)

40 (28.2)
1 (0.7)
11 (7.7)

Respondents 
(n=130)
23 (17.7)

7 (5.4)
96 (73.8)

4 (3.1)

Respondents 
(n=35)
4 (11.4)

13 (37.2)
9 (25.7)
5 (14.3)
4 (11.4)

Respondents 
(n=35)

13 (37.1)

3 (8.6)
17 (48.6)

2 (5.7)

Numbers in parentheses are percentages of vertical column;
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DISCUSSION

This survey amongst Dutch GPs and pediatricians showed that 83.4% of participants 
consider D. fragilis a potential pathogen when other causes of gastrointestinal 
complaints are ruled out. Diarrhea and abdominal pain are presenting symptoms 
when physicians perform diagnostic tests the most, mainly in consideration of duration 
of symptoms. PCR is the diagnostic modality of preference and when treatment is 
performed, metronidazole is the antibiotic of preference for both GP’s and pediatricians. 
Follow-up after treatment or control of eradication of D. fragilis is not routinely 
performed by the majority of physicians.

The majority of respondents considered D. fragilis to be a potential pathogen in children 
when other causes of gastrointestinal complaints are ruled out. An interesting finding 
since strong evidence regarding pathogenicity of D. fragilis is lacking [11–13]. In several 
reports over the past decades, it has been described that, at least in a subgroup of 
patients, treatment of D. fragilis resulted in clinical improvement of symptoms [9,10]. 
Furthermore, two of three Koch ś postulates were fulfilled in rodent models and even 
different subtypes of D. fragilis with unique virulent factors could be identified [14–17]. 
However, there is also some evidence that supports D. fragilis to be non-pathogenic. 
A recent case-control study found no alterations in gut microbiota in children with 
symptomatic and asymptomatic D. fragilis as cause for the gastrointestinal symptoms. 
Another case-control study found less gastrointestinal symptoms in D. fragilis positive 
controls than in D. fragilis negative cases [12,13].

GPs more often perform diagnostic tests for D. fragilis than pediatricians. This could 
possibly be explained by the differences in attitude regarding potential pathogenicity 
and by different present guidelines for GPs and pediatricians regarding diagnosis and 
treatment of D. fragilis [8,18,19]. Guidelines for GPs suggest to test for D. fragilis if 
abdominal pain and/or diarrhea is present ≥10 days and persistent and suggest 
treatment with metronidazole, whereas guidelines for pediatricians advice not to test 
and not to treat D. fragilis [24,25]. Diagnostic tests for D. fragilis were most commonly 
performed in children with diarrhea and abdominal pain, however, symptoms as 
abdominal pain and/or diarrhea are frequently present in the pediatric population which 
makes it challenging for clinicians to select children who may benefit from diagnostic 
work-up and targeted therapy [9]. PCR is the diagnostic modality of preference for both 
GPs and pediatricians for diagnosing D. fragilis. However, the use of only PCR, without 
performing light microscopy, comes with certain challenges and clinicians should be 
aware that a combination of the two is recommended to ensure the reliability of the 
test [8,9].

The majority of clinicians only performs treatment for D. fragilis when all other somatic 
causes are excluded, which is in line with current GP and microbiology guidelines [8,18]. 
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Interestingly, two thirds of both GPs and pediatricians prescribe metronidazole as first-
line therapy. A remarkable finding since the only conducted randomized controlled trial 
regarding treatment of D. fragilis showed no beneficial effect of metronidazole over 
placebo in relief of clinical symptoms [20]. Furthermore, clioquinol and paromomycin 
appear to have superior eradication rates and resolution of clinical symptoms compared 
to metronidazole [9,21]. Treatment of D. fragilis should therefore be performed with 
clioquinol or paromomycin [8]. Follow-up is not performed by the majority of clinicians, 
which could be explained by the fact that follow-up is not addressed in most guidelines. 
However, international microbiology guidelines recommend to perform control of 
eradication of D. fragilis 3 to 4 weeks after treatment, particularly in case of persisting 
symptoms [8,9].

Strength of this study is that we were able to study a representative population of 
Dutch GPs and pediatricians in both urban and rural parts of the Netherlands and that 
a response rate of almost 50% was obtained. This study also has some limitations. 
First, a substantial number of participants responded that they receive a positive test 
result for D. fragilis as unrequested test result when testing for other infectious causes. 
This could have led to an overestimation of performed diagnostic tests and treatment 
approach. Secondly, we did not use a validated questionnaire since these were not 
available for this topic. However, we did provide open text boxes for respondents to 
provide alternative answers when the provide answers were not sufficient.

CONCLUSION

Our study shows heterogeneity in clinical practice amongst Dutch GPs and pediatricians 
regarding pathogenicity, diagnostic approach and therapeutic management of D. 
fragilis in the pediatric population. Different attitude towards potential pathogenicity 
between GPs and pediatricians and different available guidelines for both groups could 
be causative factors. Future studies regarding potential pathogenicity of D. fragilis 
and randomized controlled trials in children with well-defined clinical symptoms, 
appropriate diagnostic tests, follow-up and comparison of different treatment regiments 
with placebo are warranted. Future microbiological and clinical guidelines should state 
similar information to enhance unambiguity in clinical practice.

RECOMMENDATIONS

Based upon previously published literature we endorse the following recommendations 
on the testing and management of D. fragilis in the pediatric population [8–10]. Testing 
for D. fragilis should be reserved for children with (sub)acute gastrointestinal symptoms 
in whom other causes are excluded [8,9]. Diagnostic modality of preference is a fecal 
PCR, if possible combined with light microscopy [8,9]. Initiating treatment should be 
performed by means of shared decision making whereas parents should be informed 
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about the debated pathogenicity of the parasite and potential failure of treatment. 
Treatment should be performed by a single course of paromomycin or clioquinol [8–
10,21]. Control of eradication should be performed 3-4 weeks post-treatment. If D. 
fragilis persists, consider testing all members of the same household.
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ABSTRACT

Background: Dientamoeba fragilis in children has been associated with gastrointestinal 
symptoms, like abdominal pain and diarrhea. The mechanism underlying these 
symptoms in children with D. fragilis remains unclear. We hypothesized that concomitant 
microbial alterations, which have been described in other parasitic infections, may be 
associated with gastrointestonal symptoms in D. fragilis.

Methods: In this case-control study performed in two centers, 19 children referred 
to a pediatrician because of gastrointestinal symptoms and with a positive fecal PCR 
for D. fragilis were included as cases. We included 19 healthy children as controls, 
and matched for age and gender, selected from an existing cohort of 63 children. A 
PCR for D. fragilis was performed on fecal samples of the 19 controls to assess D. 
fragilis carriership in this asymptomatic group. Microbiota was analyzed with the IS-pro 
technique and the intestinal microbiota composition and diversity was compared 
between the two groups.

Results: Microbiota of children with D. fragilis and gastrointestinal symptoms did not 
significantly differ in terms of composition and diversity compared to controls, both 
on phylum and species level. In the asymptomatic controls, a positive fecal PCR for D. 
fragilis was found in 16 of 19 (84.2%).

Conclusion: Intestinal microbiota do not seem to play a key role in the presence of 
clinical symptoms in children with D. fragilis. The pathogenicity of D. fragilis and 
pathophsiological pathways underlying development of gastrointestinal symptoms 
remains yet to be clarified.
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INTRODUCTION

Dientamoeba fragilis is a flagellate anaerobic parasite inhabiting the human gastrointestinal 
tract. D. fragilis can be diagnosed using light microscopy on fresh or permanently stained 
stool samples, or by real time polymerase chain reaction (PCR) techniques on the stool 
[1]. Worldwide prevalence rates of D. fragilis vary between 0.3% and 62%, depending on 
the studied cohort and used diagnostic modality [1]. Reported rates may have increased 
over the past years due to the routine introduction of real-time PCR techniques, which 
is characterized by a higher sensitivity compared to previous methods [1,2]. There is still 
a lack of consensus on the potential pathogenicity of this parasite, despite its discovery 
around 100 years ago [3]. Data derived from large case series suggest that D. fragilis 
is associated with clinical symptoms, whereas other studies and the single performed 
randomized controlled trial in children do not support this concept of pathogenicity 
[1,4–10].

The clinical presentation of children with D. fragilis varies from asymptomatic carriership 
to a wide spectrum of gastrointestinal complaints, of which abdominal pain and diarrhea 
are the most frequently reported symptoms [1,5]. It remains unknown why some patients 
harboring D. fragilis manifest clinical symptoms while others are asymptomatic. A 
possible, yet unexplored, hypothesis for development of clinical symptoms in a selection 
of children with D. fragilis might be the presence of microbial alterations (or dysbiosis) 
related to the presence of D. fragilis. Intestinal dysbiosis is commonly defined as a 
change in composition of resident commensal bacterial communities relative to bacterial 
communities present in healthy subjects. The supposed relation between dysbiosis and 
development of gastrointestinal symptoms has been related to exposure of the intestinal 
mucosa to a variety of factors such as bacterial products, bacterial endotoxins, ammonia, 
indoles, phenols and hydrogen sulphide, which all have substantial effects on mucosal 
and intestinal health [11]. The presence of these toxic metabolites is dependent on types 
of fermentation in the bowel, which on its turn is dependent on the composition of the 
intestinal microbiota, as well as on the substrates for fermentation [11]. The relationship 
between microbial dysbiosis and gastrointestinal symptoms has been described in several 
parasitic infections, such as Blastocystis hominis, Entamoeba histolyica and Giardia 
lamblia, and also in irritable bowel syndrome (IBS) [12–15]. So far, however, no studies 
have described the microbiota in children with D. fragilis and searched for a relation 
between dysbiosis and symptoms in this population.

This study was undertaken to explore the hypothesis that gastrointestinal symptoms 
in children with D. fragilis infection are associated with bacterial dysbiosis. Aim of 
this study was to compare the microbiota of children with D. fragilis presenting with 
gastrointestinal symptoms with an asymptomatic control population and to search for a 
microbial signature associated with symptoms. Detection of such a microbial signature 
could possibly lead to the development of novel microbiota-based therapeutic strategies 
in the treatment of symptomatic D. fragilis subjects.
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MATERIAL AND METHODS

Study design
This was a case-control study, conducted between January 2014 and June 2016, in an 
academic hospital (Amsterdam UMC, location VUmc) and a teaching hospital (Tergooi 
hospital, Blaricum) in the Netherlands. The study population was divided into two 
subgroups; (1) children positive for D. fragilis presenting with gastrointestinal complaints 
and (2) a matched pediatric control population without gastrointestinal complaints. 
Approval for the study was obtained from the Scientific Review Committee of both 
hospitals.

Participants
All children aged ≤ 18 years referred to the department of pediatrics of one of the 
participating centers with gastrointestinal symptoms lasting longer than two weeks and 
clinically suspected of having a parasitic gastrointestinal illness, based on the judgement 
of the treating pediatrician, and with a positive fecal PCR for D. fragilis were eligible 
to participate. The applied fecal PCR test for D. fragilis has been described previously 
and is standardized and validated for application in clinical practice [16]. Exclusion 
criteria included an underlying diagnosis of a chronic gastrointestinal disease, like celiac 
disease, functional constipation and inflammatory bowel disease (IBD), a culture-proven 
infectious gastroenteritis in the last 6 months prior to inclusion, history of surgery of the 
gastrointestinal tract (except appendectomy), use of antibiotics, immune modulating 
agents or probiotics within six months prior to inclusion and a co-infection with another 
parasite than D. fragilis. Written informed consent for participation in this study was 
given by the parents and by the child when older than 12 years of age.

Pediatric controls were selected from a cohort consisting of 63 healthy children aged 
between three and eighteen years [17]. None of the control children had gastrointestinal 
symptoms as reported by a detailed questionnaire. Fecal samples of these children 
were collected during the same study period (January 2014 – June 2016) and in the 
same geographical region, using a similar protocol for sampling, collection, storage 
and microbial analysis of the fecal samples [17]. Controls were 1:1 matched based on 
age and gender with the symptomatic D. fragilis cases. When more than one suitable 
control was available, the closest match (based on age) was selected. We applied the 
same exclusion criteria for the symptomatic and healthy pediatric control population. 
A real-time PCR for detection of D. fragilis was applied on the fecal samples of these 
controls to determine the prevalence of D. fragilis in this subgroup [18].

Procedure
Every participant was instructed to collect a fecal sample (see following paragraph fecal 
sampling for further details) and to complete a short questionnaire, including items 
regarding standard demographics, health status, use of antibiotics and other medication 
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and present (gastrointestinal) symptoms. Data on applied detection test for D. fragilis 
was collected from the patients file.

Fecal sampling
Sterile plastic containers and an information letter were provided to parents and 
children, with instructions on procedure of collection and storage of the fecal samples. 
Fecal samples were collected in this sterile plastic container at home before initiation of 
therapy and stored within one hour after defecation at -20°C before further handling. 
The same fecal sample was used for diagnosing D. fragilis as for microbiota profiling. 
The intestinal microbiota was analyzed on fecal samples of both groups by IS-pro, a 
PCR-based microbiota profiling technique [19].

Microbiota analysis by IS-pro
Fecal samples were analyzed by the standard IS-pro procedure as described earlier 
[17,19]. Isolated Bacterial DNA was amplified in a standardized multiplex PCR-
amplification with the IS-pro assay (InBiome BV, Amsterdam, The Netherlands) as 
provided by the manufacturer. Briefly, IS-pro differentiates bacterial species by the 
length of the 16S-23S rDNA IS region with taxonomic classification by phylum-specific 
fluorescently labelled PCR primers. Two labelled forward primers and three universal 
unlabelled reverse primers are used for this amplification. The labelled primers are 
specific for the phyla Firmicutes, Actinobacteria, Fusobacteria and Verrucomicrobia 
(FAFV) and Bacteriodetes respectively. For the Proteobacteria a separate PCR-
amplification was performed with a labelled forward primer and unlabelled reverse 
primers. Amplified DNA fragments were separated for analysis on an ABI Prism 3130XL 
Genetic Analyzer (Applied Biosystems, Carlsbad, California, USA). In order to control 
for potential contamination, all negative control samples were taken along with each 
DNA isolation run. Negative control samples were taken through the entire identical 
IS-pro process as patient samples.

Data analysis

IS-Pro
Preprocessing of microbial data was performed by the IS-Pro proprietary software suite 
(InBiome BV, Amsterdam, The Netherlands), which led to distinctive microbial profiles. 
Different types of information were obtained: the main phylae present in the human 
gastrointestinal tract (Bacteroidetes, FAFV, and Proteobacteria) were automatically 
sorted by color of peaks; Species were identified by the length of the 16S-23S rDNA IS 
region, displayed by number of nucleotides; And relative quantity of the PCR product 
(ie peak height), which is measured in relative fluorescence units. Specific peaks in the 
microbial profile (and its corresponding intensity as its abundance) were considered an 
operational taxonomic unit. Peak determination (ie species determination) was done by 
matching sample profiles to a known database (consisting of more than 1500 species) 
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of known bacterial species and their corresponding IS-lengths. Sampling effect on IS 
profiles was assessed in previous analyses, in which a correlation was found of 96% for 
Bacteroidetes and 90% for FAFV for samples of the same excrement [17].

Diversity
Diversity analysis was performed on all IS-pro data. The Shannon diversity index was 
calculated to define microbial diversity based on the resulting profiles by conventional 
statistics. Diversity was calculated for total microbial composition (by pooling all three 
main phylae Bacteroidetes, FAFV and Proteobacteria) and per phylum. The R 2.15.2 
software package was used to perform diversity analysis. Spotfire software package 
(Tibco, Palo Alto, CA, USA) was used for fitted curves and data visualization.

Statistical analysis
For the statistical analysis, the SPSS (SPSS version 25.0, SPSS Inc., Chicago) software was 
used. Categorical variables between groups were studied by means of a chi-squared 
test. Normally distributed continuous variables between two groups were studied by 
means of an independent samples t-test. For all comparisons, an α value of < 0.05 was 
considered significant.

RESULTS

Participants
A total of 19 children with gastrointestinal symptoms with a positive fecal PCR for D. 
fragilis were included. Fecal samples were collected between 14-42 days following the 
onset of gastrointestinal symptoms and while these symptoms were still present. The 
mean age was 7.8 ± 3.8 years and 10 were male (52.6%)(Table 1). The most common 
presenting gastrointestinal symptoms of the children with D. fragilis were abdominal 
pain (100%) and diarrhea (78.9%).

We matched 19 controls to these 19 patients with positive D. fragilis based on age and 
gender. The mean age of the healthy control population was 7.2 ± 4.0 years (Table 1). 
We performed a fecal PCR for D. fragilis on the fecal samples of these asymptomatic 
children to assess D. fragilis carrierschip and found a positive result in 16 children 
(84.2%)
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Table 1. Demographic data of the studied population.

Characteristics Symptomatic patients Healthy controls

N 19 19

Gender (%)
   Male
   Female

10 (52.6)
 9 (47.4)

10 (52.6)
9 (47.4)

Age 7.8 ± 3.8 7.2 ± 4.0

D. fragilis positive PCR 19 (100) 16 (84.2)

Presenting symptom (%)
   Abdominal pain
   Diarrhea
   Nausea
   Vomiting
   Fatigue
   Failure to thrive
   Bloating
   Constipation
   Irritablility

19 (100)
15 (78.9)
6 (31.6)
5 (26.3)
3 (15.8)
2 (10.5)
1 (5.3)
1 (5.3)
1 (5.3)

-
-
-
-
-
-
-
-
-

Nominal variables expressed in means ± SD

Microbiota analysis
The most abundant species in the IS-profiles of both children with D. fragilis and the 
controls were observed within the phylum Bacteroidetes, presented by the species 
Alistipes finegoldii (231 and 396 nt length position), Alistipes putrenidis (235 nt) and 
Bacteroides vulgatus (479 nt). A clustered heatmap did not reveal specific clustering 
between the two subgroups, neither at phylum level nor at species level (figure 1). The 
most dominant species within the FAFV phyla was Faecalibacterium prausnitzii (318 nt) 
and in both groups Sutterella Wadsworthensis (663 nt) was the most common species 
in the Proteobacteria phylum. Principle coordinate analysis (PCoA) of microbial profiles 
of both groups revealed no segregation between children with D. fragilis and symptoms 
and asymptomatic controls, neither for all phyla together, nor per phylum. Shannon 
diversity indices were not statistically different between the two studied groups for 
all phylae together (Cases: 3.15 ± 0.27; IQR: 3.01 – 3.25; Controls: 3.10 ± 0.38; IQR: 
2.94 - 3.30, p=0.85) nor per phylum: Bacteroidetes (Cases: 2.48 ± 0.25; IQR: 2.37 – 2.61; 
Controls: 2.46 ± 0.34; IQR: 2.45 - 2.59; p= 0.77), FAFV (Cases: 1.80 ± 0.53; IQR: 1.55 – 
2.19; Controls: 1.77 ± 0.49; IQR: 1.39 – 2.15; p= 0.89), Proteobacteria (Cases: 1.87 ± 0.56; 
IQR: 1.77 – 2.19; Controls: 1.71 ± 0.62; IQR: 1.39 – 2.10; p= 0.41)(figure 2).
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Figure 2. Principle coordinate analysis of microbial profiles of children with D. fragilis and gas-
trointestinal symptoms and asymptomatic controls.
Principle coordinate analysis scatterplot displaying overall bacterial community composition, showing no 
separate clustering of microbial profiles of children with D. fragilis and gastrointestinal symptoms (blue) 
and asymptomatic controls (red).

Figure 3. Diversity indices of children with D. fragilis and gastrointestinal symptoms and asymp-
tomatic controls.
Shannon diversity index of 19 children with D. fragilis and gastrointestinal symptoms (cases) and 19 
asymptomatic controls. Showing similar indices on phylum level for both groups. Red: Bacteroidetes. Blue: 
Firmicutes, Actinobacteria, Fusobacteria, Verrucomicrobia (FAFV), Yellow: Proteobacteria. Green: All phyla.

6



92 Chapter 6

DISCUSSION

This case-control study was undertaken to explore the hypothesis that gastrointestinal 
symptoms in children with D. fragilis are associated with dysbiosis. We did not 
observe statistically significant microbial differences between children with D. fragilis 
and gastrointestinal symptoms and an asymptomatic control population in terms of 
composition and diversity.

We observed a high prevalence of D. fragilis carriership in our matched, asymptomatic 
control population of 84.2%. Such a high prevalence of D. fragilis in an asymptomatic 
pediatric population could be interpreted as illustration of the non-pathogenic character 
of this parasite in the majority of cases. The stool of these patients should preferebaly 
be examined by microscopy for proof of true replication of D. fragilis by detection of 
actively dividing trophozoites, however there was no sufficient fecal material left for this 
additional microscopic analysis. The prevalence of D. fragilis in our control population 
could therefore be an overestimation of the real prevalence in this cohort. Using real-
time PCR, prevalence rates of D. fragilis of up to 50% in asymptomatic Dutch children, 
were described by previous studies [8,16]. Furthermore, in other western European 
countries (Germany and Denmark) corresponding prevalence rates were found [7,20]. 
A future study could be conducted using real-time PCR combined with microscopic 
examination of permanently stained slides of stools (in which actively dividing parasites 
(trophozoites) can be demonstrated.

Mounting evidence suggests that certain intestinal parasites are linked to maintain 
intestinal homeostasis [21]. One of the suggested mechanisms for microbial alterations 
in symptomatic Blastocystis spp. infections is the production of polyketide synthase and 
two non-ribosomal peptide synthases by Blastocystis spp. which are known to produce 
antibiotic effects and therefore influence intestinal microbiota composition [22,23]. For 
instance, an increased relative abundance of Bacteroides spp. was found in patients with 
Blastocystis spp. positive individuals compared to controls, although the study design 
did not allow conclusions whether this dysbiosis was associated with the presences of 
clinical symptoms [12–14]. Our study suggests that alterations in intestinal microbiota 
are not asscociated with development of gastrointestinal symptoms in children with 
a positive D. fragilis fecal PCR. Other suggested mechanisms for symptomatic disease 
in Blastocystis spp. are increased intestinal permeability due to tight junction proteins 
degradation and apoptosis and upregulation of pro-inflammatory cytokines [23–26]. 
Whether this is also valid for symptomatic D. fragilis infections remains to be elucidated.

One could argue that the negative results found in our study are due to selection 
bias by only including children referred to a pediatrician because of gastrointestinal 
complaints. These symptoms might hypothetically have been of functional origin, 
with the presence of D. fragilis as an innocent bystander. Treatment and follow-up 
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in the cases was not performed in a standardized matter. Therefore, retrospective 
assessment of the effect of prescribed antibiotics on symptoms and eradication of D. 
fragilis would not have realiably clarified whether symptoms were indeed caused by 
D. fragilis and was therefore not performed. Although some studies reported a weak 
association between D. fragilis and IBS, a systematic review on the role of D. fragilis 
in IBS showed no association (OR: 1.13, 95%CI: 0.22-5.72)[12,27–29]. Notably, some 
studies even reported a higher prevalence of D. fragilis in control patients (18%) than 
in IBS patients (11%) [27,30,31].

The choice of microbiota analytical techniques may also influence outcome. Differences 
in applied techniques and protocols may lead to variation in outcome that even 
outweighs biological differences, illustrating the need for standardization and to 
use similar techniques and protocols when comparing microbial data of different 
populations [32]. In this study, we used of IS-pro as microbiota profiling technique 
instead of more regular 16S rRNA based sequencing techniques. We selected IS-pro 
mainly for two reasons: the microbiota of children selected from the control population 
originally were analyzed by IS-pro [17]. In that study, 454-pyrosequencing was also 
applied for validation, showing comparable outcomes with IS-pro. Furthermore, an 
advantage of IS-pro over most sequencing techniques is its capacity to generate results 
within hours following sampling, illustrating its potential to be applied in daily clinical 
practice.

Strength of this study is that we were able to study a representative population for 
several reasons. First, we have studied patients with a positive D. fragilis test and with 
a combination of gastrointestinal symptoms. A previous study conducted in children 
showed that the majority of children with symptomatic D. fragilis also reported the 
presence of a combination of gastrointestinal symptoms rather than a single complaint 
[16]. Second, other causes for gastrointestinal symptoms in cases, like celiac disease, 
IBD, or other infectious disorders, were excluded. Third, the inclusion of patients with 
gastrointestinal symptoms lasting longer than two weeks further reduces the possibility 
of short lasting other infectious causes (ie viral infections that were not tested for 
in our fecal samples). Our study comes with several limitations. First, our studied 
population was relatively small, any subtle microbial differences, possibly related to 
specific clinical symptoms could therefore have been missed. Second, our study had 
a retrospective design and symptoms and response to treatment were therefore not 
reported in a standardized way. Third, since the majority of asymptomatic controls 
turned out to be carrier of D. fragilis, any effect of D. fragilis on microbiota composition, 
irrespective of the presence of clinical symptoms, could not be assessed. Fourth, the 
results found in our study only excluded compositional differences of the intestinal 
microbiota between the subgroups. Functional differences of the intestinal microbiota, 
by metabolomics and metagenomics, have not been studied and should be considered 
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in future studies. The results of this study suggest that dysbiosis is not the primary 
pathofysiological mechanism underlying gastrointestinal symptoms in children with 
D. fragilis. Our study results support the necessity of future randomized studies to 
elucidate the pathogenicity of D. fragilis and to unravel the underlying mechanisms 
leading to clinical symptoms.

CONCLUSION

The intestinal microbiota of children with D. fragilis presenting with gastrointestinal 
symptoms and asymptomatic children did not differ in composition and diversity, 
suggesting that the intestinal microbiota does not play a key role in the presence of 
gastrointestinal symptoms in children with D. fragilis. The pathogenicity of D. fragilis 
and pathophsiological pathways underlying development of gastrointestinal symptoms 
remains yet to be clarified.
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ABSTRACT

Introduction: The presence of D. fragilis in feces is characterized by asymptomatic 
carrier ship to a spectrum of gastrointestinal symptoms. However, a causal relationship 
remains to be elucidated. In this systematic review we aimed to evaluate the relationship 
between eradication of D. fragilis and symptoms to establish the strength of evidence 
that D. fragilis in symptomatic children warrants antibiotic treatment.

Areas covered: This systematic review covers a challenge in daily clinical practice. Is it 
necessary to test for D. fragilis in children with gastrointestinal symptoms and does a 
positive fecal PCR test warrant treatment?

Expert opinion: Testing for D. fragilis seems justified in a selection of children with 
persistent unexplained chronic abdominal pain and diarrhea. Treatment of D. fragilis 
should be withhold until other causes like celiac disease have been excluded. Both 
microscopic and Real Time-PCR methods (or a combination of the two) can be used 
for diagnosis. Paromomycin or clioquinol are antibiotics of choice based on their small 
spectrum of activity, fewer side effects and better eradication rates than metronidazole. 
Future randomized studies, with strict inclusion criteria, appropriate diagnostic testing 
and doses of antibiotics based on bodyweight are warranted.
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INTRODUCTION

Dientamoeba fragilis is a flagellate anaerobic parasite that inhabits the human 
gastrointestinal tract. The first description of D. fragilis was already 100 years ago by 
Jepps and Dobell, but there is still a lack of consensus on the potential pathogenicity 
of this protozoa [1,2]. The protozoan appears to be particularly prevalent amongst 
children, yet it appears that the view on its pathogenicity in adults is more widespread 
accepted than in children [3]. However, a large series of scientific reports, from the time 
of its discovery until now, has provided support D. fragilis to be a potential pathogen 
[4–6]. The clinical presentation of D. fragilis varies, from asymptomatic carriership to 
a wide spectrum of gastrointestinal complaints, of which the most frequently reported 
symptoms are abdominal pain, altered bowel movements and diarrhea [4,6–14]. These 
symptoms, however, are very common in the pediatric population. For example, the 
prevalence of chronic abdominal pain varies between 0.3 to 19% and has a significant 
impact on clinical practice with 2-4% of all general pediatric visits [15–17]. Despite 90% 
of these gastrointestinal symptoms have a functional origin, most clinicians are tempted 
to perform an extensive diagnostic work-up, to exclude somatic disorders, including 
microscopic and molecular diagnosis of intestinal parasites, including D. fragilis, 
regardless of guidelines [18,19]. As such, D. fragilis is the most commonly detected 
protozoa in the stools of children [5].

Diagnosis of D. fragilis in stools can be performed by using light microscopy (LM) after 
permanent staining of fixed stool samples, culture, or molecular techniques [20]. 
Until recently, microscopy was the most often used diagnostic tool worldwide for the 
diagnosis of D. fragilis. However, more recently, molecular diagnosis with real time 
polymerase chain reaction (RT-PCR) was introduced for the diagnosis of D. fragilis [20]. 
This method proved to have a strongly increased sensitivity as compared to microscopy 
with a sensitivity of 100% [4,21]. Worldwide prevalence rates of D. fragilis vary between 
0.3% and 52%, depending on the study cohort and used diagnostic modality [4,20]. The 
reported prevalence rates may have increased due to the routine introduction of the 
more sensitive RT-PCR techniques [4]. Despite its technical superiority, the increased 
use of fecal RT-PCR diagnostics comes with certain challenges that clinicians should be 
aware of [22].

The purpose of the current systematic review was to identify, critically appraise, and 
synthesize evidence from studies including children with gastrointestinal complaints 
treated for D. fragilis with antibiotics. We aimed to evaluate the relationship between 
eradication of D. fragilis and clinical symptoms and to establish the strength of evidence 
that D. fragilis in symptomatic children warrants antibiotic treatment.

7
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METHODS

We used a PRISMA (Preferred Reporting Items for Systematic reviews and Meta-
Analyses) review protocol for data collection, analysis and reporting (eAppendix 1 in 
Supplement, contains full methodological details).

Study eligibility criteria
All studies including children (0-18 years) with gastrointestinal complaints treated for a 
D. fragilis infection with antibiotics were included. We pre-specified eligibility criteria 
as followed: any study design with original data, comparing one antibiotic treatment 
to another, or compared to no medical treatment, and reporting the gastrointestinal 
complaints and eradication of D. fragilis as an outcome. We excluded studies when 
participants were older than 18 years old or certain publication types as case reports, 
posters or guidelines.

Information sources and search strategy
The Cochrane Library and Medline databases were searched for systematic reviews 
and randomized controlled trials (RCTs) from inception to May 2019. We searched in 
all search fields for ‘Dientamoebiasis’. In title/abstract fields we used ‘dientamoebiasis’, 
combined with ‘child’ or ‘infant’ or ‘adolescent’, and ‘treatment, ‘metronidazole’ or 
‘clioquinol’ or ‘paromomycin’ or ‘secnidazole’. Exact search engine strings are detailed in 
the review protocol (eAppendix 1 in Supplement). No exclusion criteria were applied. We 
examined reference lists of included studies and relevant reviews to identify additional 
eligible studies. We also reviewed all titles and abstracts of all papers citing D. fragilis 
infection in children identified through Google Scholar and/or Scopus/Web of Science 
search engines. All citations were combined and duplicates were manually excluded.

Study Selection and Data Extraction
Search results were independently screened by two reviewers (Michael van Kalleveen 
(M.K.) and Nikki Klarenbeek (N.K.)) who assessed each potentially eligible full-text 
paper according to predetermined inclusion criteria. In case of disagreement, a third 
researcher (Tim de Meij (T.M.)) had the decisive vote. Two authors (M.K., N.K.) extracted 
relevant data from papers as well as any available supplements. Two other authors 
(M.K., Frans Plötz (F.P.)) verified data-extraction for completeness and accuracy. 
The following general data were extracted; author, year and country; study design, 
populations and inclusion criteria. We extracted data on gastrointestinal complaints, D. 
fragilis eradication, diagnostic tests to detect D. fragilis, type and duration of antibiotic 
therapy, and duration of follow-up. If multiple papers reported data from the same 
source study, results were combined to avoid overlap among results. For studies eligible 
for meta-analysis, we retrieved supplementary data from original authors if exact data 
was not present in the original publication.
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Assessment of Methodological Quality
We graded the quality of evidence of each finding based on the criteria established by 
the Grading of Recommendations Assessment, Development and Evaluation (GRADE) 
working group [23–29]. The quality of the study methodology was independently 
classified by the two investigators as high, intermediate, low, or very low, based on 
study design, risk of bias, inconsistency, indirectness, imprecision, publication bias, 
large effect, dose response and residual confounding.

Synthesis of Results and Analysis
Our primary outcome was to investigate the effect of antibiotics on resolving 
gastrointestinal complaints. Our secondary outcome was efficacy of antibiotic treatment 
for D. fragilis. We also analyzed if eradication of D. fragilis was associated with a 
disappearance of the gastrointestinal symptoms.

Descriptive statistics were performed on all included studies. Data on study 
characteristics, interventions, outcomes, and important covariates were summarized 
using frequency and percentage for dichotomous outcomes, and means and standard 
deviation or median and inter-quartile range for continuous outcomes. For binary 
outcomes relative risk and number needed to treat with 95% confidence interval were 
used as an effect measure. For continuous outcomes, we used mean difference or 
standardized mean difference (if units differ). Statistical significance were determined 
at a level α ≤ 0.05. All analysis were performed using the R statistical software.

RESULTS

Characteristics and participants of included studies
After reviewing 102 identified publications for study eligibility, we carefully selected 
and evaluated 69 full-text articles (Figure 1). Eleven studies were included (Table 1) 
[13,14,30–38]. The included studies involved a total of 945 children. We found one 
randomized double blind placebo controlled trial, three prospective observational 
cohort studies, five retrospective cohort studies, and two case-control studies. D. 
fragilis was detected by LM in the older reported studies, whereas more recent studies 
used RT-PCR techniques. We observed a large variety in applied therapeutic strategies, 
including six different antibiotic therapies, different dosages, and different duration of 
therapy. Follow-up between the studies varied from unknown to eight weeks.

7
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Figure 1. Flowchart of the selection procedure.

Risk of Bias and Quality of Evidence
The overall risk of bias was judged as high for eight studies and low for three studies 
(Table 2). We graded the overall quality of evidence for the primary outcome of 
reduction of gastrointestinal complaints as low, due to inclusion of small number of 
observational studies that had small effect sizes. We graded the quality of evidence 
regarding eradication of D. fragilis as very low, mainly due to small number of events 
across all studies.
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Gastrointestinal symptoms in the studied population
The children included in our reviewed studies had a wide variety of gastrointestinal 
symptoms (Table 2 and 3). The used definitions of gastrointestinal symptoms and the 
used inclusion criteria varied widely between studies. Therefore, the studied population 
consisted of a heterogeneous group of children. Many individuals with D. fragilis were 
asymptomatic carriers, but when symptomatic, the most common reported symptoms 
included abdominal pain (frequently lasting longer than two weeks), and diarrhea. Less 
frequently reported symptoms included nausea, vomiting, anal itching, constipation and 
anorexia. The duration of these gastrointestinal symptoms in our studied population was 
commonly insufficiently reported and varied between two weeks and at least three months.

Antibiotic therapy and gastrointestinal complaints
All eleven included studies evaluated the effect of antibiotic treatment on gastrointestinal 
complaints with eradication of D fragilis as main outcome. The gastrointestinal symptoms 
per study are presented in Table 3. We found that the only double blind, placebo controlled 
randomized trial in children reported no significant differences in visual analogue scale 
scores for abdominal pain before and after treatment (Table 1)[37]. The three prospective 
observational cohort studies reported a reduction in complaints varying from 36,8% 
to 86,7%, for the five retrospective cohort studies this varied between 57,1% and 90%, 
respectively [13,14,30,32–36]. Finally, the two case-control studies, in which the controls 
had no D. fragilis and no symptoms, reported resolution of gastrointestinal symptoms 
in 50,6% and 85,0% of cases [31,38]. Resolution of symptoms following metronidazole 
occurred in 142 of 230 patients (62.7%), for clioquinol in 89 of 141 patients (63.1%) and for 
paromomycin in 27 of 53 patients (50.9%).

Antibiotic therapy and eradication D. fragilis
A total of eight studies examined the effect of antibiotic treatment on D. fragilis eradication 
rate (Table 1). In all these studies side effects of treatment was not an outcome measure 
and therefore not reported. Duration of antibiotic treatment in the included studies varied 
between 3 to 10 days. Most patients (32.6%) were treated with metronidazole monotherapy. 
Also, the dosage of the prescribed antibiotics varied between the different studies (Table 
1). These studies found an eradication of D. fragilis in 43.9-100% of patients for all types 
of antibiotic treatment. Efficacy of metronidazole varied from 62.5% (fourteen days post-
treatment) in the only double blinded, placebo controlled randomized controlled trial to 100% 
in a small retrospective cohort study including four patients [30,31,34,36–38]. The average 
eradication rate for metronidazole was 69%. Eradication rates for paromomycin in two small 
prospective cohort studies varied from 80.0-86.8% [32,33]. The average eradication rate for 
paromomycin was 84.9%. For clioquinol eradication rates varied from 46.7% in a medium 
sized n=112 retrospective cohort study to 81% in a small sized retrospective cohort study 
[30,31,36]. The average eradication rate for clioquinol was 64.6%. In a subgroup of 2 patients 
in a retrospective cohort study an eradication rate of 100% for Iodoquinol was reported [13]. 
No eradication rates were reported for the total of 24 patients treated with (Oxy)tetracycline, 
doxycycline, erythromycin or hydroxyquinoline [14].
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Only one study reported the recurrence of D. fragilis after treatment with metronidazole 
and reported an increasing recurrence two months after treatment [37]. This study 
found that 14/48 children (29.2%) were still positive for D. fragilis 14 days after 
treatment with metronidazole, which increased to 23/41 (56.1%) after 56 days [37]. 
However, they did not reassess clinical symptoms at 2 months.

Table 3. Studied gastro-intestinal symptoms per included study.

Author Symptoms observed Definitions
Randomized controlled trials
Röser et al [37] Abdominal pain, diarrhea, loose stools, 

fever, headache, urticaria, nausea, 
vomiting, reflux, loss of appetite, FTT, 

anal itching, bloody stool

-

Prospective cohort studies
Vandenberg et al [32] Diarrhea, abdominal pain, fever, 

nausea, vomiting, anorexia, weight loss
Diarrhea: at least 3 unformed or 
liquid stools per day for at least 3 

days (acute <30d, persistent: >30d); 
Chronic abdominal pain: >3 months

Gijsbers et al [33] Abdominal pain, constipation, diarrhea, 
bloody stools, flatulence, bloating, 

anorexia, early satiety, nausea, 
vomiting, awake at night

Constipation: ≤2/week and/or hard 
stools; Diarrhea: unformed stools;

Maas et al [34] Abdominal pain, nausea, acute diarrhea, 
chronic diarrhea, altered bowel habits, 

weight loss, vomiting, anal itching

Diarrhea: acute: >3 loose stools a day 
<14 days, chronic: >14 days; Altered 

bowel habits: change in stool pattern 
other than diarrhea;

Retrospective cohort studies
Spencer et al [35] Abdominal pain, diarrhea, anorexia, 

weight loss, fever, irritability, vomiting, 
constipation, fatigue

-

Preiss et al [14] Acute diarrhea, chronic diarrhea, 
bloody stools, abdominal pain, 

eosinophilia, urticaria

Diarrhea: ≥3 loose stools during 24 
hours;

Cuffari et al [13] Diarrhea, abdominal pain, vomiting, 
bloody stools, fatigue, anorexia, weight 

loss

-

Bosman et al [36] Abdominal pain, altered defecation 
pattern, fatigue, flatulence, nausea

-

Ter Schure et al [30] Abdominal pain, loose or hard stools, 
nausea, flatulence, bloating, fatigue, 

anorexia, weight loss, vomiting, bloody 
stools, diarrhea, sleeplessness, fever

Diarrhea: ≥3 stools a day

Retrospective case-control studies
Banik et al [38] Acute diarrhea, chronic diarrhea, 

abdominal pain, loose stools, vomiting, 
constipation

Diarrhea: acute: <2 week, chronic: 
>2 weeks;

de Jong et al [31] Abdominal pain, loose stools, 
constipation, nausea, vomiting, ructus, 
flatulence, bloating, abdominal cramps, 

bloody stools, altered defecation 
pattern, fatigue, weight loss, anorexia, 
fever, sleeplessness, headache, back 

pain, neck pain

-

Table 3, list of observed clinical symptoms per included study
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DISCUSSION

This systematic review showed that resolution of gastrointestinal symptoms was 
reported in 36.8-90% of children treated with antibiotics for D. fragilis infection. 
Reported eradication rates for the different antibiotics varied from 43.6% to 100%. A 
higher eradication rate did not lead to a higher rate of symptom resolution.

Most studies included in our review reported resolution of symptoms, mainly abdominal 
pain and diarrhea, varying between 35.9-100% after treatment with antibiotics [14,31–
35]. This response to antibiotics suggests that treatment of D. fragilis could be beneficial 
in a subset of patients. However, most studies had an observational design in which a 
placebo effect possibly played a significant role. The only conducted RCT included in 
our study did not show any effect of antibiotics on clinical symptoms, which profoundly 
limits the strength of evidence based on this systematic review that D. fragilis warrants 
treatment [37]. A large multicenter double-blind, placebo randomized controlled trial 
is required to give a definitive answer.

The only conducted RCT so far by Röser et al has some methodological flaws which need 
to be addressed. First, the null hypothesis of the study was no clinical- or microbiological 
measurable effect of metronidazole compared to placebo in treatment of children with 
D. fragilis. However, the observed absence of any difference did not prove that the 
null hypothesis was true. Second, the study was conducted in a small population of 
48 children per group in the per protocol analysis and their most critical analysis (i.e. 
gastrointestinal symptoms among children with successful eradication versus placebo) 
only included 14 versus 44 subjects, even less than the original groups. This result was 
marked as a tertiary outcome by describing: “Furthermore, tertiary analyses did not 
show greater effect in eradicated vs non-eradicated patients”, suggesting that even 
in this small group there was a difference, yet not a “greater” one. Furthermore, this 
tertiary analysis was designed after unblinding of the data and the actual numbers 
related to this comparison where not shown, which is unfortunate since it reflects 
important data. Third, one of the confounding factors is that D. fragilis was also 
spontaneously eradicated from a part (4/48) of the placebo group, which may have 
impact on the primary outcome in a study with such small subject groups.

Reported eradication rates for the different antibiotics varied from 43.6-100%. 
Importantly, a higher eradication rate was not associated with a higher rate of symptom 
resolution. This suggests that, at least in a part of the studied population, D. fragilis may 
not be the causative factor for the different gastrointestinal symptoms. The success 
rates of the different antibiotics varied throughout the studies. Our review showed 
that clioquinol and metronidazole have a comparable and higher average success 
rate in resolution of gastrointestinal symptoms (63.1% vs. 62.7%) than paromomycin 
(50.9%). There was a lot of missing data regarding the resolution of symptoms in the 
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group treated with metronidazole. Therefore, this success rate could be an over- or 
an underestimation of the true success rate. The average eradication rate was also 
comparable between clioquinol and metronidazole (64.6% vs. 69%), but significantly 
higher for paromomycin (84.9%). The spectrum of activity for metronidazole and 
paromomycin is significantly wider than clioquinol, whereas clioquinol has limited 
antibacterial and antimycotic activity. It therefore seems that paromomycin is the 
most effective antibiotic in treating D. fragilis. A recent Spanish study compared 
paromomycin and metronidazole for treatment of D. fragilis and reported significant 
better eradication rates for paromomycin (81.8% vs. 65.4%) [39]. However, since 2011 
paromomycin was removed from the community register of active orphan medicinal 
products in Europe and cannot easily be prescribed anymore. Considered its smaller 
spectrum of activity and its comparable efficacy to metronidazole, clioquinol is a good 
alternative antibiotic when paromomycin is not available [20,40]. Also, metronidazole 
has more side effects than paromomycin and clioquinol [40]. The design of the reviewed 
studies, and the limited number of inclusions per study prevented to draw conclusions 
regarding causality between eradication of D. fragilis and resolution of symptoms.

Over time, TFT and RT-PCR methods have been developed with significantly higher 
sensitivity than light microscopy [21,34,41–44]. The higher accuracy has led to 
a significantly higher detection rate of the D. fragilis protozoa in stools of patients 
[45]. For instance, a study by Calderaro et al reported that D. fragilis was detected 
in 69/959 (7%) samples by conventional methods, whereas PCR detected D. fragilis 
in the same samples in 186/959 (19%) samples [43]. Since RT-PCR techniques with 
superior detection rates detect even a small fraction of D. fragilis DNA, this might have 
led to an overestimation of the true D. fragilis incidence of the studies, which used 
PCR as diagnostic tool [30,31,34,37,38]. It is also complicated to compare incidences 
between studies which used different diagnostic modalities. To overcome this, semi-
quantitative PCR techniques have been developed, but these were not used in the 
included studies. It is unknown what concentration (or load) of the protozoa, measured 
during quantitative fecal PCR, causes symptoms. The concentration (or load) can be 
expressed in a number of duplication cycles (Cq) needed to detect it during PCR. Cq 
values are inverse to the amount of target nucleic acid of a sample. A lower Cq value 
corresponds to a higher load of the parasite. However a threshold Cq value for a clinical 
significant concentration of D. fragilis (i.e. when it causes symptoms) is not known. 
Earlier studies report on genetic evidence of two variants of D. fragilis (genotypes 1 and 
2) with a strong predominance of genotype 1 in humans [46,47]. It is unknown if these 
two variants differ in their pathogenicity and none of the included studies evaluated 
the presence of the different D. fragilis stains.

Strengths of our systematic review include a detailed search strategy, systematic 
data extraction and analysis. It provides a synthesis of a clinical frequent observed 
therapeutic dilemma and concern. However, our review also carries limitations. Careful 
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interpretation of the results from this systematic review and in particular consideration 
to local circumstances is warranted. Except for one, all included studies were non-
randomized observational studies inducing high risk of bias, particularly regarding 
placebo effect, and limiting the quality of the evidence. Studies were conducted over a 
long time span in which adjustments to laboratory techniques to detect D. fragilis were 
made. Furthermore, studies included children from all ages in which it is a particular 
challenge to judge the reliability of the gastrointestinal complaints. Also, the duration 
of treatment and the dose regimen of the various antibiotics differed between studies, 
whereas some studies did not even describe a treatment dose and duration. Follow-
up varied between studies and since no control group was included in most studies 
the spontaneous resolution of gastrointestinal complaints remains to be elucidated. 
Nevertheless, a significant placebo effect in observational studies needs to be taken 
into account. Finally, results of the included studies do not show a clear causal relation 
between eradication rate and symptom resolution, but this was only studied in small 
groups of patients and no study used quantitative fecal PCR. This does not provide 
evidence for a causal relationship and therefore limits the generalizability of our 
findings. However, there seems to be a moderate to good reported effect of antibiotic 
therapy on resolution of gastrointestinal complaints associated with D. fragilis.

EXPERT OPINION

Results of this study indicate that more extended data on relationship between D. 
fragilis and gastrointestinal symptoms and the indication for targeted treatment of D. 
fragilis in children is needed.

Potential pathogenicity
The pathogenicity of D. fragilis is still under debate despite the vast evidence that 
emerged from clinical studies (primarily case reports or prospective or retrospective 
studies). Over time only one RCT has been conducted regarding the effect of treatment 
with metronidazole on gastrointestinal symptoms in children with D. fragilis which 
showed no beneficial effect over placebo [37]. However, numerous reports published 
over the past decades showed that, at least in a subgroup of patients (in whom other 
causes like celiac disease, IBD and Giardia lamblia infection were excluded) treatment 
of D. fragilis frequently resulted in clinical improvement of gastrointestinal complaints 
[13,14,30,35,36,38]. Also, two promising rodent models have been developed in 
which three criteria of Koch’s postulates were fulfilled [48,49]. All mice inoculated 
with D. fragilis became infected, in contrast to the negative controls, which remained 
uninfected. In these experiments, infected rodent groups produced unformed stools 
and experienced statistically significant weight loss. Histopathology of infected tissue 
demonstrated a mild inflammatory response compared to that of the control group. 
Fecal calprotectin levels were also more than two times higher in the infected group 
than in uninfected controls. Additionally, polymorphonuclear white blood cells were 
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microscopically detected in the feces of infected rodents. Finally, cysts recovered from 
the feces of infected mice could establish a new infection in naive mice and rats when 
administered orally [48,49]. In order to conduct future randomized studies, belief in 
the potential pathogenicity of D. fragilis is essential. We therefore believe D. fragilis to 
be a potential enteropathogen associated with gastrointestinal complaints.

Aims of future studies
Future studies should focus on finding practical criteria to identify children with D. 
fragilis infection who are most likely to benefit from specific treatment, the best 
diagnostic procedure, and most effective drug treatment with respect to parasitological 
clearance and resolution of symptomatology.

Identification of children in need of treatment
For clinicians it is most difficult to select the children who would truly benefit from 
treatment amongst the many children infected with D. fragilis. This finds its origin in 
three very different aspects; there is frequently occurring asymptomatic carriage of the 
parasite, especially when PCR was the method of diagnosis (in up to 50% of children in 
developed Western-European countries [31,50], a large non-specific symptomatology, 
and more recently, a strong increase of positive cases diagnosed with ultra-sensitive 
molecular tests (RT-PCR’s).

Limited guidance by symptoms
Reported symptomatology most frequently associated with D. fragilis infection includes 
diarrhea and abdominal pain, which can be of an acute or chronic nature [4,6–14]. 
Unfortunately, in its nature, this symptomatology is non-specific as it is observed in 
many other intestinal infections and non-infectious disorders (see also Table 3). A more 
peculiar finding in D. fragilis infections is eosinophilia, which is reported in up to 50% of 
infected patients [4,13]. In comparison with infection with Giardia lamblia, also known 
as an important cause of abdominal pain and diarrhea in children, children with D. 
fragilis do suffer significantly less from nausea and/or vomiting, anorexia and weight 
loss [51]. On the other hand, symptomatology associated with D. fragilis infection has a 
strong similarity with symptomatology of functional gastrointestinal disorders in infants, 
toddlers and children. Ninety percent of children who present with chronic abdominal 
pain without diarrhea are classified as functional according to the Dutch evidence based 
guidelines [52].

Need to exclude other causes
In the work-up of children with abdominal pain and diarrhea of unknown origin, full 
parasitological, bacterial and (when symptoms are or of shorter duration) virologic 
examination, are indispensable to identify or rule out infectious agents as a potential 
cause of symptomatology. The prevalence of D. fragilis in developed countries, such 
as Denmark (43-68.3%), the Netherlands (51.1%), Sweden (73%) Spain (17.7%) or Italy 
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(21.4%) is high, but the percentage of children with associated symptoms remains 
unclear [53]. Therefore, it seems reasonable to consider a parasitological study in 
children with gastrointestinal symptoms and to treat D. fragilis when other prevalent 
causes, like celiac disease, are ruled out [20,52,54]. The underlying reason is that many 
humans, symptomatic and non-symptomatic, do harbor D. fragilis as a commensal 
parasite which does not inflict any disease and possibly may have yet unidentified 
beneficial effects to the host. As such, the finding of D. fragilis could be coincidental and 
unrelated to the true underlying cause of the disease. Diseases which first need to be 
excluded include celiac disease, inflammatory bowel disease, Giardia lamblia infection, 
lactose intolerance (or other possible food allergies) and thyroid disease [20,52].

Specific problems and possibilities with parasitological diagnosis
Parasitological diagnosis should be at very high standards in future studies. Evidence 
of clinical importance of D. fragilis is essentially based on a large series of reports in 
children and adults, indicating that treatment and elimination of D. fragilis frequently 
results in significant clinical improvement of patients experiencing gastrointestinal 
illness [4,6,40]. Many of these studies were performed decades ago in a time where 
parasitological diagnosis of D. fragilis infection solely relied on microscopic examinations 
of permanently stained slides of stools. Using this method, especially with repeated 
examinations, D. fragilis can reliably be demonstrated in stools. Microscopy has a 
specific advantage, namely that actively dividing parasites (trophozoites) can be 
demonstrated, which provides proof of true replication of the parasite in the intestine. 
In addition, the parasitic load (i.e. the number of parasites per microscopic field) can well 
be determined. The disadvantage of diagnosing D. fragilis by microscopy is the need for 
highly skilled laboratory personnel and extended study time to, especially, demonstrate 
low numbers of the parasite and exclusion of the infection. Therefore, for non-reference 
laboratories especially, the introduction of molecular diagnosis, especially RT- PCR for D. 
fragilis, was much welcomed because of its high sensitivity and, possibly, also, specificity 
of the test [4,44]. In addition, these tests are less time consuming and ask for less specific 
skills of laboratory personal [4]. However, large scale introduction of the ultrasensitive 
diagnostic PCR method in populations were D. fragilis infection is highly endemic (i.e. 
The Netherlands and Denmark), proved to have unforeseen large and negative impact 
on, especially, routine clinical practice. In comparison with earlier prevalences of D. 
fragilis, observed with the use of light microscopic diagnosis, prevalences with RT- PCR’s 
in the same population often strongly increased [4]. These, sometimes perplexing newer 
data, did draw attention in international literature and led to questioning the specificity 
of the PCR’s in use and clinical significance of the data [4]. Fueled by a strong increase 
of positive cases with D. fragilis with PCR, clinicians got worried about the large number 
of patients which would potentially need, and also requested, treatment for D. fragilis 
infection. This confusion finally resulted into excluding diagnosis of D. fragilis from 
routine clinical parasitological examinations in laboratories were PCR was the only 
method of diagnosis (Tom van Gool (TVG) personal communication).
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Future studies of D. fragilis should be performed with diagnosis based on light 
microscopy or, when PCR is also available, the combination of PCR and light microscopy. 
In the Netherlands the combined use of both techniques is practiced nowadays in 
laboratories with the Dual-Feces-Test (DFT). In this test fresh and SAF fixed stool 
are collected by the patient on one day. Laboratory analysis for D. fragilis and other 
intestinal parasites subsequently is performed with a combination of (multiple) RT-
PCRs and light microscopy. This methodology combines the advantages of fast and 
highly sensitive screening of the RT-PCR’s, with reliable information as to the presence 
of active dividing parasites and the intestinal load of these, by counts of parasites per 
microscopic field. As an alternative for estimates of the parasitic load with microscopy, 
quantification of PCR results could be used. A classification into low, moderate and 
high DNA loads, preferentially related to results obtained with microscopy, should 
be provided by the laboratory. We suggest that very low DNA loads of D. fragilis 
without - or with only spare parasites visible with light microscopy -, are unlikely to be 
associated with symptomatology. In contrast, higher parasitic loads, both with DNA 
and light microscopy, can be associated with symptomatology as these – microscopic- 
findings are similar to the ones observed in previous studies in which patients did show 
significant clinical improvement after successful eradication of D. fragilis infection. 
However, this needs to be elucidated in future clinical studies. Another interesting 
development is the recently presented new method to detect D. fragilis in trichrome-
stained, formalin fixed samples [45]. Introduction of this microscopy based method 
alone led to an 20-fold increase of new D. fragilis findings in Finland between 2007 
and 2017 [45]. This approach may prove valuable, especially, in low-income countries, 
where the only tool available to diagnose D. fragilis is microscopy.

Treatment options for children
Best treatment for D. fragilis at present most likely is paromomycin (25-35 mg/kg/
day in 3 doses for 7 days). Alternatives are treatment with iodoquinol (30-40mg/kg/d 
(max. 2g) in 3 doses for 20 days) or the related compound clioquinol (15 mg/kg/day for 
7 days). Our systematic review showed that the highest average eradication rate was 
achieved by paromomycin (84.9%), followed by a comparable rates for metronidazole 
(69%) and clioquinol (64.6%). This is in line with a recent Spanish study which reported a 
significant higher eradication rate for paromomycin (81.8%) than metronidazole (65.6%) 
in treatment of D. fragilis [39]. Also, our systematic review showed that clioquinol 
(63.1%) and metronidazole (62.7%) had higher success rates in resolution of clinical 
symptoms than paromomycin (50.9%). However, studies conducted in various pediatric 
and adult populations with D. fragilis showed treatment efficacy for paromomycin 
varying between 80-100%, clioquinol 81.5-83% and metronidazole 12.5-83.3% [40]. 
However, most of these studies were case studies, included only a small amount of 
patients and failed to utilize adequate control groups [4,40]. Metronidazole has more 
side effects than both paromomycin and clioquinol. Also, metronidazole has a wider 
spectrum of antibiotic activity than both paromomycin and clioquinol, which could 
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potentially lead to large scale alterations of the intestinal microbiota. Randomized, 
double-blind, controlled trials using different registered antibiotics used for treating D. 
fragilis are warranted to address which antibiotic is the most effective. Until such time, 
it is rather difficult to state which antibiotic is the most effective in treating D. fragilis. 
However, taking everything mentioned above into account, paromomycin, iodoquinol 
or clioquinol seem to be antibiotics of choice.

Parasitological and clinical evaluation after treatment
Good judgement regarding clinical effectiveness of specific treatment for D. fragilis 
can only be obtained with reliable parasitological proof of eradication. Parasitological 
examinations direct after treatment i.e. at day 8 after start of treatment with 
paromomycin or clioquinol, and day 21 after start of iodoquinol. When a combination 
of PCR and microscopy are used for diagnosis one day sampling is sufficient. When only 
microscopy is used, stools collected over a period of two or three consecutive days 
should be collected to reach sufficient high sensitivity of diagnosis and, as a result, 
certainty of eradication. Repeated testing can be considered 1 to 2 weeks after end of 
treatment. Collecting data about clinical improvement should be obtained direct after 
treatment and two - four weeks thereafter.

Clarifying the mechanism between D. fragilis infection and symptomatology
It remains unclear why some patients harboring D. fragilis manifest clinical symptoms 
and others are only asymptomatic carriers. A possible, yet unexplored, hypothesis is 
imbalance in the intestinal microbiota (dysbiosis). The pathogenesis of gastrointestinal 
disorders with comparable clinical symptoms as reported in D. fragilis, such as irritable 
bowel syndrome or B. hominis infections (some in combination with D. fragilis), has 
also been associated with dysbiosis or alterations in the intestinal microbiota [55,56]. 
It could be hypothesized that D. fragilis provokes dysbiosis, comparable to observed 
microbial alterations in Blastocystis, which on its turn could provoke gastrointestinal 
symptoms, mimicking irritable bowel syndrome [55,56]. Future studies should explore 
the possible association between D. fragilis microbiota composition and clinical 
symptoms. Involvement of the microbiota in D. fragilis related symptoms may lead 
to development of novel microbiota-based diagnostic strategies, like stratification 
of patients who may benefit from treatment, and even therapeutic options. Another 
explanation could be that different subtypes of D. fragilis have different virulent factors 
and as such may be responsible for the large differences in clinical presentation [46,47].

Future studies
A double-blind randomized controlled trial in children with well-defined clinical 
symptoms, appropriate diagnostic testing and follow-up, comparing paromomycin 
or clioquinol with placebo is mandatory. Paromomycin (25 to 35mg/kg per day in 
three daily doses for 7 days) or clioquinol (when paromomycin is not available, in 
15 mg/kg in three daily doses for 7 days), are the first antibiotics of choice because 
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treatment outcomes are better with paromomycin and clioquinol than metronidazole 
and its relative fewer side-effects. The effect of antibiotic treatment needs to be 
investigated by two ways, eradication of the parasite immediately after the antibiotic 
therapy and resolving of gastro-intestinal complaints approximately 6-8 weeks after 
antibiotic treatment. In addition to a randomized controlled trial, studies are needed to 
elucidate the mechanism of D. fragilis intestinal infection. For example, a clinical trial 
in children with a confirmed D. fragilis in feces, comparing the intestinal microbiome 
between asymptomatic children and children with gastrointestinal complaints. This 
information may answer the question if symptoms in patients with D. fragilis are caused 
by alterations in the intestinal microbiome, like has been supposed in IBS.
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SUPPLEMENTAL MATERIAL

Supplemental Table 1. Search strategy in Pubmed May 27, 2019.

Set Search terms Result

#1 “Dientamoebiasis”[Mesh] OR Dientamoeb*[tiab] 343

#2 (“Child”[Mesh] OR “Infant”[Mesh] OR “Adolescent”[Mesh] OR infan*[tw] OR 
child*[tw] OR adolescen*[tw] OR pediatric*[tw] OR paediatric*[tw] OR pube*[tw] 
OR juvenil*[tw] OR school*[tw] OR newborn*[tiab] OR new-born*[tiab] OR neo-
nat*[tiab] OR neonat*[tiab] OR premature*[tiab] OR postmature*[tiab] OR pre-
mature*[tiab] OR post-mature*[tiab] OR preterm*[tiab] OR pre-term*[tiab] OR 
baby[tiab] OR babies[tiab] OR toddler*[tiab] OR youngster*[tiab] OR preschool*[tiab] 
OR kindergart*[tiab] OR kid[tiab] OR kids[tiab] OR playgroup*[tiab] OR play-
group*[tiab] OR playschool*[tiab] OR prepube*[tiab] OR preadolescen*[tiab] OR 
junior high*[tiab] OR highschool*[tiab] OR senior high[tiab] OR young people*[tiab] 
OR minors[tiab]) NOT (animals[mh] NOT (humans[mh] AND animals[mh]))

4150213

#3 “Therapeutics”[Mesh] OR “therapy” [Subheading] OR Therapeutic*[tiab] OR 
Therapy[tiab] OR Therapies[tiab] OR Treatment*[tiab] OR “Clioquinol”[Mesh] 
OR clioquinol[tiab] OR “Metronidazole”[Mesh] OR metronidazole[tiab] OR 
“Paromomycin”[Mesh] OR paromomycin[tiab] OR “Secnidazole”[Mesh] OR 
secnidazole[tiab]

10786782

#4 #1 AND #2 AND #3 48

Supplemental Table 2. Search strategy in Embase May 27, 2019.

Set Search terms Result

#1 ‘dientamoebiasis’/exp OR Dientamoeb*:ti,ab,kw AND (‘juvenile’/exp OR 
infan*:ti,ab,kw OR child*:ti,ab,kw OR adolescen*:ti,ab,kw OR pediatric*:ti,ab,kw 
OR paediatric*:ti,ab,kw OR pube*:ti,ab,kw OR juvenil*:ti,ab,kw OR 
school*:ti,ab,kw OR newborn*:ti,ab,kw OR ‘new born*’:ti,ab,kw OR 
‘neo nat*’:ti,ab,kw OR neonat*:ti,ab,kw OR premature*:ti,ab,kw OR 
postmature*:ti,ab,kw OR ‘pre mature*’:ti,ab,kw OR ‘post mature*’:ti,ab,kw OR 
preterm*:ti,ab,kw OR ‘pre term*’:ti,ab,kw OR baby:ti,ab,kw OR babies:ti,ab,kw 
OR toddler*:ti,ab,kw OR youngster*:ti,ab,kw OR preschool*:ti,ab,kw OR 
kindergart*:ti,ab,kw OR kid:ti,ab,kw OR kids:ti,ab,kw OR playgroup*:ti,ab,kw 
OR ‘play group*’:ti,ab,kw OR playschool*:ti,ab,kw OR prepube*:ti,ab,kw OR 
preadolescen*:ti,ab,kw OR ‘junior high*’:ti,ab,kw OR highschool*:ti,ab,kw OR 
‘senior high’:ti,ab,kw OR ‘young people*’:ti,ab,kw OR minors:ti,ab,kw)

153

#2 “’therapy’/exp OR Therapeutic*:ti,ab,kw OR Therapy:ti,ab,kw OR 
Therapies:ti,ab,kw OR Treatment*:ti,ab,kw OR ‘clioquinol’/exp OR 
clioquinol:ti,ab,kw OR ‘metronidazole’/exp OR metronidazole:ti,ab,kw OR 
‘paromomycin’/exp OR paromomycine:ti,ab,kw OR ‘secnidazole’/exp OR 
secnidazole:ti,ab,kw

12238474

#3 #1 AND #2 54
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This thesis discusses diagnostic- and therapeutic dilemma’s in daily clinical practice in 
children with chronic abdominal pain (CAP), with a main focus on celiac disease (CD) 
and Dientamoeba fragilis (D. fragilis) as potential causes of CAP. CAP is one of the 
most common clinical conditions amongst children and adolescents globally with a 
high prevalence in the Western pediatric population. Despite its high prevalence, only a 
small proportion of CAP is caused by organic disease and approximately 90% of children 
with CAP fulfill the diagnostic criteria of the functional abdominal pain disorders (FAPD). 
Identifying this small proportion of children with an organic cause of CAP is of great 
importance because of the significant implications on both growth and development 
of these organic causes of CAP. However, it can be puzzling for clinicians and most 
often leads to the execution of additional diagnostic tests to differentiate between 
functional and organic causes of CAP. The absence of clear-cut clinical guidelines, and 
the necessity to exclude organic causes to diagnose FAPD which is incorporated in its 
diagnostic criteria, potentially often leads to the execution of unnecessary diagnostic 
tests, potential false- positive or false-negative results, generation of extra financial 
costs and generation of results of which the clinical relevance can be unclear. Such as, 
for instance, the role of the flagellate anaerobic parasite D. fragilis in causing gastro-
intestinal symptoms in children. What is clear, however, is, that testing for CD in children 
with CAP is essential because of the relatively high prevalence of the disease in the 
Western population and its significant consequences regarding treatment. However, 
over the past decades incidence rates and the clinical spectrum of presenting symptoms 
of children with CD changed significantly. This has led to shifting paradigms in diagnostic- 
and therapeutic management of children with CD and D. fragilis.

The aims of this thesis were to evaluate guideline adherence amongst clinicians treating 
children with CAP and CD, to investigate the current clinical spectrum of pediatric CD, 
to investigate the clinical relevance of the suggested routine biochemical tests during 
follow-up suggested by the guidelines, and to evaluate the role of D. fragilis in causing 
CAP in children.

Diagnostic work-up in children with CAP
The first part of this thesis focuses on the diagnostic work-up of children with CAP. 
CAP is common amongst children and adolescents and often reason for referral to a 
pediatrician. Diagnosing the underlying cause of CAP in children can be challenging for 
clinicians for several reasons: CAP can be caused by a wide variety of organic abdominal 
and extra-intestinal diseases, younger children can be limited in their ability to provide 
accurate history, parents can have difficulties interpreting the presenting symptoms 
and both parents and clinicians do not want to miss organic diseases. These factors 
combined can cause uncertainty amongst clinicians which could generate the execution 
of excessive, often unnecessary diagnostic tests such as blood tests, fecal tests and 
even radiological imaging. These factors lead to heterogeneity in clinical practice and 
to the generation of even more unnecessary diagnostic tests and insecurities when 
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“unwanted” results are found. To provide clinicians a clinical compass, guidelines are 
constructed, which aim to minimize heterogeneity in clinical practice and aim to provide 
only the essential number of diagnostic tests needed for the diagnosis. However, it has 
proven rather difficult to incorporate these factors into clear-cut clinical guidelines 
and adherence to clinical guidelines amongst clinicians is often considered poor due 
to a large variety of factors, both guidelines-related and clinician-related. For instance, 
clinicians believe that guidelines could be too unspecific, for others there are too 
many guidelines, or they feel that the process of clinical decision making cannot be 
standardized for the individual patient or that this process is simply too complex to 
incorporate into guidelines and finally, experienced clinicians have treated children the 
same way throughout their entire career without any problems. Therefore, the periodic 
evaluation of implemented clinical guidelines is essential in order to improve adherence 
and to optimize clinical care for children with CAP by means of implementation of up-
to-date evidence.

In Chapter 2 we retrospectively investigated intra- and inter-observer variability and 
guideline adherence amongst pediatricians in treating children with CAP in a large 
teaching hospital in the Netherlands. These children, aged 4-18 years, were referred 
with CAP without the presence of ‘red flags’. We compared the diagnostic work-up of 
pediatricians with respect to the work-up suggested by the national guidelines (1). An 
organic cause for CAP was found in 26% of patients. None of the pediatricians strictly 
performed the work-up suggested by the guidelines (complete blood count, CRP and 
celiac serology) without performing additional tests, but 67% of pediatricians performed 
a diagnostic work-up which included these suggested tests. Both high intra-observer 
variability and inter-observer variability was observed. Furthermore, in a prospective 
survey with a fictitious case, reasons to deviate from the guidelines were studied. 
Reasons to deviate from the guidelines were: insufficiently informed about the content 
of the guidelines, (partly) disagreement with the content of the guidelines and not 
being convinced about the added value of the guidelines. These results suggest that 
pediatricians seem to rely more on their clinical expertise in diagnosing children with 
CAP, rather than relying on existing evidence-based guidelines.

Celiac disease
The second part of this thesis focuses on two aspects of celiac disease (CD) as one of 
the possible causes of CAP in children, since excluding CD as a cause of CAP in children 
is a key element during the diagnostic traject. Through the past decades, also in the 
Netherlands, awareness for CD has grown and the application of highly sensitive and 
specific serological tests for CD in (often) asymptomatic- or genetically predisposed 
individuals has led to an increased number of detected cases with an altered spectrum 
of clinical symptoms during clinical presentation of CD. The clinical spectrum seems to 
have shifted from the traditional picture of failure to thrive, distended abdomen and 
chronic diarrhea towards display of more atypical, often extra-intestinal symptoms. 
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Whether or not this alteration in clinical spectrum is also present amongst the Dutch 
pediatric population has not been examined in over more than a decade. It could 
indicate that clinicians should be aware to test for CD more often in children not only 
with intestinal symptoms but also in children with extra-intestinal symptoms. The other 
important aspect in treating children with CD lies within the follow-up. Due to the 
nature of CD, children with CD are susceptible to various vitamin and mineral and 
deficiencies, not only at diagnosis, but also if they are not fully compliant to a gluten 
free diet (GFD), during the years after diagnosis. Therefore, one would expect guidelines 
regarding follow-up of vitamin and mineral deficiencies. It seems rather peculiar that 
international guidelines regarding follow-up of pediatric CD are lacking and provide no 
further statement regarding follow-up in terms of frequency and duration of outpatient 
visits and biochemical and serological measurements in the latest updated guidelines. 
However, there are dated Dutch guidelines available for follow-up of pediatric CD which 
do provide some statements regarding outpatient visits, and periodic biochemical- 
and serological measurements. So far, guideline adherence and clinical relevance of 
recommended laboratory tests during follow-up of these dated guideline has not been 
examined.

First, in Chapter 3 we performed a study investigating the current clinical spectrum 
of pediatric CD. We retrospectively analyzed children diagnosed with CD between 
2007 and 2017, based upon the 2005 (2) or 2012 (3) European Society for Pediatric 
Gastroenterology Hepatology and Nutrition (ESPGHAN) guidelines, for presenting 
clinical symptoms and added a matched control group for age at diagnosis, sex and 
period of presentation with negative CD serology to investigate if certain complaints are 
more pathognomonic for CD. We found 105 new cases of CD with a calculated incidence 
of 21.09/100.000 inhabitants under 18 years. About 40% were infants and toddlers, 
predominantly presenting with gastrointestinal symptoms. Primary school children 
and high-school children had more often atypical symptoms and non-gastrointestinal 
symptoms than infants and toddlers. The most common presenting symptoms of CD 
were recurrent abdominal pain and distended abdomen, but the classical triad of CD 
symptoms occurred in only 32.6% of patients, predominantly in infants and toddlers. 
The clinical spectrum shifted from a classical presentation in almost 90% of toddlers 
to an atypical presentation in 40-50% of primary school- and high-school children.

Second, in Chapter 4 we performed a study which investigated guideline adherence 
amongst pediatricians treating children with CD and the clinical relevance and yield of 
the laboratory parameters suggested for routine biochemical follow-up. We found that 
strict guidelines adherence amongst pediatricians in follow-up of pediatric CD is low 
and that the clinical relevance of the suggested routine laboratory tests is limited. This 
underlines the increasing notion that the Dutch guidelines on follow-up of CD should 
be refined and evidence-based guidelines are warranted.
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Dientamoeba fragilis
The third part of this thesis focuses on Dientamoeba fragilis as a potential cause of 
CAP in children. Despite its first description over 100 years ago there still is a lack of 
consensus regarding the potential pathogenicity of this anaerobe flagellate protozoa. 
Possible interactions with the gut microbiota by the parasite or the possibility of 
different virulent strains remain unidentified. Since the presence of D. fragilis in feces 
is characterized by a wide spectrum of gastro-intestinal symptoms to asymptomatic 
carriership, its ability to cause gastro-intestinal disease, remains debatable. Even more 
conflicting is that the large series of scientific reports that provided support D. fragilis 
to be a potential pathogen are opposed by a single, and only, conducted randomized 
controlled trial regarding the effect of antibiotic treatment on gastrointestinal symptoms 
caused by D. fragilis that showed no beneficial effect of antibiotics over placebo. As 
such, this lack of consensus amongst clinicians regarding the potential pathogenicity 
of D. fragilis has led towards significant heterogeneity amongst clinicians in clinical 
practice.

In Chapter 5 we performed a survey amongst Dutch physicians responsible for treating 
children with chronic abdominal pain regarding the current clinical attitude towards D. 
fragilis. We found significant heterogeneity in clinical practice amongst Dutch physicians 
regarding the diagnostic- and therapeutic approach of D. fragilis in children. Despite 
the debatable pathogenicity of D. fragilis 80% of responding physicians considered D. 
fragilis a potential pathogen. However, only a small proportion of physicians regularly 
performed diagnostic tests for D. fragilis. The diagnostic modality of preference was 
a fecal polymerase chain reaction (PCR) and when a positive result for D. fragilis was 
found 63% of physicians prescribed metronidazole as antibiotic of first choice.

Second, in Chapter 6 we performed a study in which we aimed to investigate whether 
concomitant alterations in gut microbiota, which have been described in other parasitic 
infections, may be associated with gastro-intestinal symptoms in D. fragilis. We found 
high prevalence of D. fragilis in feces of our healthy asymptomatic control population 
but microbiota of children with D. fragilis and gastrointestinal symptoms did not differ 
significantly in terms of composition and diversity compared to asymptomatic controls. 
Both on phylum and species level. Based on our results we concluded that the intestinal 
microbiota does not play a key role in the presence of clinical symptoms in children 
with D. fragilis.

Third, in Chapter 7 we performed a systematic review which aimed to evaluate the 
relationship between eradication of D. fragilis and resolution of symptoms to evaluate 
the strength of evidence that D. fragilis in symptomatic children warrants antibiotic 
treatment. Included studies were of low quality of evidence due to small studied groups 
of pediatric patients and significant heterogeneity amongst studies. Most studies 
focused on abdominal pain and diarrhea as reported gastro-intestinal symptoms. 
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Eradication rates of D. fragilis and resolution of symptoms varied widely between 
the various prescribed antibiotic regiments. Paromomycin proved to have the highest 
D. fragilis eradication rate and clioquinol proved to have the highest success rate in 
resolution of symptoms. But higher eradication rates were not associated with a higher 
rate of resolution of symptoms which could indicate that D. fragilis may not be the 
causative factor for the displayed symptoms. We concluded that testing for D. fragilis 
in pediatric patients with persistent abdominal pain and diarrhea, and subsequent 
treatment, should only be performed when other causes are excluded. Furthermore, 
we concluded that future studies regarding causality between the presence of gastro-
intestinal symptoms and D. fragilis and regarding eradication of D. fragilis after antibiotic 
treatment are warranted.
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This thesis focused on diagnostic- and therapeutic dilemma’s in daily clinical practice 
in children with chronic abdominal pain (CAP). The main focus was on celiac disease 
(CD) and Dientamoeba fragilis (D. fragilis) as potential organic causes for CAP. Aims of 
this thesis included the evaluation of guideline adherence amongst clinicians treating 
children with CAP, to investigate the current clinical spectrum of pediatric CD and the 
clinical relevance of routine biochemical tests during follow-up. Furthermore, the 
potential role of D. fragilis as cause of CAP in children was evaluated, including microbial 
studies and the assessment of clinicians’ diagnostic and therapeutic approach.

Diagnostic work-up in children with chronic abdominal pain
Clinical decision making in children with CAP is a complex diagnostic process combining 
evidence-based medicine and clinical expertise. This diagnostic process is influenced 
by various patient-, clinician- and disease-related factors, which cannot all be 
incorporated in clear-cut, evidence-based guidelines for children with CAP. The vast 
majority of children with CAP don’t have an organic cause for their symptoms, and it 
may be challenging for clinicians to identify the small proportion of children who do 
have an organic cause for CAP. The proportion of children without an organic cause 
for CAP are diagnosed with a “functional abdominal pain disorder” according to the 
Rome-IV criteria (1). These criteria state that a functional abdominal pain disorder is 
diagnosed when, amongst other reasons, no other medical condition can fully explain 
CAP after appropriate evaluation. In order to exclude the relatively small proportion 
of somatic diseases able to cause CAP in children, the Dutch clinical guideline for 
functional abdominal pain disorders recommends to perform limited additional 
diagnostic tests (2). This includes C-reactive protein, a complete blood count, celiac 
disease (CD) serology and, when inflammatory bowel disease (IBD) is suspected, fecal 
calprotectin. In the study described in Chapter 2 we aimed to evaluate guideline 
adherence amongst Dutch pediatricians in diagnosing children with CAP without the 
presence of “red flags”, such as weight loss, gastrointestinal bleeding, vomiting, chronic 
diarrhea, unexplained fever, joint pain, jaundice or a positive family history for IBD, 
CD or familial Mediterranean fever. In this study we observed relatively low guideline 
adherence and large intra- and inter-observer variation amongst pediatricians regarding 
the amount and content of requested diagnostic tests in children with CAP. Interestingly, 
the majority of pediatricians performed more diagnostic tests than recommended by 
the Dutch 2015 guideline regarding pediatric functional abdominal pain disorders (2). 
This guideline recommends not to perform additional blood tests such as serum liver- 
or kidney function, additional urine analysis, additional helicobacter pylori tests and 
abdominal ultrasounds in children with abdominal pain without “red flags” (2). An 
additional fecal calprotectin sample is only advised when there are signs compatible 
with IBD (2). We observed that 40% of pediatricians performed serum liver- or kidney 
function, 16% urine analysis, 21% a Helicobacter pylori test, 46% a fecal calprotectin 
sample and 19% an abdominal ultrasound in children with abdominal pain without 
“red flags”, respectively. However, since the studied population in our study in Chapter 
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2 were exclusively children with CAP without “red flags” these diagnostic tests were 
abundant. This performance of additional tests leads to an increase in health care costs, 
an increase in unexpected- or incidental findings, which may consequently lead to even 
more additional tests, additional costs and possibly to anxiety in both children and their 
parents. Our results suggest that, despite the availability of a well-defined CAP guideline, 
adherence by pediatricians to the diagnostic recommendations made by the guideline is 
moderate. This has led to the execution of more additional diagnostic testing in children 
with CAP without ‘red flags’ than recommended by the Dutch 2015 guideline (2). These 
findings are in line with a recent multi-center survey study which showed that only 50% 
of the interviewed Dutch pediatricians were adherent to management guidelines in 
treating functional abdominal pain in children (3). Remarkably, self-reported guideline 
adherence was 85%. Both studies demonstrate a moderate adherence to the current 
CAP guideline in terms of additional diagnostic tests and treatment. This highlights 
the importance of proper implementation, dissemination and finally, evaluation of 
constructed guidelines.

Guideline adherence is influenced by numerous factors which involve construction, 
implementation and dissemination of a guideline and the intrinsic motivation 
of clinicians to read a guideline and adhere to it. In order to increase guideline 
adherence, it is essential to understand the driving factors that influence this process. 
Understanding these driving factors may help to construct specific interventions that 
are capable to improve guideline adherence. The first critical factor influencing guideline 
adherence involves the construction of a guideline itself and its recommendations. Clear 
constructed guidelines are developed by a multidisciplinary panel of experts, which aim 
to identify relevant subgroups of patients and compare several care options and their 
clinical outcomes. Quality of evidence and strengths of recommendations are provided 
and need to be revised or renewed when new evidence becomes available. Conflicts of 
interest, potential bias and other distortions should be minimized and transparent and 
the whole process must be prone to peer-review to increase trust and credibility (4). 
When these indicators are not met during construction of guidelines, newly constructed 
guidelines may be considered inapplicable to patients or as reducing clinician autonomy, 
which subsequently leads to non-adherence by clinicians (5,6). However, we did not 
investigate if these indicators were met in this thesis and therefore we suggest to 
investigate these indicators in future studies.

The second critical factor is the process of guideline implementation and dissemination. 
Eventually, clinicians cannot adhere to guidelines they do not know about. Haskell et 
al demonstrated that dissemination of new clinical guidelines rarely is sufficient to 
alter current practice and that targeted interventions aimed at behavioral changes may 
improve compliance (7). New clinical guidelines can be promoted by means of online 
advertisement, publication in medical journals, scientific meetings, promotion during 
grand rounds and could be presented as product samples in the form of summaries, 
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handouts or flyers (8). Furthermore, as new guidelines are implemented, local staff- 
or educational meetings can be performed in local hospitals in order to promote and 
educate clinicians regarding new guidelines and to emphasize the benefits of using 
them.

The third critical factor concerns the intrinsic motivation of clinicians to read guidelines 
and adhere to them. There are many potential reasons why clinicians could resist to 
adhere to guidelines. Most reported reasons include inapplicability to the patient, 
inability to reconcile patient preferences with guideline recommendations, lack of 
outcome expectancy and lack of agreement with guideline recommendations (4,9). 
All complex issues which need to be addressed when constructing and implementing 
evidence-based guidelines. For example, by means of surveys or audits.

The fourth critical factor is related to external factors. For instance, during the start 
of the global covid-19 pandemic, there was an enormous amount of pressure by 
governments and medical federations in order to quickly construct and implement 
treatment guidelines for covid-19 in order to improve treatment outcome, quality of 
care and minimize heterogeneity in clinical practice. Finally, in order to improve the 
quality of constructed guidelines, it is essential that guidelines are evaluated frequently. 
A process which must cover diagnostic performance and applicability in daily clinical 
practice. Unfortunately, evaluating and updating guidelines is a time-consuming and 
intensive process, which can be partly overcome by updating smaller parts of available 
guidelines. If we translate these factors to the pediatricians studied in Chapter 2, 
these pediatricians reported that their main reasons to deviate from the guideline 
included feelings of being insufficiently informed about the guideline, disagreement 
with the content of the guideline and not being convinced of the added value of the 
guideline. It should be emphasized that this study included only 8 pediatricians from one 
medical centre in the Netherlands with a varying amount of experience. Therefore, firm 
conclusions regarding reasons for limited guideline adherence in diagnosing children 
with CAP could not be drawn

In 2021, a new Dutch guideline for functional abdominal pain disorders for children 
aged 4-18 years was published (10). In children with CAP without ‘red flags’ this 
updated guideline suggests to perform a complete blood count, C-reactive protein 
and trans-tissue glutaminase type 2 (TG2A) antibodies to rule out celiac disease. 
This updated guideline states that there is no indication to perform urine analysis, 
Helicobacter pylori tests, radiologic examinations and endoscopy in the absence of 
‘red flags’. Fecal examination for Giardia lamblia can be considered if a child also has 
diarrhea in combination with CAP as presenting symptoms. These recommendations are 
largely comparable to the previous 2015 guideline, to which we observed low guideline 
adherence amongst pediatricians in a single center (2). It is unknown whether adherence 
to the diagnostic recommendations of the CAP guideline is also low on a nation-wide 
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scale and if the provided reasons not to adhere to the diagnostic recommendations are 
also valid for pediatricians on a nation-wide scale. Furthermore, it is also unknown which 
steps for national and local implementation and dissemination of the 2021 guideline 
were taken by the Dutch Pediatric Society. Usually, when a guideline is updated, it 
is published online, various scientific- and educational meetings are planned in local 
hospitals and short summaries of the content and recommendations are promoted 
online and on social media to its users. But we did not investigate these factors. The 
findings of our study suggest that there are several factors that influence guideline 
adherence by clinicians diagnosing children with CAP. Future studies are warranted 
which aim to evaluate which factors influence the intrinsic motivation of clinicians to 
adhere to the recommendations made by the guideline in order to increase guideline 
adherence and ultimately, to improve quality of care, minimize healthcare costs and 
minimize heterogeneity in clinical practice.

Celiac disease
Due to the relatively high prevalence of CD in the Western population of approximately 
0.5-1% and the association between CD and CAP in the pediatric population, current 
guidelines recommend performing CD serology in children with CAP (2,13–17). Through 
the past decades the clinical spectrum of pediatric CD, in terms of the type of symptoms 
at diagnosis, has changed significantly due to increased awareness for CD amongst 
clinicians and the availability of highly sensitive and specific serological tests (17–24). 
This has contributed to the idea of CD as an iceberg conception (14,21,25).

Chapter 3 describes that the current clinical spectrum at diagnosis of pediatric CD in 
the Netherlands is shifting towards more atypical, often extra-intestinal symptoms. The 
classical presentation of pediatric celiac disease with a distended abdomen, failure to 
thrive and chronic diarrhea has gradually decreased from approximately 70% between 
1975-1990 to 45% between 1993-2000 (17,26). Our study showed a further decrease 
to approximately 30% in the pediatric population in children below 4 years of age. The 
phenomenon of a changed clinical spectrum towards a more atypical presentation 
was particularly observed in children older than four years of age. We also observed 
that the average age of first presentation of the disease amongst the Dutch pediatric 
population has increased from approximately 3 to 6 years. In children below 4 years of 
age the classical triad of symptoms (chronic diarrhea, distended abdomen and failure 
to thrive) still is the most common form of presentation in up to 90% of our studied 
population. We hypothesize that the latter is due to an increased awareness amongst 
clinicians for CD as a potential cause of a large variety of symptoms in the pediatric 
population and due to certain changes in our dietary habits. The increased age of first 
presentation of the disease can partly be explained by these previous factors, but also 
partly by using highly sensitive and specific serological tests in both symptomatic and 
asymptomatic individuals, in individuals with a genetic predisposition, or in individuals 
with a positive family history for CD by means of screening. Furthermore, the prevalence 
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of CD in the pediatric population has increased substantially in the Netherlands through 
the past decades from 4.7/100.000 inhabitants in 1980 to 12.3/100.000 inhabitants 
in 2010 (26,27). In our study we found a prevalence of 21.1/100.000 inhabitants in 
2017. However, since this was a single-center retrospective study these results cannot 
be compared and extrapolated to national data, but do indicate that the prevalence 
of pediatric CD is increasing. This has contributed to the concept of CD as an iceberg 
conception (14,21,25). The increase in prevalence of CD and the alteration in the clinical 
presentation of pediatric CD, with an increase in extra-intestinal symptoms, justifies 
clinicians to lower the threshold to test for CD in children with atypical or extra-intestinal 
symptoms, such as fatigue and iron deficiency anemia. Especially if these symptoms are 
present in combination with intestinal symptoms such as recurrent abdominal pain and 
chronic diarrhea. We also found that in approximately 10% of the pediatric patients with 
CD, the CD serology only became positive after at least one repeated test. Most children 
with CD were female and of pre-school age with numerous subjective complaints at 
presentation. This demonstrates that children can display clinical symptoms that 
prejudge positive CD serology. However, it is also known that positive CD serology can 
prejudge the onset of clinical symptoms. Based on the findings in this study, it seems 
advisable to repeatedly test for CD at least once after 1 to 2 years in children with 
symptoms compatible with CD but previous negative CD serology, especially in those 
with an increased risk for the development of CD (genetically predisposed and children 
with a positive family history). However, since our study was a single-centre study 
which included a limited number of 105 newly diagnosed children with CD, these data 
should be interpreted cautiously. Firm recommendations cannot be made until these 
findings are explored in larger future studies. If the clinical suspicion for CD remains, 
despite repeatedly negative CD serology, HLA-DQ2 and DQ8 analysis can be considered 
to try to rule out CD as potential cause. If a CD phenotype is present than a referral 
to a pediatric gastroenterologist for a possible esophagogastroduodenoscopy with 
histological evaluation of duodenal biopsies can be considered, since a histological 
diagnosis remains the golden standard for CD (28,29). Current 2020 European Society 
of Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) guidelines for the 
diagnosis of CD advise not to perform HLA-testing in children in whom the other criteria 
for CD diagnosis are fulfilled (ie. TG2A-levels >10x upper limit of normal in combination 
with positive anti-endomysial antibodies (EMA), confirmed in a second blood sample 
or TG2A-levels <10x ULN with positive duodenal biopsies)(30). HLA-testing should be 
considered in “high-risk” groups, such as children with type 1 diabetes mellitus or in 1st 
degree relatives or in Down syndrome to rule out the possibility of CD. Furthermore, 
HLA-testing can be used to rule out CD in certain cases where clinical suspicion remains 
despite negative CD serology. However, the decision to perform HLA-testing should be 
reserved to pediatricians or pediatric gastroenterologists. If no risk alleles are found 
during HLA-testing, CD is very unlikely (30). Timely recognition of children suspected 
of CD, an accurate diagnosis and treatment with a strict gluten free diet (GFD) are key 
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factors to reduce the risk of social- and physical growth retardation and can prevent 
further complications such as osteoporosis and vitamin- and mineral deficiencies.

In Chapter 4, we discussed the clinical relevance of laboratory investigations during 
follow-up of pediatric CD and adherence to the Dutch national guideline amongst Dutch 
pediatricians. The Dutch guideline recommends annual measurement of hemoglobin, 
hematocrit, mean corpuscular volume, folic acid, vitamin B12, calcium, alkaline 
phosphatase, iron levels (serum iron or serum ferritin) and trans-tissue glutaminase type 
2 antibodies (TG2A) in GFD-adherent pediatric patients during follow-up (31). In GFD 
non-adherent patients the guideline recommends to increase the frequency of these 
annually recommended laboratory parameters. Our study in Chapter 4 demonstrated 
that Dutch pediatricians request large amounts of laboratory investigations during 
follow-up of children with CD, of which most requested laboratory investigations 
were parameters not suggested by the guidelines. A total of 1570 laboratory 
investigations were performed, of which 45.4% (713/1570) was in compliance with 
the parameters recommended by the Dutch guideline. Interestingly, amongst these 
713 laboratory investigations, relevant deviations were found in only 5%. This low 
proportion of deviations in laboratory investigations can be explained because GFD is 
the only available, but very effective treatment for CD. Consequently, absolution from 
gluten commonly results in complete restoration of gut function and subsequently 
normalization of laboratory results, concomitant deficiencies and recovery from other 
complications. We found deficiencies in serum iron/ferritin (7%), hemoglobin (7%) 
vitamin B12 (7.7%), folic acid (0%) and calcium (0%) in our pediatric population during 
follow-up. These results also correspond with a previous study in a Dutch pediatric CD 
population by Wessels et al regarding complementary serological investigations during 
follow-up of CD (32). During a 5-year period, they reported only mild deficiencies in 
a GFD-adherent pediatric population in serum iron, vitamin B12 and folic acid in only 
5-10% and no deficiencies in serum calcium. In general, there is limited information 
regarding coincidence of vitamin- and mineral deficiencies in children treated with 
CD, largely due to studies in small and heterogeneous populations which only focused 
on certain nutritional deficiencies mainly during diagnosis (33–36). However, it can be 
concluded that the frequency in which nutritional deficiencies were detected in our 
population and the population described by Wessels et al were similar or even less 
frequent than described in previous studies (32–36). Furthermore, previous studies 
have shown that hypocalcemia, folic acid deficiency and vitamin b12 deficiency were 
present in only a very small proportion of children and that normalization of these 
deficiencies occurred in almost all patients after a year of compliance to GFD, even 
without supplements (32,37). These findings, challenge the clinical relevance of annual 
measurement of the parameters suggested by the Dutch national guideline in GFD-
adherent children during follow-up (31). When this specific section of the Dutch national 
guideline regarding additional laboratory investigations during follow-up is updated, 
the clinical relevance and diagnostic yield of these additional laboratory tests should 

9



140 Chapter 9

be critically assessed. Possibly, the recommendations regarding additional laboratory 
investigations should be updated.

During the inclusion period of our study between 2017 and 2019 there were no 
available international guidelines regarding management and follow-up of pediatric 
CD. However, only recently, in September 2022 the ESPGHAN published a position 
paper on the management and follow-up of pediatric CD (38). They suggest to perform 
the first follow-up visit after diagnosis within 3-6 months and follow-up visits every 6 
months thereafter until normalization of TG2A antibodies. After normalization of TG2A 
antibodies follow-up should be continued every 12-24 months thereafter. In case earlier 
advice is needed, symptoms persist despite adherence to GFD, concerns are present on 
how a family is coping with GFD, or if there are ongoing issues with growth, bloodwork 
can be performed earlier (38). During follow-up visits the guideline recommends to 
evaluate children for gastrointestinal and extra-intestinal signs and symptoms, and to 
obtain anthropometric measurements and growth parameters. At time of diagnosis, 
measurement of TG2A levels, complete blood count, micronutritional status (eg, 
hemoglobin, iron, vitamin B12 and vitamin D levels) and alanine aminotransferase (ALT) 
should be performed. Any abnormalities should be followed and deficiencies should 
be corrected until normalization. If no abnormalities are present at diagnosis, routine 
additional diagnostic tests are not advised during follow-up by this position paper 
(38). Screening for thyroid disease may be considered during follow-up after clinical 
evaluation at the discretion of the clinician (38). The recommendations made the 2022 
ESGPHAN position paper for follow-up of GFD-adherent children during treatment of 
CD are somewhat in line with the findings of the study by Wessels et al and our study 
described in Chapter 4 (32,38).

In general, the pediatricians we studied performed too many routine additional 
laboratory investigations during follow-up of pediatric CD, whereas the clinical relevance 
of these routine laboratory investigations seems limited. Whether or not this is also true 
for pediatricians on a national, or even international scale, cannot be answered by our 
study since we only studied pediatricians in a single center in the Netherlands. However, 
this were pediatricians of variable age and with a variable amount of clinical expertise 
and therefore could potentially represent a larger population of pediatricians, but this 
should be investigated in future studies. For assessment of the clinical relevance of 
additional laboratory investigations during follow-up, a future large multi-center cohort 
study is warranted, in which all children newly diagnosed with CD are monitored during 
a two-to-three year period since normalization of deficiencies and TG2A-levels generally 
seem to occur within two years after initiation of GFD (39–41). Based on the study by 
Wessels et al described above, the recently published position paper by ESPGHAN 
and our study described Based on our findings in Chapter 4, we suggest to perform 
laboratory measurements at diagnosis that evaluate the presence of malabsorption, 
including a complete blood count, iron status, folic acid, vitamin B12, calcium, vitamin D 
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and ALT (32,38). If deficiencies are found they should be treated and monitored during 
follow-up until normalization. If no deficiencies are found at diagnosis, only TG2A-levels 
should be monitored annually until normalization with an extra measurement 6 months 
after diagnosis in order to evaluate GFD-adherence. Finally, GFD- adherence should be 
monitored closely by a dietician and anthropometric data should be recorded during 
every follow-up visit. Gathering this data on a large scale should make it possible to 
detect the frequency of occurrence of these deficiencies in GFD-adherent and non-
adherent children and should unravel the role of frequent additional testing for TG2A 
and deficiencies. This could lead to a reduction in laboratory investigations, health 
care costs and a reduction in the number of visits to outpatient clinics of children and 
their care givers. Ultimately, this could even lead to home-monitoring of GFD-adherent 
children with CD(42).

Dientamoeba fragilis
Over 100 years ago Jepps and Dobell described the first cases of D. fragilis in British 
soldiers with diarrhea and abdominal pain (43). Since then, a vast amount of scientific 
reports support D. fragilis to be a potential pathogen or to be a harmless commensal. 
Its ability to cause gastrointestinal disease therefore remains debatable. Described 
clinical presentation varies widely from asymptomatic carriership to a wide spectrum 
of gastrointestinal complaints, of which the most frequently reported symptoms are 
abdominal pain and diarrhea. Symptoms which are, however, common in the pediatric 
population. Most clinicians are tempted to perform an extensive diagnostic work-up 
in children with these complaints in order to exclude somatic disorders, including 
microscopic and molecular diagnosis of intestinal parasites, including D. fragilis, 
regardless of guidelines (2).

The survey in Chapter 5 showed that there is significant heterogeneity amongst Dutch 
clinicians, who are responsible for the care of children with gastro-intestinal complaints 
regarding their attitude towards pathogenicity of D. fragilis and applied diagnostic- and 
therapeutic approach. This survey well displayed the clinical consequences when the 
pathogenicity of a micro-organism is debatable, high quality randomized controlled 
trials regarding treatment are absent and multiple treatment guidelines constructed 
by different professions with different strategies are available. This heterogeneity in 
clinical practice leads towards an increase in health care costs, execution of unnecessary 
diagnostic tests with potential false-positive or false-negative results and unnecessary 
anxiety in children and their parents.

Chapter 6 demonstrated that the presence of D. fragilis in the intestine of children 
does not lead to significant alterations in the intestinal microbiota. We aimed to 
evaluate intestinal microbiota in children with gastrointestinal symptoms and a positive 
fecal PCR for D. fragilis and compared them with the intestinal microbiota of healthy 
controls matched for age and gender. We were not able to find significant alterations 
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in the intestinal microbiota in terms of composition and diversity, but we did find a 
high percentage of 84% of D. fragilis carriership in the healthy control population. 
High prevalence of D. fragilis, in up to 50% of asymptomatic Dutch children, has also 
found been in other Dutch studies which used real-time PCR as the diagnotic method. 
Such a high prevalence of D. fragilis in an asymptomatic pediatric population could 
be interpreted as illustration of the non-pathogenic character of this parasite in the 
majority of cases. However, the stools of the studied children were only examined for 
D. fragilis by means of a fecal PCR and not by light microscopy to detect the trophozoite 
state of the parasite which could be considered as proof for true replication of D. fragilis 
in the intestine and could have led to an overestimate of the real prevalence in these 
cohorts. The abcense of alterations in intestinal microbiota in terms of composition 
and diversity indicates that intestinal dysbiosis is not the driving factor in causing 
gastrointestinal symptoms in children with D. fragilis. However, the availability of 
numerous scientific reports that document resolution of symptoms after treatment 
of D. fragilis with antibiotics and several promising rodent models trying to fulfill the 
Koch’s postulates at least do provide some evidence that D. fragilis could be seen as 
a pathogen. But, most published scientific reports were retrospective studies which 
could have led to significant selection bias and significant placebo effect in reporting 
the outcomes of these studies. Therefore these results must be cautiously interpreted.

The systematic review in Chapter 7 showed that treatment of D. fragilis with 
metronidazole, paromomycin or clioquinol leads to resolution of gastrointestinal 
symptoms in 35-90% of children with varying rates of eradication of the parasite. As 
such, paromomycin proved to have the best eradication rate and clioquinol proved 
to have the best success rate in eradication of symptoms. This suggests that, at 
least in a subset of children, treatment of D. fragilis could be beneficial, but these 
findings are all based upon relatively small, studied populations of children with large 
heterogeneity amongst the studies, of which most were observational studies and had 
a small number of observed events. The only conducted randomized controlled trial 
regarding treatment of D. fragilis in children showed no beneficial effect of treatment 
with metronidazole over placebo in resolution of symptoms (44). Although this study 
had some serious flaws, the results of this study limits the strength of evidence that 
D. fragilis in the pediatric population warrants treatment (43). Most studies included 
in the review studied abdominal pain and diarrhea as predominant symptoms. These 
symptoms are also predominant symptoms in the spectrum of functional abdominal 
pain disorders (FAPDs) and the children studied in these observational studies could 
have very well had one of these FAPDs.

The key questions remain, do clinicians need to test for D. fragilis in children with CAP 
and, if a positive fecal PCR for D. fragilis is found, does every child need to be treated 
with antibiotics? When the available evidence is weighted and considered, the answer to 
both of these questions is “no”. The answer to these questions is defined by three critical 
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elements. First, the element of selection of children in whom to test for D. fragilis. There 
is no place to test for D. fragilis if a child only has CAP as a presenting symptom. Our 
systematic review in Chapter 7 and a previous study by Maas et al demonstrated that 
the vast majority of patients with protozoal infections, including D. fragilis, at least had 
a combination of gastrointestinal symptoms with CAP (45). If there is a combination 
of gastrointestinal complaints, such as for instance a combination of CAP and diarrhea 
or bloating, clinicians first have to rule out other potential diagnosis, such as CD or 
inflammatory bowel disease. Even then, clinicians should be very reserved to test for 
D. fragilis since the pathogenicity of D. fragilis and its ability to cause gastrointestinal 
complaints is still highly debatable.

The second important element, when clinicians do decide to test for D. fragilis, is how to 
make a diagnosis? Nowadays, a fecal-PCR is used to confirm the presence of a parasite. 
PCR is a reliable diagnostic tool with high sensitivity and specificity which can detect 
even the smallest amounts of parasite. However, one of the distinct disadvantages of 
this technique is that it is not able to differentiate between the presence of actively 
dividing parasites (or trophozoites) as a distinct feature of proof of true replication and 
inactive forms or only small amounts of D. fragilis DNA. This is where light microscopy 
(LM) comes into play. This technique can identify these trophozoites in stained stools 
and is able to quantify the parasitic load by means of the number of parasites per 
microscopic field. It therefore seems recommended to use a combination of the two, 
by means of a dual-feces-test, to establish the diagnosis. If LM is not available, PCR with 
a quantification of the PCR result could be used as an alternative.

The third and final element is the selection of children that could benefit from treatment 
and the selection of an antibiotic treatment regimen. When clinicians do decide to test 
for D. fragilis, after excluding other causes, and a positive fecal PCR is found (preferably 
in combination with LM), treatment should be discussed with the child’s parents or 
care givers. It should be emphasized that the potential pathogenicity of D. fragilis is still 
under debate, that the causality between the presence of the parasite and the child’s 
symptoms is questionable and that treatment with an antibiotic not always leads to 
resolution of symptoms. In addition our study in Chapter 6 demonstrated that D. fragilis 
is present in a significant part of asymptomatic controls which indicates D. fragilis to be 
a commensal. Furthermore, treatment with an antibiotic is not harmless considering the 
potential disturbance of the gut microbiota which could lead to alterations in intestinal 
permeability, gut motility, intestinal inflammation and even irritable bowel syndrome 
(46). When both parents and clinician decide to initiate treatment, paromomycin or 
clioquinol seem to be the best available treatments for D. fragilis. Treatment with 
metronidazole seems inferior to these two antibiotics with a lower eradication rate and 
slightly lower rate of resolution of symptoms. Also metronidazole has a wider spectrum 
of antibiotic activity which could lead to large scale alterations of the anaerobic 

9



144 Chapter 9

intestinal microbiota and thus has more potential side effects than both paromomycin 
and clioquinol makes this treatment third choice.

Efficacy of treatment, by means of eradication of the parasite, should be analyzed 
by means of control of eradication after treatment. Preferably, control of eradication 
should be performed the day after the end of the course of antibiotic treatment 
(i.e. with paromomycin and clioquinol at day 8). However, firm recommendations 
cannot be made until randomized, double-blind controlled trials are performed using 
several registered antibiotics for treating D. fragilis. Until then clinicians should be 
restrictive in performing diagnostic tests for D. fragilis in children with a combination 
of gastrointestinal complaints and even more restrictive in performing treatment when 
only a positive fecal-PCR for D. fragilis is found.

Finally, in order to solve the clinical debate regarding the potential pathogenicity of D. 
fragilis, future studies are warranted to elucidate the mechanism of D. fragilis intestinal 
infection and to evaluate the efficacy of treatment of D. fragilis with antibiotics. A 
previous study by Caccio demonstrated that there are two different genotypes of D. 
fragilis present with a strong predominance of genotype 1, but that their individual 
virulence and ability to cause gastrointestinal symptoms is unclear (47). Future studies 
should aim at investigating different virulent strains of D. fragilis and at possible 
interactions between D. fragilis and the intestinal commensal flora. Not only the 
interactions between D. fragilis and bacteria should be investigated, the interactions 
between other commensal inhabitants such as intestinal yeasts should be investigated 
as well. A large double-blind randomized controlled trial in children with well-defined 
clinical symptoms, appropriate diagnostic testing by means of the combination of light 
microscopy and fecal-PCR, and follow-up should be performed. In order to try unravel 
the role of the gut microbiome, it would be an interesting option to investigate the gut 
microbiota in every child before treatment with antibiotics, directly after treatment with 
antibiotics and 6-8 weeks thereafter. Furthermore, various treatment regiments should 
be explored. Comparing paromomycin and clioquinol with placebo is mandatory and as 
an alternative option metronidazole could also be investigated. Paromomycin should be 
dosed 25-35mg/kg per day in three daily doses for 7 days and clioquinol should be dosed 
in 15mg/kg per day in three daily doses for 7 days. The efficacy of antibiotic treatment 
needs to be investigated in two ways, by means of eradication of D. fragilis immediately 
after antibiotic therapy and resolving of gastrointestinal complaints approximately 6-8 
weeks after treatment with antibiotics.

Conclusion
CAP is a significant and frequent complaint in children, which can be puzzling for both 
children and their parents, but also for clinicians. The main challenge for clinicians 
remains to identify the small proportion of children with an underlying organic cause 
for CAP. Aims of this thesis included the evaluation of guideline adherence amongst 
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clinicians diagnosing children with CAP. Our results provide some indication that 
adherence to the Dutch CAP guideline by clinicians is a complex process influenced not 
only by careful construction and proper implementation and dissemination, but also by 
the intrinsic motivation of clinicians to adhere to them. An updated version of the Dutch 
CAP guideline was published with nearly the same recommendations for diagnosing CAP 
and various attempts for the implementation and dissemination were made. Therefore, 
improving the intrinsic motivation of clinicians to adhere to guidelines seems key to 
improve adherence. Hypothetically, this could be done by means of performing audits 
or surveys exploring factors why clinicians resist to adhere to guidelines despite clear 
construction, implementation and dissemination of the CAP guideline. Second, we 
aimed to investigate the current spectrum of pediatric CD and the clinical relevance 
of routine biochemical tests during follow-up. CD has a predominant role in CAP, but 
the current clinical spectrum has changed towards more display of extra-intestinal 
symptoms during diagnosis. This justifies clinicians to test for CD more often. Guideline 
adherence amongst Dutch pediatricians to the Dutch CD guideline for follow-up is low. 
This dated guideline recommends to much routine laboratory test during follow-up and 
should be updated with the recommendations made by the 2022 ESPGHAN position 
paper. Third, we aimed to evaluate the role of D. fragilis in CAP in children. Since the 
pathogenicity of DF is not confirmed and highly debated , clinicians should be restrictive 
when to test for D. fragilis and should only consider this in children with a combination 
of CAP with other gastrointestinal symptoms in whom other potential causes for CAP 
are excluded.
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Chronische buikpijn bij kinderen is een van de meest voorkomende aandoeningen bij 
kinderen en jongvolwassenen wereldwijd met hoge prevalentie onder de westerse 
bevolking. Ondanks dat het frequent voorkomt wordt slechts een klein percentage 
veroorzaakt door een chronische ziekte en de overige 90% van de kinderen voldoet aan 
de diagnostische criteria van zogeheten functionele buikpijn syndromen. Functionele 
buikpijn syndromen zijn aandoeningen waarbij er geen lichamelijke oorzaak kan 
worden vastgesteld voor de klachten. Veelal zit hier een psychische component in. Het 
diagnosticeren van dat kleine aantal kinderen met een chronische ziekte als oorzaak 
voor de chronische buikpijn is van groot belang vanwege de forse invloed op zowel de 
groei als de ontwikkeling van het kind. Echter kan het identificeren van deze kleine groep 
kinderen met een chronische ziekte ingewikkeld zijn voor (kinder)artsen wat veelal leidt 
tot het uitvoeren van veel diagnostiek. Duidelijke richtlijnen ontbreken hiervoor of 
worden onvoldoende nageleefd. Dit leidt veelal tot het inzetten van niet noodzakelijke 
diagnostiek, mogelijke vals-positieve of vals-negatieve uitslagen, oplopende kosten in 
de gezondheidszorg en tot uitslagen waarvan de klinische relevantie soms onduidelijk 
is. Wel duidelijk is dat, door het frequente voorkomen in de westerse bevolking, bij 
kinderen met chronische buikpijn te allen tijde op gluten allergie getest dient te worden 
vanwege de grote consequenties hiervan. Echter, is gedurende de afgelopen tientallen 
jaren het klinisch beeld van de symptomen waarmee kinderen met gluten allergie zich 
presenteren sterk veranderd. Een voorbeeld van wat onduidelijk is, is de rol van de 
parasiet Dientamoeba fragilis in het veroorzaken van maag-darm klachten bij kinderen. 
Dit heeft er toe geleid dat er forse veranderingen zijn opgetreden in hoe artsen omgaan 
met de diagnostiek en behandeling van kinderen met glutenallergie en Dientamoeba 
fragilis.

Middels dit proefschrift pogen wij een aantal zaken te onderzoeken: 1) het volgen van 
richtlijnen door kinderartsen die kinderen met chronische buikpijn of gluten allergie 
behandelen; 2) de verandering in het klinische beeld van kinderen met glutenallergie; 
3) de relevantie en opbrengst van de voorgestelde diagnostiek in de huidige richtlijn 
glutenallergie; en 4) de rol van de parasiet Dientamoeba fragilis in het ontstaan van 
chronische buikpijn bij kinderen.

Diagnostiek bij kinderen met chronische buikpijn
Het eerste deel van dit proefschrift richt zich op het inzetten van diagnostiek bij het 
evalueren van kinderen met chronische buikpijn. Chronische buikpijn is een frequente 
reden voor een verwijzing van een kind of jongvolwassene naar een kinderarts. Het 
evalueren van kinderen en jongvolwassenen met chronische buikpijn kan ingewikkeld 
zijn om meerdere redenen: chronische buikpijn kan veroorzaakt worden door een 
grote diversiteit aan aandoeningen, jonge kinderen zijn nog onvoldoende in staat 
om hun klachten goed te beschrijven, ouders kunnen soms de klachten van hun kind 
moeilijk interpreteren en zowel ouders als artsen willen geen aandoeningen missen als 
oorzaak voor de chronische buikpijn. Al deze factoren gecombineerd kunnen leiden tot 
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onzekerheid bij artsen wat vervolgens leidt tot het uitvoeren van een grote diversiteit 
aan aanvullende onderzoeken. Dit leidt op zichzelf tot een grote heterogeniteit in de 
diagnostiek en behandeling van kinderen met chronische buikpijn en tot de uitvoering 
van nog meer aanvullende diagnostiek indien er onverwachte uitslagen gevonden 
worden. Om artsen richting te geven wordt er gebruik gemaakt van richtlijnen waarin 
uiteengezet wordt hoe problemen aan te pakken. Het doel van deze richtlijnen is om 
de zorg zo uniform mogelijk te houden en het inzetten van diagnostiek zoveel mogelijk 
te beperken tot het noodzakelijke en zodoende de kwaliteit van zorg te verbeteren en 
de ontwikkeling van zorgkosten te beperken. Het is echter bekend dat het volgen van 
deze richtlijnen door artsen beperkt is door zowel aan de richtlijn gebonden factoren als 
door arts-gebonden factoren. Daarom is het van belang om periodiek deze richtlijnen 
te beoordelen op bruikbaarheid, functioneren en “up-to-date zijn” en zo nodig aan te 
passen om de kwaliteit van zorg voor kinderen met chronische buikpijn te optimaliseren

Hoofdstuk 2 beschrijft een studie waarin wij retrospectief het naleven van de richtlijn 
chronische buikpijn bij kinderen door kinderartsen hebben onderzocht en hebben 
gekeken naar de variatie in verrichte diagnostiek door dezelfde kinderarts en tussen 
verschillende kinderartsen in een groot Nederlands ziekenhuis. De kinderen die door 
deze kinderartsen werden behandeld waren tussen de 4 en 18 jaar oud en waren 
verwezen voor chronische buikpijn zonder de aanwezigheid van alarmsymptomen. 
We vergeleken de door de kinderartsen verrichte diagnostiek met de diagnostiek die 
door de richtlijn wordt aanbevolen. In 26% van de kinderen werd daadwerkelijk een 
aandoening vastgesteld. Geen enkele kinderarts verrichte enkel de door de richtlijn 
aanbevolen bepalingen zonder het uitvoeren van extra onderzoek, maar het aanvullend 
onderzoek van 67% van de kinderartsen bevatte wel de aanbevolen bepalingen volgens 
de richtlijn. Er werd een grote variatie gevonden in verrichte diagnostiek tussen de 
kinderartsen maar ook binnen dezelfde kinderarts. Redenen om af te wijken van 
de richtlijn werden onderzocht en kinderartsen gaven aan dat zij afweken van de 
richtlijn vanwege: het onvoldoende geïnformeerd zijn over de inhoud van de richtlijn, 
(gedeeltelijke) onenigheid over de inhoud van de richtlijn en het niet overtuigd zijn van 
de toegevoegde waarde van de richtlijn. Deze resultaten suggereren dat kinderartsen 
meer lijken te vertrouwen op hun klinische ervaring dan op bestaande op wetenschap 
gebaseerde richtlijnen bij de behandeling van kinderen met chronische buikpijn.

Gluten allergie
Het tweede deel van dit proefschrift richt zich op twee aspecten van gluten allergie 
als een van de mogelijke oorzaken van chronische buikpijn in kinderen. Voornamelijk 
omdat het uitsluiten van gluten allergie een kernelement is in de diagnostiek naar 
chronische buikpijn bij kinderen. In de afgelopen jaren is de bewustwording en alertheid 
met betrekking tot glutenallergie sterk gegroeid, ook in Nederland. De ontwikkeling en 
het gebruik van zeer gevoelige bloedonderzoeken in kinderen met- of zonder klachten 
of genetisch belastbare kinderen heeft er toe geleid dat er steeds meer kinderen met 
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gluten allergie gediagnosticeerd zijn en dat het palet aan symptomen waarmee zij zich 
presenteren sterk is veranderd. Het is onbekend of dit ook geldt voor de Nederlandse 
kinderen gezien dit al meer dan 10 jaar niet is onderzocht. Indien dit ook voor de 
Nederlandse kinderen geldt zou dit impliceren dat artsen veel vaker alert zouden 
moeten zijn op glutenallergie, ook bij vage symptomen. Een ander belangrijk aspect 
van de behandeling van kinderen met glutenallergie is de follow-up. Bij glutenallergie 
kunnen verschillende tekorten in vitamines en mineralen optreden, zowel tijdens de 
diagnose als tijdens de follow-up indien zij zich niet strikt houden aan een glutenvrij-
dieet. Het is verwonderlijk dat er geen internationale richtlijnen zijn die aangeven hoe 
de follow-up van kinderen met glutenallergie vorm gegeven dient te worden in termen 
van hoe vaak zij gezien dienen te worden en welke bloedafnames er nodig zijn om 
tekorten te monitoren. Wel is er een gedateerde Nederlandse richtlijn, maar deze is 
niet eerder geëvalueerd en beoordeeld op zijn werking.

Hoofdstuk 3 beschrijft een studie waarin wij het huidige klinische beeld van kinderen 
met glutenallergie onderzoeken. Hierin bekeken wij alle kinderen die tussen 2007 en 
2017 in het Tergooi ziekenhuis zijn gediagnosticeerd met glutenallergie volgens de 
geldende Europese richtlijnen en vergeleken deze kinderen met een controle groep die 
verwezen waren vanwege dezelfde soort symptomen maar zonder glutenallergie om te 
beoordelen of er bepaalde symptomen typisch zijn voor glutenallergie. Er werden 105 
kinderen met glutenallergie gediagnosticeerd wat past bij een incidentie van 21.09 per 
100.000 inwoners onder de 18. Zo’n 40% waren peuters en kleuters met voornamelijk 
typische maag-, darmklachten. De basis- en hogere school kinderen hadden vaker 
atypische klachten dan typische klachten. Chronische buikpijn en een opgezette buik 
waren de meest voorkomende symptomen, maar de klassieke trias kwam slechts in 
32.6% van de onderzochte populatie voor (voornamelijk bij peuters en kleuters). De 
klassieke presentatie blijkt verschoven van zo’n 90% bij peuters en kleuters naar een 
atypische presentatie bij zo’n 40-50% bij basis- en hogere school kinderen.

Hoofdstuk 4 beschrijft een studie waarin wij het volgen van de coeliakie richtlijn 
door kinderartsen en de diagnostische opbrengst van de gesuggereerde aanvullende 
onderzoeken van deze richtlijn onderzoeken. Het strikt opvolgen van deze richtlijn 
door kinderartsen blijkt beperkt te zijn en dat de opbrengst van de gesuggereerde 
aanvullende onderzoeken ook beperkt is. Dit onderstreept dat de huidige Nederlandse 
richtlijn gedateerd is en aan vernieuwing toe is.

Dientamoeba fragilis
Het derde deel van dit proefschrift richt zich op de parasiet Dientamoeba fragilis als 
een potentiële oorzaak van chronische buikpijn bij kinderen. Ondanks dat deze parasiet 
ruim 100 jaar geleden voor het eerst werd beschreven is er nog steeds veel discussie 
over de pathogeniciteit van deze parasiet. Mogelijke oorzaken als verstoringen van 
de darmflora door de parasiet of het bestaan van verschillende virulente stammen 
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blijven in het ongewis. De discussie wordt verder aangewakkerd door het feit dat de 
aanwezigheid van de parasiet in de darm bij kinderen gepaard gaat met zowel een breed 
spectrum aan symptomen als met asymptomatisch dragerschap. Het is intrigerend dat 
er veel wetenschappelijke artikelen zijn gepubliceerd die bewijs leveren dat de parasiet 
ziekmakend kan zien, maar dat de enige placebo gecontroleerde gerandomiseerde 
studie (wat als de hoogst mogelijke bewijsgraad geldt) die de behandeling van de 
parasiet met antibiotica onderzoek dit tegenspreekt. Deze tegenstrijdigheid heeft 
vanzelfsprekend geleid tot een grote diversiteit in hoe artsen tegen deze parasiet 
aankijken en hoe zij vervolgens omgaan met de diagnostiek en behandeling hiervan.

Hoofdstuk 5 beschrijft een vragenlijst studie onder Nederlandse huisartsen en 
kinderartsen hoe zij tegen Dientamoeba fragilis aankijken. Er blijkt veel verscheidenheid 
te zijn in de klinische praktijk in hoe Nederlandse artsen diagnostiek verrichten naar 
de parasiet en in hoe zij de parasiet behandelen. Ondanks dat het onduidelijk is of de 
parasiet ziekmakend is beschouwd 80% van de ondervraagde artsen de parasiet als een 
mogelijke veroorzaker van maag- en darmklachten. Echter test maar een klein deel van 
de ondervraagde artsen gericht op de parasiet. Bij een positieve ontlastingstest voor 
de parasiet blijkt metronidazol het antibioticum van eerste keus.

Hoofdstuk 6 beschrijft een hypothese bevestigende studie waarin onderzocht wordt 
of veranderingen in de darmflora, mogelijk veroorzaakt door de aanwezigheid van 
Dientamoeba fragilis in de darm de oorzaak is van maag-, darmklachten ontstaan. 
Er werden geen significante verschillen aangetoond in de darmflora tussen kinderen 
met Dientamoeba fragilis en gezonde controles. Hierdoor lijkt het onwaarschijnlijk 
dat verstoring van de darmflora door Dientamoeba fragilis de oorzaak is van maag-, 
darmklachten bij kinderen met de aanwezigheid van Dientamoeba fragilis in de darm.

Tot slot beschrijft Hoofdstuk 7 een systematische review van de beschikbare literatuur 
waarin wij de relatie tussen het behandelen van Dientamoeba fragilis en het verdwijnen 
van symptomen onderzoeken en de sterkte van het bewijs wegen dat kinderen met 
een symptomatische Dientamoeba fragilis infectie behandeld moeten worden met 
antibiotica. De beschikbare literatuur richt zich met name op buikpijn en diarree als 
aanwezige symptomen en bevat enkel studies met kleine aantallen patiënten, die 
allemaal verschillend van opzet zijn waardoor er een lage bewijskracht is. Het eradiceren 
van de parasiet uit de ontlasting en het daadwerkelijk verdwijnen van aanwezige 
symptomen verschilde sterk tussen de verschillende studies met verschillende 
behandelschema’s met verschillende antibiotica. Tussen de verschillende middelen 
blijkt paromomycine het meest effectief te zijn om de parasiet uit de ontlasting te 
krijgen en blijkt clioquinol het meest effectief te zijn in het oplossen van de aanwezige 
symptomen. Echter blijkt ook dat als de effectiviteit toeneemt om de parasiet uit 
de ontlasting te krijgen er niet meer kinderen van hun symptomen af komen. Dit 
suggereert dat de aanwezigheid van de parasiet niet de (enige) oorzaak van de klachten 
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is. Hierdoor concluderen wij dat het testen voor Dientamoeba fragilis bij kinderen met 
chronische buikpijn en diarree enkel geïndiceerd is als andere (meer voor de hand 
liggende oorzaken) zijn uitgesloten. Toekomstige studies zijn nodig om een oorzakelijk 
verband aan te tonen tussen de aanwezigheid van Dientamoeba fragilis en maag- en 
darmklachten en om duidelijk te krijgen welk antibiotisch regime het best geschikt is 
voor de behandeling.
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2. Teaching Year ECTS

Supervision of Scientific Internship student, Amsterdam UMC, 
Amsterdam

2019 -

Supervision of Scientific Internship student, Tergooi Hospitals, 
Blaricum. (16 weeks)

2020 -

Supervision of Scientific Internship student, Amsterdam UMC, 
Amsterdam (16 weeks)

2021 -

3. Grants Year

Tergooi Research Support Grant 2018 -

4. Publications Year

Current Clinical Spectrum of Paediatric Coeliac Disease: a 10 
year single-centre experience.
European Journal of Pediatrics 2018;177(4):593-602

2018

Paediatric coeliac disease: increased incidence or increased 
awareness?
Journal of Pediatric Gastroenterology Hepatology and Nutrition 
2018;67(2):e42

2018

Coeliakie op de kinderleeftijd: Een veranderd klinisch spectrum.
Nederlands Tijdschrift voor Geneeskunde 2019;163(0):D3059

2019
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Large Variation Amongst Paediatricians in Clinical Practice in 
Children with Recurrent Abdominal Pain
Pediatric Gastroenterology Hepatology and Nutrition 
2019;22(3):225-232

2019

Dientamoeba fragilis in children: A systematic review on 
diagnostic considerations and efficacy of treatment.
Expert Reviews in Gastroenterology and Hepatology 
2020;14(4):231-242

2020

Intestinal Microbiota in Children with Symptomatic 
Dientamoeba fragilis Infection: A Case-control Study.
The Pediatric Infectious Disease Journal 2021;40(4):279-283

2021

Guideline adherence and clinical relevance of laboratory 
investigations during follow-up in paediatric coeliac disease: 
a Dutch single-centre cohort study.
Acta Paediatrica 2021;110(9):2641-2647

2021

Diagnostic and Therapeutic Considerations Towards 
Dientamoeba fragilis in Children: A Survey Amongst General 
Practitioners and Pediatricians in the Netherlands.
Journal of Pediatric Gastroenterology Hepatology and Nutrition 
2021;73(6):e121-e125

2021

Microbiota in Children with Dientamoeba fragilis; A Player to 
Take into Account?
Journal of Pediatric Gastroenterology Hepatology and Nutrition 
2022;74(2):e40

2022
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DANKWOORD (ACKNOWLEDGEMENTS)

Het schrijven van een proefschrift in deeltijd verband, naast een klinische baan als arts-
assistent, is een uitdaging gebleken waarin ik mij van tevoren toch wel enigszins heb 
vergist. Nu ik, bijna 5 jaar later, hierop kan terug kijken zou ik het niet anders hebben 
willen doen, maar zou ik anderen die hetzelfde overwegen wel willen meegeven hier 
zeer goed over na te denken. Misschien zou ik het ze zelfs wel afraden. Echter was het 
tot stand komen van dit proefschrift een fantastische reis. Een reis die mij de rest van 
mijn leven bij zal blijven en veel waardevolle lessen heeft geleerd. Het was een reis die 
niet zonder horden en stoten ging. Een reis met veel ups en downs, keihard werken 
waarbij eindeloze energie, inzet en doorzettingsvermogen werd geëist. Een reis waarbij 
leren plannen en organiseren misschien wel het allerbelangrijkste werd, maar vooral 
ook een reis waarin ik een aantal zeer inspirerende en fijne mensen ben tegen gekomen 
waar ik verbindingen mee ben aangegaan die ik nog lang hoop te behouden.

Allereerst, copromotor, mentor, inspirator en vertrouwenspersoon prof. dr. Frans 
Plötz. Lieve Frans, man van het allereerste uur, de man door wie mijn interesse in de 
wetenschap ontstond, initiator van mijn reis. In de afgelopen vijf tot zes jaar dat wij 
elkaar kennen kan ik inmiddels wel zeggen dat ik toch een vriend rijker ben geworden. 
Vanaf de allereerste letter van mijn allereerste onderzoeksvoorstel, wat uiteindelijk 
meteen mijn allereerste publicatie werd, tot de allerlaatste letter van dit proefschrift ben 
jij altijd meer dan zeer betrokken geweest. Altijd wist jij mij de prikkeling te geven die ik 
nodig heb. Altijd was je bereikbaar. Altijd gaf jij binnen de kortste keren commentaren 
op mijn ingestuurde stukken. Je voelde altijd feilloos aan wanneer ik ergens mee in de 
knoop zat en meer sturing nodig had, maar daarentegen voelde je ook altijd feilloos aan 
wanneer ik meer ruimte nodig had. Je hebt de afgelopen jaren veel voor mij betekend, 
al mijn ups en downs en tegenslagen meegemaakt, altijd een luisterend oor geboden 
daar waar ik dat soms nodig had, maar mij vooral ook altijd voorzien van goede adviezen 
en (levens)lessen. “Houd moed” en “houd vertrouwen” spiegelde je mij altijd en dat is 
precies wat ik daardoor altijd ben blijven doen. Ik ben je meer dan zeer dankbaar voor 
alles wat je voor mij hebt betekend, voor alles dat je voor mij hebt weten te regelen, 
voor al jouw begeleiding en jouw eindeloze bron van inspiratie. Ik hoop dan ook dat ik 
in de toekomst nog lang met je mag blijven samenwerken.

Mijn promotor, prof. dr. Marc Benninga. Beste Marc, dankzij Frans en Tim leerde ik 
jou kennen. Ik had nog geen promotor, maar jij was gelijk bereid om deze rol op je te 
nemen. Ik zal je herinneren om je humor. Humor die ik soms in de droge emails niet 
altijd in één keer door had. Altijd was je op een positieve manier kritisch op dat wat ik 
schreef. Het leverde meer dan eens leuke discussies op. Ik zal zeker de discussie over 
de pathogeniciteit van de Dientamoeba herinneren, daar waar ik in de begin stadia van 
dit proefschrift nog overtuigd was en samen met Frans en Tom van Gool als “de drie 
dientamoeba musketiers” jou en Tim probeerde te overtuigen, werd ik dat naar mate 



168 Dankwoord (Acknowledgements in Dutch)

het proefschrift vorderde minder en minder. Ik zal je herinneren om de gastvrijheid 
en de uitnodigingen bij je thuis met Frans en Tim samen. Bedankt dat je de rol van 
promotor op je wilde nemen en bedankt dat jij mijn reis mede mogelijk hebt gemaakt.

Mijn tweede copromotor, mede-mentor en mede-inspirator, dr. Tim de Meij. Lieve 
Tim, net als Frans man van het eerste uur. Ik weet nog goed hoe zenuwachtig ik was 
toen Frans en ik jou om jouw mening en samenwerking vroegen toen ik mijn master 
thesis aan het schrijven was. Sindsdien heb jij een belangrijke rol vervuld in mijn reis 
naar het voltooien van dit proefschrift. Altijd ben je meer dan betrokken geweest. Jouw 
scherpzinnige commentaren tilde de manuscripten altijd naar een hoger niveau. Ook 
jij was altijd razendsnel met jouw commentaren waardoor ik snel weer verder kon. Jij 
maakte ook veel van mijn ups en downs en mijn tegenslagen mee, maar wist mij altijd 
het vertrouwen te geven dat er weer betere tijden zouden komen. Bedankt voor je 
tomeloze inzet, bedankt voor alles dat je voor mij hebt betekend en geregeld. Bedankt 
voor jouw rol in mijn reis naar het voltooien van dit proefschrift. Ik hoop dat we in de 
toekomst contact zullen blijven houden.

Mijn tweede promotor, prof. dr. Paul Savelkoul. Beste Paul, ik was op zoek naar een 
tweede promotor om het microbiologie deel van mijn proefschrift te kunnen leiden en 
met dank aan Tim kwam ik bij jou uit. Jij zag heil in mijn avontuur en was gelijk bereid 
om deze rol op je te nemen. Ik wil je bedanken voor jouw begeleiding op mijn reis, 
dankbaar dat jij het voor mij misschien wel meest ingewikkelde deel van dit proefschrift 
wilde begeleiden.

Aan de leden van de beoordelingscommissie prof dr. Mearin Manrique, prof. dr. 
Heymans, prof. dr. Wijburg, prof. dr. Frenkel, prof. dr. Pajkrt en dr. Koot: hartelijk dank 
voor de vlotte en unanieme beoordeling van het proefschrift. Ook wil ik graag mijn dank 
betuigen aan alle co-auteurs die hebben bijgedragen aan de uitvoering en verbetering 
van de verschillende studies in dit proefschrift: dr. Aldert Bart, Merel van Bergen, dr. 
Andries Budding, dr. Wendelien Dorigo-Zetsma, Tim Dykstra, dr. Tom van Gool, Nikki 
Klarenbeek, Carol Lasham, Iris van Maldeghem en Elise Noordhuis.

De vakgroepen maag-, darm- en leverziekten en interne geneeskunde van het 
Noordwest ziekenhuis, en in het bijzonder opleider MDL dr. Michael Klemt-Kropp, wil 
ik graag bedanken voor hun flexibiliteit en de geboden mogelijkheid om parttime aan 
mijn proefschrift te kunnen werken naast mijn klinische werk als arts-assistent. Het 
was altijd mogelijk om extra vrije dagen te krijgen indien dit voor de voortgang van 
het proefschrift noodzakelijk was. Van Tergooi Ziekenhuizen locatie Blaricum wil ik ook 
alle kinderartsen bedanken voor de warme omgeving die heeft bijgedragen aan het 
opstarten van dit proefschrift.
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Aan mijn dierbare beste vrienden, ik realiseer mij dat ik de afgelopen jaren minder 
beschikbaar ben geweest voor jullie dan ik misschien zou willen. Ondanks dat is onze 
vriendschap even krachtig als altijd gebleven en is het niet verwaterd. Nu mijn dubbelrol 
als arts-assistent en PhD-student eindelijk voorbij is hoop ik dat we vooral door kunnen 
gaan waar we gebleven waren. Het is een onwijs geluk en een onwijze eer zulke fijne 
vrienden te mogen hebben.

Lieve papa en mama, tot slot aan mij de eer jullie te bedanken voor jullie onverzettelijke 
liefde en steun aan mij. Waar ik ook ga, wat ik ook doe en wat er ook gebeurd, jullie 
zullen nooit van mijn zijde wijken en mij onvoorwaardelijk steunen. Nooit is iets voor 
jullie te gek. Ik prijs mij meer dan heel gelukkig met ouders zoals jullie. Weet dat ik 
enorm tegen jullie op kijk en dat jullie erg belangrijk zijn voor mij. Jullie hebben mij 
geleerd om altijd het beste uit mezelf te willen halen en mij geleerd om altijd door de 
wolken heen de zon te blijven zien. Dat ik hier nu sta is mede dankzij jullie. Tot slot, 
lieve opa Jan, ook al ben jij al hele lange tijd niet meer onder ons, ik ben mijn belofte 
als kleine jongen aan jou nooit vergeten. Op jouw sterfbed beloofde ik jou ervoor te 
zorgen dat er nooit meer iemand zou lijden aan kanker zoals jij daar aan leed. Jij bent 
mijn ultieme inspirator om elke dag het beste uit mezelf te halen. En met het afronden 
van dit proefschrift en het behalen van een opleidingsplek tot internist ben ik weer 
een stapje dichterbij gekomen bij het inlossen van mijn belofte aan jou. Ik hoop dat je 
trots op mij bent.

Michael van Kalleveen
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SUPPLEMENTAL MATERIAL (Chapter 3)

Supplementary table 1. Diagnostic features of patients with positive CD serology after repeated 
testing.

Gender Age 
(years)

Initial
 tTG (U/

mL)

First 
positive 
tTG (U/

mL)

# days to 
become 
positive

Marsh-
score

HLA DQ2/
DQ8 

positive?

Serum 
IgA 

(g/L)

Positive 
family 

history?

M 1.0 <0.1 67 521 3 Yes/No 0.52 No

M 2.1 0.0 685 524 3 Yes/No <0.05 No

F 5.9 0.3 106 609 - Yes/No 0.56 Yes

M 4.3 0.1 >128 922 - Yes/No 0.78 No

F 6.1 3.7 24 140 3 Yes/No 0.55 No

F 5.2 0.0 >128 1054 - Yes/No 0.65 Yes

F 8.0 6.9 >128 916 3 Yes/Yes 1.66 No

F 9.5 2.8 >128 336 3 Yes/No 2.1 No

F 5.4 0.6 18 646 3 ?/? 1.13 No

Patient number 2 used inhalation corticosteroids and had a CD associated IgA deficiency.
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