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1. ABBREVIATIONS

ApoALl: apolipoprotein Al

BMD: bone mineral density

BMI: body mass index

CAMP: Cyclic adenosine monophosphate
CD: Crohn’s disease

CDA0: cluster of differentiation

CDAI: Crohn’s Disease Activity Index
CDP: Clostridium difficile positivity
CMV: cytomegalo virus

CRP: C-reactive protein

CyA: cyclosporine A

DHEA : dehydroepiandrosterone

DXA: Dual-energy X-ray absorptiometry

EIM : extraintestinal manifestations

ELISA: enzyme-linked immunosorbent

assay

ESR: erythrocyte sedimentation rate

FC: faecal calprotectin

HDL.: high-density lipoprotein
IBD: inflammatory bowel diseases
IBS: irritable bowel syndrome
LDL: low-density lipoprotein
LFA: lateral flow assay

MMP-9: matrix metalloproteinase-9
pMayo score: partial Mayo Score
PTH: parathyroid hormone
TNF-a : tumor necrosis factor
TSH: thyroid stimulating hormone
UC: ulcerative colitis

\VZV: varicella zoster virus
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4. SUMMARY

Introduction. Inflammatory bowel diseases are chronic, multifactorial conditions characterised
by immune-mediated inflammation of the gastrointestinal tract. Management of IBD represents a
lifelong medical care as the disorder itself is chronic and permanent with periods of relapses and
remissions. However, adverse events can modify conventional treatment of IBD. The aim of the
thesis was to assess special situations in IBD as infections and side effects: (i) to assess
Clostridium difficile infection among our outpatients with IBD in relapse, (ii) to assess
Blastocystis sp. infection and skin manifestations connected it, (iii) to assess efficacy and safety
of influenza vaccination, (iv) to compare bolus or conventional tapering of methylprednisolone
for 12 weeks , and (v) to assess serum cholesterol, triglyceride and creatinine levels before,
during, and after CyA therapy. Patients and Methods. We carried out 5 clinical studies
connected to the topic. In the Study I, 90 outpatients with IBD who relapse were enrolled
prospectively. Clinical data of patients were assessed, and stool cultures; in addition, blood and
stool samples were obtained for the determination of serum biochemical factors, FC and faecal
MMP-9. IBD patients in clinical remission were selected as a control group. In second study data
of 80 patients with confirmed positive Blastocystis sp. infections were assessed retrospectively.
Gastrointestinal and dermatological symptoms and the results of routine biochemical and
haematological blood tests of enrolled patients were collected and analysed. In Study Ill, 156
immunocompromised IBD patients were vaccinated. 53 patients (control group) refused
vaccination. Split virion vaccine and whole virion vaccine were used. Serum samples were
obtained for pre- and postimmunisation antibody titres to influenza vaccine (A/California/7/2009
[HIN1], A/Victoria/361/2011 [H3NZ2], B/Wisconsin/1/2010-like B/Hubei-Wujiagang/158/2009).
In Study IV, 19 IBD patients received intravenous methylprednisolone of 1 mg/kg for 5 days
tapered by 4 mg per week. Patients were prospectively randomized in two groups. In
“conventional” group (I) steroids were given daily. In “pulse” group (II) weekly dose of steroids
were given on special days of the week. The BMI was measured before and after the
corticosteroid therapy. Blood samples were collected to assess glucose level, electrolytes,

cholesterol and triglycerides levels, inflammatory parameters, cortisol, osteocalcin and crosslaps
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values. Total body composition analysis was performed at the beginning and at the end of the
steroid therapy. In the last study, clinical data and serum cholesterol, triglyceride, creatinine
levels of 72 patients were analysed and compared to a control group treated with infliximab.
Results. We found that 56.6% of patients had positive microbiological results. Clostridium
difficile A and B Toxins were verified as positive in 92.1% of these cases. Statistical analysis
showed a significant difference between FC and MMP-9 values in patients in relapse and
remission, but not in Clostridium difficile positive and negative cases. Our results revealed an
association between previous antibiotic use and Clostridium difficile positivity. We discovered
that 11.25% of our enrolled patients exhibited skin manifestations associated to Blastocystis sp.,
mainly on the females. The occurrence of Blastocystis sp. was 6% in symptomatic patients who
required medical attendance in the time period between 2005 and 2013. In third study,
postimmunisation titres of both influenza subtypes increased significantly after the administration
of split virion vaccines compared to the controls and to those who received whole virion vaccine.
The antibody titres of Influenza B also increased significantly in patients immunised with split
vaccine and treated with anti TNF-a therapy. No serious side effects developed occurred after
influenza vaccination, and the influenza-like symptoms did not differ significantly between
vaccinated vs. control patients. The relapse of the disease was observed in only 10% of the
patients, and was more common in vaccinated than in control subjects. In study IV, in Group I,
BMI increased, total body bone density decreased significantly at the end of the steroid therapy.
Body fat percent showed a tendency to be higher at the end of steroid therapy in Group I.
Cholesterol level increased significantly in Group | patients. The decrease in serum cortisol level
was more remarkable in Group | vs. Group Il after steroid therapy. Less side-effect occurred in
Group Il vs. Group I. Lastly, in Study V elevated cholesterol levels were detected in 47.2% of the
patients. Serum cholesterol levels were significantly increased during and after discontinuation of
cyclosporine therapy compared to the time before use of the drug. However, cholesterol levels
measured during cyclosporine therapy were significantly higher compared to the time after its
discontinuation (p<0.001). Patients with drug-related side effects showed higher cholesterol
levels after discontinuation of the therapy compared to those who did not experience any adverse
events. Conclusions. The occurrences of C.difficile and Candida positivity were excessively high
in patients in an acute relapse, which suggests the importance of intestinal microbiota in IBD and
an important role in the relapse. FC and MMP-9 has no diagnostic value to differentiate between
infection-induced and natural relapse. In addition, 11.25% of our enrolled patients exhibited skin

manifestations associated to Blastocystis sp, that can make a differential diagnostic difficulties,
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therefore stool analysis is recommended in case of cutaneous lesions of unknown origin. Results
of Study Il showed that split virion vaccines seem to be more effective than whole virion
vaccines. Measuring the antibody responses is worthwhile in patients treated with
immunosuppressants to determine the efficacy of influenza vaccination. Our results suggest that
bolus tapering of corticosteroids may have more favourable short term outcome than
conventional tapering that may revolutionize steroid therapy in IBD. Considering that
significantly higher post-therapy cholesterol levels were more common in patients who
developed drug-related complications, routine measurement of serum cholesterol may increase

the safety of the drug.
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5. INTRODUCTION AND AIMS

Inflammatory bowel diseases (IBD: Crohn’s disease — CD — and ulcerative colitis — UC) are
chronic, multifactorial conditions characterised by immune-mediated inflammation of the
gastrointestinal tract with highest incidence of CD in North America, whereas top incidence
of UC is in Europe (1,2). However, the incidence of IBD is increasing worldwide, including
developing countries also (3). Etiology of IBD is not exactly understood; however, basically,
it develops due to the combination of genetic and environmental risk factors that contributes
to an individual’s disease susceptibility. Previously in epidemiological and etiological studies
already had many interest on genetics and environmental factors as racial/ethnic differences,
smoking, western life-style or urbanization, other socioeconomic factors, dietary influence,
geographical variations, perinatal factors, vaccinations and appendectomy (4,5,6). IBD may
occur from early childhood to late adulthood, although more than three quarters of cases are
currently diagnosed in the twenty-thirty years age population (2). Abdominal pain or cramp,
diarrhea and rectal bleeding are the main complaints that permanently alter patients’ quality of
life. IBD may show many variations of symptoms, disease distribution and degree of activity
at the onset. Continuous mucosal inflammation of the colon without granulomas on biopsy,
affecting the rectum and a variable extent of the colon in continuity are presented in UC (7);
worthy to note that incidence of pancolitis is increasing in adults as well as in children and
this extension commonly related to severe disease course (8,9). Definition as well as diagnosis
of CD depends on the finding of discontinuous and granulomatosus intestinal inflammation
affecting any segment of gastrointestinal tract from mouth to anus. CD has been categorized
by disease behavior as “non-stricturing, non-penetrating”, ,stricturing” and ,,penetrating”
according to on presence or abcence of fistulas, abscess and strictures (10). Latella et al.
defined (11) the crucial steps in the natural history of IBD as the occurrence of lesions, the
manifestation and severity of symptoms, the need for surgery, the development of
complications, disability and mortality; moreover, the main outcomes considered include
disease activity and relapse, mucosal healing, need for corticosteroid therapy, hospitalizations,
complications, surgery, post-operative recurrence, and mortality. In spite of the most of
patients are able to live a normal, productive life, the health care and hospitalizations means a
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life-long burden, moreover risk of disability pension is probably higher in young IBD patients
as a recent prospective study showed (12). Degree of disability and/or productivity loss
depends on general disability from disease activity or localized organic complications,
treatment-related side effects, and problems related to surgery and hospitalizations (12, 13).

5.1. Keypoints in the management of IBD — infections and side effects

Management of IBD represents a lifelong medical care as the disorder itself is chronic and
permanent with periods of relapses and remissions (14). However, some special situations
modify conventional treatment of IBD like adverse events, infections, pregnancy, grown

problems in childhood, nutritional difficulties, and malignancies (15,16).

Just as with the initial manifestation of IBD, the factors which cause subsequent relapses are
also ambiguous in most cases; however, an infective agent may play a role in both the
manifestation and the relapse (17). Risk of infections is increased evidently due to underlying
disease and other comorbidities, malnutrition, surgical procedures and immunosuppressive
therapy (18,19,20,21,22). Clostridium difficile is a pathogen which came to the front of
interest due to high prevalence among IBD patients, and associated with increased mortality.
Studies (23) had reported about altered intestinal microflora in IBD, in this manner consider
to pay attention of avoidance of dysbiosis and microorganisms like C.difficile and Candida
species that leads even a serious symptom and inflammation in special circumstances, thus

had influence on optimization of therapy (Study I).

Microbes have significant concern to differential diagnosis also, because some of them may
provoke gut and extraintestinal symptoms similar to IBD. Immune-mediated inflammation in
IBD leads to gastrointestinal symptoms primarily, although extraintestinal manifestations
(EIM) may develop also. Varying symptoms of EIMs appear in 15-20% of UC patients and
20-40% of CD patients; despite of frequently occurrence, the therapy is often empirical (24,
25). The most common extraintestinal manifestations or extraintestinal complications beyond
the IBD include arthropathies, mucocutaneous and ophthalmological manifestations, as well
as conditions affecting the hepatobiliary system. Less frequent manifestations are pulmonary
and neurological symptoms, but these disorders should be considered also as EIMs of IBD
(26). Skin is the most common affected extraintestinal organ with varying cutaneous
symptoms. Typical skin manifestations are the specific perianal or metastatic CD lesions, the

reactive pyoderma gangrenosum, the IBD-associated erythema nodosum. Occurrence of the
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drug-induced cutaneous manifestations as psoriasis-like, eczema-like lesions is progressive
increasing. (27). EIMs may appear parallel with first signs of IBD, but any time during
disease course. However, other intestinal disorders like Blastocystis sp. infection may
associate with EIMs also that make a meaningful difficulty in differential diagnosis of IBD
(28,29,30) (Study I1).

Regards to infections, prevention is significantly important step of patient management
including the recognition of risk factors for infection, the use of primary or secondary
chemoprophylaxis, careful monitoring before and during use of immunomodulators and the
vaccination and education of the patient (31). Patients with IBD on immunosuppressive
therapy are at increased risk for infective diseases, some of which can be prevented by
immunization. According to present standpoint, immunisation status should be control at the
diagnosis, and vaccination should be performed before initiation of immunosuppressant
therapy. In addition, VZV varicella (if there is no history of chickenpox, shingles, or VZV
vaccination and VZV serology is negative), human papilloma virus, influenza (once a year),
pneumococcal polysaccharide, hepatitis B (HBV seronegative cases) vaccines should be
considered at the diagnosis (20). Respiratory infections are the most frequently reported
complications in this population (32). Influenza infection is frequent and may have severe
complications, however, it is a preventable modality, and thus vaccination is recommended
(Study 111). On the other hand, vaccination rates are relatively poor reflecting the low
willingness of patients and medical doctors also. Numerous patients do not accept vaccination
because of fear of side effects, and many doctors do not propose vaccine against influenza

virus due to uncertain response to immunisation.

As it mentioned, immunosuppression can be the consequence of immunomodulatory therapy.
Not just a risk of subsequent infection could occur in patients on immunosuppressants, but
their use can result other side effects also. Pharmacological treatment of IBD includes the
aminosalycilates (sulphasalazine, mesalazine), the corticosteroids, the immunosuppressants
such as the thiopurine analogs (6-mercaptopurine and its pro-drug azathioprine),
methotrexate, and the calcineurin inhibitors (cyclosporin and more recently tacrolimus), in
addition the biological therapy (principally infliximab, adalimumab) depending on disease
involvement and severity (33,34). Algorithms of medical management of CD and UC differ
according to course and behaviour of diseases; however the goal of both therapies is reach and

maintains the clinical and endoscopic remission (35,36). Corticosteroids still have an
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important role in the management of acute episodes of IBD. Parenteral corticosteroids are
usually the first treatment of choice for hospitalized patients with severe UC and CD (37).
However, the therapeutic benefits are compromised by an extensive spectrum of adverse
events; although in a recent years therapy strategies aimed to minimalize the side effects by
careful drug administration and patient monitoring and using topically acting oral steroids (eg.
budesonid) characterized by low systemic bioavailability (38). However, in case of moderate
to severe disease activity use of classical systemic corticosteroids seems to be irreplaceable by
new formulas, in this reason worth to study the response to different steroid administration

types and their side effect profile. (Study 1V)

Unfortunately, one third of UC patients is corticosteroid refractory, thus for them
cyclosporine A, biological therapy or proctocolectomy is recommended in severe relapse (35).
Adverse events of cyclosporine A that range from mild to severe, may lead even to
discontinuation of the drug (Study V). Beyond treatment of acute relapses, patients should be
monitored due to control short- and long-term effects of therapy.

5.2. Study I.: Role of the microorganism in the etiology and relapse of IBD

The triggering role of Clostridium difficile infection in the relapse of IBD and the clinical

utility of faecal markers in the diagnosis of relapses with a different aetiology.

Outstanding concepts of etiology of IBD are the immune reaction to a persistent intestinal
infection, existence of a defective mucosal barrier to luminal antigens and a dysregulated host
immune response to ubiquitous antigens (39). Some animal experiments suggest a role played
by bacteria in the pathogenesis of IBD: interleukin-10 knockout, germ-free mice do not
develop colitis; however, interleukin-2-deficient mice develop spontaneous colitis after
Escherichia coli exposure, but not with Bacteroides vulgatus exposure (40). Thus, compound
of gut microflora has a significant importance. Intestinal microbiome consists of overall 100
trillion diverse microbes, including over 1100 prevalent species, but in each subject with at
least 160 species (41). Studies on the intestinal microbiota has been progressed rapidly:
investigations from one species (for example Faecalibacterium prausnitzii, Escherichia coli)
(42, 43, 44) towards to diversity and interactions (45, 46, 47). Dysbiosis is a definitive change

of the normal gut microflora with a disintegration of host-microbial mutualism. Qualitative
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and quantitative changes in intestinal microbiome have been reported in patients with IBD.
Reduced number of the phylia Firmicutes, particularly Faecalibacterium prauznitzii, and in
opposite, inceased amount of the phylium Bacteroides have been noted in subjects with IBD
(48). Proteobacteria phylium have been described to have a key role in IBD as an aggressor
factor in initiation of chronic inflammation (49,50). Importance of dysbiosis in IBD is
obvious, but more important question is whether how responds the host to dysbiosis and
whether which was first the discrepant immune response or the dysbiosis? Interactions of
human gut microbiome and host/intestinal mucosa have basic importance, nevertheless many

associations exist with life-style and environmental factors that interfere with (51, 52).

Although the aetiology of IBD has not been unequivocally clarified, an altered intestinal
immune response due to the interaction of several environmental and genetic factors is
observable, which may lead to inadequate gut flora compound and function, thus making the
intestine vulnerable to superinfections like the Clostridium difficile (C.difficile) infection
(53,54,55). C. difficile came to the front since epidemiological data showed high prevalence
of this bacterium (56,57) among IBD patients. Current data suggest that in patients with CD
or UC, infection of this anaerobic bacterium occurs more frequently than in the general
population (58,59,60). The significance of CDP (C.difficile positivity) manifests not only in
its increasing incidence, growing antibiotic resistance and severe disease course, but also in
the magnitude of the infections, which also leads to high health care costs. Expansion of CDP
is more pronounced in IBD patients; moreover, its prevalence has been reported in 5 to 19%
in patients with active disease (61,62). However, data from available prospective studies are
limited.

The usual diagnostic check-up in case of a flare-up consists of faecal microbiological
examination and an evaluation of inflammatory biochemical and stool biomarkers. None of
these tests can immediately differentiate between infection-caused and natural relapse, and
considering that most of the outpatients came from a long distance, microbiological validation
of the stool sample is often delayed at the expense of treatment. On the other hand, in
Hungary, C. difficile bacterium and toxin testing is not ordinary in every hospital, usually only
clinical centres perform routine C.difficile testing procedures. A simply and quickly
performing marker would be useful as strong point in the differentiation of an infective origin
or exacerbation. Faecal calprotectin (FC) and matrixmetalloproteinase-9 (MMP-9) are

markers that correlate with disease activity, but they cannot give a reliable differentiation in
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the case of specific IBD. FC is a neutrophil leukocyte-derivate protein eligible for
distinguishing IBD from functional disorders (63). In vitro resistance to degradation allows
faecal samples to be assayed for reliable calprotectin determination. FC has a high sensitivity
in the determination of IBD activity; however, elevated levels were also shown in intestinal
infections, tumours and colon polyps, therefore its specificity is less favourable. MMP-9 is a
Zn-binding neutral proteinase produced by polymorphonuclear cells. MMP-9 is one of the
major contributors to the breakdown and reconstruction of the extracellular matrix (64).
Faecal MMP-9 in UC patients is an excellent marker of disease activity and shows significant

correlation with clinical and endoscopic scores (65).

5.3. Study II: Role of microorganism in the development of cutaneous lesions: a
specific extraintestinal manifestation associated with an infective intestinal

disorders

Don’t Forget the Stool Examination! — Cutaneous and Gastrointestinal Manifestations of

Blastocystis sp. Infection.

Out of IBD, gluten-sensitive enteropathy, polyposis syndromes and gastrointestinal
malignancies are bowel diseases which are often accompanied by special extraintestinal
cutaneous manifestations (66). Typical clinical scenario is a combination of non-specific
gastrointestinal symptoms and recurrent non-specific skin abnormalities that cause the most
commonly food allergy or small intestinal bacterial overgrowth. Testing for infective agents
as Helicobacter pylori infection is also a common practice, although a microbiological stool
examination should be one of the first diagnostic procedures in these cases. One of intestinal
infections that provoke EIMs, first of all skin manifestations beside gastrointestinal symptoms
is Blastocystis spp. infection (67). Blastocystis sp. is a protozoan genus with mitochondria-
like organelles and at least one nucleus. It is an anaerobic microorganism; therefore, the
mitochondria-like organelles presumably do not function in oxidative phosphorylation (68).
This unicellular, obligate anaerobic protozoon, which resides mostly in the colon and the
caecum, is one of the most common parasites in the human intestinal tract, and colonization
has also been observed in many vertebrates. Incidence of Blastocystis sp. is varying
worldwide. In healthy adults the prevalence has been reported to be between 30 and 50% in

developing countries and between 1.5 and 10% in developed countries (69). Blastocystis sp.
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infection commonly causes diarrhoea and abdominal pain, but extraintestinal symptoms, such
as skin lesions, may also accompany this condition (70). On the other hand, it is not
absolutely clear whether Blastocystis sp. is a commensal microorganism, harmless and only a
cause of infection under special circumstances, or a true pathogen (71,72). Several studies
reported skin manifestations, particularly urticaria, connected to this protozoon (73,74).
Blastocystis sp. and Giardia intestinalis (75) are supposed to be the two most culpable
protozoa on the basis of studies of the parasitological aetiology of urticaria. Urticaria may
occur both IBD-associated cutaneous disorder and as skin side-effect of drugs used in the
treatment of IBD (aminosalicylates, metronidazole, ciprofloxacin, azathioprine) (76).Thus,
both IBD and Blastocystis sp. associated urticaria may occur presenting a differential

diagnostic problem.

5.4. Study I11: Efficacy and safety of immunisation in immunocompromised IBD

patients

Antibody and Cell-mediated Immune Response to Whole Virion and Split Virion Influenza
Vaccine in Patients with Inflammatory Bowel Disease on Maintenance Immunosuppressive

and Biological Therapy.

Influenza is one of the most common vaccine-preventable illness in adults and according to
the latest statement of the European Crohn’s Colitis Organization (20) on the prevention of
opportunistic infections in IBD, and influenza vaccination is recommended for all patients
with IBD on immunomodulators. Although several guidelines exist for the vaccination of
patients with IBD, it still seems to be underused and the results of the studies on the immune

response after vaccination are also conflicting (77).

One of the studies conducted in paediatric IBD patients (78) revealed that children receiving
both infliximab and immunomodulators had a lower response to 2 influenza vaccine antigens
(A/New Caledonia/20/99 and B/Hong Kong/330/2001) when compared with healthy controls.
The prospective study of Lu et al. revealed a high prevalence of seroprotection in children and
young adults with IBD, particularly against A strains (79). They did not detect difference
among non-immunosuppressed and immunosuppressed patients. However, in adults, the types

of immunosuppressive and biological therapies seem to influence the immune response to
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vaccinations (80). Additionally, the majority of the studies aims to examine only the rate of
seroprotection and does not consider the importance of the frequency of infections in

vaccinated vs. not vaccinated patients.

Although vaccination against influenza is recommended, more and more information is
needed in special clinical situations to make a proper decision according to adequate patient-

and vaccine type selection.

5.5. Study 1V: How to decease steroid side effects?

Bolus Administration of Steroid Therapy is More Favorable than the Conventional Use in
Preventing Decrease of Bone Density and the Increase of Body Fat Percentage in Patients
with Inflammatory Bowel Disease.

Use of steroids is associated with some well-known potential harmful side-effects; therefore
oral steroids are recommended to be gradually tapered off and discontinued after 12 weeks in
case of appropriate response to the parenteral therapy. Corticosteroid therapy is known to
contribute to changes in body composition with the alteration of protein synthesis and
degradation in skeletal muscle, resulting in decreased muscle mass and reduced fat-free mass.
Steroids also lead to a reduction in the total body bone mineral density (BMD) (81). Therefore
total body composition analysis is a useful method for quantification of multiple whole body
and regional components, including bone mineral, fat, and lean soft tissue in patients treated
with steroids. It gives adirect measurement of the percent body fat, muscle and bone (in
grams) for the entire body and sub regions like the arm, leg, and trunk.

The optimal dose response for parenteral steroids in the treatment of severe attacks has not
been clarified yet; dosages of methylprednisolone 40-60 mg or 1 mg/kg per day orally are the
most frequently used regimen (37, 82) for flare up. Furthermore, no randomized trials have
studied and even no guidelines have been developed by the European Crohn’s and Colitis
Organisation on taper schedules. After the induction of remission, methylprednisolone is
usually tapered 8-16 mg weekly until a daily dose of 32 mg is reached followed by a tapering
of 4 mg/wk. Tapering steroid regimen is most frequently carried out by administrating the drug
daily, although alternate-day steroid management (given every other day) has also been a
widely employed and effective mode of therapy for ages associating with fewer unpleasant side

effects (83). The efficacy of “bolus-administered” corticosteroids when weekly dose of steroid
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regimen is given on special days has not been previously examined in patients with IBD. The
effect of a “short-term” 12-week course of corticosteroids on the metabolic processes and bone
formation has not been well studied too; although these are some of the most important side
effects should be considered.

5.6. Study V: An underdiagnosed common side effects of calcineurin inhibitor

therapy

Long-term Increase in Serum Cholesterol Levels in Ulcerative Colitis Patients Treated with
Cyclosporine: an Underdiagnosed Side Effect Frequently Associated with Other Drug-related
Complications.

Flare-ups of UC can be very severe, requiring hospitalisation, and they can have life-
threatening complications, such as toxic megacolon, perforation and severe bleeding in 15%
of the cases (84). One third of the patients seem to be refractory to steroid therapy, but in
these severe clinical situations possible alternatives to total proctocolectomy are cyclosporine
A (CyA) and infliximab (13). Meta-analyses of the relatively limited amount of published
data available have revealed a similar effectiveness profile for CyA and infliximab therapies
(85), although the lower cost of CyA is undeniable (86). Cyclosporine A is a type of
calcineurine-inhibitor which binds to immunophilins protein localized intracellularly. That
complex attaches to calcineurin, thus inhibit its activation, and hence inhibiting T cell
activation. Blocking transcription and expression of some cytokines (interleukin-2: I1L-2,
interleukin-4: 1L-4, cluster of differentiation 40: CD40) and co-stimulatory molecules, T cell
growth and differentiation interfere also (87). Since the short-term bowel-saving capacity of
CyA is excellent, the remaining major issues are presented by long-term outcomes and the
safety of CyA (88). Recently published studies have proven that the longer duration of CyA
therapy and the concomitant use of azathioprine are associated with a significantly lower
colectomy rate than expected, although the development of side effects still remains a
problem (88,89).

The most well-known major adverse effects of CyA are nephrotoxicity and hepatotoxicity.
The incidence of minor adverse reactions such as tremor, paraesthesia, malaise, headache,
gingival hypertrophy and hypertrichosis varies between 31% and 51% (89). The manifestation

of these side effects may lead to the discontinuation of the CyA therapy in a significant
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proportion of patients, although the majority of the patients under regular monitoring of CyA
blood levels are able to continue the therapy for more than one year for cases of psoriasis
(90). An increase in cholesterol levels is a known side effect of CyA in transplant patients;
however, we have limited data about the long-term influence on lipid metabolism in UC.
Ballantyne et al. (91) measured lipoprotein levels in cyclosporine-treated patients undergoing
heart or kidney transplantation. Significant increases in total (21%) and low-density
lipoprotein cholesterol (31%) occurred only in the cyclosporine group of patients.
Cyclosporine therapy by itself was found to affect plasma lipoprotein levels adversely by

increasing total cholesterol levels.
57. Aims

1. To prospectively assess the frequency of C.difficile among our outpatients with IBD in
relapse; in addition, to estimate the conduciveness of clinical and differential diagnoses of FC

and MMP-9 in cases of both infection and non-infection.

2. To retrospectively assess the attributes of patients with a confirmed positive Blastocystis sp.
infection who came to our clinics at the University of Szeged between 2005 and 2013,
primarily to examine the occurrence of clinical gastrointestinal symptoms and skin

manifestations.

3. To assess the antibody response to the seasonal influenza vaccine in patients with IBD
treated with anti-TNF-o alone or combined with immunosuppressive therapy and to compare
them with patients receiving non-immunosuppressive therapy. The secondary goal in this
study was to compare the antibody response and the safety of whole virion and split influenza
vaccines. The last aim was to evaluate the effects of the vaccines on IBD clinical activity.
Last, but not least this study was also aimed to evaluate the acceptance of the vaccination in
our patients and to assess the frequency of influenza infection in vaccinated vs. non

vaccinated patients.

4. To compare the efficacy, the frequency of side effects and the changes in bone and lipid
metabolism in IBD patients using bolus or conventional tapering of methylprednisolone for

12 weeks.
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5. To prospectively assess serum cholesterol, triglyceride and creatinine levels before, during,
and after CyA therapy in patients with severe, refractory UC and to examine the correlation

between plasma lipoprotein levels and other side effects.

6. PATIENTS AND METHODS
6.1. Description of methods
6.1.1. Enzyme-linked immunosorbent assay

The basic immunology concept of enzyme-linked immunosorbent assay (ELISA) technique is
a specific antigen- antibody binding. ELISA operates with enzyme-labelled antigens and
antibodies to detect the biological molecules. Presence of antigen is indicated when

chromogenic substrate for the enzyme yields make a visible colour change (92).

Fecal MMP-9 concentrations were measured using ELISA method (Quantikine MMP9 assay,
R&D System, UK) in our clinical study. One gram of the sample was diluted and
homogenised in 4 ml of an ice-cold buffer (0.15M NaCl + 20mM Tris-HCI, pH:8.3). The
suspension was then centrifuged at 15009 for 10 min and the supernatant was recentrifuged at
10,000g for 10 min. The final supernatant was filtered and stored at -20°C until analysed.

Determination was in accordance of manufacturer’s instructions.

From the collected sera samples, anti-influenza A virus IgG ELISA( Euroimmun, Germany)
containing the following antigens “Texas” (H3N2), “Singapore” (HIN1) and “California”
(HINT) strains of influenza A virus was performed according to the manufacturer’s
recommendation. The results were evaluated quantitatively using calibration curve. From the
above-mentioned sera specimens, anti-influenza B virus IgG ELISA (Euroimmun, Germany)
was also set up. In this case, the antigen source was “Hongkong 5/72” strain of Influenza B

virus. The results were also interpreted quantitatively.
6.1.2. Lateral flow assay

Fundamental mechanism of lateral flow assay (LFA) is the movement of fluid sample or its
extract, along a strip of polymeric material though various zones where molecules are

attached with more or less specific interacting with the analyte. Usage of labels made of
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coloured or fluorescent nanoparticles are allowing the visualisation, and quantitation of

response (93).

FC levels were measured by a quantitative LFA (Quantum Blue, Biihlmann Labortories,
Switzerland). Samples for FC determination were stored at -20°C until analysed. Faecal
specimens were thawed and prepared for a calprotectin assay as described by the

manufacturer.
6.1.3. Microbiological examination of stool samples

A microbiological analysis (involving bacteria, fungi and, in reasonable cases, viruses and
parasite examination) for the presence of an enteric pathogen was carried out at the Institute
of Clinical Microbiology, Szeged. Laboratorial diagnosis of C. difficile was based on
microscopic identification of bacterium; the detection of Toxin A and B was completed by
using the ELISA method.

The laboratorial diagnosis of Blastocystis sp. colonization was based on directly microscopic
detection of trophozoites and/or cyst forms. A culture of the organism from the stool was also
performed in cases of microscopically negative direct smears. It was carried out using Boeck-

Drbohlav-Locke-egg serum medium (94).
6.1.4 .Statistical analysis

The collected data were analysed statistically. P<0.05 was considered statistically significant.
For the analysis, SPSS15.0 (SPSS Inc, Chicago, IL, USA) was used.

6.1.5. Ethical Considerations

The studies were approved by the Regional and Institutional Human Medical Biological

Research Ethics Committee of the University of Szeged.

6.2. Patients and methods of clinical studies

Diagnosis was based on the Lennard-Jones Criteria (95), in addition disease phenotype was
determined according to the Montreal Classification (96). The clinical activity of CD and UC

were assessed using the Crohn’s Disease Activity Index (CDAI) (97) and with a partial Mayo
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Score (pMayo) (98), respectively. Relapse was defined as >150 points with an increase of
>80 points in the CDAI in the case of CD and >3 points in the pMayo score in the case of
uUC.

6.2.1. Study I: Relapse of IBD and C. difficile

90 patients with symptoms of a flare-up were enrolled in our study with 49 control subjects in
clinical remission from September, 2012 to July, 2013. All of them were outpatients at the
First Department of Medicine, Szeged. The medical data of patients were collected
prospectively. Clinical data, activity indexes, faecal specimens and serum samples were
analysed of IBD patients who manifested worsening symptoms —indicating a potential flare-
up — and of patients in remission. Blood samples were taken from all patients for the
determination of CRP levels (C-reactive protein), platelet and leukocyte count, serum iron
level and haemoglobin level. Faecal samples from every subject were sent to the
microbiological laboratory of the Institute of Clinical Microbiology. The clinical
characteristics of the patients are presented in Table 1. The activity of IBD and the presence
of an enteric pathogen were carefully assessed at each visit, and laboratory findings were

entered into the clinical records.

The collected data was analysed statistically, using Pearson’s chi-square test, Pearson’s chi-
square test with Yates’ continuity correction and Wilcoxon rank sum test with continuity

correction.

Table 1. Clinical characteristics of patients.

Relapsing group (n=90) Control group (n=49)
Gender (male/female) 44/46 28/21
Age (years) 36.7 (16 to 79) 38.7 (1910 75)
UC/CD 51/38 25/24
Disease duration (years) 6.9 (0 to 26) 10.2 (0 to 46)
Appendectomy (%0) 10.8 3.8
Smoking (%) 37.7 16.1
Perianal  involvement
%) 16.8 10.9
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Extraintestinal

) ) 42.7 22.9

manifestation (%)
Immunosuppression

48.8 53
(%)
Gastricacid-

27.7 16.6
suppressant agent (%)
Previous antibiotic use

20 20.4
(%)
CDAI 227.9 (140 to 450) 71.04 (-5 to 127)
pMayo Score 52(3t09) 0.56 (0to 2)
FC (ng/g) 1292.5 (29 to 6800) 216.1 (29 to 1370)
Fecal MMP-9 (ng/mL) 11.8 (0 to 168.8) 3.5(0t0 22.2)
CRP (mg/L) 23.5 (1t0 202.6) 6.5 (1to0 40.8)
Leucocytes (G/L) 10.05 (3.9 t0 90.6) 7.06 (3.6 t0 14.7)
Thrombocytes (G/L) 333.7 (169 to 657) 283.4 (88 to 602)
Serum iron (umol/L) 11.2(1.9t0 25.3) 15.04 (4.4 t0 33.1)
Hematocrit (%0) 39 (21 to 49) 40 (3310 47)

6.2.2. Study I1: Clinical manifestations of Blastocystis sp. infection

The first part of our study determined the frequency of occurrence of a positive Blastocystis
sp. infection among patients treated at the University of Szeged clinics between 2005 and
2013. A routine microscopic parasitological examination was performed on stool samples
from 3255 patients, based on the patients’ symptoms and complaints. Physicians requested

stool examinations based on their assessment of the patients’ clinical characteristics.

We subsequently assessed the frequency of Blastocystis sp. in 1471 patients at the First
Department of Medicine with adult gastroenterology profiles who needed a stool protozoon
examination between January 2005 and May 2013. In addition, data of 80 patients at the First
Department of Medicine with confirmed positive Blastocystis sp. infections were assessed
retrospectively (Table 2). Every patient of our cohort complained about different
gastrointestinal symptoms, such as diarrhoea, abdominal pain, bloody stool, and meteorism.
The results of routine biochemical and haematological blood tests of positive cases, as well as
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the results of any relevant examinations performed during dermatological evaluations, were

collected from the clinical database.

Table 2. Clinical data of Blastocystis sp. positive patients.

Number of patients 80

Gender (Male/female) 32/48

Age at Blastocystis sp. infection (years) 13-85 (Mean: 46.3)
The most frequent symptoms in enrolled patients: | Number of cases:
Abdominal pain 40

Blood in stool 17

Meteorism 15

Weight loss 8

Perianal symptoms 6

Mucus in stool 5

Vomitus 2

Fever 2

Skin manifestations 9

Symptoms, laboratory findings (elevated CRP, increased number of eosinophils, leucocytes
and lymphocytes, etc.) and accompanying chronic diseases (lactose intolerance, IBD,
gastroesophageal reflux disease, etc.) were statistically compared between patients with vs.
without skin manifestations. Categorical data was analysed using Fischer’s exact test, or one-
sided Fischer’s exact test. Continuous data was analysed using Student’s t-test and Mann-
Whitney U-test.

6.2.3. Study I11: Efficacy of influenza vaccination

We conducted a multicentre, prospective cohort study from September 2012 through May
2013 in 4 Hungarian IBD centres (2" Department of Medicine, Semmelweis University; 1%
Department of Medicine, Semmelweis University; Military Hospital, Budapest; Integrated
Szent Istvan and Szent Laszlo Hospital, Budapest). Patients with active IBD were excluded.
At inclusion, influenza vaccination was offered to every patient attending the involved centres.

Patients were randomized to two groups on the basis of the acceptance of the vaccination.
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Patients refusing the vaccination served as control subjects. Patients and control subjects were
followed up to 4 months to determine the clinical activity and the frequency of influenza
infections. Clinical data and immunisation history in the previous 5 years was also obtained.
Patients who received vaccination were divided into two further groups: patients treated with
aminosalycilates without immunosuppressive therapy and patients treated with
immunomodulator and/or biological therapy for at least three month at the vaccination.
Control subjects have received maintenance therapy with immunomodulator and/or biological

therapy for at least three month at the vaccination.

The type of vaccine (whole virion or split virion vaccine) was randomly selected. The patients
were scored and blood samples were also taken before and after the vaccination. Serum was
collected at baseline (pre-vaccination) and 5-6 weeks after vaccination and it was stored at -
20 °C until used. We compared the antibody titers of influenza A and B subtypes between
vaccinated and control patients; between vaccinated patients receiving immunosuppressive
(thiopurine, biological therapy) and non-immunosuppressive therapy (aminosalycilates);
between vaccinated and control patients receiving immunosuppressive maintenance therapy
and between patients vaccinated with whole virion and split vaccine receiving
immunosuppressive therapy. Demographic and clinical characteristics, disease activities at
the time of the vaccination and treatment types are summarized in Table 3.

Two non-live vaccines directed against the seasonal influenza virus A/California/7/2009
(HIN1), A/Victoria/361/2011 (H3N2), B/Wisconsin/1/2010-like B/Hubei-
Wujiagang/158/2009 were used in the study. Inactivated, split virion vaccine (IDFIu9) and
inactivated, whole virion vaccine (Fluval AB) were administrated depending on the random
selection. The experimental use of whole virion vaccine, that is the first of the inactivated
vaccine formulation, dates back to 1940s. Split virion is derived by disrupting whole virus
particles with detergents thus being less immunogenic than whole virion vaccines (99).
Whole virion vaccine was administered intramuscularly; split virion vaccine was

administered by intradermal route.
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Table 3. Clinical characteristics of patients.

. IDFIu9
All patients | Fluval AB ] Controls
) vaccinated
(n=209) vaccinated (n=57) (n=53)
(n=99)

Male/Female 96/113 30/27 42/57 24/29
Mean age at diagnosis

28.6 27.2 28.3 30.7
(years)
Median disease duration

9 9 9 7
(years)
CD/uC 127/82 46/11 52/47 29/24
Disease location
-L1 25 10 10 5
-L2 46 14 20 12
-L3 54 21 22 11
-L4 2 1 0 1
Disease behaviour
-B1 41 14 19 8
-B2 24 9 12 3
-B3 62 23 21 18
Extent of UC
-El1 21 3 11 7
-E2 28 5 16 7
-E3 33 3 20 10
Therapy
- Aminosalycilates

21 5 6 10
- Thiopurines

27 7 14
- Anti TNF-a

26 10 12 4
- Combined thiopurines

62 20 20 22
and anti TNF-a.
Mean CDAI 120.3 108.4 133.2 137.5
Mean pMayo score 1.8 1.7 1.6 2.1

We assessed cell-mediated immune response after vaccination and also compared in patients

treated with and without immunosuppressants. The patients were contacted by phone every
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week throughout 16 weeks. During the phone calls, data from each patient were collected
using a standardised questionnaire. The patients were interviewed about the change in clinical

activity and the development of local and systemic adverse reaction.

Categorical data were analysed using Pearson’s chi-square test and Fisher’s exact test. The
effects of the vaccination on the antibody and cell-mediated immune response were examined
with multivariate analysis of variance (MANOVA) models with time as repeated measures
(within-subject) factor and the types of the vaccines, the immunosuppressive status, the
vaccinated status, the different therapies and the development of side-effects and influenza-
like symptoms as between-subject factors. Pairwise comparisons were performed on
estimated marginal means by considering the presence or absence of interaction; p-values

were corrected with the Holm-Sidak method.
6.2.4. Study 1V: Bolus administration of steroid therapy

This single-center, prospective, randomized trial was carried out from November 2011 to
February 2013 on consecutive patients with acute exacerbation of IBD and not being on
steroid therapy admitted to our clinic. Twenty patients were enrolled in the study (Table 4).
The median CDAI and partial Mayo score were 184 and 6 in CD and UC at the time of the
enrolment. None of the patients received oral corticosteroid at the time or at least 6 months
before the enrolment. On admission a complete blood chemistry including erythrocyte
sedimentation rate (ESR), CRP, serum glucose, electrolytes, liver and renal function,
cholesterol, triglycerides, blood count, serum cortisol, calcium, dehydroepiandrosterone
(DHEA), thyroid stimulating hormone (TSH), parathyroid hormone (PTH), B-crosslaps and
osteocalcin levels were performed before starting steroid therapy. The mean value of CRP,
ESR, leukocytes and thrombocytes before steroid therapy were 16 mg/l, 21.5 mm/h, 8.828 G/I
and 322 G/I. Flexible colonoscopy or sigmoidoscopy with biopsies was carried out only in
patient with relevance to therapy, however, it was not essential for inclusion into the trial.
Thus, 3 CD and 13 UC patients underwent colonoscopy at inclusion. DXA total body
composition analysis was also performed at the beginning of the study to determine the fat and

fat-free component of the body.

Patients eligible for iv. steroid therapy received methylprednisolone dosage 1 mg/kg for 5
days. After iv. therapy, patients were prospectively randomized in two groups. In

“conventional” group (Group I) methylprednisolone was given daily while in “bolus-



29

administered” group (Group II) weekly dose of steroids were given on special days of the
week. 64 mg/day methylprednisolone dose at the first week in Group | was equal to 150
mg/day given in the first 3 days in Group Il. Finally, both groups received the same
methylprednisolone dose and it was tapered by 4 mg per week in both groups. The two
different types of methylprednisolone dosages are detailed in Table 5. Follow up appointments
were done every two weeks. These visits involved the assessment of the clinical activities by
the determination of CDAI and pMayo scores. Patients were asked about side effects, the BMI
was determined and the waist and hip circumferences were also measured. Laboratory
assessment (including inflammatory parameters, electrolytes, glucose level, liver and renal
function, and blood count) was carried out every four weeks. Detailed laboratory parameters
(DHEA, THS, PTH, serum cortisol, serum B-crosslaps and osteocalcin levels) and DXA for
total body composition analysis were performed at week 0 and week 12.

Table 4. Clinical characteristics of the enrolled patients

Group | (n=9){Group Il (n=10)

Mean age at the diagnosis (years) 34.3 30.3
Mean disease duration (years) 5.2 6.2
CD/UC 3/6 37
Female/male 4/5 2/8

Location/extension

- lleal 1 2
- Colonic 2 1
- lleocolonic - -
- Extensive colitis 3 5
- Left-sided colitis 3 2
- Proctitis - -

Concomitant therapy
- 5-ASA
- Budesonide

- Azathioprine

N W O B~
A~ N O

- Metronidazole
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The Student’s t-test was employed to compare continuous variables. Multivariate analysis with
stepwise logistic regression by SPSS software was performed to investigate the parameters
with a possible influence on clinical outcome, such as age, gender, location of disease,
duration of disease, concomitant immunosuppressive therapy. The differences between the
two groups were performed by mixed effects ANOVA model for repeated measures. The

results were corrected using a Bonferroni-Holm method for multiple testing.

Table 5. Methylprednisolone dosages in the conventional and the bolus administration groups

Conventional administration Bolus administration

Week/day | 1 2 3 4 5 6 7 | Total Weekiday 1 2 3 4 5 6 7 Total
dose dose

1 64 (64 |64 (64 |64 | 64 | 64 | 448 1 150 | O 150 | O 150 | O 0 450

2 48 | 48 |48 [ 48 | 48 | 48 | 48 | 336 2 112 |0 [112 (0 |112 |0 |O | 336

3 32 |32 |32 (32|32 |32 (32224 3 75 0 75 0 75 0 0 225

4 28 |28 (28 [28 |28 |28 | 28 | 196 4 98 0 |98 |0 |O 0 |0 196

5 24 (24 |24 (24 |24 |24 |24 | 168 5 84 0 84 0 0 0 0 168

6 20 |20 (20 (20 |20 | 20 | 20 | 140 6 70 0O |70 |0 |O 0 |0 140

7 16 |16 |16 |16 |16 |16 | 16 | 112 7 112 | 0 0 0 0 0 0 112

8 12 [12 |12 |12 |12 |12 [ 12 | 84 8 84 0 |0 0 |0 0 [0 |84

9 8 8 8 8 8 8 8 56 9 56 0 0 0 0 0 0 56

10 4 4 4 4 4 4 4 28 10 28 0 0 0 0 0 0 28

11 2 2 2 2 2 2 2 14 11 12 0 0 0 0 0 0 12

12 0 0 [0 [o |JO |O |O |0 12 0 0 |0 0 |0 0 (0 |0

6.2.5. Study V: Side effects of cyclosporine A therapy

72 patients suffering from severe, steroid-refractory UC were enrolled in our study from our
tertiary clinic between January 1998 and June 2009. In the acute phase, intravenous
cyclosporine was administered at the initial dose of 5 mg/kg for seven days, then, depending
on serum levels of the drug, the dosage was modified (to 2-4 mg/kg). Subsequently, oral
treatment was administered at a mean dose of 4.7 mg/kg, adjusted according to serum levels
of the drug, and co-administration of azathioprine, at a dose of 2 mg/kg, was also started in
naive patients. Patient data were collected prospectively. Patient demographic data are
detailed in Table 6.
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Cyclosporine serum levels were regularly monitored during application of the therapy. The
normal range of fasting levels and of 2-hours-post-dose levels were determined, based on
transplant data, to be between 100 and 200 pg/LL and between 800 and 1,400 pg/L,
respectively. Our UC patients had received concomitant steroid therapy, but this was tapered

off within 3 months after starting cyclosporine therapy.

Total cholesterol, triglyceride and creatinine levels had been collected prospectively before,
then at the time of and after administration of the cyclosporine therapy. The normal total
cholesterol level was defined as less than 200 mg/dL, normal triglyceride level as less than
150 mg/dL and normal serum creatinine in the range of 0.6-1 mg/dL. Cholesterol and
triglyceride levels were measured at months 3, 6 and 12 after discontinuation of the

cyclosporine therapy.

All patients were regularly monitored: in monthly follow-up visits during the CyA therapy
and every second month after discontinuation. The activity of UC and the presence of adverse
events were carefully assessed at each visit, and laboratory findings were entered into the
clinical record. The side effects that led to discontinuation of the therapy were categorised as
major, while others were categorised as minor. To compare results and eliminate additive
effects of corticosteroids on the lipid profile, we used control patients treated with infliximab
and concomittant steroids. There were 24 patients in the control group, with similar clinical
characteristics to the cyclosporine-treated group (Table 7.)

Categorical data were statistically analysed using Pearson’s chi-square test, Fischer’s exact
test, or one-sided Fischer’s exact test. The effects of cyclosporine therapy on serum
cholesterol, triglyceride and creatinine levels were examined with mixed-design variance
analysis (ANOVA) models with time as repeated measures (within-subject) factor and both
group and side effects as between-subject factors. Pairwise comparisons were performed on
estimated marginal means by considering the presence or absence of interaction; p-values

were corrected by the Holm-Sidak method.



32

Table 6. The demographics of the Table 7. The demographics of the

patients treated with cyclosporine control group.

Gender(female/male) Gender(female/male)
39/33 14/11
BMI (kg/m?) 238 Mean age at diagnosis 308
(15.2- (15-
38.3) (years) 52)
Mean age at diagnosis 31.8 Left-sided  colitis/extensive 10/15
(years) (14-69) colitis
Mean disease duration 135 (3- Concomitant azathioprine 16
(years) 42) 39.2
Left-sided colitis/extensive _— Mean age at start of (19-
colitis cyclosporine therapy (years) 67)
Previous corticosteroid 39
therapy Mean disease duration at the 0.2 (1
Concomitant azathioprine 26 beginning of cyclosporine 22)
Mean age at start of 40.3 therapy(years)
cyclosporine therapy (15-72) Mean duration of biological 12
(years) therapy(months)
Mean disease duration at 8.6 (O-
the beginning of 40)
cyclosporine therapy(years)
Mean duration of 9.6(0.1-
cyclosporine 60)
therapy(months)
Mean dose of 4.7
cyclosporine/bwkg (mg)
Mean trough level of 193.18
cyclosporine (ng/ 1)
Mean peak level of 866.04
cyclosporine (ng/l)
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7. RESULTS
7.1. Study I: Relapse of IBD and C. difficile
7.2.1. Infection rates and patient follow-up

Out of the 139 enrolled patients, 76 subjects were diagnosed with UC and 63 with CD. More
patients with UC participated in the relapse group than CD patients (51 vs. 38 subjects). The
number of CD and UC patients were approximately equal (24 vs. 25 subjects) in the control
group. The mean value of the CDAI was 227.89 points (in the range of: 160 to 450) and the mean
value of the pMayo in the case of UC was 5.21 (in the range of: 3 to 9) points. The most frequent
disease locations in the relapse cohort were left sided or pancolitis in the case of UC, and pure
colonic and the ileocolonic in the case of CD. Half of the patients were on immunomodulatory

therapy in the relapse group (48.8%) and also in the control group (53.1%).

Bacteria or fungi were identified in 51 of 90 faecal samples taken from relapsing patients. On the
other hand, 14 patients had positive microbiological stool findings in the control group in
remission. Overall, C. difficile Toxins was found in 40.3% of the cases with IBD. 46 participants
with positivity of C. difficile A and B Toxins had been isolated among the patients in relapse
(51.1%), while CDP was observed in 10 patients (20.4%) in the remission group. Other causes of
microbiological positivity in the relapse group were due to the presence of Candida species
(seven subjects with C. albicans, one with C. glabrata and one with Saccharomyces cerevisiae)
in all except one subject, who had a Salmonella infection. Candida subspecies occurred in five
patients in remission (four with C. albicans and one with C. glabrata and Geotrichum candidum
simultaneously). In five cases we found simultaneously presence of C.difficile and Candida in the
relapse group and in two cases in the control group (Table 8.). A significant difference was
revealed between the relapse and the control group regarding the microbiological findings and
positive cases of C. difficile (where p=0.0027 and p<0.001). 21 subjects in the relapse group had
previous CDP in their medical history, although only 12 of the currently infected patients were
positive in the past. Eight patients had recurrent or sustained (over 4 weeks) CDP. 10 of the
control subjects had CDP previously, but only four of currently C. difficile-positive subjects had a
medical history of CDP. We did not find a difference between CD and UC regarding positive
microbiological examination findings or CDP (30 subjects with UC and 27 with CD). There was
no correlation between a medical history of previous CDP positivity and a current C.difficile

positivity (where p=0.21).
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Table 8. Infection rates among patients with relapse and remission. Mixed infections occurred in

assessed faecal samples, not just in relapse cohort, but in patients with remission also.

Relapsing group (n=90) | Control group (n=49)
Positive microbiological findings | 51 14
C.difficile Toxin A, B 46 10
Candida 8 5
Mixed C.difficile and Candida 5 2
Salmonella 1 0

There was no significant connection between disease extension, EIMs, perianal involvement,
smoking, age, gender, disease duration, immunosuppression and proton-pump inhibitor use and
CDP. Previous antibiotic use was similar in both groups (20% in the relapse group and 20.4% in
the control group), although it was more frequent among C.difficile-positive subjects. Therefore,
previous antibiotic use was shown to have a connection to CDP (p=0.033), but other assessment

factors did not predict the presence of Cl.difficile Toxins.

Patients in whom C. difficile Toxins had been detected in the relapse group were treated with
metronidazole. A combination of antibiotics was used, or a substitute was used for metronidazole
(rifaximin, ciprofloxacine or vancomycin) in case of metronidazole inefficiency, or if repeated
stool examinations continued to be positive. Three patients needed hospitalisation in a specialist
Department of Infectology due to a therapy-resistant case of CDP. However, reasonable
administration of a supplementary therapy or a modification of the maintained treatment was
sufficient in 65.9% of the cases (oral or topical corticosteroids, 5-ASA and anti-TNF-therapy). 16
subjects required hospitalisation because of a flare-up. 46 participants who relapsed achieved a
clinical remission within 8 weeks; the effectiveness of the therapy was not associated with initial

levels of FC or MMP-9, neither in the relapse cases, nor in the CDP cases.
7.2.2. Laboratory Findings

The mean values of CRP in the relapse and the control group were 23.52 mg/L (in the range of: 1
to 202.6 mg/L) and 6.54 mg/L (in the range of: 1 to 40.8 mg/L), respectively. CRP was slightly
higher in those with CD than in those with UC (the mean values of which are: CD: 26.02 mg/L
vs. UC: 21.01 mg/L), but on the other hand, this difference was greater in the control group (the
mean values of which are: CD: 9.37 mg/L vs. UC: 3.56 mg/L). The mean values of the leukocyte
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count, the thrombocytes, the serum Fe* and the hematocrit levels were 10.05 G/L, 333.6 G/L,
11.2 umol/L and 39% in the relapse group.

7.2.3. Fecal calprotectin and matrix-metalloproteinase-9 levels

The mean value of FC in those in relapse was significantly higher compared to the control group
(with a mean value of: 1292.5 pg/g vs.216.11 pg/g; where p<0.001). Interestingly, FC showed
greater values in relapsing patients without CDP (with the mean value of: 1457 ug/g) vs.
relapsing patients with positive microbiological stool examination (with the mean value of:
1152 pg/g), but in the Wilcox rank test with continuity correction, there was no significant

difference between a C. difficile positive and negative population (Table 9.).

Similarly to FC, faecal MMP-9 levels were higher in the relapse group (11.77 ng/mL; in the
range of: 0 to 168.79 ng/ml) compared to the control group (3.46 ng/mL; in the range of: 0 to
22.29 ng/mL; where p=0.001). We found a definite difference between the mean values in cases
of CDP and microbiological negative cases (8.08 ng/ml vs.16.42 ng/ml) in the relapse cohort;

however, statistical analysis did not confirm the difference (Table 9.).

Table 9. The mean values of FC and MMP-9.

Mean value of FC (ng/g) Mean value of MMP-9 (ng/ml)
Relapsing group 1292.5 11.8
...with infection 1152 8.07
...without infection | 1457 16.4
Control group 216.1 3.46

7.2. Study I1: Clinical manifestations of Blastocystis sp. infection
7.2.1.Frequency of Blastocystis spp.

4567 faecal samples from 3255 patients from the clinics at the University of Szeged were
analysed at the Department of Clinical Microbiology, Szeged, between January 01, 2005 and
May 01, 2013. Blastocystis sp. infection was discovered in 275 of 4567 faecal samples (196 of
3255 patients) — the occurrence of Blastocystis sp. infection was 6% in the symptomatic patients

who required medical attendance in that period.
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Eighty of 1471 patients tested positive for Blastocystis sp. at our clinic during this 8-year period,
representing 5.4% of all stool samples sent during that time from our clinic to be examined for

the presence of protozoa.
7.2.2. Results of stool microbiological examination

Of the faecal specimens, 41.1% contained few Blastocystis sp. cells, 5.5% of specimens
contained a moderate amount and 53.4% contained a high number of the parasites. In 18.75% of
the cases other microorganisms were also present besides Blastocystis sp., such as
Campylobacter jejuni, Campylobacter lari and Clostridium difficile, among fungi Candida
albicans, Candida glabrata and Geotrichum candidum, as well as other parasites such as
Entamoeba histolytica and Entamoeba coli (Table 10). Seven of those 15 patients had great
number of Blastocystis sp. cells in stool samples, and 6 individuals had low numbers of this form,
therefore the number of Blastocystis sp. cells in co-infections did not make a difference.
However, every subject had symptoms that improved after antimicrobial therapy. Only one

patient with gastrointestinal co-infection (C. glabrata) had skin symptoms.

Table 10. Microorganisms detected in the same stool samples together with Blastocystis sp.

Microorganism in stool: Number of cases
Campylobacter jejuni 3
Candida albicans

Clostridium difficile A and/or B toxin(s)
Campylobacter lari

Non-toxin-producing Clostridium difficile
Candida glabrata

Geotrichum candidum

Entamoeba coli

Entamoeba histolytica and Clostridium

difficile A and/or B toxin(s)
Entamoeba histolytica with Geotrichum

RPlRRPRRNw

candidum 1
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7.2.3. Blastocystis sp. and skin manifestations

Nine out of 80 people had accompanying skin manifestations. We did not find a statistically
significant difference regarding age and gender between individuals with vs. without skin

manifestations (p=0.73 and p=0.34, respectively).

73.75% of the 80 patients indicated that they had gastrointestinal symptoms: 40 patients
complained of abdominal pain, 17 with blood in their stool, while other symptoms, such as
meteorism (15 subjects), weigh loss (8 subjects), perianal pain or itching (6 subjects), passing
stool with mucus (5 subjects), vomiting (2 subjects) and fever (2 subjects) were less frequent. The
prevalence of abdominal pain in the cohort without skin lesions was higher compared to those

patients with skin problems (p=0.007).

Full blood count, including thrombocytes, leucocytes (eosinophils, basophils, neutrophils, etc.),
was within a normal range, except for CRP, which showed elevated levels (at a mean value of

13.89 mg/l, in a range between 1 and 89.9 mg/l) at admission.

Significant differences were revealed between patients with and without skin manifestations
regarding laboratory findings, namely the value of CRP (p=0.038), leucocytes (p=0.024),
neutrophil granulocytes and its percentage ratio (p=0.007, p=0.012), thrombocytes (p=0.002) and
RDW (Red blood cell Distribution Width /RDW/; p=0.025) were significantly higher in patients
with skin manifestations. The value of lymphocyte (p=0.011) and monocytes (p=0.023, p=0.011)
and their percentage ratios were higher in subjects without skin lesions. Interestingly, we didn’t

find a significant difference in eosinophil counts.

The diagnosed accompanying conditions (e.g. gastroesophageal reflux disease /GERD/, weight
loss, and hepatomegaly) of a Blastocystis sp. infection are summarised in Figure 1. Prevalence of
IBD was 9% among Blastocystis sp. positive patients. Weight loss, lactose intolerance and GERD
were significantly more common in patients with skin lesions vs. without skin manifestations
(p=0.04, p=0.04, p=0.02, respectively). Seven patients were treated with antibiotics previously,
due to other infections (prostatitis, pharyngitis, etc.) No association was found between previous

antibiotic use and the occurrence of skin lesions.
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Figure 1. Common conditions associated with Blastocystis sp. positivity in our patients
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Skin manifestations (Picture 1.) occurred in 9 patients, predominantly with females (7 out of 9
patients). Those were urticariform — itching, tiny rashes 1-2 mm in diameter — in 5 patients, and
reddish-brown infiltrated papules, sometimes with hyperaemic and irregular borders, in 3
subjects. In one patient a nutritive allergy was found by a dermatologist. Only one patient with
UC had skin rashes.

Picture 1. Numerous, 5-10 mm diameter sized, sporadically confluent, itching, urticariform-

papular skin lesion on back and gluteal region.

Eight patients with cutaneous symptoms received metronidazole, although 3 needed an additional
antimicrobial agent due to co-infection (e.g. Borrelia burgdorferi, Mycoplasma pneumoniae and

Escherichia coli infections.) One patient had doxycycline therapy. With regard to gastrointestinal
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symptoms and skin manifestations, all patients became asymptomatic after antimicrobial

treatment.

40 of the patients had persistent gastrointestinal symptoms, both with and without skin lesions,
justifying the initiation of antimicrobial therapy. We used metronidazole in 92.5% of the cases,
but 10 patients needed combined therapy or a switched antimicrobial therapy, using mainly
rifaximin or sulphametoxazole and trimethoprim due to synchronous infections and the

ineffectiveness of metronidazole.

7.3.  Study Ill: Efficacy of influenza vaccination
7.3.1. Patient characteristics

209 IBD patients (127 with CD, 82 with UC) were eligible and enrolled in the study. 156 patients
received influenza vaccination, while 53 patients (control group) refused the vaccine — the willing
to vaccination was 66.3%. Whole virion vaccine was given to 57; split vaccine was given to 99
patients. The mean age of the vaccinated patients was 27.9 years; 84 were women, 72 were men.
In the control group the mean age was 30.7 years, 29 were women, 24 were men. Of the 156
vaccinated patients, 98 had CD, 58 had UC. Median disease duration was 9 years for CD (IQR 5-
13), and 9 years for UC (IQR 4-15.8). Of the control subjects, 29 had CD and 24 had UC. Median
disease duration was 7 years for both CD (IQR 5-14), and for UC (IQR 4.5-12).

Of the 156 vaccinated patients 115 patients received immunosuppressive therapy. The non-
immunosuppressive group of vaccinated subjects was composed of 41 patients. Of the 53 control
subjects immunosuppressive therapy was given to 32 patients. Twenty-one patients were free of
immunosuppressive therapy. 8.3% of the patients are regularly vaccinated against seasonal
influenza virus. 39 patients (21.5%) received the last vaccination at the a year, 25 patients
(13.8%) within 3 years and 3 patients (1.7%) within 5 years. 63% of the patients received the last

vaccination more than 5 years ago.
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7.3.2. Antibody titers for Influenza A and B subtypes

The values of preimmunisation antibody levels of influenza A and B titers varied between 33.8-
341.3 RU/ml and 45.8-248.7 RU/ml, respectively. The antibody values of the postimmunisation
levels of influenza A and B titers varied between 43.9-301.5 RU/ml and 58.2-216.9 RU/ml. The
postimmunisation antibody titers of Influenza A and B subtypes significantly increased in
patients immunized with split virion vaccines (mean increase of antibody levels was 13.8 RU/ml
for Influenza A and 17.4 RU/ml for Influenza B) compared to control subjects (mean increase of
antibody levels was 9.4 RU/ml for Influenza A and 7.3 RU/ml for Influenza B) (p=0.045 for
Influenza A and p=0.03 for Influenza B). Although the increasing tendency of titers measured at

week 6 was also observed in control patients it was not significant.

The antibody titers of Influenza A and B significantly increased after the administration of split
vaccine compared to whole virion vaccines (p=0.03 for Influenza A and p<0.001 for Influenza
B). The postimmunisation antibody titers of Influenza B also increased significantly after
administrating split vs. whole virion vaccine in patients treated with anti TNF-a (p=0.002).
However, the study was not powered to directly compare the alterations in the postimmunisation
antibody titers in vaccinated and control patients treated with thiopurines and anti-TNF-o alone

or in combination.
7.3.4. Effect of vaccination on IBD activity

During the 4 months follow-up period, 1 of the control subjects and 21 of the vaccinated patients
(8 CD, 13 UC) developed a flare up with an increased diarrhea or bloody stool. The mean CDAI
at the flare up was 273 points, the mean pMayo score was 4 points. This was observed with both
types of vaccine; however, of the 21 patients with flare up, 15 received IDFIu9 split virion
vaccine. The flare up developed a mean of 6 weeks after the vaccination. These 21 patients were
followed up for 4 months additionally. Absence of flare was observed in 3 weeks. Disease
activity resolved spontaneously in 11 patients, 2 patients needed corticosteroids, 5 antibiotics.
Three patients remitted after the following biological therapy.

7.3.5. Side effects and development of influenza-like symptoms

26 patients developed local reaction (pain, redness, warmth, swelling) after vaccination, 32 had
systemic symptoms (shivering, subfebrility, fever, fatigue, malaise, headache, muscle pain)

during the first week. The most common local reaction after any type of vaccine was redness at
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the injection site, reported by 11%. The local reactions disappeared within 48 hours in every case.
The most common systemic reactions were common cold and sore throat in 39.7 and 28.8% of

the patients. Systemic reactions resolved within a week.

Upper respiratory tract infection like symptoms more frequently occurred within the first week in
vaccinated vs. control patients (31.4% vs. 9.4% p=0.002). During the further follow-up, no
difference was shown between the two groups. Influenza-like symptoms occurred in 7 of the
vaccinated and 1 of the control patients in the first 4 weeks, and 6 of the vaccinated and 3 of the
controls between the 5 and 16 weeks. These influenza-like symptoms developed in 12 CD and 5
UC patients and all but one was on immunosuppressive therapy in both vaccinated and control
group. Local and systemic reactions were more common in patients vaccinated with IDFIu9 split
vaccine vs. Fluval AB (p<0.001). The local and systemic side effects developed after the

influenza vaccination are summarized in Table 11.

Table 11. Local and systemic adverse events after vacctination.

Effect Fluval AB (n=57) IDFIu9 (n=99)
Local reaction

Any reaction, n (%) 2(3.5) 24 (24.2)
Pain, n (%) 1(1.8) 11 (11.1)
Redness, n (%) 1(1.8) 16 (16.2)
Swelling, n (%) 1(1.8) 14 (14.1)
Itching, n (%) 6 (6.1)
Systemic reaction

Any reaction, n (%) 28 (59.1) 70 (70.7)
Shivering, n (%) 0 3(3.0)
Fever >38°C, n (%) 0 16 (16.2)
Unusual fatigue, n (%) 1(1.8) 2 (2.0)
Malaise, n (%) 2 (3.5) 13 (13.1)
Headache, n (%) 4 (7.0) 18 (18.1)
Muscle pain, n (%) 5 (8.8) 11 (11.1)
Arthralgia, n (%) 1(1.8) 7 (7.0)




42

Sore throat, n (%) 15 (26.3) 30 (30.3)
Common cold, n (%) 15 (26.3) 47 (47.5)
Sneeze, n (%) 12 (21.1) 22 (22.2)
Coughing, n (%) 6 (10.5) 21 (21.2)
Subfebrility, n (%) 10 (17.5) 8(8.0)
Vertigo, n (%) 0 4 (4.0)

7.4.  Study IV: Bolus administration of steroid therapy
7.4.1. Patient characteristics, clinical response

During the study period, 20 patients with IBD (5 with CD, 15 with UC) were enrolled. At day 5,
all but one patient achieved clinical remission. One patient proved to be refractory to intravenous
steroid and needed rescue therapy therefore she was excluded because of treatment failure.
Methylprednisolone was tapered weekly and stopped at week 12 in these 19 patients who could
complete the study. The clinical characteristics of the participated 19 patients are presented in
Table 10. Ten patients had already been diagnosed with IBD, while the remaining 9 patients were
at disease onset. Although the male/female ratio was higher in Group II, baseline clinical
characteristics of patients did not differ significantly between the two treatment groups. CDAI

and pMayo score showed decreasing pattern in both groups during the steroid therapy.

CDAI and pMayo score decreased to a median value of 21 and 0 (median CDAI 35, median
partial Mayo score 0 in Group | and 12 and O in Group Il) at the end of the steroid therapy.
Median CDAI and pMayo scores during the ,,conventional" and the ,,bolus" methylprednisolone
treatment periods are indicated in Table 12. The mean value of CRP, ESR, leukocytes and
thrombocytes after steroid therapy were 7.4 mg/l, 9.7 mm/h, 7.935 G/l and 238 G/I. The effects of
bolus therapy on the clinical and laboratory parameters of disease activity did not differ from the
conventional administration. The patients in both groups had not relapsed at the discontinuation

of steroid therapy.
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Table 12. Median CDAI and pMayo scores during the ,,conventional" and the ,bolus"

methylprednisolone treatment periods

Group | Group Il
\Weeks|Median CDAI|Median pMayo |Median CDAI|Median pMayo
0 204 6.2 164 5.1
2 184 5 152 4
4 146 3.4 126 2
6 86 1 90 0
8 72 0 64 0
10 68 0 48 0
12 35 0 12 0

7.4.2. Changes in adrenal glands hormone secretion, in the lipid and bone metabolism

after methylprednisolone therapy

In Group I, BMI increased significantly at the end of the steroid therapy (p=0.008). In Group II,
no difference was observed in BMI before and after the steroid therapy. Total body composition
analysis showed significant decrease in BMD in Group | (p=0.032). Body fat percent showed a
tendency to be higher at the end of steroid therapy in Group I, although the difference was not

significant.

Considering the laboratory parameters, serum cholesterol level increased significantly in Group |
patients after steroid therapy (p=0.028). The decrease in serum cortisol level was more
remarkable in Group | vs. Group Il after steroid therapy (p=0.02 and p=0.055). Figure 2

summarizes the significant changes in the examined parameters.
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Figure 2: Significant changes in the examined parameters after 12-week methylprednisolone

therapy in Group I and Il
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No changes were detected in the waist and hip circumference, T and Z scores, electrolytes, liver
and renal function, serum glucose, serum calcium, triglyceride, DHEA, TSH, PTH and B-

crosslaps before and after the steroid therapy neither in Group I, nor in Group 1.
7.4.3. Steroid-related side effects

The most common side effects occurring during the therapy were the Cushingoid appearance,
development of acne, fatigue, gastrointestinal complaints. Side effects were presented in 5/9
(55.6%) vs. 4/10 (40%) of the patient in Group | and Il. Cushingoid appearance did not occur in

Group I1. The side effects are summarized in Table 13.



Table 13. Side effects developed in patients in Group | and Il
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Group |

Group Il

Side effect

Side effect

Patient 1

Cushingoid

appearance

Patient 1

Acnes

Patient 2

Cushingoid

appearance

Patient 2

Acnes

Patient 3

Acnes

Patient 3

Arthralgia

Patient 4

Acnes

Arthralgia

Patient 4

Fatigue

Hypertension

Patient 5

Cushingoid
appearance
Arthralgia
Fatigue
Nausea

Stomatitis

7.5.

Study V: Side effects of cyclosporine A therapy

The average duration of cyclosporine therapy was 9.6 months. The mean oral dose of

cyclosporine was 4.7 mg/kg, the mean fasting level of cyclosporine was 193.18 pug/L and the

mean 2 hours-post-dose level was 866.04 ug/L.

Table 14. Mean levels of serum total cholesterol, triglyceride and creatinine.

Before cyclosporine

During cyclosporine

After cyclosporine

therapy therapy therapy
Mean level of serum total 172.9 235.5 196.2
cholesterol (mmol/l)
Mean level of serum total 127.4 155.7 112.4
triglyceride (mmol/l)
Mean level of serum 0,81 0.83 0.78

creatinine (umol/l)
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Side effects occurred in 52 patients (72.2%) during the therapy (Figure 3.). The most frequent
side effects were hypertension (15.23%), tremor (13.8%), hypertrichosis (9.72%), myalgia and
muscle cramping (11.1% and 4.16%, respectively) and numbness of legs (5.5%). Nephrotoxicity
or hepatotoxicity occurred in 6 patients (8.33%). Increased serum cholesterol and triglyceride
levels were detected in 47.2% and 19.4% of the patients, respectively. Major side effects
resulting in discontinuation of the cyclosporine therapy occurred in 21 patients. The most
frequent major side effects were adverse muscle reactions (47.6%) and hypertension (38.1%),
followed by gastrointestinal side effects including liver enzyme abnormalities (23.8%) and skin

side effects (14.3%). Major side effects are detailed in Figure 4.

Figure 3. Side effects occured in our enrolled patients.
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Figure 4. The major side effects during cyclosporine therapy.
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The mean value of serum cholesterol levels (Table 14.) measured before starting the cyclosporine
therapy was 172.9 mg/dL (range: 84.9 -331.6 mg/dL) and in the control group, it was 200 mg/dL
(115.8-370.6 mg/dL). During the therapy, serum cholesterol levels increased to the mean value of
235.5 mg/dL (range: 134.4-370.6 mg/dL), while this value remained within normal range in the
control group (200 mg/dL, range: 137.8-301.5 mg/dL). After discontinuation of the cyclosporine
therapy, serum cholesterol levels decreased to the mean value of 196 mg/dL (range: 88-
323.2 mg/dL) (Figure 5.). Decreased levels of serum cholesterol were detected in patients treated
with combined infliximab-steroid group after cyclosporine therapy (190.3 mg/dL; range: 110.8-
277.6 mg/dL). Statistically, serum cholesterol levels increased significantly during the therapy
and remained higher for one year after the discontinuation of CyA (p<0.001, p<0.001).
Furthermore, serum cholesterol levels measured during the cyclosporine therapy were
significantly higher than those after the discontinuation of the drug (p<0.001). In the cyclosporine
group, cholesterol levels were considerably higher during therapy than in the control group
(p<0.001).

Cholesterol levels measured after cyclosporine therapy were found to be significantly higher in
patients with an adverse reaction (p= 0.045) vs. patients without adverse reactions. In both
groups, serum cholesterol levels showed a significant elevation at the time of the cyclosporine
therapy (p<0.001) and afterwards (p<0.001; Figure 6.). No difference was found between patients
who had only minor side effects during therapy and those who had none, but those patients who
had major adverse effects had higher cholesterol levels after therapy (p=0.013).
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Figure 5. Serum cholesterol levels during study period.
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Figure 6. Cholesterol levels after cyclosporine therapy were significantly higher in patients with
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Elevated total cholesterol levels were noted in 65.4% of the patients with detectable side effects.
Increased serum cholesterol levels (mean value of 270.6 mg/dL) were detected in 54.5% of the
patients with hypertension. Hypertension was defined as systolic pressure at or above 140 mmHg
and diastolic pressure at or above 90 mmHg.

One of the most common adverse reactions was tremor. Increased serum cholesterol levels were
noted in 70% of those developing tremor (mean value of 283.4 mg/dL). Neurological side effects

(tremor, sensational abnormalities) occurred in 25% of the patients.

Myalgia was also a frequent side effect; 5 of 8 patients with myalgia had a high serum lipid
profile (mean total cholesterol of 252.5 mg/dL). A significant correlation was found between
muscular side effects (myalgia, cramping of extremities, numbness of legs) and elevated serum
triglyceride levels (p=0.038).

Serum triglyceride levels were elevated in 19.4% of the patients. The mean serum triglyceride
levels before, during and after cyclosporine therapy were 127.4 mg/dL, 155.7 mg/dL and
112.4 mg/dL, respectively (Table 14.). No difference was found in triglyceride levels compared

to the control group.

Serum creatinine levels were slightly elevated in only 3 patients during cyclosporine therapy
(Table 14.). No significant correlation was shown between cyclosporine therapy, the frequency of
side effects and serum creatinine levels. In addition, creatinine levels did not differ between the

cyclosporine and the control group.
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8. DISCUSSION

It is well-known that the infection rates in patients with IBD is greater than in the normal
population; infectious agents are involved in the aetiopathogenesis, but it can also initiate a
relapse of the IBD (100). Some studies suggest that the aetiology of IBD with altered intestinal
microbiome is a result of innate genetic defects in the intestinal epithelial and mucosal barriers,
which can contribute to bacterial translocation. In addition, the aetiological background may
involve a microbial imbalance in the intestine or dysfunction in the intestinal inflammatory
cascade, leading to pathologic proliferation of cytokines (101). Although an exact aetiology of
IBD has not been confirmed yet, the importance of microorganisms in the intestine is obvious.
Due to its significance in daily routine, infection rate during an IBD relapse and the clinical
utility of faecal inflammatory markers were assessed in our study. IBD is an independent risk
factor of CDP, mainly UC patients are susceptible to infection, and thus microorganisms have
considerable significance in patient management (20, 102,103,104). In our study, the UC/CD
ratio in the C.difficile cohort was approximately equal.

CDP (51.1%) and Candida (10%) infections were the most frequent results of faecal
microbiological examinations in our relapse cohort, suggesting an imbalance of intestinal
microflora and some connection between flare-ups of IBD and CDP. A differential diagnosis of
a relapse and CDP is difficult in some cases; furthermore, both can occur at the same time, thus a
faecal microbiological examination and tests for both Toxins A and B are recommended in the
event of a flare-up, as the evidence-based consensus of European Crohn’s and Colitis
Organisation also suggests (20). C. difficile is mostly a community-acquired infection, thus it
mainly develops among our outpatients; however, hospitalisation, colectomy and mortality rates

are higher in a population with CDP.

Colonising microbes inhabiting the intestinal mucosa are important for normal intestinal function
and homeostasis. Dysbiosis develops when the composition of intestinal microbiome is
unfavourable, and this condition may lead to various diseases. Altered microbiome may be a
cause or consequence of a disease, but it may develop parallel with an abnormal condition (105).
The balance of intestinal homeostasis is a sensitive system of intestinal microbiota, epithelium
and immune cells (106). An alteration of colonic microbiota has been suggested in IBD (107),

given that intestinal flora is altered in patients who relapse, which in turn allows the unopposed
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proliferation of C.difficile and Candida. The frequency of the community-acquired CDP has been
increasing worldwide with incidence rates of 3 to 40% (58,108,109,110). The occurrence of CDP
was remarkably high in our IBD patients (40.3%); in addition, the frequency of Candida
infections was 10% among the enrolled subjects. Presence of Candida in gastrointestinal tract is
commonly benign, but in susceptible individuals with low level of inflammation (eg. IBD) may
promote colonisation that promotes further inflammation, thus may become a trigger factor (111).

The role of C.difficile may be the similar.

The disease course of a C.difficile infection can be extremely serious, even life-threatening
complications may occur, which is confirmed beyond a doubt by the mortality rate of hospitalised
IBD patients with a C.difficile infection (112). Although, CDP was not severe in most of the
cases in our study: half of the subjects showed signs of clinical remission within 8 weeks of
follow-up, and serious complications did not occur during the tenure of the study. However,
hospitalisation was needed in 19 of 51 cases, most of them because of a severe flare-up requiring
intravenous steroid treatment. It seems that CDP is also a trigger and an additive factor; however,
the isolated treatment of the infection does not affect symptomless patients in the vast majority of
the cases. In some studies, antimicrobial and immunomodulator agent-exposure has been shown
to increase the possibility of a C.difficile infection and carriage (61). Basically, any type of
antibiotic may be linked with the manifestation of a C.difficile infection; however, the antibiotics
most commonly connected to an occurrence of infection include penicillins, clindamycin,
cephalosporines and fluoroquinolons (113). Regardless, antibiotic use for IBD patients in general
seems to be a critical risk factor for the development of a CDP, as our results showed (where
p=0.03). The use of immunomodulators specifically has not been confirmed in our study to be
predictive of a CDP risk, however. The data available on immunomodulators is conflicting; some
studies showed an increasing risk for CDP (61), although others did not confirm these results
(114). The number of C. difficile-positive subjects taking immunosuppressants did not differ
substantially compared to those patients not treated with immunosuppressants (26 vs. 21
subjects) in our study. A correlation between CDP and the use of gastric acid-suppressive agents,
especially histamine blockers and proton pump inhibitors, has been suggested (115,116).
However, similarly to our own findings (where p=0.65), other observational studies did not yield

results to support the connection (117).

A strong correlation between intestinal inflammation and FC has been confirmed in IBD

(118,119); however, its value can increase in enteral infections also (120,121). Enhanced levels
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of MMP-9 have been noted in the intestinal tissue in the case of IBD and seem to be actively
involved in the inflammatory and remodelling process (122,123). In this study, levels of FC and
MMP-9 were measured both in faecal microbiology positive and negative cases; however, we did
not find a significant difference between those groups regarding the two assessed faecal
inflammatory parameters. We thought that if the measurement of faecal markers helps in making
a prompt decision about the need of antibiotics in the treatment of a flare-up, it would be a
supportive method, since the result of microbiological examinations usually takes a few days,
which can cause a delay in the initiation of the targeted therapy. Although we observed higher
levels of FC and faecal MMP-9 in natural relapses than in infection-induced relapses, the

statistical analysis did not confirm this observation.

Laboratorial techniques have basic importance in diagnosis of infectious and other organic
intestinal disorders. However, enteral infections caused by univocal microorganisms may present
clinical signs and symptoms, e.g. extraintestinal manifestations that make differential diagnostic
difficulty. Blastocystis sp. is a common intestinal parasite worldwide that often causes atypical
gastrointestinal symptoms. The prevalence is higher in developing countries and is usually
connected to poor standards of hygiene, exposure to animals and the consumption of
contaminated food or water (124). The occurrences of Blastocystis sp. infections spanning the
time period relevant to our study were an overall 6% in patients treated at the clinics at the
University of Szeged and 5.4% among patients examined in our clinic and whose data was used
in this study. Despite this parasite coming into question as a possible causative microorganism of
some intestinal illnesses, its pathogenicity and clinical significance has not yet been confirmed.
Some studies reference Blastocystis sp. as a potential pathogen (125), but the role of the
protozoon in the development of certain intestinal disorders is not fully understood. However,
data are available about Blastocystis sp. supporting a connection with IBS and IBD (126,127,128,
129). In the study of Tai et al Blastocystis sp. infection has been confirmed in 12.2% of relapsing
ulcerative colitis patients (130). Moreover, recently published study suggests that Blastocystis sp.
subtype 3 can trigger the proliferation of human colorectal cancer cells (131). On the other hand,
this parasite is also common in healthy individuals, suggesting that it can be a component of
normal intestinal microbiota (132). Molecular characterisation from symptomatic and
asymptomatic carriers should help to reveal the clinical implications of this microorganism
(133,134). Distribution of the 9 subtypes of Blastocystis sp. found in humans seems to be
dependent on geographic locations. Subtype 3 is the most widespread in every continent except
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the US, where subtype 1 is the most common (135). We did not assess subtypes of Blastocystis
sp., because during the time period from that data was used it was not part of routine
microbiological examinations, furthermore, it currently has no significance in patient
management and therapy. However, the relevance of the subtypes is deemed worthy of further

study.

Extraintestinal manifestations of Blastocystis sp. infection, such as urticaria and other skin
lesions, and the role the infection many have in these manifestations have already been described
in various publications (136,137,138,139,140). In a recent study (141), 13.7% of the patients with
allergic skin symptoms were infected by Blastocystis sp.; furthermore, no other allergic agent was
found to offer explanation why the urticaria manifested. The significance of Blastocystis sp. as
background cause of urticaria was indicated in prospective research from Peru, which revealed a
connection between symptomatology and Blastocystis sp. positivity; the symptoms in question
were urticaria, abdominal pain and meteorism (142). Also supporting the connection was the
gradual disappearance of dermatological symptoms after treatment and eradication of
Blastocystis (143,144). It has been suggested that cutaneous lesions are immune-mediated, but
the mechanism is not completely clear (145). In our study, 11.25% of infected patients
manifested skin symptoms, predominantly the female patients. Disorders were mainly
urticariform and dermatitis-like lesions. There was no significant difference observed depending
on the amount of protozoa in the samples; therefore, just a few Blastocystis sp. cells were enough
to induce a cutaneous manifestation. Skin symptoms improved after specific antimicrobial

treatment.

The symptoms of Blastocystis sp. infection are usually nonspecific, and along with other
symptoms, flatulence, nausea, vomiting and bloating may manifest as a result of this infection.
Depending on the severity of the infection, everything from mild chronic diarrhoea to acute
gastroenteritis may occur (67). Jones et al reported fatigue, skin rash and diarrhoea as the most
frequent symptoms of Blastocystis sp.infection, and suggested connection between Blastocystis
sp. and chronic gastrointestinal illness (146). Several variations of signs and symptoms were
associated with Blastocystis sp. infection in our cohort, ranging from nonspecific intestinal
symptoms to cutaneous disorders. No specific laboratory parameter was discovered that would be
indicative of parasite infection, however, elevated CRP and white blood count was shown in
Blastocystis sp.-associated skin manifestations. Interestingly, we did not find elevated eosinophil

count in the whole cohort, regardless of whether or not the patients had accompanying skin
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manifestations. Thus, we can state that eosinophilia is not an obligatory laboratory finding in
protozoon infections, such as Blastocystis sp., with or without skin lesions. In 18.75% of our
patients another intestinal microorganism was discovered parallel to Blastocystis sp., e.g. Ca.
jejuni, Ca. lari, C. albicans, C. glabrata, C. difficile and E. histolytica. On the other hand, skin
lesions only manifested with one of them, and symptoms improved after specific antimicrobial
therapy. Therefore, the causative agent of the skin lesions was presumably the Blastocystis sp. In
addition, 40% of the enrolled individuals also suffered from additional underlying chronic
intestinal abnormalities, such as colon tumours, IBD, IBS, coeliac disease, lactose intolerance or
diverticulosis. Considering the great number of patients with the above mentioned diseases the
vulnerability of the intestine is suggested to be a risk factor for a Blastocystis sp. infection. Nine
percent of subjects suffered from IBD among assessed Blastocystis sp. positive population,
although only one patient with UC had skin manifestations at the time of study period.

IBD associated infection and its management is a daily routine as our results showed as well;
therefore, prevention has a significant importance. Prevention should be primary endpoint of
infection control. However, questions still exist regarding passive immunization of

immunosuppressed patients.

Vaccination is a conventional strategy for the prophylaxis of vaccine-preventable infections,
especially in patients suffering from immune-mediated diseases (147). Our multicentre survey
revealed that most of the patients are willing to be vaccinated against the seasonal influenza virus
if it is recommended and administered by the gastroenterologist, although promoting prevention
and prophylaxis seemed to be underutilized in the previous years. In a survey done in IBD
patients, only 28% of the patients reported yearly influenza vaccination (148). Possible
explanations for under-vaccination of IBD patients are unawareness of the increased infection
risk and concerns about the safety and efficacy of the vaccination. In our study, every patient was
recommended to be vaccinated and, after detailed consultations, two thirds of them accepted
vaccination, which indicates that informing and assuring the patients may increase the
willingness to take the vaccination. Patients on immunosuppression or biological therapy are
supposed to be at increased risk of influenza (149), thus, annual influenza vaccination is
recommended for all patients with IBD on immunomodulators (20). It is well-known that the
majority of the studies examining the efficacy of influenza vaccination in IBD patients have been
carried out in children. Mamula et al. (78) observed a reduced seroconversion rate and geometric

mean titre after influenza vaccination in IBD patients receiving immunotherapy compared with
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healthy controls. Another study found that vaccination responses were similar among children
with IBD, regardless of immunosuppressive status (79). These studies revealed that vaccination
against influenza in children with I1BD is well tolerated and induces immune response, although
anti-TNF therapy may selectively impair response to specific serotypes. deBruyn et al. also found
that children with IBD were less likely to mount an immunogenic response for influenza B
compared with controls (150). According to our results, the post-immunisation antibody titres of
both Influenza A and B subtypes were increased in patients vaccinated with split virion vaccines
vs. control subjects, although the study was not powered to detect differences between the

different immunosuppressive maintenance therapies.

Some studies observed an impaired immune response after influenza vaccination in patients
treated with anti-TNF agents. However, response rates to influenza vaccination in patients treated
with immunomodulators and biologicals are somewhat conflicting. Andrisani et al. revealed that
seroprotective titres in the patients were comparable to healthy controls. Seroconvertion rate was
lower in IBD patients than in healthy controls either on anti TNF-o. monotherapy or combined
with immunosuppressants (80). In a study conducted on patients with rheumatoid arthritis and
CD, postvaccination geometric mean antibody titres against influenza (A/H3N2 and B) were
significantly lower in patients treated with anti-TNF (infliximab, adalimumab or etanercept)
compared with patients not receiving anti-TNF therapy and the healthy controls (151). Our
results revealed that the increase in post-immunisation titres of only Influenza B subtype was not
influenced by anti TNF-o therapy — although only in case of the administration of split virion

vaccines.

The results about the immune response to split virion vaccine vs. whole virion vaccine also seem
to be controversial. A study evaluating both split virion and whole virion H5N1 vaccine
formulations in children revealed that the whole virion vaccine may be immunogenically better
than the split virion vaccine, confirming the previous findings in adults (152). However, in
another study, AS03B-adjuvanted split virion or a non-adjuvanted whole virion HIN1 (2009)
vaccine was used in 943 children and both vaccines proved to be safe and immunogenic (153). In
Hungary, whole virion vaccines are supported by the Hungarian National Health Fund (OEP),
and thus these are used routinely in the clinical practice. However, in this study, we had the
opportunity to assess the efficacy of the less immunogenic split virion vaccines. Our results
demonstrated significantly higher post-immunisation antibody levels in case of split virion

vaccines. The frequency of the side effects was higher in case of split vaccines; however, it is
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important to note that no severe adverse reactions occurred. The rate of influenza-like infections
was quite low during the follow-up period and did not differ significantly in vaccinated vs.
control subjects. Influenza-like symptoms were more likely to develop in patients with
Immunosuppressive therapy in both vaccinated and control patients.

Antibody response is an integral component of normal immunity. Successful humoral immunity
depends on cellular interactions and it is not unusual to observe deficient antibody responses in
immunologically compromised hosts. Age and concomitant therapy may also influence immune
response after influenza vaccine — thus that it is very difficult to assess whether in vitro immunity
corresponds to in vivo immunity. In a study from the ‘80s (154), 14 monkeys received a trivalent
influenza vaccine and antibody response was determined based on a change in plasma antibody
content before and after the vaccine. In vitro anti-influenza antibody synthesis was found to
correlate well with the in vivo response. Ershler et al. also measured the antibody response in
young and elderly volunteers after in vivo and in vitro immunisation with trivalent influenza
vaccine. After in vivo immunisation, plasma antibody levels and in vitro synthesis capabilities
significantly increased in the young subjects. The capacity for in vitro immunisation was also
greater in the young, but the difference did not reach statistical significance and there was no

correlation with in vitro immunisation potential and the response after in vivo vaccination (155).

It is not in question whether inactivated influenza vaccination is recommended yearly for patients
with IBD. Despite the initial results, a number of studies have shown that immunosuppressive
and anti-TNF therapy are safe and effective in regard to the response to annual trivalent
inactivated influenza vaccination. In this cohort, split vaccines seemed to be more effective than
whole virion vaccines, and split vaccines also resulted in an increase in post-immunisation titres

of Influenza B subtype besides anti TNF-a therapy.

The use of immunosuppressants revolutionized the therapy of immuno-mediated and
autoimmune diseases; however, this type of drugs increases not only the probability of infections,
but also other side effects (156,157). For the past 30 years, corticosteroids have been the
mainstay of therapy in patients with moderate to severe active IBD (158). Intravenous therapy
generally produces rapid improvement of symptoms. Once improvement has been achieved,
corticosteroids should be tapered gradually per week until the drug is discontinued. The mean
goal of IBD therapy is to decrease the steroid-related side-effects and to minimize steroid
dependency with the development of new series of anti-inflammatory glucocorticoids with
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enhanced topical potency and less systemic activity such as budesonide or beclamethasone (159).

Less attention is paid to the dosing of steroids, although it seems to be also important.

Although are no trials between different steroid-tapering regimens, the goal in the daily practice
is to get patients off corticosteroids within 12 weeks and maintain disease remission.
Alternatively, alternate-day corticosteroid therapy can also be used in patients with refractory
Crohn's disease — even for longer time (160). However, some available evidence suggested that
the manner of corticosteroid tapering probably did not change the long term outcome in IBD
(161). Use of “bolus-administered” steroids is a novel possibility to optimize the therapy. Bolus
administration is actually an untested manner that has been anecdotally recognized to be more
effective than the conventional use of steroid therapy. Multiple doses of steroids were previously
shown to cause more adverse effects than a single dose (162). In a single-center, double-blind
trial performed by Bossa et al. patients with a severe attack of UC were scheduled to receive
equal iv. doses of methylprednisolone, randomly given as either a bolus injection administered
twice daily or continuous infusion (163). Methylprednisolone given as a continuous infusion was
no better than bolus administration in terms of efficacy and safety. The aim of bolus steroid
therapy is to get quicker and stronger anti-inflammatory effect. Giving a higher dose of
methylprednisolone, an immediate profound anti-inflammatory effect is supposed to be achieved
with lower toxicities and no prolonged suppressive effect on the hypothalamic-pituitary axis.

Our results did not show any significant difference according to the disease outcome between the
two administration types at the end of the therapy and at follow up times for any of the clinical or
laboratory parameters measured, confirming the same efficacy of bolus therapy as in case of

conventional administration.

The widespread use of corticosteroids has been associated with an increased incidence of a
variety of adverse effects involving the musculoskeletal, the endocrine, the metabolic system,
neuropsychiatric wellbeing, the Gl system, the skin, eyes, infectious risk, the cardiovascular and
the hematological system (164). Dosage and duration of therapy are some of the most important
factors influencing the development of the toxic effects of corticosteroids. Although no data is
available on the harmful effects of short term corticosteroid therapy on lipid and bone
metabolism, our results revealed that short-term use of steroids increases BMI and body fat
percent and decrease bone density. Common adverse effects of short term therapy include moon

face, mood changes, insomnia, Gl intolerance, weakness, fluid retention, weight gain, increased
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appetite, increased infections, amenorrhea, elevated blood glucose, slow wound healing, striae,
and acneiform rash. Alternate-day steroid therapy may decrease hypothalamic-pituitary- adrenal
axis suppression and therefore the development of certain side effects (165). However, in this
study, the most common side effects occurred more frequently in patients with conventional vs.

bolus-administration steroid therapy.

Osteoporosis is present in 30-45% of patients with CD, and its rate is somewhat lower in patients
with UC (166, 167). Osteopenia is likely related to the chronic inflammatory process itself, and
furthermore triggered by steroid use. Steroid related osteoporosis is multifactorial, decreased
calcium absorption, development of secondary hyperparathyroidism, stimulating osteoclast
activity, and decrease osteoblast production are only some of the potential etiological factors
(168). Hyperlipidaemia is also a common side effect of steroid therapy (169). Steroids are
supposed to influence lipid metabolism by redistributing body fat and facilitating of effects of
lipolytic agents. Large doses of glucocorticoids lead to redistribution of fat to the upper trunk and
face, with a concomitant loss of fat in the extremities (170). Our result revealed beneficial effect

of bolus-administered corticosteroid therapy on bone density and body fat percent.

Side effects related to lipid metabolism are presented in patients on cyclosporin A therapy also.
Cyclosporine is one of the most effective therapeutic choices for patients with severe, refractory
UC (84). Cohen et al. investigated (171) the quality of life of 42 patients with severe UC and
found that patients who underwent colectomy assessed their own quality of life and health status
to be worse than those who had been treated with cyclosporine. However, the frequent
occurrence of side effects may limit the use of CyA in the treatment of UC. Although 72.2% of
our patients developed side effects, none of these proved to be life-threatening. It should be noted
that CyA had to be discontinued due to intolerable severe side effects in 29.2% of the patients. 21
patients developed intolerable side effects; one achieved remission and 3 of the 21 patients had
loss of response. Our findings suggest that CyA therapy may result in increased serum cholesterol

levels even in the long-term, after discontinuation of the therapy (Figure 5).

Although most of the adverse effects associated with the use of CyA are dose-dependent, the
study of van Assche et al. did not find any significant difference between the low-dose (2 mg/kg)
and the high-dose (4 mg/kg) group with regard to cyclosporine-associated adverse effects (172).
In addition, oral administration is recommended after the acute period to minimize the risk of

developing side effects (173). In the acute phase of our study, CyA was administered
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intravenously and in cases of good initial response, orally, with azathioprine treatment added in

some cases (174). CyA was administered with a mean oral dose of 4.7 mg/Kkg.

Nephrotoxicity and hepatotoxicity are common and severe side effects of CyA therapy, but minor
side effects also occur frequently during the therapy. Lichtiger et al. revealed (175) that the most
common adverse reactions in UC patients treated with CyA were paraesthesia and hypertension.
Both symptoms were also detected in our cohort; paraesthesia occurred in 4, hypertension in 11
patients. In addition, 10 of our UC patients experienced tremor, 7 had hypertrichosis and 11 noted
myalgia or muscle cramping. Weber et al. reported (176) similar adverse reactions and the
occurrence of infections, as well. Ten out of 19 patients developed side effects (2 of them had
high serum creatinine levels, 1 had hypertension, 5 had tremor, 1 had hirsutism and 1 had
gingival hyperplasia), two patients had systemic CMV infection, and one also had a herpes virus
infection and oesophageal candidiasis. Although no prophylactic antimicrobial treatment was
administered during the CyA therapy, the incidence of infections was low: only viral infection
occurred in 3 cases (4.2%).

Nevertheless, there are limited data about the long-term effects of CyA therapy on the lipid
profile. In our study, serum total cholesterol, triglyceride and creatinine levels before, during and
after CyA therapy were compared in severe, steroid-refractory UC. Significant increase was
found only in serum cholesterol levels during and after discontinuation of the CyA therapy.
However, the control group did not experience the same results. Kuster et al. (177) reported that
serum levels of CyA correlate significantly with total cholesterol levels, LDL-cholesterol levels,
the apoB and cholesterol/HDL ratio, but not with triglyceride levels, suggesting that CyA may
cause atherogenic dyslipidaemia. Other publications also describe similar or identical results
regarding the relationship between CyA and cholesterol levels (178,179). Spinelli et al. studied
patients treated with a combination of prednisolone and another immunosuppressive drug such as
CyA, sirolimus, mycophenolate mofetil, or everolimus (180). The changes in lipid profiles were
evaluated after 1 year of therapy, and dyslipidaemia was found to be frequent. Patients treated
with CyA had worse lipid profiles than those in the other treatment groups. No data is available

about the relationship between hypercholesterolaemia and other drug-related side effects.

Cyclosporine also has an effect on bile acid metabolism by blocking bile acid synthesis, hepatic
uptake and secretion. These effects may lead to hyperlipidaemia. Previous trials have shown that
CyA treatment affects bile salt kinetics and plasma lipid levels. However, corticosteroids
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affecting the bile salt synthesis could not be excluded (181,182). In our study, we attempted to
eliminate that effect with the control group treated with infliximab and streroids. Results showed
higher cholesterol levels in the CyA cohort, as compared to the control group. Regarding the
correlation between hypertension and increased CyA levels as a side effect, Wang et al.
suggested that cyclosporine stimulates the renal sodium channel by elevating the level of
cholesterol (183). Our results showed that hypertension and increased cholesterol levels occurred

frequently in UC patients treated with CyA.

Other investigations suggested that the inhibition by CyA leads to dyslipidaemia by reducing
apolipoprotein Al gene expression. ApoAl is a major component of HDL, therefore decreased
levels of apoALl result in low levels of HDL. The calcineurin pathway stimulates apoAl gene
expression; therefore, by inhibiting this pathway with cyclosporine, apoAl levels may be reduced
and as a result, HDL levels may also be reduced (184). Only total serum cholesterol levels were
assessed in our study. A population-based study suggested that there are no benefits to measuring
apoB or apoAl compared with a total cholesterol and HDL cholesterol measurement (185).
Furthermore, the study of Suk et al. (186) showed that calcineurin has an effect on the cCAMP
signalling pathway and furthermore, indirectly affects protein kinase A activation by regulating
the phosphodiesterases, which play an important role in the adipokine gene transcription. In
addition, calcineurin provides short- and long-term regulation to control gene expression and

function.

Charco et al. (187) compared the long-term effects of tacrolimus and CyA therapies on serum
cholesterol levels in liver transplant patients. The average follow-up period was 36 months, and
the incidence of hypercholesterolaemia was found to be 34.6%. Higher mean cholesterol levels
were found in the group treated with CyA (p=0.01). At the end of the study, a significant
difference was found between the steroid and cyclosporine vs. tacrolimus and steroid-free groups.
In our study, a control group treated with biologicals and steroids was employed to eliminate the
additive effect of corticosteroids on the serum lipid profile. Results showed that cholesterol levels
were higher in the CyA group than in the control group, and stayed at an increased level after

therapy.
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9. CONCLUSIONS AND NEW RESULTS ESTABLISHED IN THE STUDIES
RELATED TO THE THESIS

1. Our data showed 40.3% of occurrences of CDP in IBD outpatients, and 51.1% of the patients
in the relapse cohort were C.difficile-positive. We revealed a significant difference regarding
CDP between IBD patients in relapse and those in remission (where p<0.001). Our results
confirmed an association between previous antibiotic use and CDP. The occurrences of C.difficile
and Candida positivity were excessively high in patients in an acute relapse, which suggests the
importance of intestinal microbiota in IBD and an important role in the relapse, therefore stool
analysis is recommended in flare-ups. FC and MMP-9 has no diagnostic value to differentiate

between infection-induced and natural relapse.

2. We discovered that 11.25% of our enrolled patients exhibited skin manifestations associated to
Blastocystis sp., mainly on the females. The occurrence of Blastocystis sp. was 6% in
symptomatic patients who required medical attendance in the time period between 2005 and
2013. We did not find significant difference in eosinophilia between patients with vs. without
skin manifestations. 73.75% of the patients indicated that they had gastrointestinal symptoms: 40
patients complained of abdominal pain, 17 with blood in their stool, while other symptoms, such
as meteorism (15 subjects), weigh loss (8 subjects), perianal pain or itching (6 subjects), passing

stool with mucus (5 subjects), vomiting (2 subjects) and fever (2 subjects) were less frequent.

3. The third study revealed that two thirds of the patients agreed to influenza vaccination. Split
virion vaccines proved to be more effective in the vaccination procedure: post-immunisation
titres of both subtypes increased significantly after the administration of split virion vaccines
compared with the controls and with those patients vaccinated with whole virion vaccines. The
antibody titres of Influenza B also increased significantly in patients immunised with split virion
vaccine and treated with anti TNF-o therapy. The high number of cases with pre-existing
antibody levels can be explained with previous vaccinations and prior influenza infections,
although cross-protection against influenza virus strains could also be present. Although no
serious side effects were developed after influenza vaccination, influenza-like symptoms in the

first weeks after immunisation occurred more frequently in patients receiving split virion vaccine.
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Influenza-like symptoms did not differ significantly between vaccinated vs. control patients
(8.3% vs. 7.5%). A mild relapse of the disease was observed in only 10% of the patients and was
more common in vaccinated than in control subjects. In conclusion, our results suggest that IBD
patients on immunosuppressive therapy are recommended to be immunised with split virion
vaccines and that measuring the antibody responses is worthwhile in patients treated with
immunosuppressants to determine the efficacy of influenza vaccination. Larger and more detailed
studies are needed to compare the efficacy of these vaccinations and to examine the antibody

response in immunocompromised patients.

4. Our results suggest that bolus tapering of equivalent doses of methylprednisolone administered
in conventional daily doses has equivalent clinical efficacy, but more favourable side effect
profile. As no significant difference was detected between the two administration types on the
clinical and laboratory parameters of disease activity, it appears that bolus administration of
corticosteroids can safely and effectively replace the conventional use of methylprednisolone for
active IBD. Of course, further controlled, randomized trials are needed to confirm these results
that may revolutionize steroid therapy in IBD. It should be noted, significant changes may

develop in bone and lipid metabolism during even a short-term steroid therapy.

5. Serum cholesterol levels showed significant increase during CyA therapy compared to the time
before use of the drug and to the control cohort of patients being treated with infliximab and
corticosteroids. This elevation remained significant for a year. Serum cholesterol levels for the
UC group with adverse events were significantly higher compared to patients who did not
develop any side effects. Creatinine levels did not change significantly during CyA therapy. In
the control group, cholesterol, triglyceride and creatinine levels did not change significantly
during therapy or after its discontinuation. In conclusion, we found increased serum cholesterol
levels in severe, steroid-refractory UC patients treated with CyA not only during the therapy, but
also after its discontinuation, suggesting that CyA has a long-term effect on serum lipid
metabolism. Furthermore, in the presence of other adverse events, cholesterol levels were
significantly higher, suggesting that drug-related impairment of cholesterol biosynthesis and
other side effects are rather common, therefore practically speaking, monitoring cholesterol levels
during CyA therapy is recommended. Considering the high rates of hypercholesterolaemia as a

side effect of cyclosporine therapy, this topic is worth to be studied further.



63

10. ACKNOWLEDGEMENTS

| am grateful to Prof. Dr. Tibor Wittmann and Prof. Dr. Gyorgy Abraham, as a past and
present head of First Department of Medicine, who gave me the opportunity to work at

Department.

I would like to express my deep gratitude to Prof. Dr. Tamas Molnar, my research supervisor,

for his patient guidance, enthusiastic encouragement and useful critiques of this research work.

Special thanks should be given to colorectal research team- Prof. Dr. Ferenc Nagy, Dr. Zoltan
Szepes, Dr. Klaudia Farkas, Dr. Bor Renata —for professional guidance and valuable support.

I am grateful to my colleagues from the First Department of Medicine and co-authors for
giving me supportive advices and for outstanding help in research work. Without them this work

could not be done.

| dedicate the thesis to my parents for all their love, never-ending support, endless patience and

encouragement.

Lastly, I would like to thank to all of the people who have helped and encourage me during my

doctoral study.

Our  research  was  supported by the Hungarian  National Development
Agency grants (TAMOP-4.2.2.A-11/1/KONV-2012-0035,
TAMOP-4.2.2-A-11/1/KONV-2012-0052; TAMOP-4.2.2.A-11/1/KONV-2012-0073).



64

11. REFERENCES

1.Hanauer SB. Inflammatory Bowel Disease: Epidemiology, Pathogenesis, and Therapeutic
Opportunities. Inflamm Bowel Dis. 2006;12:S3-S9

2.Ponder A, Long MD. A clinical review of recent findings in the epidemiology of inflammatory
bowel disease. Clin Epidemiol. 2013; 5: 237-247.

3.Molodecky NA, Soon IS, Rabi DM etal. Increasing incidence and prevalence of the
inflammatory bowel diseases with time, based on systematic review. Gastroenterology. 2012;
142, 46-54.

4.Van Limbergen J, Graham Radford-Smith, Jack Satsangi. Advances in IBD genetics. Nat. Rev.
Gastroenterol. Hepatol.2014; 11, 372—-385.

5. Ko Y, Butcher R, Leong RW. Epidemiological studies of migration and environmental risk
factors in the inflammatory bowel diseases. World J Gastroenterol. 2014; 7;20(5):1238-47.

6. Siew C Ng,Bernstein CN, Vatn MH et al.. Geographical variability and environmental risk
factors in inflammatory bowel disease. Gut 2013;62:630-649.

7.Dignass A, Eliakim R, Magroet F et al. Second European evidence-based consensus on the
diagnosis and management of ulcerative colitis Part 1: Definitions and diagnosis. JCC. 2012; 6:
965-990.

8. Eszter Miiller K, Laszlo Lakatos P, Papp M, Veres G. Incidence and paris classification of
pediatric inflammatory bowel disease. Gastroenterol Res Pract. 2014;2014:904307.

9. Aloi M, D'Arcangelo G, Pofi F et al Presenting features and disease course of pediatric
ulcerative colitis. J Crohns Colitis. 2013 Dec 1;7(11):e509-15.

10.Van Assche G,Dignass A, Panes J, et al.The second European evidence-based consensus on

the diagnosis and management of Crohn's disease: Definitions and diagnosis. JCC.2010, 4. 7-27.

11.Latella G, Papi C. Crucial steps in the natural history of inflammatory bowel disease. World J
Gastroenterol. 2012; 18(29): 3790-3799


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ponder%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Long%20MD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Soon%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=22001864
http://www.ncbi.nlm.nih.gov/pubmed?term=Rabi%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=22001864
http://www.ncbi.nlm.nih.gov/pubmed?term=Ko%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24574798
http://www.ncbi.nlm.nih.gov/pubmed?term=Butcher%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24574798
http://www.ncbi.nlm.nih.gov/pubmed?term=Leong%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=24574798
http://www.ncbi.nlm.nih.gov/pubmed/24574798
http://gut.bmj.com/search?author1=Siew+C+Ng&sortspec=date&submit=Submit
http://gut.bmj.com/search?author1=Charles+N+Bernstein&sortspec=date&submit=Submit
http://gut.bmj.com/search?author1=Morten+H+Vatn&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=Eszter%20M%C3%BCller%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24778643
http://www.ncbi.nlm.nih.gov/pubmed?term=Laszlo%20Lakatos%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24778643
http://www.ncbi.nlm.nih.gov/pubmed?term=Papp%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24778643
http://www.ncbi.nlm.nih.gov/pubmed?term=Veres%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24778643
http://www.ncbi.nlm.nih.gov/pubmed/24778643
http://www.ncbi.nlm.nih.gov/pubmed?term=Aloi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23583691
http://www.ncbi.nlm.nih.gov/pubmed?term=D%27Arcangelo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23583691
http://www.ncbi.nlm.nih.gov/pubmed?term=Pofi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23583691
http://www.ncbi.nlm.nih.gov/pubmed/23583691

65

12. Michael MD, Balint A, Lovasz BD et al. Work disability and productivity loss in patients
with inflammatory bowel diseases in Hungary in the era of biologics. Eur J Health Econ. 2014;15
Suppl 1:121-8.

13.Peyrin-Biroulet L, Cieza A, Sandborn WJ et al. Developmentof the first disability index for
inflammatory bowel diseasebased on the international classification of functioning,disability and
health. Gut 2012; 61: 241-247

14.Cosnes J, Gower-Rousseau C, Seksik P, Cortot A. Epidemiology and natural history of
inflammatory bowel diseases. Gastroenterology. 2011; 140: 1785-1794.

15.Van Assche G, Dignass A, Bokemeyer B et al. Second European evidence-based consensus on

the diagnosis and management of ulcerative colitis Part 3:Special situations. JCC.2013; 7, 1-33.

16. Van Assche G, Dignass A, Reinischet W al. The second European evidence-based Consensus

on the diagnosis and management of Crohn's disease:Special situations. JCC.2010; 4, 63-101.

17. Danese S, Fiocchi C. Etiopathogenesis of inflammatory bowel diseases. World J
Gastroenterol. 2006;12(30):4807-4812

18.Dave M, Purohit T,Razonable R et al. Opportunistic Infections Due tolnflammatory Bowel
Disease Therapy. Inflamm Bowel Dis. 2014;20:196-212.

19.Lichtenstein GR, Feagan BG, Cohen RD et al. Serious infection and mortality in patients with
Crohn’s disease: more than 5 years of follow-up in the TREAT registry. Am J Gastroenterol.
2012;107:1409-1422

20.Rahier JF, Ben-Horin S, Chowers Y et al. European evidence-based consensus on the
prevention, diagnosis and management of opportu-nistic infections in inflammatory bowel
disease. JCC. 2009;3:47-91

21. Schneeweiss S, Korzenik J, Solomon DH et al. Infliximab and other immunomodulating
drugs in patients with inflammatory bowel disease and the risk of serious bacterial infections.
Aliment Pharmacol Ther. 2009;30, 253264

22. Targownik LE, Bernstein CN. Infectious and Malignant Complications of TNF Inhibitor
Therapy in IBD. Am J Gastroenterol. 2013; 108:1835-1842.


http://www.ncbi.nlm.nih.gov/pubmed?term=Michael%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=24832845
http://www.ncbi.nlm.nih.gov/pubmed?term=B%C3%A1lint%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24832845
http://www.ncbi.nlm.nih.gov/pubmed?term=Lov%C3%A1sz%20BD%5BAuthor%5D&cauthor=true&cauthor_uid=24832845
http://www.ncbi.nlm.nih.gov/pubmed/24832845
http://www.ncbi.nlm.nih.gov/pubmed/16937461

66

23. Kevin J. Maloy, Fiona Powrie. Intestinal homeostasis and its breakdown in inflammatory
bowel disease. Nature. 2011;474:298-306.

24. Lakatos PL, Lakatos L, Kiss LS et al. Treatment of extraintestinal manifestations in

inflammatory bowel disease. Digestion. 2012;86 Suppl 1:28-35.

25. Patil SA, Cross RK. Update in the management of extraintestinal manifestations of

inflammatory bowel disease. Curr Gastroenterol Rep. 2013;15(3):314.

26. Ott C, Scholmerich J. Extraintestinal manifestations and complications in IBD. Nat Rev
Gastroenterol Hepatol. 2013;10(10):585-95.

27. Marzano AV, Borghi A, Stadnicki A et al. Cutaneous manifestations in patients with
inflammatory bowel diseases: pathophysiology, clinical features, and therapy. Inflamm Bowel
Dis. 2014;20(1):213-27.

28. Varga M, Dumitrascu D, Piloff L, Chioreanu E. Skin manifestations in parasite infection.
Roum Arch Microbiol Immunol. 2001;60(4):359-69.

29. Shah KR, Boland CR, Patel M et al. Cutaneous manifestations of gastrointestinal disease: part
I..J Am Acad Dermatol. 2013;68(2):189.e1-21.

30. Caproni M, Bonciolini V, D'Errico A et al. Celiac disease and dermatologic manifestations:
many skin clue to unfold gluten-sensitive enteropathy..Gastroenterol Res Pract.
2012;2012:952753.

31. Rahier JF. Prevention and management of infectious complications in IBD. Dig
Dis. 2012;30(4):408-14.

32. Long MD, Martin C, Sandler RS, Kappelman MD. Increased risk of pneumonia among
patients with inflammatory bowel disease. Am J Gastroenterol. 2013;108(2):240-8.

33. Talley NJ, Abreu MT, Achkar JP ET AL. An Evidence-Based Systematic Review on Medical
Therapies for Inflammatory Bowel Disease. Am J Gastroenterol. 2011; 106:52-S25;

34.Patricia L Kozuch, Stephen B Hanauer. Treatment of inflammatory bowel disease: A review
of medical therapy. World J Gastroenterol. 2008;14(3): 354-377


http://www.ncbi.nlm.nih.gov/pubmed?term=Lakatos%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=23051724
http://www.ncbi.nlm.nih.gov/pubmed?term=Lakatos%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23051724
http://www.ncbi.nlm.nih.gov/pubmed?term=Kiss%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=23051724
http://www.ncbi.nlm.nih.gov/pubmed/23051724
http://www.ncbi.nlm.nih.gov/pubmed?term=Patil%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=23371321
http://www.ncbi.nlm.nih.gov/pubmed?term=Cross%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=23371321
http://www.ncbi.nlm.nih.gov/pubmed/23371321
http://www.ncbi.nlm.nih.gov/pubmed?term=Ott%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23835489
http://www.ncbi.nlm.nih.gov/pubmed?term=Sch%C3%B6lmerich%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23835489
http://www.ncbi.nlm.nih.gov/pubmed/23835489
http://www.ncbi.nlm.nih.gov/pubmed/23835489
http://www.ncbi.nlm.nih.gov/pubmed?term=Marzano%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=24105394
http://www.ncbi.nlm.nih.gov/pubmed?term=Borghi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24105394
http://www.ncbi.nlm.nih.gov/pubmed?term=Stadnicki%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24105394
http://www.ncbi.nlm.nih.gov/pubmed/24105394
http://www.ncbi.nlm.nih.gov/pubmed/24105394
http://www.ncbi.nlm.nih.gov/pubmed?term=Varga%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12561678
http://www.ncbi.nlm.nih.gov/pubmed?term=Dumitra%C5%9Fcu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12561678
http://www.ncbi.nlm.nih.gov/pubmed?term=Piloff%20L%5BAuthor%5D&cauthor=true&cauthor_uid=12561678
http://www.ncbi.nlm.nih.gov/pubmed?term=Chioreanu%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12561678
http://www.ncbi.nlm.nih.gov/pubmed/12561678
http://www.ncbi.nlm.nih.gov/pubmed?term=Shah%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=23317980
http://www.ncbi.nlm.nih.gov/pubmed?term=Boland%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=23317980
http://www.ncbi.nlm.nih.gov/pubmed?term=Patel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23317980
http://www.ncbi.nlm.nih.gov/pubmed/23317980
http://www.ncbi.nlm.nih.gov/pubmed?term=Caproni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22693492
http://www.ncbi.nlm.nih.gov/pubmed?term=Bonciolini%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22693492
http://www.ncbi.nlm.nih.gov/pubmed?term=D%27Errico%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22693492
http://www.ncbi.nlm.nih.gov/pubmed/22693492
http://www.ncbi.nlm.nih.gov/pubmed?term=Rahier%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=22796807
http://www.ncbi.nlm.nih.gov/pubmed/22796807
http://www.ncbi.nlm.nih.gov/pubmed/22796807
http://www.ncbi.nlm.nih.gov/pubmed?term=Long%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=23295276
http://www.ncbi.nlm.nih.gov/pubmed?term=Martin%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23295276
http://www.ncbi.nlm.nih.gov/pubmed?term=Sandler%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=23295276
http://www.ncbi.nlm.nih.gov/pubmed?term=Kappelman%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=23295276
http://www.ncbi.nlm.nih.gov/pubmed/23295276

67

35.Dignass A, Lindsay JO, Sturm A et al. Second European evidence-based consensus on
thediagnosis and management of ulcerative colitis Part 2: Current management. JCC. 2012; 6,
991-1030.

36.Dignass A, Van Assche G,Lindsay JO et al. The second European evidence-based consensus
on the diagnosis and management of Crohn's disease: Current management. JCC. 2010; 4, 28-62.

37. Katz S. The practical use of corticosteroids in the treatment of inflammatory bowel disease.
Practical Gastroenterology, 2005; 4: 14-25

38. Nunes T, Barreiro-de Acosta M, Martin-Jimenez | et al. Oral locally active steroids in
inflammatory bowel disease. Journal of Crohn's and Colitis (2013) 7, 183-191

39. Sartor RB. Pathogenesis and immune mechanisms of chronic inflammatory bowel
diseases.Am J Gastroenterol. 1997;92(12 ):5S-11S.

40. Kaur N, Chen C-C, Luther J et al. Interstinal dysbiosis in inflammatory bowel disease. Gut
Microbes. 2011; 2(4): 211-216.

41. Qin J, Li R, Raes J et al.A human gut microbial gene catalogue established by
metagenomic sequencing. Nature. 2010; 464: 59-65.

42. Hansen R, Russel RK, Reiff C etal. Microbiota of de-novo pediatric IBD: increased
Faecalibacterium prausnitzii and reduced bacterial diversity in Crohn’s but not in ulcerative
colitis. Am. J. Gastroenterol. 2012;107 1913-1922.

43. Machiels K, Joossens M, Sabino J etal. A decrease of the butyrate- producing species
Roseburia hominis and Faecalibacterium prausnitzii defines dysbiosis in patients with ulcerative
colitis. Gut 2014,63:1275-83.

44, Small CL, Reid-Yu SA., McPhee JB, Coombes BK. Persistent infection with Crohn’s
disease-associated adherent-invasive Escherichia coli leads to chronic inflammation and intestinal
fibrosis. Nat. Commun. 2013; 4, 1957.

45. Boon E, Meehan CJ, Whidden C et al. Interactions in the microbiome: communities of

organisms and communities of genes. FEMS Microbiol. Rev. 2013; 38, 90-118.

46. Chassaing B, Koren O, Carvalho FA et al. AIEC pathobiont instigates chronic colitis in
susceptible hosts by altering microbiota composition. Gut.2014;63(7):1069-1080.


http://www.ncbi.nlm.nih.gov/pubmed?term=Sartor%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=9395346
http://www.ncbi.nlm.nih.gov/pubmed/?term=9395346

68

47. Hooper LV, Littman DR, Macpherson AJ. Interactions between the microbiota and the
immune system. Science.2012; 336, 1268-1273.

48. Hold GL, Smith M, Grange C et al. Role of the gut microbiota in inflammatory bowel disease
pathogenesis: What have we learnt in the past 10 years? World J Gastroenterol. 2014; 20(5):
1192-1210.

49. Mukhopadhya I, Hansen R, El-Omar EM et al. IBD-what role do Proteobacteria play?
Nat Rev Gastroenterol Hepatol. 2012;9:219-230.

50. Lupp C, Robertson ML, Wickham ME et al. Host-mediated inflammation disrupts the
intestinal microbiota and promotes the overgrowth of Enterobacteriaceae. Cell Host Microbe.
2007; 2: 204.

51. Biedermann L, Zeitz J, Mwinyi J et al. Smoking cessation induces profound changes in the
composition of the intestinal microbiota in humans. PLoS ONE,2013; 8(3): €59260.

52. Li E. etal. Inflammatory bowel diseases phenotype, C. difficile and NOD2 genotype are
associated with shifts in  human ileum associated microbial composition. PL0S
ONE.2012;7(6):€26284

53. Machiels K, Joossens M, Sabino J et al. A decrease of the butyrate-producing species
Roseburia hominis and Faecali bacterium prausnitzii defines dysbiosis in patients with ulcerative
colitis. Gut.2013[Epub ahead of print]

54.Knights D, Lassen KG, Xavier RJ. Advances in inflammatory bowel disease pathogenesis:
linking host genetics and the microbiome.Gut. 2013 ;62(10):1505-1510.

55.Pruitt RN, Borden LD. Toward a structural understanding of Clostridium difficile toxins A and
B. Front in Cell Infect Microbiol.2012;2:28.

56.Shakir FA, Ali T, Bigham AC et al. Determination of Serum Antibodies to Clostridium
difficile Toxin B in Patients with Inflammatory Bowel Disease. Gastroenterol Hepatol.
2012;5:313-317.

57.Kazanowski M, Smolarek S, Kinnarney F et al. Clostridium difficile: epidemiology, diagnostic

and therapeutic possibilities-a systematic review. Tech Coloproctol. 2013 [Epub ahead of print]


http://www.ncbi.nlm.nih.gov/pubmed/?term=Advances+in+inflammatory+bowel+disease+pathogenesis%3A+linking+host+genetics+and+the+microbiome.
http://www.ncbi.nlm.nih.gov/pubmed?term=Kazanowski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24178946
http://www.ncbi.nlm.nih.gov/pubmed?term=Smolarek%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24178946
http://www.ncbi.nlm.nih.gov/pubmed?term=Kinnarney%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24178946
http://www.ncbi.nlm.nih.gov/pubmed/24178946

69

58.Rodemann JF, Dubberke ER, Reske KA et al. Incidence of Clostridium difficile in
Inflammatory bowel disease. Clin Gastroenterol Hepatol.2007;5:339-344

59.Bossuyt P, Verhaegen J, Van Asshe G et al. Increasing incidence of Clostridium difficile-

associated diarrhea in inflammatory bowel disease. J Crohns Colitis. 2009;3:4-7.

60.1ssa M, Vijayapal A, Graham MB et al. Impact of Clostridium difficile on inflammatory bowel
disease. Clin Gastroenterol Hepatol. 2007;5:345-351.

61.Meyer AM, Ramzan NN, Loftus EV Jr et al.The diagnostic yield of stool pathogen studies
during relapses of inflammatory bowel disease.J Clin Gastroenterol.2004;38(9):772-775.

62.Mylonaki M, Langmead L, Pantes A, et al. Enteric infection in relapse of inflammatory bowel
disease: importance of microbiological examination of stool. Eur J Gastroenterol Hepatol.
2004;16(8):775-778.

63.1rving PM, Gibson PR. Infections and IBD. Nat Rev Gastroenterolo. 2008;5: 18-27

64.Gao Q, Meijer MJW, Kubben FIGM et al. Expression of matrix metalloproteinases-2 and -9
in intestinal tissue of patients with inflammatory bowel diseases. Digestive and Liver
Disease.2005; 37:584-592

65.Annahazi A, Molnar T, Farkas K et al. Fecal MMP-9: A new noninvasive differential

diagnostic and activity marker in ulcerative colitis. Inflamm Bowel Dis. 2013;19(2):316-320.

66.Ghevariya V, Singhal S, Anand S.The skin: a mirror to the gut. Int J Colorectal Dis.
2013;28(7): 889-913.

67. Roberts T, Stark D, Harkness J, Ellis J. Update on the pathogenic potential and treatment
options for Blastocystis sp Gut Pathog. 2014; 6: 17.

68.Hotez P. The other intestinal protozoa: enteric infections caused by Blastocystis hominis,
Entamoeba coli, and Dientamoeba fragilis. Semin Pediatr Infect Dis. 2000;11: 178-181

69.Sohail MR, Fisher PR. Blastocystis hominis and travelers. Travel Med Infect Dis. 2005;3:33-
38

70.Katsarou-Katsari A, Vassalos CM, Tzanetou K et al. Acute urticaria associated with amoeboid
forms of Blastocystis hominis sp subtype 3. Acta Dermato-Venereologica.2008; 88: 80-81


http://www.ncbi.nlm.nih.gov/pubmed/15365403
http://www.ncbi.nlm.nih.gov/pubmed/15365403
http://www.ncbi.nlm.nih.gov/pubmed/15256979
http://www.ncbi.nlm.nih.gov/pubmed/15256979
http://www.ncbi.nlm.nih.gov/pubmed/22550024
http://www.ncbi.nlm.nih.gov/pubmed/22550024
http://link.springer.com/search?facet-author=%22Vishal+Ghevariya%22
http://link.springer.com/search?facet-author=%22Shashideep+Singhal%22
http://link.springer.com/search?facet-author=%22Sury+Anand%22
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roberts%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stark%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harkness%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ellis%20J%5Bauth%5D

70

71.Basak S, Rajurkar MN, Mallick SK. Detection of Blastocystis hominis: a controversial human
pathogen. Parasitol Res. 2014;113:261-265

72.Stenzel DJ, Boreham PFL. Blastocystis hominis revisited. Clin Microbiol Rev.1996; 9(4):
563-584

73.Grattan CE, Humphreys F. Guidelines for evaluation and management of urticaria in adults
and children. Br J Dermatol.2007; 157: 1116-23

74.Tan Kevin SW, Mirza Haris, Teo Joshua DW et al. Current views on the clinical Relevance of
Blastocystis spp. Curr InfectDis Rep.2010; 12(1): 28-35.

75.Karaman U, Sener S, Calik S et al. Investigation of microsporidia in patients with acute and
chronic urticaria. Microbiol Bul. 2011;45(1): 68-73

76.Georgiou G, Pasmatzi E, Monastirli A, Tsambaos D. Cutaneous manifestations of
inflammatory bowel disease. Hosp. Chron.2006; 1, 158-168

77.Larubbia JR. Efficacy of the vaccination in inflammatory bowel disease. World J
Gastroenterol, 2013; 19: 1349-1353.

78.Mamula P, Markowitz JE, Piccoli DA et al. Immune response to influenza vaccine in pediatric

patients with inflammatory bowel disease. Clin Gastroenterol Hepatol 2007; 5: 851-856

79.Lu Y, Jacobson DL, Ashworth LA et al. Immune response to influenza vaccine in children
with inflammatory bowel disease. Am J Gastroenterol, 2009; 104: 444-453

80.Andrisani G, Frasca D, Romero M et al. Immune response to influenza A/HIN1 vaccine in
inflammatory bowel disease patients treated with anti TNF-a agents: Effects of combined therapy
with immunosuppressants. JCC. 2013; 7: 301-307.

81. Baxter JD, Forsham PH. Tissue effects of glucocorticoids. Am J Med, 1972; 53: 573-589

82. Kunbacher T Folsch UR. Practical guidelines for the treatment of inflammatory bowel

disease. World Journal of Gastroenterology, 2007; 13: 1149-1155

83. Fauci AS, Dale DC. Alternate-day prednisone therapy and human lymphocyte
subpopulations. The Journal of Clinical Investigation, 1975; 55: 22-32



71

84.Holme O, Thiis-Evensen E, Vatn MH. Treatment of fulminant ulcerative colitis with
cyclosporine A. Scand J Gastroenterol. 2009; 44: 1310-1314

85.Laharie D, Bourreille A, Branche J et al. Ciclosporin versus infliximab in patients with severe
ulcerative colitis refractory to intravenous steroids: a parallel, open-label randomised controlled
trial. Lancet.2012; 380:1909-1915

86.Chang KH, Burke JP, Coffey JC. Infliximab versus cyclosporine as rescue therapy in acute
severe steroid-refractory ulcerative colitis: a systematic review and meta-analysis. Int J
Colorectal Dis. 2013; 28: 287-293

87.Azzi JR, Sayegh MH, Mallat SG. Calcineurin Inhibitors: 40 Years Later, Can't ...Live
Without. J Immunol. 2013; 191:5785-5791

88.Cheifetz A, Stern J, Garud S et al. Cyclosporine is Safe and Effective in Patients With Severe
Ulcerative Colitis. J Clin Gastroenterol. 2011; 45: 107-112

89.Kobayashi T, Naganuma M, Okamoto S et al. Rapid endoscopic improvement is important for
1-year avoidance of colectomy but not for the long-term prognosis in cyclosporine A treatment
for ulcerative colitis. J Gastroenterol. 2010; 45: 1129-1137

90.Maza A, Montaudié H, Sbidian E et al. Oral cyclosporin in psoriasis: a systematic review 0N
treatment modalities, risk of kidney toxicity and evidence for use in non-plaque psoriasis. J Eur
Acad Dermatol Venereol. 2011; 25 Suppl 2:19-27

91.Ballantyne CM, Podet EJ, Patsch WP et al. Effects of Cyclosporine Therapy on Plasma
Lipoprotein Levels. JAMA, 1989; 262: 53-56.

92. Gan SD, Patel KR. Enzyme immunoassay and enzyme- linked immunosorbent assay. J Invest
Dermatol. 2013;133e12

93. Posthuma-Trumpie GA, Korf J, van Amerongen A. Lateral flow (immuno)assay: its
strengths, weakness, opportunities and threats. A literature survey. Anal Bioanal Chem.
2009;393:569-582)

94. Garcia LS, Bruckner DA (Ed.) Parasite recovery: culture methods, animal inoculation and
xenodiagnosis. In: Diagnostic medical parasitology. 2" ed. 1993;595-617.


http://www.ncbi.nlm.nih.gov/pubmed?term=Bourreille%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23063316
http://www.ncbi.nlm.nih.gov/pubmed?term=Branche%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23063316

72

95. Lennard-Jones JE. Classification of inflammatory bowel disease. Scand J Gastroenterol 1989;
24 (suppl 170): 2-6

96. Silverberg MS, Satsangi J, Ahmad T, et al. Toward an integrated clinical, molecular and
serological classification of inflammatory bowel disease: Report of a Working Party of the 2005
Montreal World Congress of Gastroenterology. Can J Gastroenterol 2005; 19: 5-36

97. Best WR, Becktel JM, Singleton JW, Kern F Jr. Development of a Crohn’s disease activity
index: National Cooperative Crohn’s Disease Study. Gastroenterology 1976; 70: 439-44

98. Schroeder KW, Tremaine WJ, llstrup DM. Coated oral 5-aminosalicylic acid therapy for
mildly to moderately active ulcerative colitis. A randomized study. N Engl J Med 1987; 317:
1625-1629

99. Ellebedy AH, Webby RJ. Influneza vaccines. Vaccine, 2009; 27: 65-68

100. Irving PM, Gibson PR. Infections and IBD. Nat Rev Gastroenterolo. 2008;5: 18-27.

101. Kaur N, Chen C-C, Luther J, et al. Interstinal dysbiosis in inflammatory bowel disease. Gut
Microbes. 2011; 2(4): 211-216

102. Issa M, Vijayapal A, Graham MB, et al. Impact of Clostridium difficile on Inflammatory
Bowel Disease.Clin Gastroenterol Hepatol.2007;5 (3):345-351.

103. Nguyen GC, Kaplan GG, Harris ML, et al. A national survey of the prevalence and impact
of Clostridium difficile infection among hospitalized inflammatory bowel disease patients.Am J
Gastroenterol.2008 ;103(6):1443-50.

104.Sinh P, Barrett TA, Yun L. Clostridium difficile Infection and Inflammatory Bowel Disease.
Gastroenterol Res Pract. 2011; 2011: 136064. doi: 10.1155/2011/136064. (epub)

105. Salzman NH, Bevins CL. Dysbiosis-a consequence of Paneth cell dysfunction. Seminars in
Immunology.2013; 25:334-341.

106. Maloy KJ, Powrie F. Intestinal homeostasis and its breakdown in inflammatory bowel
disease. Nature.2011;474:298-306.

107. Duboc H, Rajca S, Rainteau D, et al.Connecting dysbiosis, bile-acid dysmetabolism and gut

inflammation in inflammatory bowel diseases.Gut. 2013;62(4):531-9.


http://www.cghjournal.org/article/S1542-3565(06)01326-7/abstract
http://www.cghjournal.org/article/S1542-3565(06)01326-7/abstract
http://www.cghjournal.org/article/S1542-3565(06)01326-7/abstract
http://www.cghjournal.org/issues?issue_key=S1542-3565(07)X0047-8
http://www.ncbi.nlm.nih.gov/pubmed/18513271
http://www.ncbi.nlm.nih.gov/pubmed/18513271
http://www.ncbi.nlm.nih.gov/pubmed?term=Duboc%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22993202
http://www.ncbi.nlm.nih.gov/pubmed?term=Rajca%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22993202
http://www.ncbi.nlm.nih.gov/pubmed?term=Rainteau%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22993202
http://www.ncbi.nlm.nih.gov/pubmed/22993202

73

108. Kutty PK, Woods CW, Sena AC, et al. Risk factors for and estimated incidence of
community-associated Clostridium difficile infection, North Carolina, USA.Emerg Infect
Dis.2010;16:197-204.

109.. Hirshon JM, Thompson AD, Limbago B, et al. Clostridium difficile Infection in
Outpatients, Maryland and Connecticut, USA, 2002—2007. Emerg Infect Dis.2011;17:1946—
1949.

110.Ananthakrishnan AN, Issa M, Binion DG: Clostridium difficile and inflammatory bowel
disease. Med Clin N Am 2010; 94: 135-153.

111. Kumamoto CA. Inflammation and gastrointestinal Candida colonozation.Curr Opin
Microbiol. 2011;14:386-391.

112. Ananthakrishnan AN, McGinley EL, Binion DG. Excess hospitalisation burden associated
with Clostridium difficile in patients with inflammatory bowel disease. Gut 2008 ;57(2):205-210.

113. Thomas C, Stevenson M, Riley VT. Antibiotics and hospital-aquired Clostridium difficile-
associated diarrhoea: a systematic review. J. Antimicrob. Chemother.2003; 51: 1339-1350.

114. Berg MA, Kelly PC, Farraye AF. Clostridium difficile infection in the inflammatory bowel
disease patients.Inflamm Bowel Dis. 2013; 19:194-204.

115. Dial S, Delaney JA, Barkun AN, et al. Use of gastric acid-suppressive agents and the risk of
community-acquired Clostridium difficile-associated disease.JAMA. 2005;294(23):2989-2995.

116.Dial S, Alrasadi K, Manoukian C et al. Risk of Clostridium difficile diarrhea among
hospital inpatients prescribed proton pump inhibitors: cohort and case—control studies.
CMAJ.2004 ;171(1): 33-38.

117. Lowe DO, Mamdani MM, Kopp A, et al. Proton pump inhibitors and hospitalization
for Clostridium  difficile-associated disease: a population-based study.Clin Infect Dis.
2006;43(10):1272-1276.

118. Gisbert JP, McNicholl AG. Questions and answers on the role of faecal calprotectin as a

biological marker in inflammatory bowel disease. Dig Liver Dis.2009; 41(1); 56-66.


http://www.ncbi.nlm.nih.gov/pubmed/17905821
http://www.ncbi.nlm.nih.gov/pubmed/17905821
http://www.ncbi.nlm.nih.gov/pubmed/16414946
http://www.ncbi.nlm.nih.gov/pubmed/16414946
http://www.cmaj.ca/search?author1=Sandra+Dial&sortspec=date&submit=Submit
http://www.cmaj.ca/search?author1=Khalid+Alrasadi&sortspec=date&submit=Submit
http://www.cmaj.ca/search?author1=Chantal+Manoukian&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/17051491
http://www.ncbi.nlm.nih.gov/pubmed/17051491
http://www.sciencedirect.com/science/article/pii/S1590865808001916
http://www.sciencedirect.com/science/article/pii/S1590865808001916
http://www.sciencedirect.com/science/journal/15908658
http://www.sciencedirect.com/science/journal/15908658/41/1

74

119. Costa F, Mumolo MG, Ceccarelli L, et al. Calprotectin is a stronger predictive marker of
relapse in ulcerative colitis than in Crohn’s disease. Gut. 2005;54(3):364-368.

120. Shastri YM, Bergis D, Povse N.Prospective Multicenter Study Evaluating Fecal
Calprotectin in Adult Acute Bacterial Diarrhea. Am J Med.2008; 121(12):1099-1106.

121. Splichall, Fagerhol MK, Trebichavsky |. The effect of intestinal colonization of germ-free
pigs with Escherichia coli on calprotectin levels in plasma, intestinal and bronchoalveolar
lavages. Immunobiology.2005; 209(9):681-687.

122. Naito Y, Yoshikawa T. Role of matrix metalloproteinases in inflammatory bowel disease.
Mol Aspects Med .2005;26:379-390.

123. Gao Q, Meijer MJW, Kubben FJGM, et al. Expression of matrix metalloproteinase-2 and -9

in intestinal tissue of patients with inflammatory bowel diseases. Dig Liv Dis. 2005; 37:584-592

124. Tan T.C, Suresh K.G, Smith H.V. Phenotypic genotypic characterisation of Blastocystis
hominis isolates implicates subtype 3 as a subtype with pathogenic potential. Parasitol Res.2008;
104:: 85-93

125. Dagci H, Ustun S, Taner M.S et al. Protozoon infections and intestinal permeability. Acta
Trop.2002; 81(1): 1-5.

126. Boroom K.F, Smith H, Nimri L. Oh my aching gut: irritable bowel syndrome, Blastocystis,
and asymptomatic infection. Parasites & Vectors.2008; 1.: 40.

127. Ghoshal UC, Park H, Gwee KA. Bugs and irritable bowel syndrome: the good, the bad and
the ugly. J Gastroen and Hepatol.2010; 25.: 244-251.

128. Yamamoto-Furusho JK, Torijano-Carrera E.Intestinal protozoa infections among patients
with ulcerative colitis: prevalence and impact on clinical disease course. Digestion.2010; 82: 18-
23.

129. Ustiin S, Turgay N. Blastocystis and bowel diseases. Turkiye Parazitol Derg.2006; 30(1):
72-76.

130. Tai W-P, Hu P-J, Wu J, Lin X-C. Six ulcerative colitis patients with refractory symptoms
co-infective with Blastocystis hominis in China. Parasitol Res.2011;108:1207-1210.


http://www.ncbi.nlm.nih.gov/pubmed/15710984
http://www.sciencedirect.com/science/article/pii/S0002934308007845
http://www.sciencedirect.com/science/article/pii/S0002934308007845
http://www.sciencedirect.com/science/article/pii/S0002934308007845
http://www.sciencedirect.com/science/journal/00029343
http://www.sciencedirect.com/science/article/pii/S0171298504001184
http://www.sciencedirect.com/science/article/pii/S0171298504001184
http://www.sciencedirect.com/science/article/pii/S0171298504001184
http://www.sciencedirect.com/science/journal/01712985
http://www.sciencedirect.com/science/journal/01712985/209/9

75

131. Kumarasamy V, Ruppusamy UR, Samudi C, Kumar S.Blasytocystis sp. subtype 3 triggers
higher proliferation of human colorectal cells, HCT116. Parasitol Res.2013; 112:3551-3555.

132. Scanlan PD. Blastocystis: past pitfalls and future perspectives. Trends in Parasitology.2012;
28(8): 327-334.

133. Iguchi A, Ebisu A, Nagata S et al. Infectivity if different genotypes of human Blastocystis
hominis isolates in chicken and rats. Parasitol Int.2007; 56(2):107-112.

134. Stensvold CR, Nielsen HV, Molbak K et al.Pursuing the clinical significance of
Blastocystis-diagnistic limitations. Trends in Parasitology.2008; 25(1): 23-29.

135. Alfellani MA, Stensvold CR, Vidal-Lapiedra A et al. Variable geographic distribution of
Blastocystis subtypes and its potential implications. Acta Tropica. 2013;126: 11-18.

136. Gupta R, Parsi K.Chronic urticaria due to Blaytocystis hominis. Australas J Dermatol.2006;
47:117-119.

137. Hameed DM, Hassanin OM. Association of Blastocystis hominis genetic subtypes with
urticaria. Parasitol Res.2011;108: 553-560.

138. Pasqui AL, Savini E, Saletti M et al.Chronic urticaria and Blastocystis hominis infection: a
case report. Eur Rev Med Pharmacol Sci.2004; 8(3):117-120.

139. Verma R, Delfanian K. Blastocystis hominis associated acute urticaria. Am J Med Sci.2013.

Epub ahead of print.

140. Wedi B, Raap U, Wieczorek D, Kapp A.Urticaria and infections. Allergy Asthma Clin
Immunol.2009; 5: 10.

141. Zaglool D.A.M, Khodari Y.A, Farooq M.U. Blastocystis hominis and allergic skin disease;a
single centre experience J Health Sci.2012; 2(1): 66-69.

142. Barahona Rodén L, Maguina Vargas C, Naquira Velarde C et al. Human blastocysosis:
prospective study symptomatology and associated epidemiological factors. Rev Gastroenterol
Peru.2003; 23(1): 29-35.

143. Kick G, Rueff F, Przybilla B. Palmoplantar pruritus subsiding after Blastocystis hominis
eradication. Acta Derm Venereol.2002; 82:60.



76

144. Valsecchi R, Leghissa P, Greco V. Cutaneous lesions in Blastocystis hominis infection. Acta
Derm Venereol.2004; 84:322—-323.

145. Dilek AR, Dilek N, Saral Y. The role of protozie in the ethiology of chronic urticaria.
Dermatologica Sinica.2012; 30: 90-92.

146. Jones MS, Whipps CM, Ganac RD et al. Association of Blastocystis subtype 3 and 1 with
patients from an Oregon community presenting wtih chronic gastrointestinal illness. Parasitol
Res. 2009;104:341-345.

147. Rahier JF, Moutschen M, Van Gompel A et al. Vaccinations in patients with immune

mediated inflammatory diseases. Rheumatology, 2010; 49: 1815-1827

148. Melmed GY, Ippoliti AF, Papadakis KA et al. Patients with inflammatory bowel disease are
at risk for vaccine-preventable illnesses. Am J Gastroenterol 2006; 101: 1834-1840

149. Shale M, Czub M, Kaplan GG et al. Anti-tumor necrosis factor therapy and influenza:
keeping it in perspective. Ther Adv Gastroenterol, 2010; 3: 173-177

150. deBruyn JCC, Hilsden R, Fonseca K et al. Immunogenicity and safety of influenza

vaccination in children with inflammatory bowel disease. Inflamm Bowel Dis 2012; 18: 25-33

151. Gelinck LBS, van der Bijl AE, Beyer WEP et al. The effect of anti-tumour necrosis factor a
treatment on the antibody response to influenza vaccination. Ann Rheum Dis, 2008; 67: 713-716

152. Wu J, Liu SZ, Dong SS et al. Safety and immunogenicity of adjuvanted inactivated split-
virion and whole-virion influenza A (H5N1) vaccines in children: A phase I-1l randomized trial.
Vaccine, 2010; 28: 6221-6227

153. Andrews NJ, Walker WT, Finn A et al. Predictors of immune response and reactogenicity to
ASO03B-adjuvanted split virion and non-adjuvanted whole virion HIN1 (2009) pandemic
influenza vaccines. Vaccine, 2011, 29: 7913-7919

154. Ershler WB, Coe CL, Gravenstein S et al. IV. The correlation of in vitro and in vivo
antibody response to influenza vaccine in rhesus monkeys. Clin. Exp. Immunol, 1988; 73: 355-
359



77

155. Ershler WB, Moore AL, Socinski MA. Specific antibody synthesis in vitro. 11l. Correlation
of in vivo and in vitro antibody response to influenza immunization in young and old subjects. J
Clin Lab Immunol, 1985; 16: 63-67

156. Stucker F, Ackermann D. Immunosuppressive drugs - how they work, their side effects and
interactionsTher Umsch. 2011;68(12):679-86

157. Psenak O, Studnicka-Benke A, Greil R. Safety of immunosuppressants.Z Rheumatol. 2012
;71(5):420-9.

158. Hanauer SB, Baert F. Medical therapy of inflammatory bowel disease. Med Clin North Am.
1994; 78: 1413-1426

159. Thiesen A, Thomson AB. Review article: older systemic and newer topical

glucocorticosteroids and the gastrointestinal tract. Aliment Pharmacol Ther 1996; 10:487-496

160. Bello C, Goldstein F, Thornton JJ. Alternate-day prednisone treatment and treatment
maintenance in Crohn's disease. Am J Gastroenterol, 1991; 86: 460-466

161. Yang YX, Lichtenstein GR. Corticosteroids in Crohn’s Disease. Am J Gastroenterol 2002;
97: 803—- 823

162. Blomberg, B, Jarnerot, G. Clinical evaluation and management of acute severe colitis.
Inflamm Bowel Dis 2000; 6: 214-227

163. Bossa F, Fiorella S, Caruso N et al. Continuous infusion versus bolus administration of
steroids in severe attacks of ulcerative colitis;: A Randomized, Double-Blind Trial. Am J
Gastroenterol 2007; 102: 601-608

164. Nesbitt LT Jr. Minimizing complications from systemic glucocorticosteroid use. Dermatol
Clin 1995; 13: 925-939

165. Fromm H. Consequence of reduced absorption: Stone and bone disease. In: Scholmeric J,
Kruis W, Goebell H, et al, eds. Inflammatory bowel disease. Pathophysiology as a basis of
treatment. Falk Symposium 67. Dordrecht, The Netherlands, Kluwer, 1993: 231-239


http://www.ncbi.nlm.nih.gov/pubmed?term=Ershler%20WB%5BAuthor%5D&cauthor=true&cauthor_uid=3989855
http://www.ncbi.nlm.nih.gov/pubmed?term=Moore%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=3989855
http://www.ncbi.nlm.nih.gov/pubmed?term=Socinski%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=3989855
http://www.ncbi.nlm.nih.gov/pubmed/3989855
http://www.ncbi.nlm.nih.gov/pubmed/3989855
http://www.ncbi.nlm.nih.gov/pubmed?term=Stucker%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22139982
http://www.ncbi.nlm.nih.gov/pubmed?term=Ackermann%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22139982
http://www.ncbi.nlm.nih.gov/pubmed/22139982
http://www.ncbi.nlm.nih.gov/pubmed?term=Psenak%20O%5BAuthor%5D&cauthor=true&cauthor_uid=22772888
http://www.ncbi.nlm.nih.gov/pubmed?term=Studnicka-Benke%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22772888
http://www.ncbi.nlm.nih.gov/pubmed?term=Greil%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22772888
http://www.ncbi.nlm.nih.gov/pubmed

78

166. Weinstein RS, Jilka RL, Parfitt AM, Manolagas SC. Inhibition of osteoblastogenesis and
promotion of apoptosis of osteoblasts and osteocytes by glucocorticoids. Potential mechanisms of
their deleterious effects on bone. J Clin Invest 1998; 102: 274-282

167. Conn HO, Poynard T. Corticosteroids and peptic ulcer: Metaanalysis of adverse events
during steroid therapy. J Intern Med 1994, 236: 619632

168. Rimsza ME. Complications of corticosteroid therapy. Am J Dis Child. 1978; 132: 806-810

169. Capristo E. Body composition and metabolic features in Crohn’s disease: an update. European

Review for Medical and Pharmacological Sciences, 1998; 3-4: 111-113

170.Hiibner S, Tuckermann J. Molecular mechanisms of the glucocorticoid receptor

in steroid therapy - lessons from transgenic mice. Biomol Concepts. 2012;3(3):241-53.

171. Cohen RD et al. A comparison of the quality of life in patients with severe ulcerative colitis
after total colectomy versus medical treatment with intravenous cyclosporin. Inflamm Bowel Dis
1999; 5: 1-10

172. Siew C Ng, Kamm MA. Therapeutic Strategies for the management of ulcerative colitis.
Inflamm Bowel Dis. 2009; 15: 935-950

173. Gomollén F, Garcia-Lopez S, Sicilia B et al. The GETECCU clinical guideline for the
treatment of ulcerative colitis: A guideline created using GRADE methodology. Gastroenterol

Hepatol. Article in press

174. Lichtiger S. et al. Cyclosporine in severe ulcerative colitis refractory to steroid therapy. N
EngliMed. 1994; 30: 1841-1845

175. Van Assche G et al. Randomized, Double-Blind Comparison of 4 mg/kg Versus 2 mg/kg
Intravenous Cyclosporine in Severe Ulcerative Colitis. Gastroenterology 2003; 125: 1025-1031

176. Weber A et al. Treatment of Ulcerative Colitis Refractory to Steroid Therapy by Oral
Microemulsion Cyclosporine (Neoral).Inflamm Bowel Dis 2006; 12: 1131-1135

177. Kuster et al. Relation of Cyclosporine Blood Levels to Adverse Effects on
Lipoproteins.Transplantation. 1994; 57: 1479-1483


http://www.ncbi.nlm.nih.gov/pubmed/25436536

79

178. Reed RM et al. Impact of lung transplantation on serum lipids in COPD. Respir Med. 2011;
105: 1961-1968

179.Ragheb A et al. Attenuated Combined Action of Cyclosporine A and Hyperlipidemia on
Atherogenesis in Rabbits by Thymoquinone. Evid Based Complement Alternat Med. 2011

180. Spinelli GA et al. Lipid Profile Changes During the First Year After Kidney
Transplantation: Risk Factrors and Influence of the Immunosuppressive Drug Regimen.
Transplant Proc. 2011; 43: 3730-3737

181. Azer SA, Stacey NH. Differential effects of cyclosporin A on the transport of bile acids by
human hepatocytes. Biochem Pharmacol 1993; 45: 813-819

182.Hulzebos VC et al. Cyclosporine A-Induced Reduction of Bile Salt Synthesis Associated
With Increased Plasma Lipids in Children After Liver Transplantation. Liver Transpl. 2004; 10:
872-880

183. Wang J et al. Cyclosporine stimulated the renal epithel sodium channel by elevating
cholesterol.Am J Physiol Renal Physiol, 2009; 296: 284-290

184. Zheng X.L, Wong N.CW. Cyclosporin A inhibits apolipoprotein Al gene expression. J Mol
Endocrinol. 2006; 37: 367373

185. Ingelsson E et al. Utility of Different Lipid Measuresfor Prediction of Coronary Heart
Disease in Men and Women. JAMA.. 2007.298(7). (Reprinted)

186. Suk HY et al. Ablation of Calcineurin AP} Reveals Hyperlipidemia and Signaling Crosstalks
with Phosphodiesterases.J Biol Chem. 2012 [Epub ahead of print]

187. Charco R.R, Cantarell C, Vargas V, et al. Serum cholesterol changes in long-term survivors
of liver transplantation:A comparison between cyclosporine and tacrolimus therapy.Liver
Transpl Surg. 1999; 5: 204-208


http://www.ncbi.nlm.nih.gov/pubmed/?term=Attenuated+Combined+Action+of+Cyclosporine+A+and+Hyperlipidemia+on+Atherogenesis+in+Rabbits+by+Thymoquinone

80

12. ADNEXES

Annex I.



81

Parasitol Res (2014) 113:1585-1590
DOI 10.1007/500436-014-3805-0

ORIGINAL PAPER

Do not forget the stool examination!—cutaneous
and gastrointestinal manifestations of Blastocystis sp. infection

Anita Bilint - Ilona Décz - Laszl6 Bereczki « Rolland Gyulai -

Moénika Sziics - Klaudia Farkas « Edit Urban - Ferenc Nagy -

Zoltan Szepes - Tibor Wittmann - Tamas Molnar

Received: 11 December 2013 / Accepted: 28 January 2014 /Published online: 20 February 2014

© Springer-Verlag Berlin Heidelberg 2014

Abstract Blastocystis sp. is one of the most common para-
sites in the human intestinal tract. This infection commonly is
accompanied by diarrhoea and abdominal pain, but extrain-
testinal symptoms, such as skin lesions, may also accompany
the disease. In this study, our aim was to assess the frequency,
clinical symptoms and skin manifestations of confirmed pos-
itive Blastocystis sp. infections. Data of 80 patients with
confirmed positive Blastocystis sp. infections were assessed
retrospectively. The average age of the patients was 46.3 years
of age (with a range between 13 and 85 years of age). The
number of female patients was higher than the number of
males (48 vs. 32; 60 vs. 40 %). Gastrointestinal and dermato-
logical symptoms and the results of routine biochemical and
haematological blood tests of enrolled patients were collected
and analyzed. The skin manifestations were analyzed using
the data available (including descriptions, photos and histolo-
gies). We discovered that 11.25 % of our enrolled patients
exhibited skin manifestations associated to Blastocystis sp.,
mainly on the females. The occurrence of Blastocystis sp. was
6 % in symptomatic patients who required medical attendance
in the time period between 2005 and 2013. Of the 80 patients,
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73.75 % indicated that they had gastrointestinal symptoms:
40 patients complained of abdominal pain and 17 with
blood in their stool, while other symptoms, such as meteorism
(15 subjects), weigh loss (8 subjects), perianal pain or itching
(6 subjects), passing stool with mucus (5 subjects), vomiting
(2 subjects) and fever (2 subjects) were less frequent. The
prevalence of abdominal pain in the cohort without skin
lesions was higher compared to those patients with skin prob-
lems (»p=0.007). The mean value of C-reactive protein showed
elevated levels, but eosinophils were within a normal range. In
addition, we did not find significant difference in eosinophilia
between patients with vs. without skin manifestations. Thus,
we suggest that cosinophilia is not an obligatory laboratory
finding in protozoon infections, such as Blastocystis sp. In the
light of our results, we suggest a stool parasite examination for
patients with skin lesions of unknown origin.

Introduction

Many gastrointestinal diseases are accompanied by cutaneous
manifestations, and some skin disorders also may result in
lesions in the intestine. Inflammatory bowel diseases of un-
known origin, gluten-sensitive enteropathy, polyposis syn-
dromes and gastrointestinal malignancies are bowel diseases
which are often accompanied by special extraintestinal cuta-
neous manifestations (Ghevariya et al. 2013). However, a
much more typical clinical scenario is a patient who has
non-specific gastrointestinal symptoms and recurrent
non-specific skin abnormalities. In this case, food aller-
gy and small intestinal bacterial overgrowth are the most
common causes, but testing first for a Helicobacter pylori
infection is also a common practice, although a microbiolog-
ical stool examination should be one of the first diagnostic
procedures in these cases.

£) Springer
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Blastocystis sp. is a protozoan genus with mitochondria-
like organelles and at least one nucleus. It is an anaerobic
microorganism; therefore, the mitochondria-like organelles
presumably do not function in oxidative phosphorylation
(Hotez 2000). This unicellular, obligate anaerobic protozoon,
which resides mostly in the colon and the caecum, is one of
the most common parasites in the human intestinal tract, and
colonization has also been observed in many vertebrates.
Incidence of Blastocystis sp. is varying worldwide. In healthy
adults, the prevalence has been reported to be between 30 and
50 % in developing countries and between 1.5 and 10 % in
developed countries (Sohail and Fisher 2005). Blastocystis sp.
infection commonly causes diarrhoea and abdominal pain, but
extraintestinal symptoms, such as skin lesions, may also ac-
company this condition (Katsarou-Katsari et al. 2008). The
symptoms are usually non-specific, and along with other
symptoms, flatulence, nausea, vomiting and bloating may
manifest as a result of this infection. Depending on the sever-
ity of the infection, everything from mild chronic diarrhoea to
acute gastroenteritis may occur. Jones et al. reported fatigue,
skin rash and diarrhoea as the most frequent symptoms of
Blastocystis infection and suggested connection between
Blastocystis sp. and chronic gastrointestinal illness (Jones
et al. 2009). On the other hand, it is not absolutely clear
whether Blastocystis sp. is a commensal microorganism,
harmless and only a cause of infection under special circum-
stances or a true pathogen (Basak et al. 2014; Stenzel and
Boreham 1996). Several studies reported skin manifestations,
particularly urticaria, connected to this protozoon (Grattan and
Humphreys 2007; Tan Kevin et al. 2010). Blastocystis sp. and
Giardia intestinalis (Karaman et al. 2011) are supposed to be
the two most culpable protozoa on the basis of studies of the
parasitological actiology of urticaria. Since the symptoms of
many of our patients at the Ist Department of Medicine
support a link between chronic skin disorders and a
Blastocystis sp. infection, it was decided that an analysis of
the clinical data gathered regarding this parasitic infection
would be advisable.

patients’ symptoms and complaints. Physicians requested
stool examinations based on their assessment of the patients’
clinical characteristics.

We subsequently assessed the frequency of Blastocystis sp.
in 1,471 patients at the 1st Department of Medicine with
adult gastroenterology profiles who needed a stool protozoon
examination. In addition, data of 80 patients at the Ist
Department of Medicine with confirmed positive Blastocystis
sp. infections were assessed retrospectively. Every patient of
our cohort complained about different gastrointestinal symp-
toms, such as diarrhoea, abdominal pain, bloody stool and
meteorism. The results of routine biochemical and haemato-
logical blood tests of positive cases, as well as the results of
any relevant examinations performed during dermatological
evaluations were collected from the clinical database. Detailed
data of visits to the Gastroenterology and Dermatology
Department were also assessed. Clinical characteristics
of the patients are detailed in Table 1. The examinations
of the stool samples were performed at Department of Clinical
Microbiology between January 2005 and May 2013.

The laboratorial diagnosis of Blastocystis sp. colonization
was based on microscopic detection of trophozoites and/or
cyst forms. All stool samples sent to the laboratory for routine
detection of protozoa were examined directly using wet
mounts both unstained and stained with Lugol’s iodine solu-
tion (Garcia and Bruckner 1993a). This parasite has two main
forms: various types of trophozoites and the cyst. Trophozoites
generally can be found in diarrhoeal fluid. Vacuolar forms are
the most common, varying in size on a scale between 6 and
40 um. They are spherical and characterized by a large central
body, which occupies approximately 90 % of the cell. Nuclei
are located at the margin of the cell (Garcia and Bruckner
1993b; Leber and Novak-Weekly 2011). A culture of the
organism from the stool was also performed in cases of mi-
croscopically negative direct smears. It was carried out using
Boeck-Drbohlav-Locke-egg-serum medium (Garcia and

Table 1 Clinical characteristics of patients

In this study, our aim was to retrospectively assess the
attributes of patients with a confirmed positive Blastocystis
sp. infection who came to our clinics at the University of
Szeged between 2005 and 2013, primarily to examine the
occurrence of clinical gastrointestinal symptoms and skin
manifestations.

Patients and methods

The first part of our study determined the frequency of occur-
rence of a positive Blastocystis sp. infection among patients
treated at the University of Szeged clinics between 2005 and
2013. A routine microscopic parasitological examination was
performed on stool samples from 3,255 patients based on the

4 springer

Number of patients 80
Gender (male/female) 32/48
Age at Blastocystis sp. infection (years) 13-85 (mean: 46.3)

The most frequent symptoms in enrolled patients:  Number of cases:

Abdominal pain 40
Blood in stool 17
Meteorism 15
Weight loss 8

Perianal symptoms
Mucus in stool
Vomitus

Fever

0 NN D

Skin manifestations
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Bruckner 1993c¢). The duration of the incubation was 48 h at
37 °C. After this time, a representative sample was taken on the
border of liquid and solid phases and examined under a light
microscope at x400 magnification.

Symptoms, laboratory findings (elevated C-reactive pro-
tein level (CRP), increased number of eosinophils, leucocytes
and lymphocytes, etc.) and accompanying chronic diseases
(lactose intolerance, inflaimmatory bowel diseases, gastro-
esophageal reflux disease, etc.) were statistically compared
between patients with vs. without skin manifestations.
Categorical data was analyzed using Fischer’s exact test
or one-sided Fischer’s exact test. Continuous data was
analyzed using Student’s ¢ test and Mann-Whitney U
test. P<0.05 was considered statistically significant. For the
statistical analysis, SPSS15.0 (SPSS Inc, Chicago, IL, USA)
was used.

Results

Four thousand five hundred sixty-seven faccal samples from
3,255 patients from the clinics at the University of Szeged
were analyzed at the Department of Clinical Microbiology,
Szeged, Hungary, between January 01, 2005 and May 01,
2013. Blastocystis sp. infection was discovered in 275 of
4,567 faecal samples (196 of 3,255 patients)—the occurrence
of Blastocystis sp. infection was 6 % in the symptomatic
patients who required medical attendance in that period.

Eighty of 1,471 patients tested positive for Blastocystis sp.
at our clinic during this 8-year period, representing 5.4 % of all
stool samples sent during that time from our clinic to be
examined for the presence of protozoa. Nine out of 80 people
had accompanying skin manifestations. We did not find a
statistically significant difference regarding age and gender
between individuals with vs. without skin manifestations
(»=0.73 and p=0.34, respectively).

Of the 80 patients, 73.75 % indicated that they had gastro-
intestinal symptoms: 40 patients complained of abdominal
pain and 17 with blood in their stool, while other symptoms,
such as meteorism (15 subjects), weight loss (8 subjects),
perianal pain or itching (6 subjects), passing stool with mucus
(5 subjects), vomiting (2 subjects) and fever (2 subjects) were
less frequent. The prevalence of abdominal pain in the cohort
without skin lesions was higher compared to those patients
with skin problems (p=0.007). Full blood count, including
thrombocytes, leucocytes (eosinophils, basophils, neutrophils,
etc.), was within a normal range, except for CRP, which
showed elevated levels (at a mean value of 13.89 mg/l in a
range between 1 and 89.9 mg/l) at admission.

Significant differences were revealed between patients with
and without skin manifestations regarding laboratory findings,
namely the value of CRP (p=0.038), leucocytes (p=0.024),
neutrophil granulocytes and its percentage ratio (p=0.007,

p=0.012), thrombocytes (p=0.002) and red blood cell
distribution width (RDW; p=0.025) were significantly higher
in patients with skin manifestations. The value of lymphocytes
(»=0.011) and monocytes (p=0.023, p=0.011) and their per-
centage ratios were higher in subjects without skin lesions.
Interestingly, we did not find a significant difference in eosin-
ophil counts.

Of the faecal specimens, 41.1 % contained few Blastocystis
sp. cells, 5.5 % of specimens contained a moderate amount
and 53.4 % contained a high number of the parasites. In
18.75 % of the cases, other microorganisms were also present
besides Blastocystis sp., such as Campylobacter jejuni,
Campylobacter lari and Clostridium difficile; among the fungi
such as Candida albicans, Candida glabrata and Geotrichum
candidum; as well as other parasites such as Entamoeba
histolytica and Entamoeba coli (Table 2). Seven of those 15
patients had great number of Blastocystis sp. cells in stool
samples, and six individuals had low numbers of this form;
therefore, the number of Blastocystis sp. cells in co-infections
did not make a difference. However, every subject had symp-
toms that improved after antimicrobial therapy. Only one
patient with gastrointestinal co-infection (C. glabrata) had
skin symptoms.

The diagnosed accompanying conditions (e.g. gastro-
esophageal reflux disease, weight loss and hepatomegaly) of
a Blastocystis sp. infection are summarized in Fig. 1. Weight
loss, lactose intolerance and GERD were significantly more
common in patients with skin lesions vs. without skin mani-
festations (p=0.04, p=0.04, p=0.02, respectively). Seven pa-
tients were treated with antibiotics previously due to other
infections (prostatitis, pharyngitis, etc.) No association was
found between previous antibiotic use and the occurrence of
skin lesions.

Skin manifestations occurred in nine patients, predomi-
nantly with females (seven out of nine patients). Those were
urticariform—itching, tiny rashes 1-2 mm in diameter—in

Table 2 Microorganisms detected in the same stool samples together
with Blastocystis sp.

Microorganism in stool Number of cases

Campylobacter jejuni

Candida albicans

Clostridium difficile A and/or B toxin(s)
Campylobacter lari

Non-toxin-producing Clostridium difficile
Candida glabrata

Geotrichum candidum

Entamoeba coli

— e - N A G3

Entamoeba histolytica and Clostridium difficile
A and/or B toxin(s)
Entamoeba histolytica with Geotrichum candidum

4) springer
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Fig. 1 Common conditions
associated with Blastocystis sp.
positivity in our patients

five patients and reddish-brown infiltrated papules, sometimes
with hyperaemic and irregular borders, in three subjects
(Figs. 2, 3, 4). In one patient, a nutritive allergy was found
by a dermatologist.

Eight patients with cutaneous symptoms received metroni-
dazole, although three needed an additional antimicrobial
agent due to co-infection (e.g. Borrelia burgdorferi,
Mycoplasma pneumoniae and Escherichia coli infections.)
One patient had doxycycline therapy. With regard to
gastrointestinal symptoms and skin manifestations, all
patients became asymptomatic after antimicrobial treatment.

Forty of the patients had persistent gastrointestinal symp-
toms, both with and without skin lesions, justifying the
initiation of antimicrobial therapy. We used metronida-
zole in 92.5 % of the cases, but 10 patients needed
combined therapy or a switched antimicrobial therapy using
mainly rifaximin or sulphametoxazole and trimethoprim
due to synchronous infections and the ineffectiveness of
metronidazole.

Fig. 2 Extensive papulopustular skin lesions. Eosinophil cellulitis were
confirmed by histopathologic examination

) Springer

Coeliakia Colon polyp _cholecystolithiasis
3% 3%

Colon Hiatus

tumor hernia

6%

Lactose
tolerance
6%

Discussion

Blastocystis sp. is a common intestinal parasite world-
wide. The prevalence is higher in developing countries
and is usually connected to poor standards of hygiene,
exposure to animals and the consumption of contami-
nated food or water (Tan et al. 2008). The occurrences
of Blastocystis sp. infections spanning the time period
relevant to this study were an overall 6 % in patients
treated at the clinics at the University of Szeged and 5.4 %
among patients examined in our clinic and whose data was
used in this study.

Half of our patients with confirmed Blastocystis sp. infec-
tions also experienced abdominal pain. In addition, common
gastrointestinal complaints included blood visible on the sur-
face of facces (28.8 %) and meteorism (25.4 %). In this
retrospective analysis, we found that 11.25 % of our enrolled
patients with Blastocystis sp. also had skin manifestations,
mainly female patients.

Fig. 3 Numerous 5-10-mm diameter-sized, sporadically confluent,
itching, urticariform-papular skin lesion on back and gluteal region
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Fig. 4 Several centimeters diameter-sized erythematic, itching skin
plaque on right side of the forchead

Despite Blastocystis sp. coming into question as a possible
causative microorganism of some intestinal illnesses, its path-
ogenicity and clinical significance have not yet been con-
firmed. This parasite often causes atypical gastrointestinal
symptoms. Some studies reference Blastocystis sp. as a po-
tential pathogen (Dagci etal. 2002), but the role the protozoon
in the development of certain intestinal disorders is not fully
understood. However, data are available about Blastocystis sp.
supporting a connection with irritable bowel syndrome (IBS)
and inflammatory bowel disease (IBD) (Boroom et al. 2008;
Ghoshal etal. 2010; Yamamoto-Furusho and Torijano-Carrera
2010; Ustiin and Turgay 2006). In the study of Tai et al.,
Blastocystis infection has been confirmed in 12.2 % of relaps-
ing ulcerative colitis patients (Tai et al. 2011). Moreover, a
recently published study suggests that Blastocystis sp. subtype
3 can trigger the proliferation of human colorectal cancer cells
(Kumarasamy et al. 2013). On the other hand, this parasite is
also common in healthy individuals, suggesting that it can be a
component of normal intestinal microbiota (Scanlan 2012).
Molecular characterization from symptomatic and asymp-
tomatic carriers should help reveal the clinical implica-
tions of this microorganism (Iguchi et al. 2007; Stensvold
et al. 2008). Distribution of the nine subtypes of Blastocystis
sp. found in humans seems to be dependent on geographic
locations. Subtype 3 is the most widespread in every
continent except the USA, where subtype 1 is the most
common (Alfellani et al. 2013). We did not assess the
subtypes of Blastocystis sp. because during the time period
from that data was used, it was not part of routine
microbiological examinations; furthermore, it currently
has no significance in patient management and therapy.
However, the relevance of the subtypes is deemed worthy of
further study.

Extraintestinal manifestations of Blastocystis sp. infection,
such as urticaria and other skin lesions, and the role the
infection may have in these manifestations have already been
described in various publications (Gupta and Parsi 2006;
Hameed and Hassanin 2011; Pasqui et al. 2004; Verma and
Delfanian 2013; Wedi et al. 2009). In a recent study (Zaglool
et al. 2012), 13.7 % of the patients with allergic skin

symptoms were infected by Blastocystis sp.; furthermore, no
other allergic agent was found to offer explanation why urti-
caria was manifested. The significance of Blastocystis sp. as
background cause of urticaria was indicated in prospective
research from Peru, which revealed a connection between
symptomatology and Blastocystis sp. positivity; the symp-
toms in question were urticaria, abdominal pain and
meteorism (Barahona Rodén et al. 2003). Also, supporting
the connection was the gradual disappearance of dermatolog-
ical symptoms after treatment and eradication of Blastocystis
(Kick et al. 2002; Valsecchi etal. 2004). It has been suggested
that cutaneous lesions are immune-mediated, but the mecha-
nism is not completely clear (Dilek et al. 2012)).

In our study, 11.25 % of patients manifested skin symp-
toms, predominantly the female patients (seven females vs.
two males). Disorders were mainly urticariform and
dermatitis-like lesions. There was no significant difference
observed depending on the amount of protozoa in the samples;
therefore, just a few Blastocystis sp. cells were enough to
induce a cutaneous manifestation. Skin symptoms improved
after specific antimicrobial treatment.

Several variations of signs and symptoms were associated
with Blastocystis sp. infection in our cohort, ranging from
non-specific intestinal symptoms to cutancous disorders. No
specific laboratory parameter was discovered that would be
indicative of parasite infection; however, elevated CRP and
white blood count were shown in Blastocystis sp.-associated
skin manifestations. Interestingly, we did not find elevated
cosinophil count in the whole cohort, regardless of
whether or not the patients had accompanying skin mani-
festations. Thus, we can state that cosinophilia is not an
obligatory laboratory finding in protozoon infections, such
as Blastocystis, with or without skin lesions. In 18.75 % of
our patients, another intestinal microorganism was discovered
parallel to Blastocystis sp., e.g. C. jejuni, C. lari, C. albicans,
C. glabrata, Cl. difficile and E. histolytica. On the other hand,
skin lesions only manifested with one of them, and symptoms
improved after specific antimicrobial therapy. Therefore,
the causative agent of the skin lesions was presumably
the Blastocystis sp. In addition, 40 % of the enrolled
individuals also suffered from additional underlying
chronic intestinal abnormalities, such as colon tumours,
IBD, IBS, coeliac disease, lactose intolerance or diver-
ticulosis. Considering the great number of patients with
the abovementioned diseases, the vulnerability of the intes-
tine is suggested to be a risk factor for a Blastocystis sp.
infection.

In light of our results, we suggest that in cases of non-
specific gastrointestinal symptoms (with or without extrain-
testinal manifestations) or in cases of skin disorders of un-
known origin, we should consider protozoan infections—in-
cluding Blastocystis sp. infection—and perform a stool exam-
ination to screen for parasites.
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Abstract

Objective. Influenza vaccination is recommended for inflammatory bowel disease (IBD) patients on immunosuppressive
therapy. The objective was to evaluate the antibody and cell-mediated immune response to the split and whole virion influenza
vaccine in patients with IBD treated with anti-TNF-o and immunosuppressive therapy. Patients and methods.One hundred
and fifty-six immunocompromised IBD patients were vaccinated. Fifty-three patients (control group) refused vaccination.
Split virion vaccine and whole virion vaccine were used. Serum samples were obtained for pre- and postimmunization antibody
titers to influenza vaccine (A/California/7/2009 [HIN1], A/Victoria/361/2011 [H3N2], B/Wisconsin/1/2010-like B/Hubei-
Wujiagang/158/2009). Cell-mediated response was evaluated using an interferon (INF)-y, interleukine (IL)-2 and tumor
necrosis factor (TNF)-o. ELISA. Results. Postimmunization titers of both influenza subtypes increased significantly after the
administration of split virion vaccines compared to the controls and to those who received whole virion vaccine. The antibody
titers of Influenza B also increased significantly in patients immunized with split vaccine and treated with anti-TNF-o. therapy.
After influenza vaccination, the level of serum IL-2 significantly decreased. No serious side effects developed occurred after
influenza vaccination, and the influenza-like symptoms did not differ significantly between vaccinated versus control patients.
The relapse of the disease was observed in only 10% of the patients and was more common in vaccinated than in control
subjects. Conclusion. Split virion vaccines seem to be more effective than whole virion vaccines. Measuring the antibody
responses is worthwhile in patients treated with immunosuppressants to determine the efficacy of influenza vaccination.
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Introduction

Patients with inflammatory bowel diseases (IBD —
Crohn’s disease [CD], ulcerative colitis [UC]) on
immunosuppressive therapy are at increased risk for
infectious diseases, some of which can be prevented
with immunization. Influenza is one of the most
common vaccine-preventable illnesses in adults
and, according to the latest statement of the European
Crohn’s and Colitis Organisation [1] on the preven-
tion of opportunistic infections in IBD, influenza
vaccination is recommended for all patients with
IBD on immunomodulators evidence level 2 (EL2),
recommendation graded B (RG B).

The rising use of combined immunosuppressive and
biological therapy both in CD and UC may potentially
increase the risk of life-threatening infections, thus
highlighting the importance of vaccinations. Although
several guidelines exist for the vaccination of patients
with IBD, it still seems to be underused, and the results
of the studies on the immune response after vaccina-
tion are also conflicting [2].

One of the studies conducted in pediatric IBD
patients [3] revealed that children receiving both inflix-
imab and immunomodulators had a lower response to
two influenza vaccine antigens (A/New Caledonia/20/
99 and B/Hong Kong/330/2001) when compared with
healthy controls. The prospective study of Lu et al.
revealed a high prevalence of seroprotection in
children and young adults with IBD, particularly
against A strains [4]. They did not detect a difference
between non-immunosuppressed and immunosup-
pressed patients. However, in adults, the types of
immunosuppressive and biological therapies seem to
influence the immune response to vaccinations [5].
Additionally, the majority of the studies aims to assess
only the rate of seroprotection and do not consider the
importance ofthe frequency of infections in vaccinated
versus non-vaccinated patients.

The primary objectives of this study were to assess
the antibody response to the seasonal influenza
vaccine in patients with IBD treated with ant-
TNF-o alone or combined with immunosuppressive
therapy and to compare them with patients receiving
non-immunosuppressive therapy. The secondary goal
was to compare the antibody response and the safety
of whole virion and split influenza vaccines. The last
objective was to determine the cellular immune
response to the influenza vaccinations and to evaluate
the effects of the vaccines on IBD clinical activity.
Last but not least, this study also aimed to evaluate
the acceptance of the vaccination in our patients and
to assess the frequency of influenza infection in
vaccinated versus non-vaccinated patients.
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Patients and methods

Study population and study design

We conducted a multicenter, prospective cohort study
between September 2012 and May 2013 at four Hun-
garian IBD centers. Patients with IBD were recruited
during outpatient visits at the centers. Inclusion criteria
included an age >18 years, diagnosis of IBD stable for
more than 3 months, no signs ofactivity (biological and
clinical) and not requiring any treatment modification
for the disease at inclusion. Patients with active IBD
were excluded. At inclusion, influenza vaccination was
offered to every patient attending the involved centers.
Patients were randomized to two groups on the basis of
the acceptance of the vaccination. Patients refusing the
vaccination served as control subjects. Patients and
control subjects were followed up for 4 months to
determine the clinical actvity and the frequency of
influenza infections. Clinical data included age at
diagnosis, disease duration, gender, IBD phenotype
according to the Montreal classification [6], types of
concomitant therapies, and types and dosages ofimmu-
nomodulator and biological therapy. Immunizaton
history for the previous 5 years was also obtained.
Patients who received vaccination were divided into
two further groups: patients treated with aminosaly-
cilates without immunosuppressive therapy and
patients treated with immunomodulator and/or bio-
logical therapy for at least 3 months before the vac-
cination. Control subjects had received maintenance
therapy with immunomodulator and/or biological
therapy for at least 3 months before the vaccination.
The type of vaccine (whole virion or split virion
vaccine) was randomly selected. Validated clinical
activity indices — Crohn’s disease activity index
(CDAI) [7] and Partial Mayo Score (pMayo score)
[8] were used for CD and UC to assess disease
activity. The patients were scored and blood samples
were also taken before and after the vaccination. The
patients were contacted by phone every week for
16 weeks. During the phone calls, data from each
patient were collected using a standardized question-
naire. The patients were asked about any change in
clinical activity and the development of local and
systemic adverse reactions. Ethical approvals for the
study had been obtained from the Scientific and
Research Ethics Committee of Hungary. Written
informed consent was obtained from each subject.

Vaccines

Two non-live vaccines directed against the seasonal
influenza virus A/California/7/2009 (H1N1), A/Victo-
ria/361/2011 (H3N2), B/Wisconsin/1/2010-like B/
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Hubei-Wujiagang/158/2009 were used in the study.
Inactivated, split virion vaccine (IDFIu9) and
inactivated, whole virion vaccine (Fluval AB) were
administrated depending on a random selection.
The experimental use of the whole virion vaccine,
which is the firstinactivated vaccine formulation, dates
back to the 1940s. Split virion is derived by disrupting
whole virus particles with detergents and is thus less
immunogenic than whole virion vaccines [9]. Whole
virion vaccine was administered intramuscularly; split
virion vaccine was administered intradermally.

Serological evaluation, measurement of cellular immune
response to vaccination and evaluation of leukocyte and
lymphocyte levels

Serum was collected at baseline (pre-vaccination) and
5-6 weeks after vaccination and it was stored at —20°C
until use. From the collected serum samples, anti-
influenza A virus IgG enzyme-linked immunosorbent
assay (ELISA — Euroimmun, Germany), containing
the “Texas” (H3N2), “Singapore” (HINI1) and
“California” (H1N1) strains of influenza A virus as
antigens, was performed according to the man-
ufacturer’s recommendation. The results were evalu-
ated quantitatively using calibration curve. From the
above-mentioned serum specimens, anti-influenza B
virus IgG ELISA (Euroimmun, Germany) was also
set up. In this case, the antigen source was the
“Hongkong 5/72” strain of Influenza B virus. The
results were also interpreted quantitatively.

We compared the antibody titers of influenza A
and B subtypes between vaccinated and control
patients, between vaccinated patients receiving immu-
nosuppressive (thiopurine, biological therapy) and
non-immunosuppressive therapy (aminosalycilates),
between vaccinated and control patients receiving
immunosuppressive maintenance therapy and
between patients vaccinated with whole virion and split
virion vaccine receiving immunosuppressive therapy.

We assessed cell-mediated immune response after
vaccination and also compared it between patients
treated with and without immunosuppressants. The
cell-mediated response to influenza A and B vaccines
was evaluated using an interferon (INF)-v, interleu-
kine (IL)-2 and tumor necrosis factor (TNF)-o
ELISA. Human TNF-0, IFN-y and IL-2 ELISA
kits were obtained from Life Technologies (Hungary).
Serum was also obtained to assess leukocyte and
lymphocyte levels quantitatively.

Stauistical analysis

Data were analyzed using SPSS version 21 software
(SPSS, Chicago, IL). p <0.05 was considered

significant. Categorical data were analyzed using
Pearson’s chi-square test and Fisher’s exact test. The
effects of the vaccinaton on the antibody and cell-
mediated immune response were examined with mul-
tivariate analysis of variance (MANOVA) models with
time as repeated measures (within-subject) factor and
the types of the vaccines, the immunosuppressive status,
the vaccinated status, the different therapies and the
development of side effects and influenza-like symp-
toms as between-subject factors. Pairwise comparisons
were performed on estimated marginal means by con-
sidering the presence orabsence ofinteraction; p-Values
were corrected with the Holm-Sidak method.

Results

Patient characteristics

Two hundred and nine IBD patients (127 with CD,
82 with UC) were eligible and enrolled in the study.
One hundred and fifty-six patients received influenza
vaccination, whereas 53 patients (control group)
refused the vaccine — the acceptance rate of vaccina-
tion was 66.3%. Whole virion vaccine was given to 57;
split virion vaccine was given to 99 patients. The mean
age of the vaccinated patients was 27.9 years; 84 were
women and 72 were men. In the control group, the
mean age was 30.7 years; 29 were women and 24 were
men. Out of the 156 vaccinated patients, 98 had CD
and 58 had UC. Median disease duration was 9 years
for CD (interquartile range [IQR] 5-13) and 9 years
for UC (IQR 4-15.8). Of the control subjects, 29 had
CD and 24 had UC. Median disease duration was
7 years for both CD (IQR 5-14) and UC (IQR 4.5-
12).

Of'the 156 vaccinated patients, 115 received immu-
nosuppressive therapy. The non-immunosuppressive
group of vaccinated subjects was composed of 41
patients. Out of the 53 control subjects, 32 received
immunosuppressive therapy. Twenty-one patients
were free of immunosuppressive therapy. Of the
patients, 8.3% were regularly vaccinated against sea-
sonal influenza virus. Thirty-nine patients (21.5%)
had received the last vaccination within 1 year,
25 patients (13.8%) within 3 years and 3 patients
(1.7%) within 5 years. Of the patients, 63% had
received the last vaccination more than 5 years earlier.
Demographic and clinical characteristics, disease
activity at the time of the vaccination and treatment
types are summarized in Table I.

Anuibody titers for Influenza A and B subtypes

The values of pre-immunization antibody levels of
influenza A and B titers varied between 33.8-
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Table I. Demographic, clinical characteristics, disease activities and treatment types of patients enrolled in the study.

All patients Fluval AB vaccinated IDFIu9 vaccinated Controls
(n = 209) (n=57) (n = 99) (n=53)

Gender

Male 96 30 42 24

Female 113 27 57 29
Mean age at diagnosis (years) 28.6 27.2 28.3 30.7
Median disease duration (years) 9 9 9 7
Crohn’s disease 127 46 52 29
Ulcerative colitis 82 11 47 24
Age of diagnosis

Al 22 4 11 7

A2 158 47 74 37

A3 29 6 14 9
Disease location

L1 25 10 10 5

12 46 14 20

L3 54 21 22

14 2 1 0
Disease behavior

B1 41 14 19 8

B2 24 9 12 3

B3 62 23 21 18
Extent of UC

E1 21 3 11 7

E2 28 5 16 7

E3 33 3 20 10
Therapy

Aminosalycilates 21 5 6 10

Thiopurines 27 7 14 6

Anti-TNF-o 26 10 12 4

Combined thiopurines and anti-TNF-o. 62 20 20 22
Mean CDAIL 1203 108.4 133.2 137.5
Mean pMayo score 1.8 17 1.6 2.1

341.3 RU/ml and 45.8-248.7 RU/ml, respectively —
every patient had pre-existing protective levels of
antibody to the influenza viruses. The antibody values
of the post-immunization levels of influenza A and B
titers varied between 43.9-301.5 RU/ml and 58.2-
216.9 RU/ml. The post-immunization antibody titers
of Influenza A and B subtypes significantly increased in
patients immunized with split virion vaccines (mean
increase in antibody levels was 13.8 RU/ml for Influ-
enza Aand 17.4 RU/ml for Influenza B), compared with
control subjects (mean increase in antibody levels was
9.4 RU/ml for Influenza A and 7.3 RU/ml for Influenza
B) (p=0.045 for Influenza A and p=0.03 for Influenza
B). Although a trend of increase in the post-
immunization titers was also observed in control
patients, it was not significant.

The antibody titers of Influenza A and B signifi-
cantly increased after the administration of split virion
vaccine compared with whole virion vaccines (p =
0.03 for Influenza A and p <0.001 for Influenza B).
The post-immunization antibody titers of Influenza B
also increased significantly after administrating split
versus whole virion vaccine in patients treated with

antd-TNF-o (p = 0.002). However, the study was not
powered to directly compare the changes in the
post-immunization antibody titers in vaccinated and
control patients treated with thiopurines and ant-
TNF-o. alone or in combination.

Cellular immune response to influenza vaccination

Leukocyte and lymphocyte levels varied between
2.78-17.6 g/l and 0.38-20.9 g/l before and between
2.41-20.54 g/l and 7.9-43.8 g/l after the vaccination.
Leukocyte and lymphocyte levels did not differ sig-
nificantly after vaccination. The level of INF-y varied
between 9.9 and 39.1 pg/ml before and between
11.7 and 39.1 pg/ml after vaccination. IL-2 levels
varied between 14.7 and 152.6 pg/ml before and
between 13.8 and 152.3 pg/ml after the vaccination.
The levels of TNF-0. varied as: 11.6-360.4 pg/ml
before and 8.5-216.9 pg/ml after the administration
of the vaccine. Neither TNF-0. nor INF-y levels
changed significantly after influenza vaccination;
however, a significant decrease was observed in the
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level of IL-2 after vaccination with split versus whole
virion vaccine (p = 0.004).

Effect of vaccination on IBD activity

During the 4-month follow-up period, 1 of the control
subjects and 21 of the vaccinated patients (8 CD,
13 UC) developed a flare up with an increased diar-
rhea or bloody stool. The mean CDALI at the flare up
was 273, the mean pMayo score was 4. This was
observed with both types of the vaccine; however, out
of the 21 patients with flare up, 15 received IDFIu9
split virion vaccine. The flare up was developed a
mean of 6 weeks after the vaccination. These 21
patients were followed up for four additional months.
Absence of flare was observed in 3 weeks. Disease
activity resolved spontaneously in 11 patients, two
patients needed corticosteroids, five antibiotics.
Three patients remitted after the subsequent biolog-
ical therapy.

Side effects and development of influenza-like symptoms

Twenty-six patients developed local reaction (pain,
redness, warmth, swelling) after vaccination, 32 had
systemic symptoms (shivering, subfebrility, fever,
fatigue, malaise, headache, muscle pain) during the
first week. The most common local reaction after any
type of vaccine was redness at the injection site,
reported by 11%. The local reactions disappeared
within 48 h in every case. The most common systemic
reactions were common cold and sore throat in

Table II. Local and systemic side effects after the influenza
vaccination.

Effect

Fluval AB (n =57) IDFlu9 (n = 99)

Local reaction

Any reaction, n (%) 2 (3.5) 24 (24.2)
Pain, n (%) 1(1.8) 11 (11.1)
Redness, 7 (%) 1(1.8) 16 (16.2)
Swelling, n (%) 1 (1.8) 14 (14.1)
Itching, n (%) 6 (6.1)
Systemic reaction

Any reaction, n (%) 28 (59.1) 70 (70.7)
Shivering, n (%) 0 3 (3.0
Fever 238°C, n (%) 0 16 (16.2)
Unusual fatigue, n (%) 1(1.8) 2 (2.0)
Malaise, n (%) 2 (3.5) 13 (13.1)
Headache, n (%) 4 (7.0) 18 (18.1)
Muscle pain, n (%) 5 (8.8) 11 (11.1)
Arthralgia, n (%) 1(1.8) 7 (7.0)
Sore throat, n (%) 15 (26.3) 30 (30.3)
Common cold, # (%) 15 (26.3) 47 (47.5)
Sneeze, n (%) 12 (21.1) 22 (22.2)
Coughing, n (%) 6 (10.5) 21 (21.2)
Subfebrility, 7 (%) 10 (17.5) 8 (8.0)
Vertigo, n (%) 0 4 (4.0)

39.7 and 28.8% of the patients. Systemic reactions
resolved within a week.

Upper respiratory tract infection like symptoms
occurred more frequently within the first week in
vaccinated versus control patients (31.4% vs. 9.4%;
p = 0.002). During the further follow-up, no differ-
ence was found between the two groups. Influenza-
like symptoms occurred in seven of the vaccinated and
one of the control patients in the first 4 weeks, and six
of the vaccinated and three of the controls between
weeks 5 and 16. These influenza-like symptoms were
developed by 12 CD and 5 UC patients, and all but
one of them was on immunosuppressive therapy in
both the vaccinated and the control groups. Local and
systemic reactions were more common in patients
vaccinated with IDFlu9 split virion vaccine versus
Fluval AB (p <0.001). The local and systemic side
effects developed after the influenza vaccination are
summarized in Table II.

Discussion

In this prospective, multicenter study conducted
between September 2012 and May 2013, 156 IBD
patients — the majority treated with combined immu-
nosuppressive and biological therapy — received vac-
cination against influenza virus A/California/7/
2009 (HIN1), A/Victoria/361/2011 (H3N2), B/Wis-
consin/1/2010-like  B/Hubei-Wujiagang/158/2009.
The study revealed that two thirds of the patents
agreed to influenza vaccination. Split virion vaccine
was administered to almost twice as many patients as
whole virion vaccine in this study. Split virion vac-
cines proved to be more effective in the vaccination
procedure: post-immunization titers of both subtypes
increased significantly after the administration of split
virion vaccines compared with the controls and with
those patients vaccinated with whole virion vaccines.
The antibody titers of Influenza B also increased
significantly in patients immunized with split virion
vaccine and treated with anti-TNF-o therapy. The
high number of cases with pre-existing antibody levels
can be explained with previous vaccinations and prior
influenza infections, although cross-protection
against influenza virus strains could also be present.
Influenza vaccination did not have any effect on the
level of TNF-o and INF-y; however, a significant
decrease was observed in the level of IL-2 after vac-
cination. Although no serious side effects were devel-
oped after influenza vaccination, influenza-like
symptoms in the first weeks after immunization
occurred more frequently in patients receiving split
virion vaccine. Influenza-like symptoms did not differ
significantly between vaccinated versus control
patients (8.3% vs. 7.5%). A relapse of the disease
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was observed in only 10% of the patients and was
more common in vaccinated than in control subjects.

Vaccination is a conventional strategy for the pro-
phylaxis of vaccine-preventable infections, especially
in patients suffering from immune-mediated diseases
[10]. Our multicenter survey revealed that most of the
patients are willing to be vaccinated against the sea-
sonal influenza virus if it is recommended and admin-
istered by the gastroenterologist, although promoting
prevention and prophylaxis seemed to be underuti-
lized in the previous years. In a survey done in IBD
patients, only 28% of the patients reported yearly
influenza vaccination [11]. Possible explanations for
under-vaccination of IBD patients are unawareness of
the increased infection risk and concerns about the
safety and efficacy of the vaccination. In our study,
every patient was recommended to be vaccinated and,
after detailed consultations, two-thirds of them
accepted vaccination, which indicates that informing
and assuring the patients may increase the willingness
to take the vaccination. Patients on immunosuppres-
sion or biological therapy are supposed to be at
increased risk of influenza [12], and thus, annual
influenza vaccination is recommended for all patients
with IBD on immunomodulators (EL2, RG B) [1]. It
is well-known that the majority of the studies exam-
ining the efficacy of influenza vaccination in IBD
patients have been carried out in children. Mamula
et al. [3] observed a reduced seroconversion rate and
geometric mean titer after influenza vaccination in
IBD patients receiving immunotherapy compared
with healthy controls. Another study found that vac-
cination responses were similar among children with
IBD, regardless of immunosuppressive status [4].
These studies revealed that vaccination against influ-
enza in children with IBD is well tolerated and
induces immune response, although anti-TNF ther-
apy may selectively impair response to specific ser-
otypes. deBruyn et al. also found that children with
IBD were less likely to mount an immunogenic
response for influenza B compared with controls
[13]. According to our results, the post-immunization
antibody titers of both Influenza A and B subtypes
were increased in patients vaccinated with split virion
vaccines versus control subjects, although the study
was not powered to detect differences between the
different immunosuppressive maintenance therapies.

Some studies observed an impaired immune
response after influenza vaccination in patients trea-
ted with anti-TNF agents. However, response rates to
influenza vaccination in patients treated with immu-
nomodulators and biologicals are somewhat conflict-
ing. Andrisani et al. revealed that seroprotective titers
in the patients were comparable to healthy controls.
Seroconvertion rate was lower in IBD patients than in
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healthy controls either on anti-TNF-0. monotherapy
or combined with immunosuppressants [5]. In a
study conducted on patients with rheumatoid arthritis
and CD, postvaccination geometric mean antibody
titers against influenza (A/H3N2 and B) were signif-
icantly lower in patients treated with anti-TNF (inflix-
imab, adalimumab or etanercept) compared with
patients not receiving anti-ITNF therapy and the
healthy controls [14]. Our results revealed that the
increase in post-immunization titers of only Influenza
B subtype was not influenced by anti-TNF-o
therapy — although only in case of the administration
of split virion vaccines.

The results about the immune response to split
virion vaccine versus whole virion vaccine also seem
to be controversial. A study evaluating both split
virion and whole virion H5N1 vaccine formulations
in children revealed that the whole virion vaccine may
be immunogenically better than the split virion vac-
cine, confirming the previous findings in adults [15].
However, in another study, AS03B-adjuvanted split
virion or a non-adjuvanted whole virion HIN1 (2009)
vaccine was used in 943 children and both vaccines
proved to be safe and immunogenic [16]. In Hungary,
whole virion vaccines are supported by the Hungarian
National Health Fund (OEP), and thus these are used
routinely in the clinical practice. However, in this
study, we had the opportunity to assess the efficacy
of the less immunogenic split virion vaccines. Our
results demonstrated significantly higher post-
immunization antibody levels in case of split virion
vaccines. The frequency of the side effects was higher
in case of split vaccines; however, it is important to
note that no severe adverse reactions occurred. The
rate of influenza-like infections was quite low during
the follow-up period and did not differ significantly in
vaccinated versus control subjects. Influenza-like
symptoms were more likely to develop in patients
with immunosuppressive therapy in both vaccinated
and control patients.

Immunotherapy is known to predominantly impair
cellular immunity, leaving the humoral immune
response more or less intact [10]. In our study, we
examined whether influenza vaccination has an effect
on the cell-mediated immune response by measuring
the pre- and post-immunization levels of INF-y,
I1-2 and TNF-o. Interestingly, only the level of
IL-2 decreased significantly after vaccination. The
study by Holvast et al. assessed cell-mediated
responses to influenza vaccination in patients with
systemic lupus erythematosus (SLE). They found that
the frequencies of CD4" T cells producing TNF and
IL-2 were lower in patients after vaccination com-
pared with healthy control subjects. They also found
that this diminished cell-mediated response may
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reflect the effects of concomitant use of immunosup-
pressive drugs [17]. The study of Long et al. also
found a diminished humoral and cell-mediated
immune response to monovalent 2009 pandemic
influenza A (HIN1/2009) and seasonal trivalent influ-
enza vaccines in subjects with SLE but not with sickle
cell disease or asthma, presumably due to the different
immunocompromised status of these children [18].

Antibody response is an integral component of
normal immunity. Successful humoral immunity
depends on cellular interactions, and it is not unusual
to observe deficient antibody responses in immuno-
logically compromised hosts. Age and concomitant
therapy may also influence immune response after
influenza vaccine — thus that it is very difficult to assess
whether in wizro immunity corresponds to in vivo
immunity. In a study from the 80s [19], 14 monkeys
received a trivalent influenza vaccine and antibody
response was determined based on a change in plasma
antibody content before and after the vaccine. In vitro
anti-influenza antibody synthesis was found to corre-
late well with the iz vivo response. Ershler et al. also
measured the antibody response in young and elderly
volunteers after in vivo and in vitro immunization with
trivalent influenza vaccine. After i vivo immuniza-
tion, plasma antibody levels and i wvitro synthesis
capabilities significantly increased in the young sub-
jects. The capacity for in vitro immunization was also
greater in the young, but the difference did not reach
statistical significance and there was no correlation
with in vitro immunization potential and the response
after in vivo vaccination [20].

The authors are aware of some limitations of this
study. First, we did not examine the effect of the
influenza vaccination received in the previous year on
the antibody responses to the current influenza vac-
cination; then again, only a minority of the patients
had been vaccinated within a year. Second, the divi-
sion of the whole virion and split virion vaccines was
unequal. Third, the proportion of patients on the basis
of the type of maintenance therapy was not high
enough to statistically differentiate between the altera-
tions of antibody responses after the vaccinations.
Lastly, we did not analyze the correlation between
cell-mediated responses and antibody responses to
influenza vaccination, although these results presum-
ably do not have importance in the clinical practice in
accordance with the vaccination strategies.

It is not in queston whether inactivated influenza
vaccination is recommended yearly for patients with
IBD. Despite the initial results, a number of studies
have shown that immunosuppressive and anti-TNF
therapy are safe and effective in regard to the response
to annual trivalent inactivated influenza vaccination.
In this cohort, split vaccines seemed to be more

effective than whole virion vaccines, and split vaccines
also resulted in an increase in post-immunization
titers of Influenza B subtype besides anti-TNF-o
therapy. Larger and more detailed studies are needed
to compare the efficacy of these vaccinations and to
examine the antibody and cell-mediated response in
immunocompromised patients. In conclusion, our
results suggest that IBD patients on immunosuppres-
sive therapy are recommended to be immunized with
split virion vaccines and that measuring the antibody
responses is worthwhile in patients treated with
immunosuppressants to determine the efficacy of
influenza vaccination.
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Results: In Group |, BMI increased, total body bone density decreased significantly at the end of
the steroid therapy. Body fat percent showed a tendency to be higher at the end of steroid
therapy in Group I. Cholesterol level increased significantly in Group | patients. The decrease in
serum cortisol level was more remarkable in Group | vs. Group Il after steroid therapy. Less
side-effect occurred in Group Il vs. Group I.

Discussion: Our results suggest that bolus tapering of corticosteroids may have more favorable
short term outcome than conventional tapering that may revolutionize steroid therapy in IBD.
2014 European Crohn's and Colitis Organisation. Published by Elsevier B.V. All rights reserved.

1. Introduction

Corticosteroids still have an important role in the manage-
ment of acute episodes of inflammatory bowel disease
(IBD-Crohn's disease [CD], ulcerative colitis [UC]). Parenter-
al corticosteroids are usually the first treatment of choice
for hospitalized patients with severe UC and CD." However,
use of steroids is associated with some well-known potential
harmful side-effects; therefore oral steroids are recom-
mended to be gradually tapered off and discontinued after
12 weeks in case of appropriate response to the parenteral
therapy. Corticosteroid therapy is known to contribute to
changes in body composition with the alteration of protein
synthesis and degradation in skeletal muscle, resulting in
decreased muscle mass and reduced fat-free mass. Steroids
also lead to a reduction in the total body bone mineral
density (BMD).? Therefore total body composition analysis is
a useful method for quantification of multiple whole body
and regional components, including bone mineral, fat, and
lean soft tissue in patients treated with steroids. It gives a
direct measurement of the percent body fat, muscle and
bone (in grams) for the entire body and sub regions like the
arm, leg, and trunk.

The optimal dose response for parenteral steroids in the
treatment of severe attacks has not been clarified yet;
dosages of methylprednisolone 40-60 mg or 1 mg/kg per
day orally are the most frequently used regimen'3 for
flare up. Furthermore, no randomized trials have studied
and even no guidelines have been developed by the
European Crohn's and Colitis Organisation on taper sched-
ules. After the induction of remission, methylprednisolone
is usually tapered 8-16 mg weekly until a daily dose of
32 mg is reached followed by a tapering of 4 mg/week.
Tapering steroid regimen is most frequently carried out by
administrating the drug daily, although alternate-day
steroid management (given every other day) has also
been a widely employed and effective mode of therapy for
ages associating with fewer unpleasant side effects.” The
efficacy of “bolus-administered” corticosteroids when
weekly dose of steroid regimen is given on special days
has not been previously examined in patients with IBD. The
effect of a “short-term” 12-week course of corticosteroids
on the metabolic processes and bone formation has not
been well studied too; although these are some of the most
important side effects should be considered.

The aim of the present pilot study was to compare the
efficacy, the frequency of side effects and the changes in
bone and lipid metabolism in IBD patients using bolus or
conventional tapering of methylprednisolone for 12 weeks.

2. Patients and methods
2.1. Study design and patients

This single-center, prospective, randomized trial was carried
out from November 2011 to February 2013 on consecutive
patients with acute exacerbation of IBD and not being on
steroid therapy admitted to our clinic. Diagnosis was based on
the Lennard-Jones criteria.> Crohn's disease phenotype was
determined according to the Montreal classification.® Clinical
activities were determined by Crohn's Disease Activity Index
(CDAI)” in CD and by partial Mayo score® in UC. Twenty
patients were enrolled in the study. The median CDAI and
partial Mayo score were 184 and 6 in CD and UC at the time of
the enrolment. None of the patients received oral corticoste-
roid at the time or at least 6 months before the enrolment. On
admission a complete blood chemistry including erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), serum
glucose, electrolytes, liver and renal function, cholesterol,
triglycerides, blood count, serum cortisol, calcium, dehydro-
epiandrosterone (DHEA), thyroid stimulating hormone (TSH),
parathyroid hormone (PTH), (3-crosslaps and osteocalcin levels
were performed before starting steroid therapy. The mean
value of CRP, ESR, leukocytes and thrombocytes before
steroid therapy were 16 mg/l, 21.5 mm/h, 8.828 G/l and
322 G/I. Flexible colonoscopy or sigmoidoscopy with biop-
sies was carried out only in patient with relevance to
therapy, however, it was not essential for inclusion into the
trial. Thus, 3 CD and 13 UC patients underwent colonoscopy
at inclusion. DXA total body composition analysis was also
performed at the beginning of the study to determine the
fat and fat-free component of the body.

Patients eligible for iv. steroid therapy received methyl-
prednisolone dosage 1 mg/kg for 5 days. After iv. therapy,
patients were prospectively randomized in two groups. In
“conventional” group (Group |) methylprednisolone was
given daily while in "bolus-administered” group (Group Il)
weekly dose of steroids was given on special days of the week.
64 mg/day methylprednisolone dose at the first week in Group
| was equal to 150 mg/day given in the first 3 daysin Group II.
Finally, both groups received the same methylprednisolone
dose and it was tapered by 4 mg per week in both groups. The
two different types of methylprednisolone dosages are
detailed in Table 1. Follow-up appointments were done
every two weeks. These visits involved the assessment of
the clinical activities by the determination of CDAI and
pMayo scores. Patients were asked about side effects, the
body mass index was determined and the waist and hip
circumferences were also measured. Laboratory assessment
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Table 1 Methylprednisolone dosages in the conventional
and the bolus administration groups.

Week/day 1 203 4 5 6 7

Conventional administration
1 64 64 64 64 64 64 64 448

Total dose

2 48 48 48 48 48 48 48 336
3 32 32 32 32 32 32 32 224
4 28 28 28 28 28 28 28 196
5 24 24 24 24 24 24 24 168
6 20 20 20 20 20 20 20 140
7 16 16 16 16 16 16 16 112
8 12 12 12 12 12 12 12 84
9 8 8 8 8 8 8 8 56
10 4 4 4 4 4 4 4 28
1 2 2 2 2 2 2 2 14
12 0 0 0 0 0 0 O 0
Bolus administration
1 150 0 150 0 150 0O O 450
2 112 0 112 0 112 0 0 336
3 75 0 75 0 75 0 0 225
4 98 0 98 0 0 0 0 1%
5 84 0 84 0 0 0 0 168
6 720 0 70 O 0 0 0 140
7 12 0 0 0 0 0 0 112
8 84 0 0 0 0 0 0 84
9 56 0 0 0 0 0 0 56
10 28 0 0o 0 0 0 0 28
1 12 0 0 0 0 0 0 12
12 0 0 0 0 0 0 O 0

(including inflammatory parameters, electrolytes, glucose
level, liver and renal function, and blood count) was carried
out every four weeks. Detailed laboratory parameters
(DHEA, TSH, PTH, serum cortisol, serum [3-crosslaps and
osteocalcin levels) and DXA for total body composition
analysis were performed at week 0 and week 12. Clinical
remission was defined as a CDAI of <150 points and a Mayo
score of <2 points. The study was approved by the Regional
and Institutional Human Medical Biological Research Ethics
Committee of the University of Szeged (Number: 74/2011).

2.2. End points

The primary end point of the study was the comparison of
the efficacy of the conventional and the bolus-administered
corticosteroid therapy and also the assessment of their
effects on the adrenal glands hormone secretion and on the
lipid and bone metabolisms. Secondary end points were the
frequency of steroid-related side effects in the two groups.

2.3. Statistical analysis

Student's t-test was employed to compare continuous
variables. Multivariate analysis with stepwise logistic re-
gression by SPSS software was performed to investigate the
parameters with a possible influence on clinical outcome,
such as age, gender, location of disease, duration of disease,

concomitant immunosuppressive therapy. The differences
between the two groups were performed by mixed effects
ANOVA model for repeated measures. The results were
corrected using a Bonferroni-Holm method for multiple
testing. A p value less than 0.05 was considered statistically
significant.

3. Results
3.1. Patient characteristics, clinical response

During the study period, 20 patients with IBD (5 with CD, 15
with UC) were enrolled. At day 5, all but one patient
achieved clinical remission. One patient proved to be
refractory to intravenous steroid and needed rescue
therapy therefore she was excluded because of treatment
failure. Methylprednisolone was tapered weekly and
stopped at week 12 in these 19 patients who could complete
the study. The clinical characteristics of the participated
19 patients are presented in Table 2. Ten patients had
already been diagnosed with IBD, while the remaining 9
patients were at disease onset. Although the male/female
ratio was higher in Group Il, baseline clinical characteristics
of patients did not differ significantly between the two
treatment groups. CDAl and pMayo score showed decreasing
pattern in both groups during the steroid therapy. CDAI and
pMayo score decreased to a median value of 21 and 0
(median CDAI 35, median partial Mayo score 0 in Group | and
12 and 0 in Group Il) at the end of the steroid therapy.
Median CDAI and pMayo scores during the “conventional”
and the "bolus” methylprednisolone treatment periods are
indicated in Table 3. The mean values of CRP, ESR,
leukocytes and thrombocytes after steroid therapy were
7.4 mg/l,9.7 mm/h, 7.935 G/l and 238 G/l. The effects of
bolus therapy on the clinical and laboratory parameters of
disease activity did not differ from the conventional
administration. The patients in both groups had not
relapsed at the discontinuation of steroid therapy.

Table 2 Clinical characteristics of the enrolled patients.

Group | Group Il
(n=9) (n=10)
Mean age at the diagnosis (years) 34.3 30.3
Mean disease duration (years) 5.2 6.2
CDh/uC 3/6 3/7
Female/male 4/5 2/8
Location/extension
— lleal 1 2
— Colonic 2 1
— lleocolonic - -
— Extensive colitis 3 5
— Left-sided colitis 3 2
— Proctitis - -
Concomitant therapy
— 5-ASA 4 6
— Budesonide 0 2
— Azathioprine 3 4
— Metronidazole 2 1
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Table 3 Median CDAI and pMayo scores during the
“conventional” and the “bolus” methylprednisolone treat-
ment periods.

Weeks Group | Group Il
Median Median Median Median
CDAI pMayo CDAI pMayo

0 204 6.2 164 5.1

2 184 5 152 4

4 146 3.4 126 2

6 86 1 90 0

8 72 0 64 0

10 68 0 48 0

12 35 0 12 0

3.2. Changes in adrenal glands hormone secretion,
in the lipid and bone metabolism after methylpred-
nisolone therapy

In Group |, BMI increased significantly at the end of the
steroid therapy (p = 0.008). In Group I, no difference was
observed in BMI before and after the steroid therapy. Total
body composition analysis showed significant decrease in
bone density in Group | (p = 0.032). Body fat percent showed
a tendency to be higher at the end of steroid therapy in
Group |, although the difference was not significant.

Considering the laboratory parameters, serum cholesterol
level increased significantly in Group | patients after steroid
therapy (p = 0.028). The decrease in serum cortisol level was
more remarkable in Group | vs. Group |l after steroid therapy
(p =0.02 and p = 0.055). Fig. 1 summarizes the significant
changes in the examined parameters.

No changes were detected in the waist and hip circumfer-
ence, T and Z scores, electrolytes, liver and renal function,

BMI
25,0 |
245 [
~
£ 240 ﬁ—éi oy
5 235 == Group ||
230 /
225
22,0 T
0 05 1 15 2 25
Time
Cortisol
600
500 =
% 455 \- == Group|
g 300 ¢  ~=—Groupll
200
100
0 - v T
0 05 1 15 2 2,5
Time
Figure 1

serum glucose, serum calcium, triglyceride, DHEA, TSH, PTH
and p3-crosslaps before and after the steroid therapy neither in
Group |, nor in Group II.

3.3. Steroid-related side effects

The most common side effects occurring during the
therapy were the Cushingoid appearance, development
of acne, fatigue, gastrointestinal complaints. Side effects
were presentedin 5/9 (55.6%) vs. 4/10 (40%) of the patient
in Groups | and Il. Cushingoid appearance did not occur in
Group Il. The side effects are summarized in Table 4.

4, Discussion

This prospective study revealed that "bolus-administered”
corticosteroid therapy was as effective as the conventional
administration of the drug, but had less harmful effects on
bone and lipid metabolims and was associated with fewer
side effects than the previous one. Significant increase in
BMI and serum cholesterol level and decrease in body density
were shown when methylprednisolone was tapered conven-
tionally, compared to the bolus administration of the drug.
Body fat percent also showed a tendency to be higher at the
end of steroid therapy in patients using the conventional
tapering regimens. Cushingoid appearance also occurred
only in patients on conventional administration.

For the past 30 years, corticosteroids have been the
mainstay of therapy in patients with moderate to severe
active IBD.? Intravenous therapy generally produces rapid
improvement of symptoms. Once improvement has been
achieved, corticosteroids should be tapered gradually per
week until the drug is discontinued. The mean goal of IBD
therapy is to decrease the steroid-related side-effects and
to minimize steroid dependency with the development of
new series of anti-inflammatory glucocorticoids with
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Significant changes in the examined parameters after 12-week methylprednisolone therapy in Groups | and II.
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Table 4 Side effects developed in patients in Groups | and
I

Patients Side effects
Group |
Patient 1 Cushingoid appearance
Patient 2 Cushingoid appearance
Patient 3 Acnes
Patient 4 Acnes
Arthralgia
Patient 5 Cushingoid appearance
Arthralgia
Fatigue
Nausea
Stomatitis
Group Il
Patient 1 Acnes
Patient 2 Acnes
Patient 3 Arthralgia
Patient 4 Fatigue
Hypertension

enhanced topical potency and less systemic activity such as
budesonide or beclamethasone.® Less attention is paid to
the dosing of steroids, although it seems to be also
important.

Although there are no trials between different steroid-
tapering regimens, the goal in the daily practice is to get
patients off corticosteroids within 12 weeks and maintain
disease remission. Alternatively, alternate-day corticosteroid
therapy can also be used in patients with refractory Crohn's
disease — even for longer time."" However, some available
evidence suggested that the manner of corticosteroid tapering
probably did not change the long term outcome in IBD.?
Use of "bolus-administered” steroids is a novel possibility
to optimize the therapy. Bolus administration is actually
an untested manner that has been anecdotally recognized
to be more effective than the conventional use of steroid
therapy. Multiple doses of steroids were previously shown
to cause more adverse effects than a single dose.™ In a
single-center, double-blind trial performed by Bossa et
al., patients with a severe attack of UC were scheduled to
receive equal iv. doses of methylprednisolone, randomly
given as either a bolus injection administered twice daily
or continuous infusion.™ Methylprednisolone given as a
continuous infusion was no better than bolus administration in
terms of efficacy and safety. The aim of bolus steroid therapy
is to get quicker and stronger anti-inflammatory effect. Giving
a higher dose of methylprednisolone, an immediate profound
anti-inflammatory effect is supposed to be achieved with
lower toxicities and no prolonged suppressive effect on the
hypothalamic—pituitary axis.

Our results did not show any significant difference
according to the disease outcome between the two
administration types at the end of the therapy and at follow
up times for any of the clinical or laboratory parameters
measured, confirming the same efficacy of bolus therapy as
in case of conventional administration.

The widespread use of corticosteroids has been associ-
ated with an increased incidence of a variety of adverse
effects involving the musculoskeletal, the endocrine, the
metabolic system, the neuropsychiatric wellbeing, the Gl
system, the skin, the eyes, the infectious risk, the
cardiovascular and the hematological system.'? Dosage
and duration of therapy are some of the most important
factors influencing the development of the toxic effects of
corticosteroids. Although no data is available on the
harmful effects of short term corticosteroid therapy on
lipid and bone metabolism, our results revealed that
short-term use of steroids increases BMI and body fat
percent and decrease bone density. Common adverse
effects of short term therapy include moon face, mood
changes, insomnia, Gl intolerance, weakness, fluid retention,
weight gain, increased appetite, increased infections, amen-
orrhea, elevated blood glucose, slow wound healing, striae,
and acneiform rash. Alternate-day steroid therapy may
decrease hypothalamic—pituitary-adrenal axis suppression
and therefore the development of certain side effects.’
However, in this study, the most common side effects
occurred more frequently in patients with conventional vs.
bolus-administration steroid therapy.

Osteoporosis is present in 30-45% of patients with CD,
and its rate is somewhat lower in patients with UC.'5:1®
Osteopenia is likely related to the chronic inflammatory
process itself, and furthermore triggered by steroid use.
Steroid related osteoporosis is multifactorial; decreased
calcium absorption, development of secondary hyperpara-
thyroidism, stimulating osteoclast activity, and decrease
osteoblast production are only some of the potential
etiological factors.'” Hyperlipidemia is also a common side
effect of steroid therapy.'® Steroids are supposed to
influence lipid metabolism by redistributing body fat and
facilitating of effects of lipolytic agents. Large doses of
glucocorticoids lead to redistribution of fat to the upper
trunk and face, with a concomitant loss of fat in the
extremities.’® Our result revealed beneficial effect of
bolus-administered corticosteroid therapy on bone density
and body fat percent.

The main limitation of this pilot study is the low
number of participating patients. This is mainly due to the
relatively high costs of total body composition analysis,
which is used for the accurate determination of the
various body weight components: fat mass, fat-free
mass, total body water and bone mass.?° However, use
of total body composition analysis gives a valuable part of
this prospective randomized study, since the alterations
of bone and lipid metabolisms could be examined in a
parallel way.

In conclusion, this single-center study suggests that bolus
tapering of equivalent doses of methylprednisolone admin-
istered in conventional daily doses has equivalent clinical
efficacy, but more favorable side effect profile. As no
significant difference was detected between the two
administration types on the clinical and laboratory param-
eters of disease activity, it appears that bolus administra-
tion of corticosteroids can safely and effectively replace the
conventional use of methylprednisolone for active IBD. Of
course, further controlled, randomized trials are needed to
confirm these results that may revolutionize steroid therapy
in IBD.
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Long-term increase in serum cholesterol levels in ulcerative colitis
patients treated with cyclosporine: an underdiagnosed side effect
frequently associated with other drug-related complications
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Abstract

Introduction. Several serious side effects may limit the use of cyclosporine. Cyclosporine has been reported to increase the
total cholesterol level; however, the change in serum cholesterol levels before and after cyclosporine therapy has not been
examined in ulcerative colitis (UC) patients. The purpose of this article was to compare serum cholesterol levels before and
after cyclosporine therapy in patients with refractory UC and to examine the relationship between serum cholesterol levels and
other common side effects. Patients and methods. We prospectively assessed serum cholesterol levels in UC patients who
had been treated with cyclosporine. Data of 72 patients were analyzed and compared to a control group treated with Infliximab.
Results. The average duration of cyclosporine therapy was 9.6 months, and side effects developed in 52 patients. Elevated
cholesterol levels were detected in 47.2% of the patients. Serum cholesterol levels were significantly increased during and after
discontinuation of cyclosporine therapy compared to the time before use of the drug. However, cholesterol levels measured
during cyclosporine therapy were significantly higher compared to the time after its discontinuation (p < 0.001). Patients with
drug-related side effects showed higher cholesterol levels after discontinuation of the therapy compared to those who did not
experience any adverse events. Conclusions. Our findings suggest that cyclosporine therapy may result in increased serum
cholesterol levels even in the long-term, after discontinuation of the therapy. Considering that significantly higher post-therapy
cholesterol levels were more common in patients who developed drug-related complications, routine measurement of serum
cholesterol may increase the safety of the drug.

Key Words: cholesterol, cyclosporine, ulcerative colitis

Introduction possible alternatives to total proctocolectomy are

Cyclosporine A (CyA) and Infliximab [2]. Meta-

Ulcerative colitis (UC) is a chronic, immune- analyses of the relatively limited amount of published

mediated disease with periods of remissions and
relapses. Flare-ups can be very severe, requiring
hospitalization, and they can have life-threatening
complications, such as toxic megacolon, perforation,
and severe bleeding in 15% of the cases [1]. Intrave-
nous corticosteroid therapy is the recommended
treatment option for these cases, although approxi-
mately one-third of the patients seem to be refractory
to steroid therapy. In these severe clinical situations,

data available have revealed a similar effectiveness
profile for CyA and infliximab therapies [3], although
the lower cost of CyA is undeniable [4]. Since the
short-term bowel-saving capacity of CyA is excellent,
the remaining major issues are presented by long-term
outcomes and the safety of CyA [5]. Recently pub-
lished studies have proven that the longer duration of
CyA therapy and the concomitant use of azathioprine
are associated with a significantly lower colectomy
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rate than expected, although the development of side
effects still remains a problem [5,6].

The most well-known major adverse effects of CyA
are nephrotoxicity and hepatotoxicity. The incidence
of minor adverse reactions such as tremor, paresthe-
sia, malaise, headache, gingival hypertrophy, and
hypertrichosis varies between 31% and 51%, respec-
tively [6]. The manifestation of these side effects may
lead to the discontinuation of the CyA therapy in a
significant proportion of patients, although the major-
ity of the patients under regular monitoring of CyA
blood levels are able to continue the therapy for
>1 year for cases of psoriasis [8]. An increase in
cholesterol levels is a known side effect of CyA in
transplant patients; however, we have limited data
about the long-term influence on lipid metabolism
in UC. Ballantyne et al. [9] measured lipoprotein
levels in cyclosporine-treated patients undergoing
heart or kidney transplantation. Significant increases
in total (21%) and low-density lipoprotein cholesterol
(31%) occurred only in the cyclosporine group of
patients. Cyclosporine therapy by itself was found
to affect plasma lipoprotein levels adversely by
increasing total cholesterol levels.

The objective of this study was to prospectively
assess serum cholesterol, triglyceride and creatinine
levels before, during, and after CyA therapy in
patients with severe, refractory UC and to examine
the correlation between plasma lipoprotein levels and
other side effects.

Patients and methods

Seventy-two patients (39 females and 33 males) suf-
fering from severe, steroid-refractory UC were
enrolled in our study from our tertiary clinic between
January 1998 and June 2009. In the acute phase,
intravenous cyclosporine was administered at the
initial dose of 5 mg/kg for 7 days; then, depending
on serum levels of the drug, the dosage was modified
(to 2-4 mg/kg). Subsequently, oral treatment was
administered at a mean dose of 4.7 mg/kg, adjusted
according to serum levels of the drug, and coadmin-
istration of azathioprine, at a dose of 2 mg/kg, was also
started in naive patients. Patient data were collected
prospectively. The mean age value for patients at
the start of the cyclosporine therapy was 40.3 years.
The mean age value at diagnosis was 31.8 years, and
the average disease duration at the beginning of the
CyA therapy was 8.6 years. The mean body mass
index (BMI) at the time of starting cyclosporine was
23.6 kg/m? (range: 15.2-38.3 kg/m?). Patient demo-
graphic data are detailed in Table I. 35.6% of the
patients had already been treated with azathioprine by
the time cyclosporine was introduced. Cyclosporine
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Table I. The demographics of the patients treated with
cyclosporine.

Gender(female/male) 39/33
BMI (kg/m?) 23.6 (15.2-38.3)
Mean age at diagnosis (years) 31.8 (14-69)
Mean disease duration (years) 13.5 (3-42)
Left-sided colitis/extensive colitis 27/45
Previous corticosteroid therapy 39
Concomitant azathioprine 26
Mean age at start of 40.3 (15-72)
cyclosporine therapy (years)

Mean disease duration at 8.6 (0-40)
the beginning of cyclosporine

therapy (years)

Mean duration of cyclosporine 9.6(0.1-60)

therapy (months)

Mean dose of cyclosporine/bwkg (mg) 4.7
Mean trough level of cyclosporine (ug/) 193.18
Mean peak level of cyclosporine (ng/l) 866.04

serum levels were regularly monitored during appli-
cation of the therapy. The normal range of fasting
levels and of 2-h-postdose levels were determined,
based on transplant data, to be between 100 and
200 pg/L and between 800 and 1,400 ug/L, respec-
tively. Our UC patients had received concomitant
steroid therapy, but this was tapered off within
3 months after starting cyclosporine therapy.

Total cholesterol, triglyceride and creatinine levels
had been collected prospectively before, during, and
after administration of the cyclosporine therapy (Table
II). The normal total cholesterol level was defined as
less than 200 mg/dL, normal triglyceride level as
<150 mg/dL and normal serum creatinine in the range
of 0.6-1 mg/dL. Cholesterol and triglyceride levels
were measured at months 3, 6, and 12, respectively,
after discontinuation of the cyclosporine therapy.

All patients were regularly monitored: in monthly
follow-up visits during the CyA therapy and every
second month after discontinuation. The activity of
UC and the presence of adverse events were carefully
assessed at each visit, and laboratory findings were
entered into the clinical record. The side effects that
led to discontinuation of the therapy were categorized
as major, while others were categorized as minor.

To compare results and eliminate additive effects of
corticosteroids on the lipid profile, we used control
patients treated with infliximab and concomitant ster-
oids. There were 24 patients in the control group, with
similar clinical characteristics to the cyclosporine-
treated group (Table III)

The collected data were analyzed statistically. Cat-
egorical data were analyzed using Pearson’s chi-
square test, Fischer’s exact test, or one-sided
Fischer’s exact test. The effects of cyclosporine ther-
apy on serum cholesterol, triglyceride, and creatinine
levels were examined with mixed-design variance of
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Table II. Mean levels of serum total cholesterol, triglyceride and creatinine.

Before cyclosporine

During cyclosporine After cyclosporine

therapy therapy therapy
Mean level of serum total cholesterol (mmol/l) 172.9 2355 196.2
Mean level of serum total triglyceride (mmol/l) 127.4 155.7 112.4
Mean level of serum creatinine (umol/l) 0.81 0.83 0.78

Table III. The demographics of the control group.

Gender (female/male) 14/11
Mean age at diagnosis (years) 30.8 (15-52)
Left-sided colitis/extensive colitis 10/15

Concomitant azathioprine 16

Mean age at start of cyclosporine 39.2 (19-67)
therapy (years)

Mean disease duration at the 9.2 (1-32)
beginning of cyclosporine therapy (years)

Mean duration of biological therapy (months) 12

analysis (ANOVA) models with time as repeated
measures (within-subject) factor and both group
and side effects as between-subject factors.
p < 0.05 was considered statistically significant. Pair-
wise comparisons were performed on estimated mar-
ginal means by considering the presence or absence of
interaction; p-Values were corrected by the Holm-—
Sidak method. For the statistical analysis, SPSS
20.0 (SPSS Inc, Chicago, IL, USA) was used.

Results

The average duration of cyclosporine therapy was
9.6 months. The mean oral dose of cyclosporine
was 4.7 mg/kg, the mean fasting level of cyclosporine
was 193.18 pug/L, and the mean 2 h-postdose level was
866.04 ug/L.

Side effects occurred in 52 patients (72.2%) during
the therapy (Figure 1). The most frequent side effects
were hypertension (15.23%), tremor (13.8%), hyper-
trichosis (9.72%), myalgia and muscle cramping
(11.1% and 4.16%, respectively), and numbness of
legs (5.5%). Nephrotoxicity or hepatotoxicity
occurred in 6 patients (8.33%). Increased serum
cholesterol and triglyceride levels were detected in
47.2% and 19.4% of the patients, respectively. Major
side effects resulting in discontinuation of the cyclo-
sporine therapy occurred in 21 patients. The most
frequent major side effects were adverse muscle reac-
tions (47.6%) and hypertension (38.1%), followed by
gastrointestinal side effects including liver enzyme
abnormalities (23.8%) and skin side effects
(14.3%). Major side effects are detailed in Figure 2.

The mean value of serum cholesterol levels
measured before starting the cyclosporine therapy
was 172.9 mg/dL (range: 84.9-331.6 mg/dL) and in
the control group, it was 200 mg/dL (115.8-370.6
mg/dL). During the therapy, serum cholesterol levels
increased to the mean value of 235.5 mg/dL (range:
134.4-370.6 mg/dL), while this value remained within
normal range in the control group (200 mg/dL, range:
137.8-301.5 mg/dL). After discontinuaton of the
cyclosporine therapy, serum cholesterol levels
decreased to the mean value of 196 mg/dL (range:
88-323.2 mg/dL) (Figure 3). Decreased levels of
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Figure 1. Side effects occurred in our enrolled patients.
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Figure 2. The major side effects during cyclosporine therapy.
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Figure 3. Cholesterol levels before, during, and after cyclosporine
therapy.

serum cholesterol were detected in patients treated
with combined infliximab-steroid group after cyclo-
sporine therapy (190.3 mg/dL; range: 110.8-
277.6 mg/dL). Statistically, serum cholesterol levels
increased significantly during the therapy and
remained higher for one year after the discontinuation
of CyA (p < 0.001, p < 0.001). Further, serum cho-
lesterol levels measured during the cyclosporine ther-
apy were significantly higher than those after the
discontinuation of the drug (p < 0.001). In the cyclo-
sporine group, cholesterol levels were considerably
higher during therapy than in the control group
(» < 0.001).

Cholesterol levels measured after cyclosporine ther-
apy were found to be significantly higher in patients
with an adverse reaction (p = 0.045) versus patients
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Figure 4. Cholesterol levels after cyclosporine therapy were signif-
icantly higher in patients with an adverse reaction versus patients
without adverse reactions.

*: p <0.001

**:p=0.015

**%: p = 0.045

without adverse reactions. In both groups, serum
cholesterol levels showed a significant elevation at
the time of the cyclosporine therapy (p < 0.001)
and afterward (p < 0.001; Figure 4). No difference
was found between patients who had only minor side
effects during therapy and those who had none, but
those patients who had major adverse effects had
higher cholesterol levels after therapy (p = 0.013).
Elevated total cholesterol levels were noted in
65.4% of the patients with detectable side effects.
Increased serum cholesterol levels (mean value of
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270.6 mg/dL) were detected in 54.5% of the patients
with hypertension. Hypertension was defined as sys-
tolic pressure at or above 140 mmHg and diastolic
pressure at or above 90 mmHg.

One of the most common adverse reactions was
tremor. Increased serum cholesterol levels were noted
in 70% of those developing tremor (mean value of
283.4 mg/dL). Neurological side effects (tremor, sen-
sational abnormalities) occurred in 25% of the
patients.

Myalgia was also a frequent side effect; 5 of
8 patients with myalgia had a high serum lipid profile
(mean total cholesterol of 252.5 mg/dL). A significant
correlation was found between muscular side effects
(myalgia, cramping of extremities, numbness of legs)
and elevated serum triglyceride levels (p = 0.038).

Serum triglyceride levels were elevated in 19.4% of
the patients. The mean serum triglyceride levels
before, during, and after cyclosporine therapy were
127.4 mg/dL, 155.7 mg/dL and 112.4 mg/dL, respec-
tively. No difference was found in triglyceride levels
compared to the control group.

Serum creatinine levels were slightly elevated only
in three patients during cyclosporine therapy. No
significant correlation was shown between cyclospor-
ine therapy, the frequency of side effects, and serum
creatinine levels. In addition, creatinine levels did not
differ between the cyclosporine and the control group.

Discussion

This prospective study showed a significant increase
in serum cholesterol levels during cyclosporine ther-
apy compared to the time before use of the drug and
to the control cohort of patients being treated with
infliximab and corticosteroids. This elevation
remained significant for a year. Serum cholesterol
levels for the UC group with adverse events were
significantly higher compared to patients who did
not develop any side effects. Creatinine levels did
not change significantly during cyclosporine therapy.
In the control group, cholesterol, triglyceride and
creatinine levels did not change significantly during
therapy or after its discontinuation.

Cyclosporine is one of the most effective therapeu-
tic choices for patients with severe, refractory UC [8].
Cohen et al. investigated [10] the quality of life of
42 patients with severe UC and found that patients
who underwent colectomy assessed their own quality
of life and health status to be worse than those who
had been treated with cyclosporine. However, the
frequent occurrence of side effects may limit the
use of cyclosporine in the treatment of UC. Although
72.2% of our patients developed side effects, none of
these proved to be life-threatening. It should be noted
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that cyclosporine had to be discontinued due to
intolerable severe side effects in 29.2% of the patients.
Twenty-one patients developed intolerable side
effects; one achieved remission and 3 of the 21 patients
had loss of response.

Although most of the adverse effects associated with
the use of cyclosporine are dose-dependent, the study
of van Assche et al. did not find any significant
difference between the low-dose (2 mg/kg) and the
high-dose (4 mg/kg) group with regard to
cyclosporine-associated adverse effects [11]. In addi-
tion, oral administration is recommended after the
acute period to minimize the risk of developing side
effects [12]. In the acute phase of our study, cyclo-
sporine was administered intravenously and in cases
of good initial response, orally, with azathioprine
treatment added in some cases [13]. Cyclosporine
was administered with a mean oral dose of 4.7 mg/kg.

Nephrotoxicity and hepatotoxicity are common
and severe side effects of cyclosporine therapy, but
minor side effects also occur frequently during the
therapy. Lichtiger et al. revealed [14] that the most
common adverse reactions in UC patients treated
with cyclosporine were paraesthesia and hyperten-
sion. Both symptoms were also detected in our
cohort; paresthesia occurred in 4, hypertension in
11 patients. In addition, 10 of our UC patients expe-
rienced tremor, 7 had hypertrichosis and 11 noted
myalgia or muscle cramping. Weber et al. reported
[15] similar adverse reactons and the occurrence of
infections, as well. Ten out of 19 patients developed
side effects (two of them had high serum creatinine
levels, one had hypertension, five had tremor, one had
hirsutism, and one had gingival hyperplasia), two
patients had systemic CMV infection, and one also
had a herpes virus infection and esophageal candidi-
asis. Although no prophylactic antimicrobial treat-
ment was administered during the cyclosporine
therapy, the incidence of infections was low: only
viral infection occurred in three cases (4.2%).

Nevertheless, there are limited data about the long-
term effects of cyclosporine therapy on the lipid profile.
In our study, serum total cholesterol, triglyceride, and
creatinine levels before, during, and after cyclosporine
therapy were compared in severe, steroid-refractory
UC. Significant increase was found only in serum
cholesterol levels during and after discontinuation of
the cyclosporine therapy. However, the control group
did not experience the same results. Kuster et al. [16]
reported that serum levels of cyclosporine correlate
significantly with total cholesterol levels, LDI-
cholesterol levels, the apoB and cholesterol/HDL ratio,
but not with triglyceride levels, suggesting that cyclo-
sporine may cause atherogenic dyslipidemia. Other
publications also describe similar or identical results
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regarding the relationship between cyclosporine and
cholesterol levels [17,18]. Spinelli et al. studied patients
treated with a combination of prednisolone and another
immunosuppressive drug such as cyclosporine, siroli-
mus, mycophenolate mofetil, or everolimus [19]. The
changes in lipid profiles were evaluated after 1 year of
therapy, and dyslipidemia was found to be frequent.
Patients treated with cyclosporine had worse lipid pro-
files than those in the other treatment groups. No data
are available about the relationship between hypercho-
lesterolemia and other drug-related side effects.

Cyclosporine also has an effect on bile acid metab-
olism by blocking bile acid synthesis, hepatic uptake
and secretion. These effects may lead to hyperlipid-
emia. Previous trials have shown that cyclosporine
treatment affects bile salt kinetics and plasma lipid
levels. However, corticosteroids affecting the bile salt
synthesis could not be excluded [20,21]. In our study,
we attempted to eliminate that effect with the control
group treated with infliximab and streroids. Results
showed higher cholesterol levels in the cyclosporine
cohort, as compared to the control group. Regarding
the correlation between hypertension and increased
cholesterol levels as a side effect, Wang et al. sug-
gested that cyclosporine stimulates the renal sodium
channel by elevating the level of cholesterol [22]. Our
results showed that hypertension and increased cho-
lesterol levels occurred frequently in UC patients
treated with cyclosporine.

Other investigations suggested that the inhibition
by cyclosporine leads to dyslipidaemia by reducing
apolipoprotein Al gene expression. ApoAl is a major
component of HDL, therefore decreased levels of
apoAl result in low levels of HDL. The calcineurin
pathway stimulates apoA1l gene expression; therefore,
by inhibiting this pathway with cyclosporine,
apoAl levels may be reduced and as a result, HDL
levels may also be reduced [23]. Only total serum
cholesterol levels were assessed in our study. A -
population-based study suggested that there are no
benefits to measuring apoB or apoAl compared with
a total cholesterol and HDL cholesterol measurement
[24]. Further, the study of Suk et al. [25] showed that
calcineurin has an effect on the cAMP signaling
pathway and furthermore, indirectly affects protein
kinase A activation by regulating the phosphodies-
terases, which play an important role in the adipokine
gene transcription. In addition, calcineurin provides
short- and long-term regulation to control gene
expression and function.

Charco et al. [26] compared the long-term effects
of tacrolimus and cyclosporine therapies on serum
cholesterol levels in liver transplant patents. The
average follow-up period was 36 months, and the
incidence of hypercholesterolemia was found to be
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34.6%. Higher mean cholesterol levels were found in
the group treated with cyclosporine (p = 0.01). At the
end of the study, a significant difference was found
between the steroid and cyclosporine versus tacroli-
mus and steroid-free groups. In our study, a control
group treated with biologicals and steroids was
employed to eliminate the additive effect of corticos-
teroids on the serum lipid profile. Results showed that
cholesterol levels were higher in the cyclosporine
group than in the control group, and stayed at an
increased level after therapy.

In conclusion, we found increased serum choles-
terol levels in severe, steroid-refractory UC patients
treated with cyclosporine not only during the therapy,
but also after its discontinuation, suggesting that
cyclosporine has a long-term effect on serum lipid
metabolism. Further, in the presence of other adverse
events, cholesterol levels were significantly higher,
suggesting that drug-related impairment of choles-
terol biosynthesis and other side effects are rather
common, therefore practically speaking, monitoring
cholesterol levels during CyA therapy is recom-
mended. Considering the high rates of hypercholes-
terolemia as a side effect of cyclosporine therapy, this
topic is worth to be studied further.
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