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Abstract
AIM: To study the anti-Epstein-Barr virus (EBV) immunoglobulin (IgG) antibodies in Crohn's disease and its relation with treatment, T and B cells and MALTectomy. 
METHODS: We selected 36 Crohn's disease patients and 36 healthy individuals (controls), and its relation with different clinical scenarios (new patient, remission and active disease), previous MALTectomy (tonsillectomy and appendectomy) and therapeutic regimens [5-aminosalicylic acid (5-ASA), azathioprine, anti-tumor necrosis factor, antibiotics and corticosteroids]. T and B cells subsets in peripheral blood were analyzed by flow cytometry (markers included: CD45, CD4, CD8, CD3, CD19, CD56, CD2, CD3, TCR αβ and TCR γδ) to relate with the levels of anti-EBV IgG antibodies (enzyme-linked immunosorbent assay).
RESULTS: The lowest IgG anti-EBV levels were observed in the group of patients that were not in specific treatment (95.4 ± 53.9 U/mL vs 131.5 ± 46.2 U/mL, P = 0.038). The patients that were treated with 5-ASA showed the highest IgG anti-EBV values (144.3 U/mL vs 102.6 U/mL, P = 0.045). CD19+ cells had the largest decrease in the group of CD patients that had received treatment (138.6 vs 223.9, P = 0.022). The analysis of IgG anti-EBV with respect to the presence or absence of tonsillectomy showed the highest values in the tonsillectomy group of CD patients (169.2 ± 20.7 U/mL vs 106.1 ± 50.3 U/mL, P = 0.002). However, in the group of healthy controls no differences were seen between tonsillectomized and subjects who had not been operated on (134.0 ± 52.5 U/mL vs 127.7 ± 48.1 U/mL, P = 0.523). 

CONCLUSION: IgG anti-EBV high levels in CD were associated to 5-ASA treatment, tonsillectomy and decrease of CD19+ cells.
© 2014 Baishideng Publishing Group Inc. All rights reserved. 
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Core tip: The prevalence of anti-Epstein-Barr virus (EBV) immunoglobulin (IgG) antibodies was studied in patients with Crohn’s disease. The lowest IgG anti-EBV levels were observed in the patients without specific treatment. 5-aminosalicylic acid treatment showed the highest IgG anti-EBV values. CD19+ cells had the largest decrease in Crohn’s disease patients that had received treatment. Crohn’s disease patients had the highest values of IgG anti-EBV.
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INTRODUCTION
Crohn's disease (CD) is one of the main types of inflammatory bowel disease (IBD). Unless its aetiology remains unknown, it is known that it courses as a relapsing-remittent or progressive inflammatory condition that affects the gastrointestinal tract[1]. In a previous study, we observed a decrease of lymphocytes in the peripheral blood of patients with CD[2]. Lymphocyte populations did not differ between treated and untreated patients, with the exception of CD8+ T and CD19+ lymphocytes. Further, in a case control study, we concluded that CD patients are a risk group of microsporidiasis, so we realised that microsporidia, a group of opportunistic pathogens, may be involved in the aetiology of CD[3]. The above-mentioned immune- deficiency may predispose individuals to be vulnerable to opportunistic infectious agents responsibles of the disease. 
Currently, the most common drugs used to treat CD are 5-aminosalicylic acid drugs, corticosteroids, immunosuppressive agents, biologic therapies and antibiotics[4]. Wagner et al[5] summarised the current literature surrounding the association between viruses and CD and suggesting that Epstein-Barr virus (EBV), a ubiquitous gamma herpes virus, may be associated with CD. 
Viral transmission through the oropharyngeal mucosal epithelium is crucial to the entrance of the virus into the body. Mucosa associated lymphoid tissue (MALT) is essential in EBV infection because viral particles colonize tongue, oropharyngeal mucosa and salivary glands, later, they infect B cells, establishing the latent infection[6,7]. It has been suggested that extirpation of MALT as tonsils and appendix could be related with CD, although there are many discrepancies about this theory[8-11].
The aim of this work was the study of the prevalence of anti-EBV IgG antibodies in patients with CD and its relation with different clinical situations, treatments, T and B cells subsets and MALTectomy (tonsillectomy and appendectomy).
MATERIALS AND METHODS
Study population
In this retrospective study we used the same population recruited in a previous work[2]. We collected serum samples from 36 Crohn's disease patients and from 36 healthy individuals (controls). Serum samples were maintained at -80ºC until analytical determinations were done. The 36 CD patients were selected following Lennard-Jones criteria for CD[12]. Both groups were similar on sex and age ± 5 years. CD patients were divided according to three clinical situations: “new patients” with active CD presenting at diagnosis with no previous treatment for CD, “remission” (Crohn’s disease activity index, CDAI < 150 for at least 12 mo) and “active disease” (CDAI > 150 and signs and symptoms of disease)[13,14]. The activity of the disease was evaluated in accordance with CDAI[15]. Patients in remission were recruited among patients in follow-up at the outpatient clinic. On the other hand, new patients and patients with active disease were selected among patients admitted to the Gastroenterology Department at the Arnau de Vilanova Hospital (Valencia, Spain). 
Although the number of subjects included in the study was not too large, patients and controls were divided into two groups: one group of patients who had been appendectomized, and another one in which patients had been previously tonsillectomied. A third group of patients was made without previous MALTectomy. The inclusion criteria of healthy controls were: absence of acute infections, and absence of inflammatory, autoimmune or immunodeficiency diseases; and no immunosuppressive or antibiotic treatment or any vaccine during the previous year.
Methods of blood sample analysis
Blood cell counts were performed using Coulter LH750 automated haematology analyzer (Beckman Coulter, Fullerton, CA) and Cytomics FC 500, Florida (United States) and later analyzed with CXP Software. Monoclonal antibodies used: CD45, CD4, CD8. CD3, CD19 for the peripheral blood subpopulations and CD4, CD8, CD56, CD2, CD3, CD19, TCR αβ and TCR γδ for the γδ T cells study. γδ T cells subsets were analyzed with Phycoerythrin-Cyanine 5.1 (PC5) conjugated anti-human TCR γδ (clone: IMMU 510) (Beckman Coulter, Miami, FL). αβ T cells subsets were analyzed with PC5 conjugated anti-human TCR αβ (Clone: IP26A) (Beckman Coulter, Miami, FL).

Determination of IgG antibodies against EBV
Serum was separated from the blood after clotting and centrifugation. The detection and quantitative determination of specific IgG antibodies against EBV viral capsid antigen (VCA) in the serum of patients and controls were carried out using the DEMDITEC EBV VCA IgG Antibody ELISA Test Kit (Demeditec Diagnostics GmBH, Kiel, Germany) according to the manufacturer instructions. For the performance of the test the samples were diluted 1/101 with sample diluent. After reading at 450 nm, the obtained optical densities of the standards were plotted against their concentrations. Then, the concentrations of the samples, expressed in U/mL, were calculated from the standard curve. For the interpretation of the results, values higher than 12 U/mL were considered as positive.

Ethical statement
Each participant in the study signed an informed consent form. The study was approved by the Ethics and Investigation Committee of the Arnau de Vilanova Hospital (Valencia, Spain).
Statistical analysis
Mann-Whitney U Test was used to compare the means of the quantitative variables for paired samples. Contingency tables were drawn up for the qualitative variables (χ2 test or the Fisher exact test). The level of significance was taken as a P value of less than 0.05 (bilateral contrast). Data were analyzed using the statistical software SPSS, version 19.

RESULTS 
Characteristics of the population
Of the 36 Crohn's disease patient included in the study, 22 were males (61.1%) and 14 females (38.9%). The age mean was 41.9 ± 15.9 years. The clinical situations were, 13 (36.1%) new patients, 13 (36.1%) active disease and 10 (27.8%) remissions. The sites of intestinal involvement were ileal in 15 (41.7%) patients, colonic in 11 (30.6%) and ileocolonic in 10 (27.8%). Accordingly to the evolution of the disease CD, 24 patients (66.7%) were inflammatory, 8 (22.2%) stenotic and 4 (11.1%) with fistulas. 
IgG anti-EBV antibodies
In the present study, 97.2% of the sera samples were IgG positive against EBV by enzyme-linked immunosorbent assay (ELISA). No differences were seen between percentages of positive between CD patients and healthy controls. IgG anti-EBV levels were similar in both groups (CD, 116.5 ± 52.1 U/mL vs control group, 129.1 ± 49.6 U/mL).

At Figure 1, IgG anti-Epstein-Barr virus are described in accordance with the different clinical situations studied in 36 Crohn's disease patients and 36 healthy controls. There were significant differences between new patients (92.6 ± 53.0 U/mL), patients in remission (136.4 ± 49.8 U/mL) (P = 0.04) and healthy controls (129.1 ± 49.6 U/mL) (P = 0.031). 
IgG anti-EBV antibodies and treatment
Table 1 shows IgG anti-EBV antibodies depending on the treatment. Twenty-one patients (58.3%) were in treatment at the moment of the sampling. As it was above-mentioned, the lowest levels of anti-EBV specific IgG were observed in the CD new patients. None of the 13 new patients were in treatment at the moment of the sampling. However, ten of the 12 patients with active disease and nine of the 13 patients in remission were taking specific treatment for CD. The lowest IgG anti-EBV levels were observed in the group of patients that were not in specific treatment (95.4 ± 53.9 U/mL vs 131.5 ± 46.2 U/mL, P = 0.038). 

The increase of IgG anti-EBV levels was related to 5-aminosalicylic acid (5-ASA) treatment. Thus, the patients that were treated with 5-ASA showed significant higher IgG anti-EBV values that those observed in the group of CD patients that were not treated at the moment of the sampling (Figure 2).

The highest IgG anti-EBV antibody levels of the 21 patients with treatment, were observed in the groups treated with one drug only or with two drugs comparing to the untreated group and the group of patients treated with three drugs (P = 0.023). 

IgG anti-EBV antibodies and cell populations

When statistically significant differences between lymphocyte subsets were studied in CD patients depending on the presence or absence of treatment, CD19+ cells had the largest decrease in the group of CD patients that had received treatment comparing to the untreated ones, which reached similar values to the observed in the control group. The frequencies of CD19+ cells were significantly lower in patients treated with mesalazine (5-ASA) (138.6 ± 98.5/mm3) than in untreated patients (223.9 ± 155.8/mm3), P = 0.057 (Figure 2). CD3+CD8+ and CD3+CD56+ γδ T cells were also reduced in 5-ASA treated patients (5.2 ± 4.1/mm3 and 3.3 ± 3.0/mm3, respectively) compared to the untreated group (7.5 ± 8.2/mm3 and 5.3 ± 8.3/mm3), although significant differences were not observed probably due to the small size of these groups.
MALTectomy and IgG anti-EBV antibodies
Although the subgroup analyses lead to a very small group size, we studied the relationship between IgG anti-EBV levels and MALTectomy (appendectomy and tonsillectomy) in CD patients vs healthy controls. Nine point eight percent of the subjects included in the study were appendectomized. No differences between groups were seen (11.1% vs 8.6% in CD patients and healthy controls, respectively).

Thirty-one point nine of the subjects (n = 22) were tonsillectomized and the highest percentage was observed in the control healthy group (45.7%) vs CD patients (17.6%) (OR = 0.55, 95%CI: 0.36-0.84, P = 0.019).
When IgG anti-EBV levels were compared with respect to the presence or absence of tonsillectomy in all studied patients (Figure 3), the highest values were observed in the tonsillectomy group (143.3 ± 48.0 U/mL vs 113.3 ± 49.8 U/mL, P = 0.015). When IgG anti-EBV levels were compared in CD patients, the highest values were also observed in the tonsillectomy group (169.2 ± 20.7 U/mL vs 106.1 ± 50.3 U/mL, P = 0.002). However, in the group of healthy controls no differences were seen between tonsillectomized patients and subjects who had not suffered a MALTectomy (134.0 ± 52.5 U/mL vs 127.7 ± 48.1 U/mL, P = 0.523). 
DISCUSSION
We determined IgG by ELISA against VCA of EBV in 36 sera from Crohn's disease patients and 36 sera from healthy controls. The development of VCA IgG antibodies usually takes place at the beginning of the disease, reaching the peak titers after 2 or 4 wk and remaining positive forever[16]. 

It is interesting to highlight that the patients who were in the initial stages of the disease showed the lowest IgG anti-EBV antibody levels. Specific IgG were progressively increased throughout the evolution of the disease, supporting similar levels in the active disease until reaching the highest values in patients in remission, who showed similar levels to those obtained in the control group. In a previous study[2], we showed that a complex alteration of immune responses that affects the total numbers and function of γδ T cells was present in CD. We also observed that CD4+ and CD8+ γδ T cells were lower in new patients, as well as, CD4+ and CD8+ αβ T cells were significantly lower than their controls.
Mesalazine or 5-ASA, a structural analogue of aspirin, is included, as other non-steroidal anti-inflammatory drugs (NSAIDs), between the most conventional drugs currently used to treat CD. Mesalazine negatively regulates the cyclooxygenase-2/prostaglandin E2 axis[4,17], and it could also inhibit the synthesis of 5 lipoxygenase products including leukotriene B4[18]. 5-ASA inhibits production of thromboxane A2 and consequently decreases the adhesion to the endothelium and the aggregation of platelets and polymorphonuclear cells[19]. Mesalazine pharmacological profile includes an ability to inhibit intestinal macrophage chemotaxis. 5-ASA can exert antioxidant actions in vitro and in vivo[20]. These mechanisms could facilitate the entry of the virus through the mucous membranes and therefore they could increase the production of antibodies in treated patients.

We have previously demonstrated that levels of CD3+, CD4+, CD8+, and CD19+ lymphocytes were decreased in CD patients compared to the control group[2]. However, no correlations were observed among IgG anti-EBV levels and different lymphocyte subsets. 

As it was previously mentioned, the lowest levels of anti-EBV specific IgG were observed in the CD new patients group and, accordingly to the treatment, the lowest IgG levels were observed in the group of patients that were not in specific treatment. However, it is a well-known fact that the anti-inflammatory properties of 5-ASA reflect an inhibition of antibody synthesis[19]. But on the other hand it is interesting to know that other NSAIDs as aspirin induce cell killing of EBV-positive B lymphocytes by reactivating EBV into lytic replication[21]. The induction of EBV lytic replication in host cells can produce the increase of specific IgG anti-EBV levels observed in the sera from mesalazine treatment patients. 
Besides, the decrease of CD19+ cells in those patients may be the result of a cytotoxic effect of mesalazine on EBV-positive cells, which resulted in their death. Komatsuda et al[22] reported a case of sulfasalazine-induced hypersensitivity syndrome associated with reactivation of EBV with progressive cytopenia. It is necessary to realise that no one of the new patients were in treatment and as it was reported before, lymphocyte populations did not differ between treated and untreated patients, except in CD8+ T and CD19+ cells[2]. Consequently, there was an inverse relationship between CD19+ cells rates and IgG anti-EBV levels. In a study carried out by Magro et al[23] with IBD patients the prevalence of EBV DNA was significantly higher in patients treated with 5-ASA comparing to controls, although IgG-VCA positivity was not relevant for EBV DNA presence or load. Besides, 5-ASA IBD patients showed a significantly higher percentage of patients with more than 500 copies/mL comparing to controls. This is in accordance to the induction of cell killing of EBV-positive B lymphocytes by reactivating EBV into lytic replication exerted by NSAIDs[21], and reflected in the CD19+ decrease observed by us in the group of CD patients that had received treatment compared to the untreated ones.
Following a review of the literature, the relationship between appendectomy and CD is unclear. For example, Kurina et al[8] observed an association of prior appendectomy with a significantly increased risk of CD that was strongest in the year after the appendectomy. They concluded that CD could have been first misdiagnosed as appendicitis in these patients, because they observed a reduction in risk of CD (considered as non-significant) when five or more years separated appendectomy and CD. Furthermore, Radford-Smith et al[9] showed an inverse association between appendectomy and CD and, conversely, Duggan et al[10] found no association with appendectomy for CD. In our study, only 9.8% of the subjects were appendectomized (11.1%/CD vs 8.6%/controls) and this number is too small to draw conclusions.
Our results could indicate that tonsillectomy could act as a protective factor for CD. Although Kurina et al[8] did not observe association between prior tonsillectomy and any increase or decrease of risk of CD, Duggan et al[10] reported that tonsillectomy showed a weak positive association with CD. However, Hansen et al[11] investigations showed that tonsillectomy was negatively associated with the development of CD, which is in accordance with the results obtained by us in the present study, although they need to be analyzed with caution because the small group sizes.
It is interesting to note that in the CD patient group, levels of IgG anti-EBV were significantly higher in the tonsillectomized group. In a previous work, we found that both speciﬁc antibody levels against Kudoa (a frequent fish parasite) and the number of patients that recognised Kudoa antigens were higher in tonsillectomy patients when are compared to the control group[24]. This fact shows the role of tonsils as the ﬁrst MALT defence line suggesting that tonsils may play an important role in avoiding parasites and other infectious agents travelling along the digestive tract and preventing potential pathogenicity. 
EBV has a tropism for the oral and nasopharyngeal tissues, and is one of the main viruses involved in the pathogenesis of recurrent tonsillitis and tonsillar hypertrophy[25]. We have previously demonstrated that MALTectomy (appendectomy and tonsillectomy) significantly decreases secretory IgA levels in serum. The decrease of this immunoglobulin that plays a critical role in mucosal immunity, was more pronounced when both surgeries have been done in the same patient[26].
Taking into account that tonsils exposed to EBV play an important role in controlling infection by EBV in the oropharynx it is not surprising that, in tonsillectomized patients, the dissemination of viruses takes place easily and, consequently, the antibody levels to EBV antigen raised higher rates in the sera from these patients. 

In summary, IgG anti-EBV high levels in CD were associated to 5-ASA treatment, tonsillectomy and decrease of CD19+ cells.
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Background

The common conventional drugs currently use to treat Crohn’s disease (CD) involve 5-aminosalicylic acid. Epstein-Barr virus may be associated with CD. Extirpation of mucosa associated lymphoid tissue could be related with CD. 
Research frontiers

Crohn’s disease may result from an immune deficiency. This situation may favour opportunistic infections in predisposed individuals. 
Innovations and breakthroughs
5-aminosalicylic acid causes adverse effects on the immune system and therefore could facilitate the entry of the virus through the mucous membranes. Tonsillectomy may also contribute to the immune dysfunction.
Applications 

The study sheds new light on anti-inflammatory effects on Crohn’s disease evolution. 
Terminology

Crohn’s disease is a type of inflammatory bowel disease that may affect any part of the gastrointestinal tract from mouth to anus. The Epstein–Barr virus is a virus of the herpes family, and is one of the most common viruses in humans. B cells are a type of lymphocyte in the humoral immunity of the adaptive immune system. Tonsillectomy is a surgical procedure in which each tonsil is removed from a recess in the side of the pharynx called the tonsillar fossa. 5-aminosalicylic acid is an anti-inflammatory drug used to treat inflammatory bowel disease.
Peer review

This manuscript is a cross-sectional analysis of anti-Epstein Barr virus antibodies in a group of patients with Crohn’s disease and a control group.
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Figure 1 Immunoglobulin G anti-Epstein-Barr virus according to clinical scenarios in Crohn's disease patients and healthy controls. New patient (n = 13), remission (n = 13), active disease (n = 10) and control (n = 36). Significant differences in immunoglobulin G (IgG) anti-Epstein-Barr virus (EBV) between new patients and remission (P = 0.04) and between new patients and control group (P = 0.031). Values are expressed as means, and T-bars denote standard deviation. P value, Mann-Whitney U Test. 
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Figure 2 Relashionship between immunoglobulin G anti-Epstein-Barr virus and B cells according to treatment in Crohn's disease patients. Significant differences in CD19+ between untreated and treated patients (P = 0.022) and immunoglobulin G (IgG) anti-Epstein-Barr virus (EBV) between untreated and treated patients (P = 0.045). Values are expressed as means, and T-bars denote standard deviation. P value, Mann-Whitney U Test. 5-ASA: 5-aminosalicylic acid.
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Figure 3 Immunoglobulin G anti-Epstein-Barr virus according to tonsillectomy (T) in Crohn's disease patients and control group. Values are expressed as means, and T-bars denote standard deviation. Differences between tonsillectomized and no tonsillectomized in all subjects (P = 0.015), and differences between tonsillectomized and no tonsillectomized in Crohn's disease (CD) patients (P = 0.002). P value, Mann-Whitney U Test. IgG: Immunoglobulin G; EBV: Epstein-Barr virus.
Table 1 Immunoglobulin G anti-Epstein-Barr virus antibodies according to treatment in Crohn's disease patients n (%)
	Treatment
	Yes
	IgG anti-EBV
	Value
	IgG anti-EBV
	P value

	All drugs
	21 (58.3)
	131.5 ± 46.2
	15 (41.7)
	95.4 ± 53.9
	0.038

	Azathioprine
	8 (22.2)
	122.4 ± 45.8
	28 (77.8)
	114.7 ± 54.3
	0.720

	Anti-TNF
	3 (8.3)
	106.0 ± 67.4
	33 (91.7)
	117.4 ± 51.7
	0.722

	5-ASA
	12 (33.3)
	144.3 ± 47.7
	24 (66.7)
	102.6 ± 49.3
	0.010

	Antibiotic
	5 (13.9)
	87.6 ± 45.3
	31 (86.1)
	121.1 ± 52.2
	0.161

	Corticosteroids
	6 (16.7)
	105.2 ± 45.7
	30 (83.3)
	118.7 ± 53.7
	0.538

	Drugs/patient
	
	
	
	
	

	0
	21 (100)
	95.4 ± 53.9
	
	
	

	1
	10 (47.6)
	146.5 ± 36.3
	15 (41.7)
	95.4 ± 53.9
	0.023

	2
	8 (38.1)
	132.1 ± 46.2
	15 (41.7)
	95.4 ± 53.9
	0.169

	3
	3 (14.3)
	80.0 ± 53.5
	15 (41.7)
	95.4 ± 53.9
	0.824


Significant differences in immunoglobulin G (IgG) anti-Epstein-Barr virus (EBV) antibodies between 1 and 3 drugs/patient (P = 0.028). Values are expressed as mean ± SD. P value, Mann-Whitney U Test. 5-ASA: 5-Aminosalicylic acid (Mesalazine); TNF: Tumor necrosis factor.
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