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            Abstract

            
               
Objectives: Association of viral infection with obstructive jaundice is well-known however frequency of cholangiotropic virus infection
                  in pediatric choledochal cyst is not known.
               

               Materials and Methods: IgG and IgM antibodies against Cytomegalo virus (CMV) and Epstein Barr virus (EBV) in 48 children with choledochal cysts
                  and 26 controls were analysed using ELISA.
               

               Results: We found significantly higher anti-CMV IgG and IgM in patients (95.8% and 77.1%, respectively) compared to controls (73.1%
                  and 42.3%) and a notable prevalence of anti-EBV antibodies among both groups (83.3% versus 65.4% IgG and 77.1% versus 46.1
                  for IgM in patients and controls respectively). Moreover, 79.2% of patients were positive for both anti-CMV and anti-EBV IgG,
                  and 62.5% for both IgMs. 
               

               Conclusion: This pilot study suggests that infection with CMV, EBV, or both is frequently seen in pediatric patients with CDC. Molecular
                  screening and follow-up in a larger cohort is therefore required for further validation.
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               Introduction

            A choledochal cyst (CDC) is a rare disorder with cystic dilatation of the biliary system due to unknown etiology. It may remain
               asymptomatic or may present with chronic or intermittent abdominal pain or with biliary cirrhosis.1 Sometimes complications may occur in the form of recurrent jaundice, cholangitis, pancreatitis, biliary stones, perforation
               of the common bile duct, right upper quadrant mass, and malignant transformation of the cyst.2, 3, 4 About 80% of CDC cases are detected in preschool children or teenager. Radio imaging (i.e., abdominal ultrasound, endoscopic
               ultrasound, computed tomography, magnetic resonance cholangiopancreatography, and endoscopic retrograde cholangiopancreatography)
               and lab investigations (i.e., abnormal liver enzymes and increased level of biliary amylase) are required to diagnose CDC.2, 5 The most widely accepted surgical treatment is cyst excision with Roux-en-Y hepaticoenterostomy or hepaticoduodenostomy.6, 7 Despite a good post-surgery prognosis, patients need lifelong follow-up because of the increased risk of cholangiocarcinoma.7, 8, 9, 10 It has been observed that cholangiotropic viruses instigate the inflammatory process, which leads to pediatric obstructive
               cholangiopathies and poor consequences.11 Therefore, this study aimed to detect the seroprevalence of the most potent cholangiotropic viruses like CMV and EBV among
               CDC pediatric patients. 
            

         

         
               Materials and Methods

            
                  Requirement of study subjects

               In this single-center, prospective, case-control study 48 patients with CDC and 26 age-matched controls (14 children with
                  cholelithiasis and 12 (9 hypospadiasis and 3 hernia) with minor surgical corrections were recruited. The CDC patients were
                  included after a confirmation of diagnosis which was based on clinical, radiological, and laboratory findings. The exclusion
                  criteria were: cases of neonatal cholestasis i.e., neonatal hepatitis, α-1 antitrypsin deficiency; haemolysed blood samples;
                  and guardians unwilling their child to participate in the study. The power analysis of sample size for the study was carried
                  out using following calculation:  
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                      where p0 is proportion of population/control group; p1 is proportion of study group; q0 is 1-p0; q1 is 1-p1; α is probability of type I error, b is probability of type II error; z is critical Z value for a given α or b; and N is
                  the desired minimum sample size. The  
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                       The study commenced after approval from Institute Human Ethics Committee as per the provisions of the Declaration of Helsinki.
                  Written informed consent was also obtained from parents/guardians of both patients and control subjects. 
               

            

            
                  Sample collection and processing

               About 2ml of  plain blood sample was collected just before surgery. The serum was separated after centrifugation at 2000g
                  for 10 minutes at 4 °C, aliquoted in 500µl, and stored at -80°C until further use. Commercially available ELISA kits were
                  used for the detection of antiviral IgG and IgM of CMV (Cat # CM027G and Cat # CM028M Calbiotech, USA) and EBV (Cat # EV010G
                  and Cat # EV012M, Calbiotech, USA) in serum samples of study subjects and assays were carried out as per the instructions
                  from the manufacturer. Antigen-coated strips were used with diluted serum samples, incubated for 60-90 minutes. Following
                  incubation, the strips were washed and enzyme conjugate added, with another incubation of 30-60 minutes. After washing off
                  excess conjugate, substrate solution was introduced and incubated for 10 minutes at 37°C. A stop solution halted the reaction
                  before reading the optical density (OD) at 450 nm. Results interpretation was based on the cut-off value: >1.1 indicated positive,
                  <0.9 negative, and 0.9 - 1.1 equivocal positivity.
               

            

            
                  Statistical analysis

               The comparison of ODs or antibody index of antiviral IgG and IgM among the study subjects was analyzed by nonparametric statistical
                  test, Mann-Whitney U test, and the data were presented in the graph as mean with standard error of the mean. Fisher’s exact
                  test analyzed the virus infection positivity, and the graph demonstrated the percentage positivity. The p-value was calculated
                  at 0.05. 
               

               
                     
                     Figure 1

                     Viral antigen and antiviral antibody titers for CMV and EBV in serum of CDC patients versus controls; A: Anti-CMV IgG; B: anti-CMV IgM; C: Anti-EBV IgG; D: and anti-EBV IgM. (Mann-Whitney U test used for the analysis of antibody and Ag ODs. P-value was calculated at 0.05).
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                     Table 1

                     Antiviral IgG and IgM positivity for CMV and EBV infections.
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               Results

            
                  Characteristics of study groups 

               In the patient group, 58.3% (28/48) and 41.7% (20/48) were females and males, respectively. The mean ages of the patients
                  were 59.2 months (ranging from 14 to 148 months). Among the controls, 69.2% (18/26) were males and 30.8% (8/26) were females
                  with age ranging from 27-132 months (mean age 66.5 months). 
               

            

            
                  Viral infection 

               In the patient group, 83.3% (46/48) were positive for anti-CMV IgG and 77.0% (37/48) for anti-CMV IgM. In contrast, 73.0%
                  (19/26) controls showed anti-CMV IgG and 42.3% (11/26) anti-CMV IgM in their blood. Compared to controls more CDC patients
                  showed positivity for both anti-CMV antibodies, i.e., IgG and IgM. Compared to controls, the antiviral IgG and IgM levels
                  against CMV were significantly higher in patients with p-values of 0.031 and 0.013, respectively. However, the percentage
                  positivity of anti-CMV IgG and anti-CMV IgM was non-significant. Also, 83.3% (40/48) patients were positive for anti-EBV IgG
                  and 77.0% (37/48) for anti-EBV IgM. The percentage positivity was much higher in patients compared to controls. Almost 48%
                  of patients and 15% of controls were positive for both anti-EBV IgG and IgM. Even though the difference in anti-EBV IgM levels
                  in patients was significantly higher than in controls (p = 0.0442), the percentage positivity of anti-EBV IgG or anti-EBV
                  IgM was not statistically significant. Serological analysis revealed that though the exposure to viruses was quite common
                  in both the study subjects, the number of diseased patients and controls with active infection by CMV and EBV remained lesser.
                  We noticed that 77.0% (37/48) and 47.9% (23/48) of CDC patients were positive for anti-IgG and anti-IgM of both CMV and EBV,
                  respectively. While in the control group, 30.8% (8/26) and 15.4% (4/26) of children were positive for anti-IgG and anti-IgM
                  of both viruses. The Figure  1 and Table  1 give the overall serological findings and statistical association for each virus infection. 
               

            

         

         
               Discussion

            This pilot study is unique, representing the only research endeavor to evaluate the serological prevalence of CMV and EBV
               among CDC patients. These viruses are ubiquitous human herpesviruses, frequently leading to asymptomatic primary infections
               or manifesting as infectious mononucleosis syndrome. Their infection generally occurs in individuals of infantile age, in
               particular those with poor hygienic standards or low socioeconomic position. In general, 80% to 90% of young individuals infected
               with EBV become carriers of the infection in their 3rd decade of life. The seroprevalence rates of earlier CMV infection progressively increase with age and range between 40% and
               100% in the adult population. CMV and EBV can  remain as lifelong latent infections and laterally reactivate in an immune-compromised
               state of the individuals. 12 Our findings demonstrate that the seroprevalence of CMV and EBV was the most frequent viral infection among the study subjects.
               The antiviral IgG and IgM antibody levels for both CMV and EBV were significantly increased in CDC than controls. We also
               observed that the percentage positivity of CMV and EBV exposure (IgG+) or active infection (IgM+) were higher in CDC than
               in controls but did not achieve a statistically significant value. These findings suggest that CMV and EBV infections are
               common in this study group, with higher antiviral immune activity in CDC patients than controls. Chronic illness or immune-compromised
               conditions might be responsible for breaking latency or acquiring environmental/hospital exposure to CMV and EBV, ultimately
               leading to the higher titer of IgG and IgM in CDC patients. Recently, a case report on co-infection of CDC with EBV infection
               reported that positive EBV infections unmasked the underlying choledochal cyst, which was previously asymptomatic. 13 In our country, there is scanty data on the incidence of CDC and their association with CMV and EBV. 14, 15, 16, 17 A few studies reported that CMV and EBV infections or their co-infections are associated with a variety of liver disorders
               like acute or chronic hepatitis and hematological malignancies and increase the disease severity as well as their poor prognosis
               and morbidity. 12, 18, 19 In our study, a higher frequency of these antiviral antibodies of CMV and EBV or both viruses before surgery may alter disease
               severity before or after surgery. 
            

         

         
               Conclusion

            This preliminary study indicates that infections with CMV, EBV, or both are commonly observed in pediatric patients diagnosed
               with CDC. Consequently, molecular screening and extended follow-up in a broader patient cohort are essential for further validation
               and understanding of these associations.
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