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Background and objectives: Biliary atresia (BA) with concurrent cytomegalovirus (CMV) is a distinct subtype that is linked to a poorer prognosis. Currently, there are no standardized criteria for the diagnosis or antiviral treatment (AVT) of this condition. It has a high prevalence in China. The aim was to investigate the infection, diagnosis and treatment of CMV infection in infants with BA through a multicenter questionnaire survey conducted in China.



Methods: A multicenter investigation was performed through online questionnaire survey. It investigated the diagnosis and treatment of infants with CMV-infected BA in tertiary-level pediatric centers from January 1st, 2018, to January 1st, 2020. The centers were categorized into low and high-volume groups based on number of infants with BA (≤50 or >50) and were also grouped geographically into south and north groups. Afterward, 100 cases were randomly selected from these infants for a retrospective analysis.



Results: A total of 22 questionnaires were collected, and 20 were included in the analysis. The questionnaire survey encompassed 1,276 infants with type III BA. 31.3% of the infants of BA had CMV detected. According to the survey results, a large proportion of centers preferred using CMV-DNA (75.0%) and CMV-IgM (95.0%) as their preferred methods for CMV detection. In the high-volume group, more centers opted for CMV-DNA detection (100.0% vs. 66.7%) and administered AVT (87.5%). In the retrospective analysis of 100 infants with BA, 39 were found to be CMV-positive and among these, 74.4% received AVT.



Conclusion: Among the 1,276 infants with BA in this cohort, 31.3% (399 cases) had concomitant CMV infection, representing a decrease compared to previous data. CMV-IgM played a crucial role in the detection of the infection. The retrospective analysis indicated that AVT had a beneficial impact on the prognosis of infants with BA who were infected with CMV.
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Highlights


	•This is the first multicenter investigation conducted in China on the diagnosis and treatment of infants with BA infected with CMV.

	•A total of 20 children medical centers were included in this study.

	•In this investigation, the prevalence of CMV infection in infants with BA in China was approximately 31.27%.





1 Introduction

Biliary atresia (BA) is a destructive and obliterative cholangiopathy that occurs in infants (1). It is characterized by persistent hepatic inflammation and progressive liver fibrosis (2). The incidence of BA ranges from 1/5,000 to 1/20,000, with higher rates observed in Asian countries (1.51/10,000) (3, 4). The primary treatment for BA is Kasai portoenterostomy (KPE), which prolongs native liver survival (NLS) (5, 6). If liver fibrosis is advanced, liver transplantation (LT) is considered the definitive treatment to enhance long-term survival (7). The etiology of BA remains unclear, but it may be associated with viral infection, immune disorders, or inflammation (8–10).

Cytomegalovirus (CMV) is a hepatophilic double-stranded DNA virus that can cause isolated organ injury or multisystem involvement, including liver, nervous system, and blood system (9). Davenport (3) identified CMV-IgM positive BA as a subtype of BA. Evidence of CMV infection has been reported in 10%–38% of infants with BA in European studies, with higher rates observed in Asia, particularly in China, where rates have reached up to 60% in 2012 (5, 9, 11). There were notable differences in the detection and treatment of infants with CMV-infected BA, with various methods employed in different studies, including CMV-IgM, CMV-DNA, and CMV-pp65 for detecting CMV infection (9, 12, 13).

Several studies have suggested that CMV infection impacts the prognosis of infants with BA (9, 13, 14). A meta-analysis conducted by previous research indicated that infants with CMV-infected BA experienced worse jaundice clearance (JC) (15). Fischler's study found that antiviral treatment (AVT) improved the prognosis of infants with CMV-infected BA (14). Moreover, valganciclovir or sequential treatment with valganciclovir and ganciclovir was primarily used in Western countries, while ganciclovir was more commonly administered in China (12, 16). The dosage of treatment varied by country and center.

In conclusion, a multicenter survey is essential for guiding the treatment of infants with CMV-infected BA. A large sample of infants with CMV-infected BA in China would be beneficial for conducting such research. The aim of this study was to provide a descriptive analysis of the diagnosis and treatment of CMV-positive BA in multiple centers in China using a questionnaire, which can serve as a valuable reference for future research in this area.



2 Methods


2.1 Participant centers

A multicenter investigation was conducted using online questionnaires across 22 tertiary-level pediatric centers in China (Supplementary Table S1). This investigation was carried out through the Pediatric Surgery Multi-Center Medical Collaborative Association, which was established in China in 2015. This association comprises 40 pediatric medical centers and is dedicated to researching a wide range of pediatric diseases, including BA and megacolon. Regular in-person meetings are held annually to facilitate discussions and review the progress of ongoing projects.

This online questionnaire was directly administered to the leader of each medical team. The staff responsible for follow-up varied among centers. In some centers, a dedicated staff member was responsible for case information, while in others, a clinician took on this responsibility. Therefore, the questionnaire was completed by the individual who had knowledge of the patients' clinical data at each center, and a signature was required upon completion. This approach ensured that the data collected was both reliable and accurate.

The centers were categorized into two groups based on their caseload of eligible infants with BA from 2018 to 2020: a low-volume group (≤50 patients) and a high-volume group (>50 patients). Additionally, China was divided into northern and southern regions by the Qinling-Huaihe River, and the centers were further classified into south group and north groups according to their geographical location.



2.2 Questionnaires

The questionnaire was posted online and comprised 31 questions (Supplementary Material S1). The questionnaire items were initially proposed by experts during in-person meetings, with the first draft prepared by the corresponding author. The questionnaire then underwent two rounds of revisions through additional face-to-face discussions and the final version was approved by all experts. The questions were designed based on fundamental clinical knowledge, ensuring that the content was straightforward and easy to comprehend for the respondents, all of whom were practicing clinicians, which was helpful for maintain consistency throughout the questionnaire. The questionnaire was distributed at the National Pediatric Surgery Multi-center Annual Meeting, where a dedicated session was held to explain the questions and address any concerns. Each medical center was required to collect clinical data, which necessitated sufficient time for completion. Therefore, a three-month period was allocated for data collection after the questionnaire was distributed. Respondents were expected to spend at least 30 min filling out the questionnaire to ensure that clinical doctors had enough time to complete it thoroughly. After data collection, expert discussions were conducted in offline meetings to verify the accuracy of the responses before incorporating them into the final analysis. The design and implementation process of the questionnaire was illustrated in Supplementary Figure S1. Each questionnaire could be completed only once per Internet Protocol Address (IP), and a signature was required from the individual who completed it. Homogeneous questions were included to assess the quality of the responses. If the answers to these questions were contradictory, the questionnaire was deemed ineligible, and excluded from the analysis. The questionnaire was created using the Questionnaire Star website, an online platform for surveys and was sent to the leader of each medical center.

The questionnaire was divided into two parts. The first part focused on the diagnosis and treatment approaches of infants with CMV-infected BA. The diagnosis section included questions about virus detection methods, detection time and the diagnostic criteria for infants with CMV-infected BA. The second part of the questionnaire pertained to prognosis. To ensure the authenticity of the data, this section was optional due to the challenges associated with follow up; not all centers were able to complete it. A medical center could still submit the questionnaire even if the second part was not filled out. The patient's prognosis outcome (expressed as percentage) was entered directly rather than uploading of individual patients' clinical data. The prognostic indicators included JC, early cholangitis, frequent cholangitis, and NLS (Supplementary Material S1).



2.3 BA patients included in the questionnaire

The questionnaire included infants with BA who were diagnosed and underwent Kasai between January 1, 2018, and January 1, 2020, with follow-up until January 31, 2021. Specified criteria for inclusion in the study were established, including a confirmed diagnosis of type III BA, Kasai surgery, parental consent, and the absence of BASM or other severe malformations that could lead to mortality. Infants with CMV-positive BA was defined as meeting one of the following conditions: (1) CMV-DNA positive in the blood or urine; (2) CMV-pp65 positive in the blood or urine; (3) CMV-IgM positive in the blood; (4) serum CMV-IgG antibody titer ≥4 times the baseline; or (5) presence of CMV inclusion bodies in the urine. Infants with BA who did not meet any of the indicators were classified as CMV-negative.

Following the questionnaire investigation, 100 cases were randomly selected from the included patients for a detailed retrospective analysis of their clinical data. Comprehensive clinical information was collected, including basic patient demographics, preoperative blood routine and liver function tests, preoperative CMV testing, and prognosis outcomes.

This study was conducted in accordance with the Declaration of Helsinki. Approval for the research protocol was obtained from the Ethics Committee of Tianjin Children's Hospital (2022-SYYJCYJ-008). Informed consent was obtained from the legal guardian(s) of each patient.



2.4 Sample size calculation

Based on previous multicenter retrospective studies on BA in mainland China, the ratio of CMV-positive BA to CMV-negative BA is approximately 1:2. Using the JC rates from previous meta-analysis, assuming that the rate of CMV-positive BA is 50% and that of CMV-negative BA is 60%. Statistical analysis was performed using the Chi-square test with a level of 0.05 and 1—b = 0.9. This analysis indicated that 1,167 infants with BA should be included in the study, comprising 389 being infants with CMV-positive BA and 778 infants with CMV-negative BA. PASS 15.0 is used to calculate sample size.



2.5 Statistics

This study is mainly descriptive research. After grouping by region or caseload volume of people, a statistical analysis was carried out using SPSS22.0. P < 0.05 was considered to indicate statistical significance.




3 Results


3.1 Overview

A total of 22 questionnaires were collected, and of which 20 were valid, 2 questionnaires were deemed ineligible due to discrepancies in the responses to homogeneity questions. The data analyzed were obtained from 20 medical centers located across 17 provinces in China (Supplementary Table S1). A total of 1,276 infants with BA were identified through the questionnaire survey conducted across the 20 participating centers, including 399 (31.3%) infants with CMV-positive BA and 877 (68.7%) infants with CMV-negative BA (Figure 1A).
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FIGURE 1
CMV infected infants with BA across 20 centers. (A) The CMV infection status of infants with BA in different subgroups. Among all included infants, 31.3% of infants with BA were CMV-positive, while 68.7% were CMV-negative. By region, 31.9% of infants with BA in south group were CMV-positive, compared to 30.5% of infants with BA in northern medical centers. By patient volume, 32.2% of infants with BA in the high-volume group were CMV-positive, whereas 28.9% of infants with BA in the low-volume group. (B) Multi-center CMV detection methods. The proportion of medical centers using various CMV detection methods among all centers surveyed. (C) The diagnosis and treatment of infants with CMV+ BA in 20 medical centers. The proportion of medical centers selecting different responses to the survey question.


Based on the questionnaire survey, among the 20 centers, 11 centers classified in the north group which included 581 infants with BA, of whom 177 (30.5%) CMV-positive cases. Nine centers were located in the south group, accounting for 695 infants with BA, including 222 (31.9%) CMV-positive cases. According to the caseload grouping derived from the survey, 12 centers were categorized as low group, with a total of 364 infants with BA of which 105 (28.9%) were CMV-positive cases, and 8 centers were classified as high group, comprising 912 infants with BA, including 294 (32.2%) CMV-positive cases (Figure 1A).



3.2 Examinations and diagnosis

In the first part of the questionnaire survey, most centers performed the CMV-IgM test (19/20) and CMV-DNA test (15/20). In contrast, only a few centers tested CMV-pp65 (3/20) and CMV inclusion bodies (3/20) (Figure 1B). Additionally, some centers conducted only preoperative virus tests (14/20), while others performed both preoperative and postoperative virus tests (6/20), and none of the centers solely performed postoperative testing.



3.3 Treatment

In the first part of the questionnaire survey, which focused on treatment, 16 out of 20 centers reported administering AVT. Three centers relied solely on CMV-IgM test results as an indicator of AVT, while 2 centers used CMV-DNA test results alone. The majority of centers (10/16) utilized both the antibody and DNA test results as indicators of AVT. Ganciclovir was the most commonly used antiviral drug with dosages of 5 mg/kg/d (5/16) and 10 mg/kg/d (6/16), and the treatment duration was commonly 1–2 weeks (11/16). Treatment was primarily administered before the operation. And most centers (9/16) discontinued AVT once the treatment duration had ended (Figure 1C, Supplementary Table S2). Moreover, most centers (13/20) also implemented glucocorticoid therapy, with an initial dosage of 4 mg/kg/d.



3.4 Prognosis

In the second part of the survey, the prognostic indicators primarily include the JC rate and NLS rate, which are directly reported as percentages (%) in the survey. A total of 16 out of 20 centers surveyed illustrated the rate of JC in infants with BA after KPE. Among these, 8 centers (8/16) reported a positive group with JC rate of ≥60%. However, 13 centers (13/16) reported a JC rate greater than 60% in infants with BA with negative group (Supplementary Table S3). The rate of one-year NLS was calculated in 17 centers. Among these, 70.6% of the centers (12/17) reported a NLS rate of ≥70% in the negative group, while 52.9% of the centers (9/17) reported this rate in the positive group (Supplementary Table S3).



3.5 Outcomes of different groups

The survey revealed that 75% of centers in the high-volume group (6/8) utilized three or more methods for CMV detection, compared to 58.3% (7/12) in the low-volume group. CMV-DNA detection results served as the AVT indicator in most high-volume centers (High: 100.0% vs. Low: 66.7%). In contrast, the low-volume group had a higher reliance on the CMV-IgM test for detecting viral infection (High: 87.5% vs. Low 100.0%) and used it as the main indicator for AVT (High: 71.4% vs. Low: 88.9%) (Figures 2A,B). Eight low-volume centers preferred a treatment duration of 1–2 weeks of AVT vs. only one center opting for 3–4 weeks, while high-volume centers showed no predominant preference for treatment duration (1–2 w: 42.9% vs. 3–4 w: 42.9%). Moreover, more centers in the high-volume group chose a dosage of 10 mg/kg/d for ganciclovir treatment, while more centers in the low-volume group opted a dosage of 5 mg/kg/d. Additionally, more medical centers in the low-volume group administered glucocorticoid therapy to infants with BA and CMV infection (High: 50.0% vs. Low: 75.0%) (Figure 2B, Supplementary Table S4).
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FIGURE 2
Diagnosis and treatment of CMV infected infants with BA in different subgroups. (A) CMV detection in low-volume vs. high-volume centers. The proportion of centers selecting different CMV detection methods among those participating in the survey, categorized by patient volume (High vs. Low). (B) Treatment of infants with CMV+ BA in low-volume vs. high-volume centers. The proportion of centers selecting various treatment approaches among those participating in the survey, categorized by patient volume (High vs. Low). (C) CMV detection of infants with BA in South vs. North groups. The proportion of centers selecting different CMV detection methods among those participating in the survey, categorized by geographic region (Sou vs. Nor). (D) Treatment of infants with CMV+ BA in South vs. North groups. The proportion of centers selecting different treatment approaches among those participating in the survey, categorized by geographic region (Sou vs. Nor).


According to the regional grouping investigation, the south group exhibited a more diverse range of detection methods for CMV in infants with BA (Sou: 77.8% vs. Nor: 54.6%) (Figures 2C,D). More centers in north group utilized AVT (Sou: 66.7% vs. Nor: 90.9%) and preferred low-dose short-cycle treatment (Dose, Sou: 16.7% vs. Nor: 40.0%; Cycle, Sou: 33.3% vs. Nor: 90.0%). More centers in south group that chose to administer treatment before surgery (Sou: 80.0% vs. Nor: 55.6%) and to discontinue AVT after the completion of therapy (Sou: 83.3% vs. Nor: 40.0%) (Figure 2D, Supplementary Table S5).



3.6 Retrospective analysis of 100 pediatric cases

A retrospective analysis of 100 randomly selected pediatric BA cases revealed that 39 were CMV-positive, with 29 of these infants receiving AVT. Among the CMV-positive cases, 29 tested positive for CMV-IgM, 25 for CMV-DNA, and 17 were dual-positive for both CMV-IgM and CMV-DNA. The analysis indicated that the age of Kasai was significantly higher in infants with CMV-positive BA compared to CMV-negative infants [68 days [59–76] vs. 57 days [45–69.5], p = 0.005] (Table 1). No significant difference in prognosis was observed between infants with CMV-positive and CMV-negative BA, likely due to the AVT received by most CMV-positive infants. Further comparison of the effects of AVT effect revealed a significant reduction in the incidence of early cholangitis in infants who received AVT (10.3% vs. 50.0%, p = 0.016) (Table 2).


TABLE 1 Comparison of preoperative blood examination.
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TABLE 2 Comparison of prognosis between AVT group and non-AVT group.
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4 Discussion

CMV is considered to be one of the possible causes of BA, and its effects on infants with BA are consistently discussed. CMV infection may influence the prognosis of BA, with some reports suggesting that AVT can improve it (14). However, there are differences in the diagnosis and treatment approaches for infants with CMV-infected BA. Through this investigation, it was found that the rate of infants with CMV-infected BA in China was approximately 31.3%. While all centers detected CMV in infants with BA, not all centers administered AVT. The retrospective analysis of 100 randomly selected BA patients indicated that AVT was beneficial for the prognosis of CMV-positive patients. There were variations in virus detection and AVT among different centers.


4.1 Is there a difference between centers in China?

This study surveyed 20 centers, representing half of the provinces in China. However, some provinces lack the capacity to perform Kasai, leading to the patient referrals to neighboring provinces. Therefore, the 20 centers surveyed are considered highly representative. China is a vast country with significant economic and cultural differences across regions, which can influence clinical testing methods and treatment choices. High-volume groups tended to employ multiple methods for detecting CMV infection primarily relying on CMV-DNA detection, which was used as the main indicator for AVT. In terms of AVT, most medical centers in the high-volume groups preferred high-dose ganciclovir, while those in the low-volume groups tended to choose low-dose. When comparing centers based on their geographical location (north vs. south), differences were also observed in the survey results. Centers with a higher patient volume were more likely to adopt CMV-DNA testing, as this method was more expensive and technically demanding compared to antibody testing. Notably, CMV infection was identified in approximately 30% of BA across both geographic and volume stratifications. This represented a significant decrease from previous reports (∼60%) (11) and aligns more closely with findings from countries such as the United Kingdom and Sweden, where rates range from 10% to 38% (5, 9).



4.2 Which indicator is more appropriate for CMV detection?

The gold standard for diagnosing CMV is virus isolation, however, this method is challenging to perform. Therefore, various diagnostic methods are used, including CMV-DNA, antibodies, or antigens testing. A positive CMV-IgM result indicates a recent infection, while CMV-DNA serves as an early marker of active infection. CMV-DNA detection relied on PCR technology to amplify the virus, offering higher sensitivity compared to CMV antibody testing (17). CMV-DNA can be detected in blood, plasma, urine, or saliva and is widely utilized (18). In Ross's study (19), it was found that the sensitivity of CMV-DNA detection in urine samples was 96.3%, with a specificity of 100%. Other reports on the sensitivity of CMV-DNA detection also show a range between 93% and 100% (20, 21). These CMV detection methods were primarily conducted using blood or urine samples, which may not fully reflect the actual status of viral infection within the liver (22). Reports of CMV inclusion bodies in the livers of infants with BA were extremely rare (23–25). In the study by Domiati-Saad (23), CMV DNA was detected by PCR in liver tissues from BA; however, no inclusion bodies were observed by hematoxylin and eosin (H&E) staining. In Xu's study (11), among 85 infants with BA, 51 tested positive for CMV DNA in liver tissue, and CMV-pp65 staining was also positive. Fischler (26) performed immunohistochemical staining for CMV-IgM and CMV-IgG in BA liver tissue and found demonstrable staining in both canalicular and sinusoidal regions. These findings suggest that viral proteins may be more readily detectable in the liver of infants with BA. Although the presence of CMV in body fluids didn't completely represent hepatic infection, detection in blood or urine was more feasible, non-invasive, and convenient for therapeutic monitoring, making it more acceptable in clinical practice.

Antibody tests, such as CMV-IgM and CMV-IgG, are more accessible and cost-effective than other methods. However, the stability of blood sample for these tests was limited (27). The CMV-IgM test has a high false-negative rate, while CMV-IgG is less reliable for detection since it can cross the placental barrier and may originate maternal antibodies. CMV-DNA is highly sensitive, whereas CMV-pp65 can serve as an indicator of active CMV infection (28). Although CMV-DNA is a key marker for CMV detection, its high technical requirements and associated cost have led many centers to prefer CMV-IgM antibody testing.

Different methods of CMV detections may also indicate different prognosis for infants with CMV-infected BA. A study reported infants with CMV-pp65-positive BA had a worse prognosis than infants in the CMV antibody-positive group (13). However, current evidence suggest that the use of CMV-pp65 testing remained far less common than CMV-DNA or CMV antibody testing, likely due to its higher technical demands and associated costs.



4.3 Is antiviral therapy necessary?

AVT is commonly administered before surgery, which undoubtedly delays the age of Kasai. Previous studies have also reported that infants with CMV-positive BA tend to undergo the Kasai at an older age (6, 29). The age of Kasai was an important factor influencing the prognosis of infants with BA (30). This raises the question: should AVT be routinely administered to infants with CMV-infected BA?.

According to the European consensus, infants with congenital CMV infection who exhibit central nervous system damage, severe single-system damage, or multisystem damage may require regular AVT (18). Congenital CMV-infected infants are at risk of sensorineural hearing loss (SNHL) during childhood, whereas congenital CMV infection was defined as CMV infection determined within the first 2–3 weeks of birth. The consensus suggest that CMV-infected infants undergo systematic evaluation to determine the necessity of treatment, and most infants do not require AVT.

Some pediatric surgeons argued that infants with BA were distinct from normal infants and should be considered separately when deciding on AVT. Since most infants with BA were tested in the hospital at an age older than 14 days, it was difficult to determine whether the infection was congenital. The hepatic immune environment differs between infants with BA and healthy infants, and CMV infection also affects immune cells in BA (31). CMV infection also affect the prognosis of infants with BA (9, 14). AVT had been shown to improve the prognosis of CMV-infected infants with BA. A European multicenter study demonstrated that the NLS in infants with CMV-infected BA who received AVT was significantly better than that in CMV-infected BA who did not receive AVT (14). In another study, antiviral drugs were found to attenuate the pathogenic effects of CMV, improved JC, and reduced the incidence of cholangitis. Given these findings, some experts in in-person conference communication believed that postoperative AVT could be considered for patients who were in poor general condition and older in age.



4.4 How can antiviral treatment be more effective?

There are currently no uniform guidelines for the treatment of CMV-infected BA patients. Ganciclovir and valganciclovir were the main drugs used for treating AVT (32). In a Swedish retrospective study, 46.13% (6/13) of infants were treated with valganciclovir, while 30.8% (4/13) of infants received ganciclovir, and the remaining infants were treated sequentially. The dosage of ganciclovir varied between 5 and 11 mg/kg/d, with the duration ranging from 21 to 74 days (14). In a UK study, all CMV-infected infants with BA received preoperative AVT. Among these, some (5/8) received ganciclovir (5 mg/kg/d), and some infants received oral valganciclovir (520 mg/m2). The use of valganciclovir treatment was more common in Western countries, whereas ganciclovir usage was similar in Eastern and Western countries. Ganciclovir was a nucleotide analog antiviral drug that inhibited viral replication, but it was associated with certain side effects, including neurotoxicity, bone marrow suppression, liver damage, and allergic reactions (33, 34). Further investigation is needed to determine whether ganciclovir treatment may exacerbate liver damage.



4.5 Do CMV-infected infants with BA need special attention at the time of review?

The latent-activation characteristics of CMV and changes in the immune microenvironment were common in infants with BA (31). There was also a possibility of viral activation during the follow-up. Therefore, the author believed that regular postoperative reviews of CMV-infected infants with BA were necessary. The treatment of CMV relapse in CMV-infected BA has been discussed, but there are fewer references available, and further investigations are needed.



4.6 Limitation

This study had several limitations. Firstly, there may be differences among participating centers in the way of diagnosing, treating, and following up. Secondly, this study relied on questionnaires, which were prone to recall bias. Thirdly, data were collected from 20 medical centers, which may not fully represent the diagnostic and treatment practices for CMV-infected infants with BA across mainland China. Further studies involving a broader range of hospitals were needed to achieve more representative results. Finally, in the second part of the questionnaire, each center reported prognostic outcomes rather than providing detailed clinical data for each patient, resulting in a lack of comprehensive clinical information.




5 Conclusion

In conclusion, this study highlighted that most centers in China recognized the significance of CMV infection in infants with BA. However, there were currently no uniform standards for detection and AVT. This indicated a need for multicenter retrospective and prospective studies. The descriptive study conducted through the questionnaire investigation provided a foundation for further in-depth research in this area.
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