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Cytomegalovirus (CMV) is a major opportunistic pathogen in recipients of solid organ transplantation. Maribavir, a pUL97 protein kinase inhibitor, was approved for the treatment of refractory post-transplant CMV infection in the US in 2021. However, it is rarely used in pediatric patients worldwide. Here, we report the case of a Chinese boy with Schimke’s immune-osseous dysplasia (SIOD) who developed refractory CMV infection after a renal transplantation. An 11-year-old boy was hospitalized with recurrent abdominal and testicular pain 50 days after renal transplantation. Diagnoses included urinary tract infection, epididymitis, CMV viremia, stage 2 chronic kidney disease, and SIOD. After five days of treatment, his pain improved, but he developed persistent fever and shortness of breath. Blood CMV levels rose to 1.64 × 105 copies/ml after one month of ganciclovir treatment. Significant bone marrow suppression was observed after combined treatment with foscarnet. Anti-rejection treatment was discontinued due to compromised immune function. On day 40, maribavir was initiated with parental consent, resulting in undetectable CMV copies within four days. The patient’s clinical status and bone marrow suppression had improved. Continuing maribavir for two weeks led to the disappearance of CMV viremia, no bone marrow suppression, and normal liver and kidney functions. This case demonstrates the successful short-term use of maribavir in the treatment of refractory CMV infection in an immune-deficient child after renal transplantation. Further studies are required to explore the efficacy and safety of maribavir in pediatric patients.
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Introduction

CMV is a major opportunistic pathogen in recipients of solid organ transplants and hematopoietic stem cell transplantation and is a major cause of morbidity and mortality during the first six months after transplantation (1). Ganciclovir (GCV) and Val ganciclovir (VGCV) are first-line treatment used in solid-organ transplantation to treat CMV infection (2, 3). Second-line options include foscarnet and cidofovir, which are used in cases of GCV intolerance or resistance and are associated with a substantial risk of toxicity, such as electrolyte abnormalities, neutropenia, and thrombocytopenia (4). Similarly, they have drug resistance issues (5–7). The treatment of refractory CMV infection remains challenging.

Maribavir, an inhibitor of CMV-specific UL97 protein kinase, was approved by the FDA in November 2021 as the first drug for treating adult and pediatric patients (12 years of age and older and weighing at least 35 kg) with post-transplant CMV infection or disease that does not respond to available antiviral treatment for CMV (8). However, there is insufficient experience regarding the current use of maribavir in pediatric patients.

Schimke’s immuno-osseous dysplasia (SIOD) is an autosomal recessively inherited, monogenic, ultra-rare multisystem disease (9), which is characterized by multisystem involvement given by skeletal, renal and immunological abnormalities (10). Its deficiency with T-cell lymphopenia leads to cellular immunodeficiency which makes it prone to viral infection (11, 12).

Clinical experiences with maribavir, especially in pediatric SIOD patients who have undergone kidney transplantation, are scarce. Here, we report a case of successful short-term use of maribavir for the treatment of CMV infection in a pediatric SOID patient after renal transplantation.





Clinical case presentation

An 11-year-old boy with SIOD (detailed information listed in Table 1) who had undergone allogeneic renal transplantation 50 days prior for end-stage renal disease was admitted to the hospital with a complaint of recurrent abdominal pain and testicular pain persisting for over one month. Tacrolimus, Mizoribine, and methylprednisolone were administered for anti-rejection therapy after renal transplantation. One month after the renal transplantation, the patient experienced recurrent abdominal and testicular pain. Urinalysis indicated the presence of Escherichia coli, Candida smooth, and CMV infection with CMV blood quantitative PCR (qPCR) at 7 × 104 copies/ml. The patient received anti-infection therapy with piperacillin, fluconazole, and valganciclovir. However, his clinical symptoms continued to recur and was admitted to the hospital on 19 April 2024 (Figure 1; Supplementary Table).


Table 1 | The patient’s demographic information and history.






Figure 1 | Progress of anti-CMV treatment.



Upon admission, the patient was diagnosed with urinary tract infection, epididymitis, CMV viremia, stage 2 chronic kidney disease, and SIOD. The patient received various antibiotics, antifungal agents, and antiviral therapy. The initial treatment with anti-CMV was daily intravenous ganciclovir and the dose was determined based on renal function. By the fifth day, the abdominal and testicular pain had significantly improved. However, the CMV blood qPCR increased to 1.01 × 105 copies/ml on the 4th day after admission. At the same time, the lymphocyte count decreased to only 0.34 × 109.

On the 8th day after admission, he developed fever with a gradual rise in thermal peaks, accompanied by shortness of breath. Chest CT showed interstitial pneumonia, and CMV blood qPCR persistently increasing to 1.35 × 105 copies/mL on the 19th day after admission. Antiviral susceptibility testing was performed, and no resistance genes were detected. Meanwhile, a gradual decrease in lymphocytes was considered to be related to excessive anti-rejection. Mizoribine was stopped on the 14th day after admission while tacrolimus and methylprednisolone were stopped on the 21st day. Furthermore, gamma globulin was administered to boost immunity.

However, his lymphocyte count was still very low and continued to have daily fever with no significant decrease in fever peaks and intermittent shortness of breath. Alveolar lavage fluid test showed that CMV qPCR was 2.2 × 103 copies/mL and CMV blood qPCR was persistently increasing to 1.64 × 105 copies/mL on the 26th day after admission. Simultaneously, resistance testing was repeated. UL54 genotyping revealed the emergence of HCMV variants with mutations in S676G that confer GCV resistance (13).

According to the latest guidelines, the patient was diagnosed with refractory CMV infection, which is defined as CMV viremia that either increases (i.e., a rise of more than 1 log10 in CMV DNA levels within the same blood compartment compared to the peak viral load, as measured in the same laboratory and/or with the same commercial assay) or persists (a change of 1 log10 or less in CMV DNA levels) after at least 2 weeks of appropriate antiviral therapy (14).

Therefore, we combined the anti-CMV therapy with foscarnet. Two days later, the fever subsided and the patient’s clinical condition gradually improved. On the 36th day after admission, CMV qPCR decreased to 693 copies/ml. However, he developed significant myelosuppression with an absolute neutrophil count (ANC) plummeting to 0.77 × 109/L, and the lymphocyte count decreased to 0.45 × 109/L.

Because foscarnet was excessively myelosuppressive and could potentially impede hematopoietic recovery, he was transitioned to maribavir at a dose of 200 mg twice daily (20 mg/kg/day) on the 40th day after admission after obtaining consent from the family. ANC was 0.97 × 109/L at the time of starting therapy. Four days later, CMV blood qPCR dropped below 500 copies/ml, and clinical status remained stable. At the same time, ANC increased to 1.56 × 109/L, and the lymphocyte count increased to 1.29 × 109/L.

Finally, the patient was discharged and oral maribavir was continued. The patient received maribavir for 2 weeks. For economic reasons, ganciclovir was administered after 2 weeks. CMV blood qPCR was <500 copies/mL on a regular test until 8 October 2024. No myelosuppression, elevated transaminase levels or renal impairment were found.





Discussion

This case report describes the challenging course of CMV infection in a child with SIOD after renal transplantation. Following the ineffectiveness of GCV combined with foscarnet, which is associated with significant myelosuppression, maribavir demonstrated excellent anti-CMV efficacy and low myelosuppressive risk. The human immune response to CMV infection includes both innate and adaptive mechanisms (15). Among these, T lymphocytes play a major anti-CMV role (16). However, in our case, the child had SIOD, which is characterized by T-cell deficiency (12). Additionally, immunosuppressive drugs have been used to prevent rejection after renal transplantation, which broadly inhibit innate and adaptive defenses, including reduced effector cells, sustained reductions in immunoglobulins, and CMV-specific antibody levels (17, 18).

Under the “double strike” of T-lymphocyte deficiency and the administration of immunosuppressive drugs post-kidney transplantation to prevent rejection, this child exhibit severely compromised baseline immunity, making him highly susceptible to CMV infection or reactivation (19). At the same time, it poses a significant challenge for anti-CMV treatment.

Traditionally, GCV and foscarnet have been used as anti-CMV agents. However, one of the side effects of myelosuppression is further inhibition of immune function, especially foscarnet. Another side effect of foscarnet is renal damage because of its propensity to accumulate in renal tubules (20). Under the “triple strike” of primary disease and limited treatment, maribavir demonstrated significant efficacy with a lower risk of myelosuppression. Additionally, common adverse reactions to maribavir were not observed during treatment.

In our case, CMV DNA was negative after discontinuation of foscarnet and administration of maribavir for four days. Maribavir exerts its anti-CMV effect by inhibiting the activity of UL97 protein kinase, which is an enzyme crucial for the replication of CMV and participates in several key processes in the CMV lifecycle (21, 22) (Figure 2). Although maribavir is administered twice daily and reaches a steady state within 2 days, whether the residual effects of foscarnet also play a role in antiviral activity is worth exploring. The long terminal phase elimination half-life of foscarnet (up to a mean of 88 h) is assumed to be the result of sequestration of the drug into the bone, but the shorter first- and second-phase half-lives (up to 1.4 h and 6.8 h) indicate that continuous or frequent short infusions are required to maintain adequate plasma drug concentrations. This suggests that foscarnet may have terminal half-life when maribavir antiviral therapy is initiated. Additionally, previous studies indicated that foscarnet concentrations of 0.1 umol/L to 0.5 umol/L inhibit CMV DNA polymerase activity by 50%. Unfortunately, we were unable to determine the drug concentration of foscarnet (23).




Figure 2 | Change of immune cell.



Furthermore, after the cessation of anti-rejection drug therapy, the lymphocyte counts gradually increased, which suggested that the immune function had improved and provided strong support against CMV (Figure 3).




Figure 3 | Mechanism diagram of maribavir against CMV.



Currently, there is insufficient experience regarding the use of maribavir in pediatric patients. A literature review on the use of maribavir in pediatric patients has only three reported cases at the present time (24–26).

In reported cases, maribavir was used when conventional anti-CMV drugs, including foscarnet, GCV, valganciclovir, and cidofovir, were ineffective. Owing to limited research, there is no standardized dosage or duration of maribavir administration in children. The dosages used in the three reported cases ranged from 800 mg to 1,000 mg daily. Due to inconsistent underlying diseases, age, CMV-DNA copy number at baseline, and duration of treatment with maribavir, it seems difficult to summarize the appropriate dosage and duration of maribavir treatment in pediatric patients. However, it is not difficult to determine when the duration and dose increase, the mutation of CMV to resistant maribavir can be detected.

A 13-year-old girl with refractory pancytopenia developed CMV infection 6 weeks after bone marrow transplantation. She received maribavir at a dose of 400 mg twice daily for 7 weeks, and antiviral resistance testing revealed mutation L595S in the UL97 region, which has been reported to confer resistance to maribavir (26).

Similarly, a 4-year-old boy with Standard-risk B cell acute lymphoblastic lymphoma was infected with CMV on maintenance chemotherapy. Maribavir was administered at a dose of 200 mg every 8 hours, and the dose was increased gradually because CMV blood qPCR was persistently increased within 100 days. When the dose of maribavir was up to 1,000 mg daily, mutation T409M in CMV-UL97 was detected, which has also been described to confer resistance to maribavir after 10 days (25).

Therefore, it is important to determine the appropriate dosage and duration of maribavir treatment for children. In a clinical trial performed in adults, patients who responded to maribavir treatment similar among the groups (400 mg twice daily, 800 mg twice daily and 1,200 mg twice daily) (27). In another clinical trial performed in adults, the group that received maribavir at a dose of 400 mg twice daily showed a significant effect in eliminating CMV after 8 weeks when compared to the investigator-assigned treatment group (28). However, no high-quality clinical studies have examined the effects of maribavir dose and duration on efficacy in children. In our case, maribavir at a dose of 200 mg twice daily resulted in a reduction in the number of CMV-DNA copies from 693 to negative within four days, providing valuable insights for similar cases. Additional studies are required to explore the use of maribavir in children.

CMV resistance is another critical factor that affects efficacy (1). Like traditional anti-CMV drugs, including GCV, foscarnet, and cidofovir, maribavir also has resistance issues. Currently, well-defined CMV resistance mutations include the CMV-UL97 and CMV-UL54 genes, which encode phosphotransferases and DNA polymerases in the CMV-DNA replication process, respectively (29, 30). In pediatric cases, the mutation L595S–H411Y in the UL97 region was detected after seven weeks of maribavir treatment (25), and the mutation T409M in the UL97 region was detected after 232 days of maribavir treatment with a gradual increase in dose (26). Similarly, a clinical trial conducted in adult transplant recipients found that UL97 gene mutations were identified in 13 patients (52%), encompassing T409M in 10 patients and H411Y in three patients after maribavir treatment within 6 months (26). Resistance to maribavir in pediatric patients with CMV-infected has not yet been studied. Given the low barrier to resistance (25), monitoring of drug-resistant gene mutations may be necessary when maribavir is ineffective against CMV.

To our knowledge, this is the first case of maribavir being used for the treatment of refractory CMV viremia in a child with SIOD after renal transplantation. Under the combined strike of immunodeficiency, anti-rejection therapy after organ transplantation, and myelosuppression, it is important to find a balance between immunization and anti-CMV infection. We provided comprehensive clinical data, including diagnostic workup and complete treatment process, which will provide valuable insights for clinicians managing similar cases. Additionally, we also recognize that our study has some limitations. The relatively short follow-up period may not have fully captured the long-term effects of the treatment, and we were unable to obtain blood concentration data for foscarnet, which would have been valuable for assessing drug exposure and efficacy. Additionally, as a single-case study, our findings may not be generalizable to all pediatric patients. Future studies are needed to explore the long-term efficacy and safety of maribavir in pediatric patients.





Conclusion

Maribavir-treated refractory-resistant CMV viremia and regulation of immune function in a child with SIOD after renal transplantation with favorable short-term efficacy. Further research is required to determine the optimal dosage, duration, long-term effects, and safety of maribavir in pediatric patients.
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Demographic information

- Details

and history

Age 11 years

Sex Male

Ethnicity Han Chinese

Occupation Elementary school student

Medical History SIOD, renal transplantation

Family History Non-contributory

Genetic Information SMARCALI (NM_014141.3) Exonl2
¢.1930C>T p.(Arg644Trp)
heterozygous, unknown significance;
SMARCALI (NM_014141.3) Exon8
c.1444delC p.(Leu482fs) heterozygous,
pathogenic mutation.

SIOD, Schimke immune-osseous dysplasia.





