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⚫ ⚫ ⚫ ⚫Chemaly et al., 2025; Shafat et al, 2025 

HSV



Lee and Zuckerman, 2019; Lewalle et al., 2019 ; Sallée and Boutolleau, 2024 ⚫ ⚫ ⚫ ⚫

Antivirals for prophylactic or curative treatments of HSV infections

HSV target Type Antiviral Administration

DNA 
polymerase

Nucleoside analogues

Acyclovir (ACV) IV, topical (oral)

Valacyclovir (VACV) oral

Famciclovir (FCV) oral

Ganciclovir (GCV) Topical (keratitis)

Trifluridine (TFT) Topical (keratitis)

Nucleotide analogue Cidofovir (CDV) IV

Pyrophosphate analogue Foscarnet (FOS) IV

Helicase-
primase

Phenyloxadiazole derivative Amenamevir (AMNV) oral

Thiazolylamide derivative Pritelivir (PTV) oral

Off-label : compassionate use

2nd line

Compassionate use

Compassionate use

1st line



Chemaly et al., 2025 ⚫ ⚫ ⚫ ⚫

Mechanism of action of antivirals

Inhibition of viral DNA replication



Chemaly et al., 2025 ⚫ ⚫ ⚫ ⚫

Resistance to ACV and PCV

Resistance to ACV, 
CDV, and FOS

Resistance to AMNV and PTV

Molecular mechanism: mutations in viral targets involved in the mechanism of action of antivirals 

HSV resistance to antivirals



Boutolleau and Sallée, 2024; Piret and Boivin, 2014; Chemaly et al., 2025 ⚫ ⚫ ⚫ ⚫

Resistant HSV infections

◼ Frequency of HSV resistance to antivirals

◼ Immunocompromised patients: 3.5% to 11%

◼ PLWHIV: 4.0% to 8.0% (higher among patients with AIDS)

◼ SOT recipients: 2.0% to 3.0% (up to 10%)

◼ HSCT recipients: 16.0% (up to 30% to 40%)

◼ Immunocompetent patients: 0.1% to 0.7% 

◼ Stable over time (unaffected by growing exposure to antivirals)

◼ Immunocompetent patients with recurrent herpetic keratitis: up to 8.0%

◼ Cornea: immunoprivileged site with reduced local immune responses

◼ Decreased concentration of antiviral drugs

◼ Virological diagnosis of HSV resistance to antivirals

◼ Genotypic resistance testing

◼ Sequencing HSV genes encoding enzymes implicated in mechanism of action of antivirals (UL23, UL30, UL5, UL52)



Burrel et al., 2020

Mutations conferring HSV resistance to antivirals

⚫ ⚫ ⚫ ⚫

Thymidine kinase UL23 DNA polymerase UL30



Chemaly et al, 2025 ⚫ ⚫ ⚫ ⚫

Refractory/resistant HSV infections

Definition and risk factors (2025)



Shafat et al, 2025 ⚫ ⚫ ⚫ ⚫

Management of refractory/resistant HSV infections

Algorithm for the management of refractory HSV infection (2025)



⚫ ⚫ ⚫ ⚫

Helicase-primase inhibitors

Amenamevir (AMNV)

◼ Amenamevir

◼ Efficacy for herpes zoster treatment

◼ Efficacy for orolabial herpes treatment

◼ Efficacy for genital herpes treatment

◼ Japan

◼ AMNV approved for treatment of herpes zoster and 
recurrent labial or genital herpes (Amenalief®)

◼ France

◼ Authorization of compassionate use for 
refractory/resistant HSV infections (200 to 400 mg/day) 

◼ Good tolerance (thrombocytopenia)

◼ No HSV resistance to AMNV described to date in patients 

Kawashima et al., 2017, 2022a and 2022b



⚫ ⚫ ⚫ ⚫

Helicase-primase inhibitors

Pritelivir (PTV)

Phase 3 clinical trial PRIOH-1 (NCT03073967) : Efficacy and safety of Pritelivir tablets for treatment of acyclovir-
resistant mucocutaneous HSV infections in immunocompromised subjects (vs foscarnet) (completed)

◼ Pritelivir

◼ Efficacy for genital herpes treatment

◼ PTV > VACV for viral shedding

◼ France

◼ Authorization of compassionate use for refractory/resistant 
HSV infections (400 mg/day on day 1, then 100 mg/day 
during 28 to 42 days) 

◼ Good tolerance

◼ Thrombocytopenia

Results of PRIOH-1 presented at CROI 2026



⚫ ⚫ ⚫ ⚫

Helicase-primase inhibitors

Pritelivir (PTV): PRIOH-1 clinical trial

Molina et al., CROI 2026



⚫ ⚫ ⚫ ⚫

Helicase-primase inhibitors

Molina et al., CROI 2026

Pritelivir (PTV): PRIOH-1 clinical trial



Helicase-primase inhibitors

Pritelivir (PTV): PRIOH-1 clinical trial

Molina et al., CROI 2026 ⚫ ⚫ ⚫ ⚫



⚫ ⚫ ⚫ ⚫

Helicase-primase inhibitors

Use of HPIs in patients

Genital herpes (HSV-2) in HSCTx (PTV)

Orolabial herpes (HSV-1) in HSCTx (AMNV)

Sallée L, Souchet L,         
Boutolleau D, Nguyen S 

Bosetti et al., 2023; Serris et al., 2022; Sallée et al., 2024; 
Boucher et al., 2024; Destoop et al., 2025

Orolabial herpes (HSV-1) in HSCTx (PTV)

Herpetic keratitis (HSV-1) (AMNV)

Destoop J, Boutolleau D, Jary A, Bleibtreu A, Cordel H, 
Ouedraogo E, Pourcher V, Monsel G

Genital herpes (HSV-2) in PLWHIV (AMNV)



⚫ ⚫ ⚫ ⚫Kotton et al., 2025; Ljungman et al, 2025 

CMV



Sassine et al., 2024; Kotton et al., 2025; Ljungman et al., 2025 ⚫ ⚫ ⚫ ⚫

Antivirals for prophylactic or curative treatments of CMV infections

CMV target Type Antiviral Administration

DNA polymerase

Nucleoside analogues

Ganciclovir (GCV) IV

Valganciclovir (VGCV) oral

Ganciclovir (GCV) Topical (keratitis)

Nucleotide analogue Cidofovir (CDV) IV

Pyrophosphate analogue Foscarnet (FOS) IV

Terminase Dihydroquinazoline Letermovir (LMV) Oral / IV

Phosphotransferase Benzymidazole Maribavir (MBV) Oral

Off-label : compassionate use

(2nd line)

Prophylaxis (PREVYMIS®)

1st line

2nd line



Sassine et al., 2024 ⚫ ⚫ ⚫ ⚫

Mechanism of action of antivirals

Inhibition of viral DNA replication, viral DNA encapsidation, viral capsid nuclear egress



Sassine et al., 2024 ⚫ ⚫ ⚫ ⚫

CMV resistance to antivirals

Resistance to GCV 
and MBV

Resistance to GCV, 
FOS, CDV

Resistance to LMV

Molecular mechanism: mutations in viral targets involved in the mechanism of action of antivirals 



Kotton et al., 2025; Ljungman et al., 2025; Paviglianiti et al., 2026  ⚫ ⚫ ⚫ ⚫

Resistant CMV infections

◼ Frequency of CMV resistance to antivirals

◼ Solid organ transplant recipients: 

◼ GCV: 2% to 12%

◼ MBV: 26% (clinical trial) / 10% (real-world)

◼ Hematopoietic stem cell transplant recipients: 

◼ GCV: 2% to 15%

◼ LMV: <2% (primary prophylaxis)

◼ Virological diagnosis of CMV resistance to antivirals

◼ Genotypic resistance testing

◼ Sequencing CMV genes encoding enzymes implicated in mechanism of action of antivirals (UL97, UL54, UL51, UL56, 
UL89)



Kotton et al., 2025 ⚫ ⚫ ⚫ ⚫

Mutations conferring CMV resistance to antivirals
UL54 DNA polymeraseUL97 phosphotransferase

UL56 terminase



Kotton et al, 2025 ⚫ ⚫ ⚫ ⚫

Management of refractory/resistant CMV infections

Algorithm for the management of refractory CMV infection in SOTx

Start MBV treatment when CMV load 
≤50.000 UI/mL (otherwise, high risk of 
emergence of CMV resistance to MBV) 



Ljungman et al, 2025 ⚫ ⚫ ⚫ ⚫

Management of refractory/resistant CMV infections

Algorithm for the management of refractory CMV infection in HSCTx

Start MBV treatment when CMV load 
≤50.000 UI/mL (otherwise, high risk of 
emergence of CMV resistance to MBV) 

Review drug dosing and delivery 



Avery et al, 2022 ⚫ ⚫ ⚫ ⚫

Maribavir: Solstice trial

Primary endpoint
CMV viremia clearance at week 8

Secondary endpoints
Confirmed viremia clearance and symptom control 
at week 8 and maintained through week 12, week 

16 (key secondary endpoint), and week 20



⚫ ⚫ ⚫ ⚫

Maribavir (LIVTENCITY®)

◼ Indications

◼ Treatment of refractory CMV infection or CMV disease (with or without resistance mutations) to previous antivirals 
(ganciclovir, valganciclovir, cidofovir or foscarnet) in adult solid organ transplant recipients and adult 
hematopoietic stem cell transplant recipients

◼ Dose

◼ 800 mg/day during 8 weeks (oral administration)

◼ Adverse effect 

◼ Taste disturbance

◼ Warning

◼ No association GCV + MBV

◼ CMV load in blood < 50.000 UI/mL (risk of emergence of resistance)

◼ Poor penetration in the CSF and brain: not recommended for CNS and ocular infections



⚫ ⚫ ⚫ ⚫

HSV and CMV treatment: futures directions

◼ Use of combination of antiviral therapy

◼ CMV: GCV + FOS; MBV + FOS; LMV + GCV (LUCY clinical trial); no association of GCV+ MBV (antagonism)

◼ HSV: ACV + FOS; in vitro synergistic activity: ACV + AMNV; ACV + PTV 

◼ mTOR inhibitors (everolimus)

◼ CMV prevention

◼ Refractory CMV infection

◼ Adoptive T-cell therapy 

◼ Multiple case reports and phase I/II trials have demonstrated use of CMV-specific T cells for resistant/refractory 
CMV infection in transplant recipients

◼ Vaccine

◼ To date: no CMV and no HSV vaccine



⚫ ⚫ ⚫ ⚫

Conclusion

◼ HSV and CMV infections are common, potentially serious, and sometimes life-threatening in immunocompromised 

patients (SOT or HSCT recipients) 

◼ Definition of HSV refractory infection: failure to improve lesions or to prevent new lesions after 7 days of an appropriate 

route and dosage of antiviral therapy

◼ Definition of CMV refractory infection: ≤1 log10 decrease in plasma or blood CMV load after 2 weeks of well-conducted 

antiviral therapy, new or worsening CMV disease

◼ Frequency of HSV/CMV resistance to antivirals varies from 2% to 15%

◼ Genotypic diagnosis of HSV/CMV resistance to antivirals 

◼ Therapeutic management of antiviral-resistant HSVCMV infections may be very complicated/challenging

◼ Novel antivirals: AMNV and PTV for HSV; LMV and MBV for CMV

◼ What about anti-HSV and anti-CMV vaccination?



Thank you for your attention

david.boutolleau@aphp.fr
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