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Abstract 
Herpes simplex virus type 1 (HSV-1) is an under-recognized but clinically important pathogen in the burn population. Burn injury causes a unique and sustained alteration of innate and adaptive immunity and destroys the dermal barrier that normally contains mucocutaneous herpesvirus reservoirs; these factors predispose to HSV-1 reactivation and primary or secondary infection of burns and graft sites. HSV-1 in burn patients may present as delayed wound healing, necrotic graft loss, fever of unclear source, or atypical vesiculoulcerative lesions and can be mistaken for bacterial infection or ischemic tissue necrosis. Management options fall broadly into prevention (infection control, screening, and antiviral prophylaxis) and treatment (topical and systemic antivirals, surgical management, and management of antiviral resistance). The evidence base is limited and heterogeneous: case reports and small series document clinically significant wound HSV-1 infection causing graft failure and worsened scarring [1–7], systematic reviews summarize the inconsistency of outcome data [1,2], and randomized trials in related critically ill populations have questioned the benefit of routine preemptive systemic antiviral strategies [8–10]. Prophylactic acyclovir is widely used in facial resurfacing and is practiced in some burn centers—particularly for facial burns and in patients with large TBSA burns or prolonged intubation—but no multicenter randomized trial has established a universal recommendation specifically for burn patients [4,11,15]. Conversely, early targeted treatment of confirmed HSV-1 infection with systemic acyclovir or, in resistant cases, foscarnet, is associated with rapid clinical improvement and salvage of grafts in published series [5–7,12,14]. Practical decision-making therefore requires balancing the (low) risk and cost of prophylaxis and the rare but serious consequences of HSV wound disease, while accounting for local HSV prevalence, patient risk factors (facial burns, immunosuppression, prolonged mechanical ventilation, steroid use), diagnostic capacity (PCR, immunohistochemistry), and stewardship concerns (resistance, nephrotoxicity). In this article we synthesize contemporary evidence, review diagnostic and therapeutic options, discuss prevention strategies, and propose a pragmatic, risk-stratified algorithm for clinicians in burn units to achieve the optimal prevention–treatment balance for HSV-1 in burn patients.
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Introduction

Burn injury has a global health issue  causing an elevated rate of morbidity and mortality ; burn infection is a serious complication responsible for high risk of death,pronlonged hospital stay and serious desabilities in burn survivors [13,16].
Infection in burn injury remains dominated by bacterial pathogens, while viral pathogens most commonly members of the Herpesviridae family that are an important and sometimes overlooked cause, are responsible for a delayed healing, graft failure, disseminated infection, and increased resource utilization [1,2,3]. 
Among these viruses HSV-1 is an important and dangerous opportunistic pathogen ; either reactivated from mucocutaneous reservoirs and infecting burn wounds or grafts or as a primary infection (transmission from caregivers, visitors, or patient contacts), it can be responsible for  local tissue destruction and serious  systemic manifestations [1,4,5]. 
The pathogenic presentation can be very variable , from little localized lesions that can resemble cellulitis, to extensive graft necrosis, or respiratory infection in ventilated patients, to the more serious dessiminated infection.
In the setting of infections the most important question regarding clnical decision making in burn centers remains : Should we prioritize prevention , or should we favor a targeted treatement based on diagnostic confirmation? 
Prophylaxis may reduce the incidence of clinically significant HSV complications  but at a risk of overtreatement with all the cost, drug toxicities, and antiviral resistance that it carries; and targeted approach can come at a cost of delayed diagnosis with graft loss and complications. Throught this review we aim to synthesizes the available literature, including systematic reviews, observational cohorts, case series, randomized trials in related populations, and contemporary guidance, to elaborate a practical framework for balancing prevention and treatment of HSV-1 in burn patients.

Epidemiology and burden of HSV-1 in burn patients
HSV-1 is a virus that is considered endemic in the global population. B y middle age most adult would have been exposed to the virus. HSV1 usually remains dormant in sensory ganglia and can reactivate periodically.
 In burn the case ofburn injury the combination of skin disruption and immune dysfunction is wht creates favourable conditions to HSV reactivation and local invasion of wounds [1,2,3].
HSV prevalence in association with burn injury is very variable, mostly because of the diferrences in diagnosis modalities (culture, immunohistochemistry, PCR) sampling strategies, and burn severity.
Active  HSV infection or  reactivation occurs in a minority but clinically relevant subset of burn patients according to many systematic reviews and multicenter cohort studies, is associated with impaired and delayed wound healing and graft loss[1,2,3].
Some case series from have reported HSV-1 detection in facial burns and graft failures, and multiple case reports documented smaller TBSA burns complicated by HSV infection [4–7,10]. 
It is mandatory to distinguish colonization or reactivation from invasive HSV disease  [8–11] because detection of HSV DNA in mucocutaneous sites or respiratory secretions does not always mean a clinically important disease;
HSV-1 reactivation in severely burned or ventilated patients has been described in the respiratory tract and associated with a worsened prognosis  in observational studies, although randomized trials in mechanically ventilated cohorts have not shown clear outcome benefit from systemic antivirals in ICU populations [8–11].
 In burn patients the combination of facial burns, orofacial colonization, and the frequency of invasive procedures (intubation, repeated dressing changes) can increase the risk of clinically significant HSVcomplications.


Pathophysiology: why burn patients are susceptible
Burn injury is responsible for immediate local tissue necrosis and a systemic response that impairs  innate and adaptive immunity that is sometimes described as burn-induced immunosuppression [13,16] . Key mechanisms that increase susceptibility to HSV-1 include:
A loss of the cutaneous protective  barrier and exposure of dermis and  nerve endings , facilitating viral entry and replication in previously latent sensory neurons and nearby tissue [1,2].
The systemic immunological changes that occur in cell-mediated immunity, lymphocyte dysfunction, and altered cytokine secretion after major burns that impairs  surveillance capacity against latent viral reactivation [1,16].
Local factors that help in viral replication ; sush as  impaired local perfusion, biofilm costitution, and bacterial co-infection [2,17].
The addition of Iatrogenic factors like prolonged mechanical ventilation, systemic corticosteroid treatment, broad-spectrum antibiotics altering microbiome interactions, and device-related breaches ; tracheal intubation) [8–11].
These mechanisms can  explain why HSV reactivation and clinical disease are more common among severely burned patients, those receiving steroids, and patients requiring prolonged intensive care support.

Clinical presentations and diagnostic pitfalls
HSV-1 can multiple presentations in burned patients  in burn patients:
Localized burn wound HSV infection presents as a vesicular or ulcerative lesions either within or adjacent to a burn or graft site beeing responsible for delayed epithelialization;loss of skin grafts; pain  that is disproportionate to wound appearance [4–7].
Orofacial HSV reactivation particularly relevant after facial burns and resurfacing procedures and may compromize graft and be responsible for poor cosmetic outcomes [4,11].
Respiratory HSV disease can manifest as a result of  Oropharyngeal reactivation with extension to tracheobronchial tree or pneumonia in ventilated patients [8,10,11].
Disseminated systemic disease remains a rare but possible occurence, usually in the context of severe immunosuppression; may lead to hepatitis, encephalitis, or multiorgan involvement [1,2].

Clinical evaluation alone  can be insufficient: HSV lesions may be atypical, and  in many cases masqued by bacterial superinfection . 
Misattribution of graft loss to ischemia or bacterial infection, can lead  to unnecessary surgical reintervention and delayed antiviral therapy. Thus, laboratory confirmation is important.
Diagnostic methods for HSV 1 include PCR via wound swab, tissue biopsy, or respiratory samples  high sensitivity and rapid turnaround; most widely used in clinical practice [1,2,5].
Immunohistochemistry /histology of biopsy specimens: useful when tissue invasion is suspected and to demonstrate characteristic cytopathic effect (multinucleated giant cells, Cowdry type A inclusions) [7].
Positive PCR from oropharyngeal or wound sites must be correlated with clinical signs and, when possible, tissue demonstration of viral cytopathic changes to confirm invasive disease.

Viral culture on the other hand has lower sensitivity and takes longer time is still used in some centers.
Serology remains of very  limited utility for acute diagnosis because many adults have seropositivity to HVS [1,4].

Treatment options: topical and systemic antivirals
When clinically significant HSV-1 infection is suspected or confirmed in a burn patient, antiviral therapy should be initiated immediatly . Treatment options include topical antivirals, systemic oral or intravenous therapy, and when necessary antiviral alternatives for resistant strains.
Topical formulations such as aciclovir cream may be used for localized mucocutaneous disease but have limited penetration in deep or graft-related infection. In burn wounds with surrounding intact epidermis or superficial involvement, topical therapy can be adjunctive[4–6].
intravenous Acyclovir  is first-line therapy ; for severe or invasive disease (deep wound involvement, graft loss, or suspected disseminated disease)  acyclovir is indicated. Common regimens used include 5–10 mg/kg IV every 8 hours, adjusted for renal function, with typical courses of 7–14 days depending on clinical response and virological clearance [5,8,12]. Oral acyclovir or valacyclovir can be used for less severe disease or step-down after clinical improvement and when gastrointestinal absorption is adequate.
Acyclovir is generally well tolerated but can cause nephrotoxicity particularly with IV therapy and in patients with renal disease adequate hydration and dose adjustment is a must [12,14].
Mutations in thymidine kinase confers resistance to acyclovir. When resistance is suspected in case of lack of clinical response after appropriate therapy, foscarnet or cidofovir may be used; both agents have significant toxicity profiles ; notably nephrotoxicity and should be managed in consultation with infectious diseases specialists [14]. 
Newer agents and investigational drugs like helicase-primase inhibitors such as pritelivir) are under research but are not yet standard therapy in burn units [14].
In addition to antiviral treatemant multiples adjunctive measures should be taken ; essentially wound bed and perfusion Optimization such as control of  bacterial superinfection, and debridement of tissue. Antiviral therapy is most effective when combined with appropriate surgical and wound care measures [5,17].
temporary suspension or minimization of any immunosuppressive therapy where possible to allow immune recovery.
Supportive care for systemic symptoms; and monitoring renal function closely during antiviral therapy is necessary.




	Drug / indication
	Typical adult dosing (non-renal impaired) 
 
	Renal dose adjustments 

	
Acyclovir (IV) 
	5–10 mg/kg IV every 8 hours; infuse over 1 hour; ensure hydration.
	CrCl 25–50: 12h; 
CrCl 10–25: 24h; 
CrCl <10: reduce dose/extend interval. Monitor renal function.

	
Acyclovir (oral) 
	400 mg PO five times daily (typical); alternative: 200 mg PO five times daily.
	Reduce dose/interval per CrCl; follow drug label.

	
Valacyclovir (oral) 
	1 g PO twice daily for mucocutaneous HSV; 500 mg PO BID for some prophylaxis protocols.
	CrCl 30–49: 500 mg 12h; 
CrCl 10–29: 500 mg daily; 
CrCl <10: adjust per label.

	
Foscarnet (IV) 
 
	40 mg/kg IV every 8–12 hours (80–120 mg/kg/day divided).
	Nephrotoxic; adjust for renal impairment; monitor electrolytes closely.

	
Cidofovir (IV) 
	5 mg/kg IV weekly with probenecid (example regimen).
	High nephrotoxicity; use only with ID guidance.


Table 1. Suggested antiviral dosing and renal dose adjustments for burn patient


Evidence for therapeutic efficacy
The literature supporting antiviral treatment in burns is composed largely of case reports, small case series, and extrapolation from ICU HSV studies. Case reports demonstrate rapid improvement in wound appearance and graft salvage after initiation of acyclovir in patients with biopsy-confirmed HSV infection [5–7]. Larger observational ICU studies suggest that acyclovir may reduce viral load and intriguingly improve outcomes in selected patients with HSV in the lower respiratory tract, but randomized evidence is mixed [8–11,16]. The multicenter randomized trial by Luyt and colleagues in mechanically ventilated ICU patients with oropharyngeal HSV reactivation found no increase in ventilator-free days with preemptive acyclovir compared with placebo, though some secondary analyses suggested reduced bronchopneumonitis rates in treated patients [8,9]. Meta-analyses of critically ill populations indicate that antiviral therapy reduces viral reactivation but that effects on hard clinical outcomes (mortality, ventilator days) are uncertain [9,12].


Prevention: infection control, screening, and antiviral prophylaxis
Prevention englobes a large  spectrum from standard infection control and personnel practices to antiviral prophylaxis.
Simple Hand hygiene and appropriate use of personal protective equipment (PPE), can reduce nosocomial transmission risk. 
Caregivers with active orolabial herpes should avoid direct contact with patients. Historical case reports highlight transmission from caregivers with active lesions to burn patients [20].
While routine donor skin testing for HSV is not a standard practice, Allograft from donors with active herpes lesions should be avoided. And  minimizing unecessary exposure of open grafts to visitors and staff as well as maintain antiseptic protocols for dressing changes.
In ICU trials oral/oropharyngeal swabs for HSV PCR Twice-weekly have been used to detect reactivation and initiate therapy [8]. In burn units, targeted surveillance of high-risk patients can allow for early detection and treatment.
Acyclovir prophylaxis (systemic, oral or IV depending on severity) is established practice in certain surgical settings (e.g., laser resurfacing) and has been defended by some burn surgeons for facial burns and for patients with extensive TBSA involvement or prolonged mechanical ventilation [4,11,15]. Evidence is largely observational and derived from case series and expert opinion.Initiation of antviral prophylaxis has a potential to reduce clinically significant HSV events that cause graft loss and morbidity; facial graft failure and has a significant functional and cosmetic consequences.It also helps Reduce cost and keep a favorable safety profile for short use,especially oral valacyclovir/acyclovir in patients without renal impairment.
Some arguments may be  against prophylaxis like the lack of robust randomized controlled evidence in burn populations demonstrating improved  outcomes, the potential adverse effects and the risk of inducing antiviral resistance if used intensively, and the cost and logistic burden of treating many patients to prevent rare events.
	Cause
	Clinical clues / effect on graft
	Suggested diagnostic tests
	Management



	Bacterial infection
	Purulent exudate, erythema, malodor, graft necrosis.
	Wound cultures, tissue culture, blood cultures if systemic.
	Empiric antibiotics; debridement; adjust per culture.

	Ischemia / hematoma / shear
	Dusky graft, non-adherence, blisters; history of shear/hematoma.
	Clinical exam; Doppler/perfusion assessment.
	Evacuate hematoma; re-secure graft; immobilize; optimize perfusion.

	HSV infection
	Punched‑out erosions, vesiculo‑ulcerative lesions, localized graft loss.
	PCR from lesion, Tzanck smear, viral culture.
	Immediate antiviral therapy; isolate; evaluate for dissemination.

	VZV infection
	Dermatomal vesicles; painful eruption; may involve graft.
	PCR for VZV; clinical pattern.
	Acyclovir/valacyclovir; pain control.

	Fungal infection
	Necrosis, black discoloration (angioinvasive fungi), slow healing.
	Fungal cultures, biopsy with histopathology.
	Debridement; systemic antifungals.

	Topical agent cytotoxicity
	Delayed epithelialization in well vascularized bed; pattern matches agent use.
	Review dressing/agent exposure.
	Discontinue agent; non‑cytotoxic dressings.

	Nutritional / metabolic factors
	Diffuse poor take; poor collagen formation; low albumin.
	Albumin, prealbumin, CBC, glucose.
	Optimize nutrition, anemia, glucose control.

	Immunosuppression / medications
	Generalized delayed healing; high infection risk.
	Medication review; immune tests.
	Adjust immunosuppression if possible; prophylaxis as needed.

	Foreign body / retained necrotic tissue
	Localized graft failure; persistent drainage.
	Clinical exam; re-exploration.
	Debridement; prepare wound bed; re-graft.


Table 2. Differential diagnosis for graft failure and delayed wound healing in burn patients


Balancing prevention and treatment: harms, benefits and stewardship
The optimal strategy balances benefit like reduced incidence of HSV wound disease, graft salvage, reduced pain and scarring, potentially fewer ICU complications versus complications such as drug adverse effects (renal toxicity), costs, selection for antiviral resistance, and unnecessary exposure of many patients to antivirals to prevent events in a minority.
Evidence from ICU trials suggests that preemptive antiviral therapy reduces viral bronchopneumonitis in some analyses but does not universally improve ventilator-free days or mortality [8–10,12]. For burn patients—particularly in facial burns where cosmetic and functional outcomes are paramount—the threshold for prophylaxis is understandably lower; several authors recommend prophylaxis in such scenarios despite imperfect evidence [4,11]. Stewardship principles favour targeted prophylaxis rather than universal treatment, combined with robust surveillance and rapid diagnostic access so that treatment can be started promptly in confirmed cases.

Proposed pragmatic algorithm for HSV management in burn units
Below is a practical, evidence-informed algorithm to guide clinicians (Figure 1 — to be formatted for publication):
Admission assessment is necessary toidentify high-risk features  like facial burns, TBSA >20–30%, mechanical ventilation expected >48–72 h, planned multiple grafts, steroid or immunosuppression. Baseline measures should aim for strict infection control; consider baseline oropharyngeal swab (PCR) in high-risk patients.Surveillance for high-risk patients, twice-weekly oropharyngeal/wound PCR and clinical inspection during the acute period; for others, monitor clinically.
Implement Prophylaxis ; consider oral acyclovir 400 mg TID or valacyclovir 500 mg–1 g BID for short course (5–10 days) in facial burns during grafting or in patients with prior documented HSV graft complications; consult local policy and ID for dosing, particularly in renal impairment. For ventilated patients with oropharyngeal PCR conversion, consider IV acyclovir.
In case of a suspected or confirmed invasive HSV wound disease initiation of  systemic antivirals (IV acyclovir 5–10 mg/kg 8h, adjust for renal function) should be done as soon as possible as well as obtaintion of tissue biopsy and PCR for confirmation;in association with surgical debridement as needed. considering viral genotype and use foscarnet or cidofovir if resistance proven.treatement should be maintained  until clinical resolution and, if needed, until PCR negativity in invasive disease; step-down to oral therapy when improving.
Special scenarios
Facial burns carry unique consequences: graft loss results in disfiguring scarring and complex secondary reconstruction. Several reviews and series advocate lower threshold for prophylactic antiviral use in facial burns during the peri-grafting period [4,11]. Where local protocols report repeated HSV-related graft failure, short-course perioperative prophylaxis is reasonable.
In pediatric burns HSV infection is well documented in isolated case reports; children may present with atypical lesions and primary infection. Diagnosis can be delayed if clinicians assume all pediatric burn infections are bacterial [6,7]. Considerring early diagnostic testing and lower threshold for systemic therapy in pediatric patients with suspicious lesions is necessary.
Ventilated burn patients share risk factors with other ICU populations (intubation, sedation, steroids). ICU trial data indicate that routine preemptive therapy for all ventilated patients is not beneficial, but targeted preemptive therapy for patients with oropharyngeal HSV reactivation and clinical deterioration may reduce bronchopneumonitis rates [8–10,12]. 


Practical considerations: dosing, renal safety, and monitoring
IV acyclovir dosing  is commonly 5–10 mg/kg IV 8h, duration tailored to clinical response.
Ensure adequate intravenous hydration and monitor serum creatinine and electrolytes during IV acyclovir, particularly in patients with other nephrotoxins. Dose adjust for renal impairment.Once clinical improvement is evident and oral absorption is reliable, step down to oral acyclovir or valacyclovir to complete therapy [12]. Check for concomitant nephrotoxic drugs (aminoglycosides, vancomycin, NSAIDs) that increase renal risk.

Gaps in knowledge and research priorities
Mjor gaps in HSV infection remains that there are no large randomized trials in burn populations assessing prophylactic acyclovir versus placebo with clinical endpoints (graft survival, wound healing, scarring, resource use). A clinical trial to address prophylactic acyclovir in burn patients indicates investigator interest but definitive multicenter data are absent [15]. Optimal dosing and duration for prophylaxis in high-risk burn patients are not standardized and cost-effectiveness analyses of prophylaxis strategies in burn units are lacking.Better diagnostic thresholds to distinguish colonization from invasive disease (viral load thresholds in tissue, combined clinical-virological criteria) require validation.
And impact on long-term outcomes (scarring, functional recovery) of HSV-related graft complications and the benefit of prophylaxis on these outcomes are poorly defined.
Future research should prioritize randomized trials in stratified burn populations (e.g., facial burns, large TBSA, ventilated burns), pragmatic diagnostic criteria, and stewardship strategies that weigh benefits of prophylaxis against resistance risks.

Conclusion
HSV-1 is an important, though underappreciated, pathogen in the burn population. While universal prophylaxis for all burn patients is not supported by high-quality evidence, certain high-risk scenarios particularly facial burns undergoing grafting and patients with profound injury and prolonged ventilator support warrant a low threshold for prophylaxis and active surveillance. Early, targeted systemic therapy for confirmed or strongly suspected HSV wound involvement is effective in salvaging grafts and reducing morbidity. Our proposed pragmatic, risk-stratified approach aims to balance prevention and treatment, minimize harms from overtreatment, and preserve efficacy of antivirals. Large, multicenter randomized trials and standardized diagnostic criteria are needed to provide definitive guidance.
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