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Abstract

Objective—Burn-related immunosuppression can promote human herpesviridae infections. 

However, the effect of these infections on morbidity and mortality after pediatric burn injuries is 

unclear.

Methods—We retrospectively analyzed pediatric patients with burns ≥10% of the total body 

surface area (TBSA) who were admitted between 2010 and 2015. On clinical suspicion of a viral 

infection, antiviral therapy was initiated. Viral infection was confirmed via Tzanck smear, viral 

culture, and/or PCR. Study endpoints were mortality, days of antiviral agent administration, type 

of viral test used, type of viral infection, and length of hospitalization.

Results—Of the 613 patients were analyzed, 28 presented with clinically diagnosed viral 

infections. The use of Tzanck smears decreased over the past 5 years, whereas PCR and viral 

cultures have become standard. Patients with viral infections had significantly larger burns 

Corresponding Author: Paul Wurzer, MD; Shriners Hospitals for Children, 815 Market Street, Galveston, Texas 77550, USA; Tel: +1 
409 770 6974, fax: +1 409 770 6919, wurzer_paul@gmx.at (P Wurzer).
#These authors contributed equally to this work

Parts of this research were presented in abstract form at the Surgical Infection Society 36th Annual Meeting in 2016 in Palm Beach, 
Florida, USA.

Conflicts of interest: None

Authors’ contributions
All authors made substantial contributions to the development or design of the work (DNH, JOL, MC, ONL, PW, RPC) or to the 
acquisition, analysis, or interpretation of data for the work (GH, HKH, JOL, MC, PW) and the drafting of the work or revising the 
intellectual content (all authors).

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Burns. Author manuscript; available in PMC 2018 August 01.

Published in final edited form as:
Burns. 2017 August ; 43(5): 987–992. doi:10.1016/j.burns.2017.01.032.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(53±15% vs. 38±18%, p<0.001); however, length of stay per TBSA burn was comparable (0.5±0.4 

vs. 0.6±0.2, p=0.211). The most commonly detected herpesviridae was herpes simplex virus 1. 

Two patients died due to sepsis, which was accompanied by HSV infection. The mortality rate 

among all patients (2.7%) was comparable to that in the infected group (7.1%, p=0.898). 

Acyclovir was given systemically for 9±8 days (N=76) and/or topically for 9±9 days for HSV 

(N=39, combination of both N=33). Ganciclovir was prescribed in three cases for CMV.

Conclusions—Viral infections occur more commonly in patients suffering from larger burns, 

and HSV infections can contribute to mortality.
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Introduction

The most common complications of burns are bacterial and viral infections causing burn 

wound and donor site infections, pneumonia, and sepsis [1]. Thermal injuries covering more 

than one-third of the total body surface area (TBSA) are associated with a severe 

inflammatory response [2–4]. Inflammation leading to immunosuppression of burn patients 

is related to phenotypic changes in T-cells [5] as well as defective natural killer cell activity 

against virus-infected cells [6]. Because of this, severely burned patients are prone to 

infections and sepsis [7]. Sepsis and infections enhance the hypermetabolic and catabolic 

response [2], which negatively affects the long-term outcomes of severely burned patients 

[4]. Along with bacterial infections, viral infections have been associated with increased 

morbidity and mortality in the severely burned patients [7–11]. Thus, prevention of 

infections and early treatment of sepsis are key to reducing morbidity and improving the 

long-term outcome of burn patients.

Primary infections and reactivation of viral infections with herpes simplex virus type 1 

(HSV-1), herpes simplex virus type 2 (HSV-2), and cytomegalovirus (CMV) have been 

described during hospitalization after burns [12]. Moreover, severe viral infections can 

promote bacterial infections in burns and may increase morbidity as well as mortality in the 

temporarily immunocompromised patient [9,13,14]. Use of common antiviral drugs, 

including acyclovir and ganciclovir, for the treatment of viral infections in burns remains 

controversial [12,15,16].

Over the past 2 years, we have observed an increase in viral infections causing graft loss as 

well as donor site healing problems. This prompted us to retrospectively analyze our viral 

testing results, assess our antiviral treatment regimens, and investigate trends in use of 

different viral testing methods at our pediatric burn hospital.

Methods

Patients

We retrospectively analyzed records of pediatric burn patients who were admitted to our 

institution between January 2010 and August 2015 in this Institutional Review Board-
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approved study (IRB# 15-0101). To be included in the study, patients must have presented 

with deep partial- and/or full-thickness burns covering at least 10% of TBSA and must have 

been treated as inpatients in our pediatric burn center. The primary endpoint was mortality. 

Secondary endpoints included type of human herpes virus infection, type of viral screening, 

length of hospitalization, and days of antiviral agent administration. In addition, we 

collected demographic data including age, sex, type of burn, and burn size. Length of stay 

per TBSA burn (LOS/TBSA burn) was calculated by dividing the days of acute 

hospitalization by burn size (percent TBSA).

Laboratory diagnosis and antiviral drugs

When viral infections were suspected (blisters on donor sites or grafted areas, source for 

sepsis) by the attending physician, antiviral agents including acyclovir (for suspected HSV, 

EBV or VZV infections) and ganciclovir (for suspected CMV infections) were given until 

results of testing were available. If superficial lesions were visible, antiviral drugs were 

administered topical as well as systemically. If the test results were negative, antiviral 

therapy was stopped. Viral testing was performed using Tzanck smears, viral cultures, 

and/or PCR (Lyra Direct, Quidel Cooperation, San Diego, CA, USA). Tzanck smears were 

interpreted by a pathologist at the University of Texas Medical Branch.

Data analysis

Data were analyzed using SigmaStat 4.0 (Systat Software Inc., Chicago, IL, USA). For 

descriptive statistics, data were presented as mean ± standard deviation. Continuous 

outcomes were compared using Student’s t-test, and binary outcomes were compared using 

a Chi-Square test. A p value less than 0.05 was considered statistically significant.

Results

Patient characteristics

Six hundred and thirteen pediatric burn patients were analyzed, 99 (16%) had suspected and 

28 (6%) patients had a confirmed viral infection (Table 1). The average time from burn to 

diagnosis of a viral infection was 14±13 days (median 11days , range 5–55 days). Age at 

burn, sex, LOS/TBSA burn, type of burn, year of admission, and mortality were comparable 

between all patients and those patients who had positive viral test results (Tables 1 and 2). 

Patients with clinically diagnosed viral infections had significantly larger burns (p<0.001), 

significantly larger full thickness burns full thickness burns (p=0.042), and their overall 

length of stay was significantly longer (p=0.003).

Viral testing

We performed 80 viral cultures on 72 (12%) patients and saw a total of 21 positive viral 

cultures in 20 patients (Figure 1). There were 18 positive viral cultures for HSV-1, 1 for 

varicella zoster virus (VZV), 1 for Epstein-Barr virus (EBV), and 1 for CMV. One patient 

had a positive culture for both CMV and HSV-1. A total of 19 PCRs were performed in 17 

(3%) children, and there were 11 positive PCRs in 9 patients. One was positive for HSV-1, 4 

for CMV, and 2 for EBV. Two patients had both a positive EBV and a CMV PCR result. 

Fifteen Tzanck smears were performed in 15 (2%) patients, and 6 were positive for herpes 
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virus cytopathic effects. In one patient, PCR detected HSV-1 and the Tzanck smear showed 

cytopathic effects of herpes virus. Another case showed a positive culture for HSV-1 as well 

as a positive Tzanck smear test. In one patient, an active EBV infection was confirmed via 

PCR as well as viral culture. Two patients presented with a positive HSV (one HSV-1 and 

one HSV-2) infection and died due to sepsis, which was subsequently confirmed via autopsy.

The number of patients who underwent viral testing peaked in 2014 and was the lowest in 

2013 (Figure 2). However, the highest percentage of viral infections per admissions occurred 

in 2015. In 2010, the most common viral test used was the Tzanck smear test (55%); 

however, in 2014 and 2015 the Tzanck smear was used in 3% of the testing (Figure 3). The 

use of PCR for viral testing increased over the past years and was the second most used viral 

test (31%) in 2015.

Use of antiviral agents

Suspected HSV infections were treated systemically for 9±8 days (N=76, 12%, median 11 

days, range 3–20 days).) and/or topically for 9±9 days (N=39, 6%, median 9 days, range 1–

20 days; combination of both N=33, 5%) with acyclovir. Systemic administration of 

ganciclovir was used for a suspected CMV infection in three clinical cases.

Eighteen patients (3%) with a positive HSV-1 test received acyclovir systemically for 11±5 

days and 10 patients with positive HSV-1 tests received topical acyclovir for 10±6 days. One 

patient who had a positive culture and PCR for EBV received 7 days of systemic and 6 days 

of topical acyclovir. Another patient with a positive PCR for CMV and EBV received 

acyclovir systemically for 4 days. In one case, ganciclovir was administered for 2 days, but a 

viral culture showed a positive HSV-1 infection, prompting discontinuation of ganciclovir 

and administration of topical and systemic acyclovir for another 13 days.

Discussion

Over the past 5 years, use of Tzanck smears for viral testing at our institution has been 

replaced with viral cultures and PCR. Although the largest number of patients were tested in 

2014, only 1% were positive, and thus the percent of positive tests per admissions was 

comparable to that seen in 2013. Due to the fact that a screening for viruses was not done 

routinely on all admitted patients we are not able to determine the true incidence of viral 

infections in our pediatric burn population. Our results are representative of those patients 

who were suspected to have viral infections, according to the treating burn physician, and 

the recent trends of viral testing at our burn center. As one would expect, the most common 

viral infections were attributable to HSV-1, and the most common antiviral therapeutic agent 

was acyclovir, which was used both systemically and topically. Patients with more severe 

burns are more prone to developing viral infections, but there appears to be no correlation 

between viral infections and length of hospitalization. On average, viral infections were 

clinically detected around the 14th day post burn, and two cases were seen in which an HSV 

infection may have contributed to mortality, as confirmed by autopsy.

Tzanck smears have been used as a rapid, inexpensive, and minimally invasive tool to detect 

herpes infections by cytology over the last century, but diagnostic precision to discriminate 
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between different types of herpesviridae or primary versus recurrent infection is limited 

[17]. This may account for their waning popularity at our institution. Instead, viral cultures 

and PCR have now become the standard for viral testing in pediatric burn patients. Antiviral 

therapeutic agents including acyclovir and ganciclovir are expensive and can even be toxic 

as some rare cases have shown [18]. For this reason, administration of these agents was 

initiated only when a viral infection was clinically suspected, for example when blisters 

occurred on the face or on donor sites or if blisters led to graft loss. Antiviral agents were 

administered until viral testing by PCR or viral culture was completed; in the case of a 

negative test results, the medication was discontinued. Because PCR allows for earlier 

detection of viral infections and is more sensitive than culture, it is becoming an important 

tool for determining the actual viral load. Viral cultures have been consistently used over the 

past 5 years. However, 76 patients received acyclovir systemically upon clinical suspicion, 

and only a quarter of those patients may have needed it.

Early treatment of herpes simplex infections in the respiratory tract can reduce mortality of 

critically ill patients [19]. In our studied cohort, one patient who contracted HSV-1 

pneumonia following inhalation injury and one patient with HSV-2 infection of graft and 

donor sites expired. In both cases, sepsis was the primary cause of death, and the primary 

source of infection was herpesviridae. Our chart review showed that there was acyclovir 

administered systemically in the case where an active HSV-2 was seen on graft and donor 

sites. However, the patient who suffered from a HSV-1 pneumonia did not get any antiviral 

agent because the virus was detected at autopsy. HSV-1 infections in pediatric burn patients 

are rare; however, the overall HSV-2 seroprevalence rate in adults in the United States is 

22% according to an analysis of more than 13,000 serum samples [20]. In this case, we 

suspect that the child was primarily infected during vaginal delivery because the mother had 

tested seropositive for HSV-2. Thus, reactivation of a HSV-2 infection due to burn was 

suspected. In addition to having a viral infection, this patient suffered from a multidrug 

resistant Pseudomonas aeruginosa infection. A combination of bacterial and viral infections 

can occur and may lead to worse outcomes and increase mortality in severely burned 

patients [7–11]. The second patient, who suffered from HSV-1 pneumonia following 

inhalation injury, died due to sepsis and disseminated intravascular coagulation. Although 

both patients were admitted at the second day post burn, the severity of the burn and 

resulting sepsis caused their death. The mortality rate in our studied cohort of 613 severely 

burned children was 2.7% and reflects the commonly low mortality rates seen in pediatric 

burns nowadays [21]. In virus-infected patients, the mortality rate was more than twice as 

high (7.1%). However, due the overall low mortality rate and low number of subjects, this 

finding was not statistically significant (p=0.898).

In severely burned children, we advocate viral culture for children with clinical suspicion of 

viral infections. Although evidence that support the choice of specific antiviral agents is still 

lacking and the effect of these agents in the pediatric burn population has to be studied in 

more detail, we believe that upon clinical suspicion, an antiviral agent should be 

administered topical and systemically. It is important to initiate the treatment early on to 

provide the best benefit of the agents. We do not give antiviral drugs to each admitted patient 

and we do not recommend to perform routinely a viral screening test. The benefit of antiviral 

Wurzer et al. Page 5

Burns. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



agents on survival and other clinical outcomes has yet to be elucidated in prospective 

randomized controlled trials.

Because of its retrospective design, our study has several limitations. We were not able to 

collect detailed information about the anatomical locations where the cultures, PCR`s as 

well as Tzanck smears were collected. Furthermore, we were not able to describe the 

prevalence of viral infections because patients underwent testing only if requested by the 

attending physician. Thus, a general screening would be needed to answer this question. 

Further, Tzanck smears are very sensitive but unspecific and thus cannot be compared to 

viral cultures or PCR. A prospective study would need to be designed to focus on the pros 

and cons of various viral testing methods. To distinguish between a virus reactivation and a 

primary infection, we would have needed to perform antibody testing. This testing was not 

performed, as the aim of our current study was to analyze PCR, Tzanck smear, and viral 

culture results.

Conclusions

Viral cultures have become the most commonly performed viral test at our pediatric burn 

center. Patients with a larger burn size and deeper burns are more likely to have positive viral 

test results; however, there seems to be no correlation between a prolonged length of stay 

and viral infections in our studied cohort. Herpes simplex virus infections may contribute to 

mortality and thus an antiviral agent should be administered topical and systemically upon 

suspicion. However, prospective trials to determine the overall seroprevalence as well as the 

efficacy of antiviral agents in burns are warranted.
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Highlights

• Viruses can cause burn wound and donor site infections, pneumonia, and 

sepsis.

• Viral cultures are the most commonly performed viral test at our burn center, 

followed by PCRs and Tzanck smears.

• Patients with large full-thickness burns are more likely to have positive viral 

test results.

• Herpes simplex virus infections may contribute to mortality.

Wurzer et al. Page 8

Burns. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Flow chart describing the number of tested patients and the amount of tests performed. N= 

number of patients, n= number of tests performed.
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Fig. 2. 
Suspected and confirmed viral infections in pediatric burn admissions at our 

institution. #Represents data from 8 months of 2015.
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Fig. 3. 
Trends in viral testing over the last 5 years. #Represents data from 8 months of 2015.
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Table 1

Patient Characteristics.

All Admissions N=613 Positive Viral Infections N=28 p value*

Age at burn, years 7±6 8±6 0.225

Sex, female:male 247:366 11:17
1.000

#

TBSA burn, % 38±18 53±15 <0.001

TBSA full thickness burn, % 25±22 32±24 0.042

LOS cumulative, days 22±22 29±13 0.003

LOS non survivors, days 31±52 35±3 0.345

LOS/TBSA burn, days 0.5±0.4 0.6±0.2 0.211

Time to infection, days NA 14±13 NA

Years of admission, year 2012±1 2012±1 0.410

Mortality, n (%) 23 (2.7%) 2 (7.1%)
0.898

#

LOS: Length of stay; TBSA: Total Body Surface Area

*
Student’s t-tests were used to calculate p values, except as noted otherwise.

#
Chi-Square test.
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Table 2

Type of burns

Burn Type All Admissions N=613 Positive Viral Infections N=28 p value*

Flame 303 17 0.781

Scald 254 10

Electrical 45 1

Contact 8 0

Chemical 3 0

*
Chi-Square test
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