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Abstract

Background—Acyclovir is used to treat herpes simplex virus (HSV) disease in infants.
Treatment with high dose acyclovir, 60 mg/kg/day, is recommended; however, the safety of this
dosage has not been assessed in the past 15 years, and this dosage is not currently approved for
infants by the US Food and Drug Administration.

Methods—We included infants with neonatal HSV disease treated with =14 days of intravenous
acyclovir starting in the first 120 days of life admitted to 1 of 42 neonatal intensive care units
managed by the Pediatrix Medical Group from 2002-2012. We determined the frequency and
proportion of infants with clinical and laboratory adverse events (AEs) as well as the number and
proportion of infant days with laboratory AEs occurring during acyclovir exposure.
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Results—We identified 89 infants during the study period with 1658 days of acyclovir exposure.
Almost all received high-dose acyclovir therapy (79/89, 89%). The most common clinical AEs
were hypotension and seizure, both occurring in 9% of infants. Thrombocytopenia was the most
common laboratory AE occurring in 25% of infants and on 9% of infant-days. Elevated creatinine
occurred in 2% of infants and 0.2% of infant-days and no infants developed renal failure requiring
dialysis. Overall, 45% of infants had =1 AE.

Conclusions—In this cohort of infants treated during the high-dose acyclovir era, AEs were
common, but usually not severe. Many of the AEs reported in this cohort may be related to the
underlying infection rather than due to acyclovir exposure.

Keywords

herpes simplex virus; adverse events; neutropenia; renal failure

INTRODUCTION

Neonatal herpes simplex virus (HSV) disease is an uncommon, but serious infection
associated with significant morbidity and mortality.} Neonatal HSV disease has three
distinct presentations: disseminated disease, localized infection of the skin, eyes or mucous
membranes (SEM), and infection of the central nervous system (CNS).23 Prognosis and
treatment duration vary depending on the presentation.

Acyclovir has been considered the treatment of choice for neonatal HSV disease since
1991.4 Based on a prospective study including 107 infants treated with acyclovir, the dose
approved by the United States Food and Drug Administration (FDA) is 10 mg/kg/dose
administered every 8 hours.*> However, in a more recent, prospective, non-randomized trial,
the 88 infants who received higher dosing (20 mg/kg/dose administered every 8 hours) had
lower mortality than the 107 infants who received 10 mg/kg.: The American Academy of
Pediatrics recommends that high-dose (HD) acyclovir (20 mg/kg/dose) be used for the
treatment of neonatal HSV disease.®

Acyclovir has been associated with nephrotoxicity, neutropenia and neurotoxicity in prior
studies of children and adults.”~® The frequency of these events in infected infants is unclear.
We sought to evaluate the safety of acyclovir in hospitalized infants with neonatal HSV
disease during the era of HD acyclovir use.

MATERIALS AND METHODS

Study Population

We identified all infants with neonatal HSV disease discharged from 42 neonatal intensive
care units (NICUs) managed by the Pediatrix Medical Group from 2002 to 2012. The
Pediatrix Medical Group maintains an electronic medical record that prospectively captures
information from notes generated by clinicians on all infants cared for by the group. Data on
multiple aspects of care are entered into the system to generate admission notes, daily
progress notes, procedure notes, and discharge summaries. Information is collected
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regarding maternal history and demographics, medications, respiratory support, laboratory
results, culture results, procedures, daily growth parameters and diagnoses.

We included infants with HSV disease who were <120 days postnatal age when acyclovir
was started and received =14 days of acyclovir or died while on acyclovir therapy. Fourteen
days of acyclovir exposure was used in an attempt to limit our study population to infants
with HSV disease; since 14 days is the shortest duration of therapy recommended for HSV®,
shorter courses likely reflected empirical therapy while awaiting diagnostic studies and not
actual infection. HSV disease was considered to be present when either a clinical diagnosis
of HSV disease was assigned by the treating physician or when at least one of the following
was positive: HSV DNA polymerase chain reaction (PCR) or culture from blood,
cerebrospinal fluid (CSF), skin, eyes, mouth or rectum. Infants were considered to have
disseminated disease if there was a positive virologic test from the blood, an aspartate
aminotransferase level =100 units/L or a diagnosis of disseminated intravascular coagulation
(DIC) within 3 days before to 3 days after the start of acyclovir therapy. Infants were
considered to have SEM disease if there was a positive virologic test from the skin, eyes,
mouth or rectum but not the CSF and the criteria for disseminated disease were not met
andCNS disease if there was a positive virologic test from the CSF and the criteria for
disseminated disease were not met. We excluded infants for whom the dose of acyclovir was
unknown. If an infant received multiple courses of acyclovir treatment, only the first course
was included in the analysis.

We considered a clinical adverse event (AE) to be present if a diagnosis of interest was made
on a day with acyclovir exposure and was not present in the 3 days prior to starting
acyclovir. Laboratory AEs were included if the event occurred on a day with acyclovir
exposure. All AEs were defined a priori.1° Clinical AEs included: hypotension; seizures; and
renal failure requiring dialysis. Hypotension was defined as exposure to dopamine,
dobutamine, epinephrine, norepinephrine or milrinone; actual blood pressures were not
available. Seizures were considered to be present when diagnosed by a clinician;
electroencephalogram confirmation was not required. Laboratory AEs were categorized as
AEs or severe AEs (Table 2). Small for gestational age status was defined as previously
described.11

Statistical Analysis

We described the demographic characteristics of infants who received acyclovir using counts
and proportions for categorical variables and medians with 25t and 75t percentiles for
continuous variables. The number and proportion of infants with each clinical AE were
determined. The number and proportion of infants and infant-days with each laboratory AE
and serious adverse event (SAE) were also determined. This same analysis was repeated for
infants <1500 g birth weight. We compared the proportion of infants <1500 g birth weight
who experienced each AE and SAE to that of infants >1500 g birth weight using a chi-
square test. We compared the proportion of infants who were diagnosed with each type of
HSV disease who had each clinical and laboratory AE. We determined the number and
proportion of infants receiving standard dose (<35 mg/kg/day), intermediate dose (35-50
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mg/kg/day) and HD (=50 mg/kg/day) acyclovir. We used STATA 14.0 (College Station, TX)
to conduct all analyses. This study was approved by the Duke Institutional Review Board
with a waiver of informed consent.

We identified 89 infants with neonatal HSV disease treated with acyclovir for a total of 1658
days (Table 1). The median gestational age was 34 weeks (25, 75™ percentile: 31, 38) and
the median birth weight was 2000 g (1485, 3065). HSV disease was diagnosed clinically in
45 (51%) infants (Figure 1). Of the 44 (49%) infants with a virologic diagnosis, 22 (50%)
had SEM disease, 11 (25%) had CNS disease and 11 (25%) had disseminated disease. An
additional infant with a clinical diagnosis was diagnosed with disseminated disease on the
basis of a diagnosis of DIC at presentation. The median postnatal age on the first day of
acyclovir exposure was 5 days (2, 8) and the median duration of acyclovir therapy was 18
days (15, 22). The median daily dose of acyclovir was 60mg/kg (60, 66) with almost all
infants receiving HD acyclovir therapy (79/89, 89%). Only 1 infant received <35 mg/kg/day.
The remaining 9 infants (10%) received intermediate dose acyclovir.

At least one AE was diagnosed in nearly half of all infants exposed to acyclovir (40/89,
45%). Laboratory AEs occurred in 37/89 (42%) of infants and 193/1658 (12%) of infant-
days. Thrombocytopenia was the most common laboratory AE (Table 2). Hematologic AEs
were common with 25% (22/89) of infants experiencing thrombocytopenia and 16% (14/89)
of infants developing leukopenia. Thrombocytopenia and leukopenia occurred after a
median of 2 days (range: 1-9) and 1 day (range: 1-8) of acyclovir exposure, respectively.
Neutropenia occurred in 6% (5/89) of infants. Most of these infants (3/5, 60%) received
granulocyte colony stimulating factor for treatment of their neutropenia. Mild elevation of
creatinine levels occurred in 2% (2/89) of infants. Serious laboratory AEs were uncommon.
Clinical AEs were less common (15/89, 17%). The most common clinical AEs were
hypotension (8/89, 9%) and seizure (8/89, 9%) (Table 3). Five of the 8 infants who had a
seizure had virologic confirmation of HSV; 2 had CNS disease, 2 had disseminated disease
and 1 had SEM disease. Other clinical AEs were rare. There were no cases of nephrotoxicity
requiring dialysis. Three (4%) infants died; 2 of these had a virologic diagnosis;1 had CNS
disease and 1 had disseminated disease. The frequencies of most AEs were similar for
infants with and without virologic confirmation of HSV disease; leukopenia and
thrombocytopenia were more frequent in infants with a virologic diagnosis (Table 4).

We found that AEs occurred more frequently in infants with lower birth weights. Seventy
percent (16/23) of infants <1500 g had at least 1 AE; 36% (24/66) of infants >1500 g had at
least 1 AE, P=0.006. The most common AE for infants <1500 g was thrombocytopenia,
occurring in 5/23 (22%) infants and 86/450 (19%) infant-days.

DISCUSSION

This study provides safety information for a large cohort of infants treated with acyclovir for
neonatal HSV disease. We found that clinical and laboratory events were common but
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usually not severe. Most of the infants received HD therapy. Only 1 infant (1%) received the
dose recommended in the FDA label (30 mg/kg/day).

Nephrotoxicity is the AE related to acyclovir exposure that is most concerning.12 Damage to
the renal tubules is thought to occur when acyclovir crystals precipitate leading to an
obstructive nephropathy.12 A retrospective case-control study of 373 infants and children
treated with intravenous acyclovir found that nephrotoxicity defined as >25% decrease in
glomerular filtration rate occurred in 35% of patients.13 They also noted that the risk of
nephrotoxicity was increased with doses of acyclovir >15 mg/kg, age >8 years, and
concomitant ceftriaxone use.13 Another study that included children age 1-15 years found
that 70% of those treated simultaneously with acyclovir and ceftriaxone developed
nephrotoxicity defined as serum creatinine >105% of the baseline creatinine measurement.14
However, nephrotoxicity defined as a change in the post-acyclovir glomerular filtration rate
compared to baseline was not observed in 14 neonates treated with a mean of 45 mg/kg/day
of acyclovir 7; furthermore, ceftriaxone is rarely used in young infants. Avoiding fluid
restriction in infants with HSV, a common practice in the past, has likely contributed to the
reduction in acyclovir-associated nephrotoxicity in infants.” An elevated creatinine occurred
in only 2% of infants in our cohort and none of our patients required dialysis. This is less
frequent than was previously described in the prospective study evaluating HD acyclovir in
infants (6%).1 Electrolyte abnormalities occurred in as many as 17% of infants in our study.
It is possible that these abnormalities were related to the underlying HSV disease or caused
by abnormal renal function in the absence of creatinine changes.

Case reports have suggested that neutropenia can occur with prolonged or repeated acyclovir
courses.1®16 A prospective study found that an absolute neutrophil count (ANC)
<1000/mm3 occurred in 21% of infants treated with HD acyclovir.! An older study found
that 0 of 107 infants treated with SD acyclovir had a white blood cell count <2500/mL.4
Similarly, neutropenia was not seen in any of 29 children ages 1 month to 18 years treated
with HD acyclovir.}7 Six percent of infants in our study had neutropenia (ANC<500/mm3)
and 11% (10/89) had an ANC<1000/mm3 providing further support that the incidence of
neutropenia while exposed to acyclovir is low. In all of these studies, the infants recovered
uneventfully with continuation of acyclovir therapy or after completion of the treatment
course whether oral or intravenous acyclovir was administered.!

Acyclovir-associated neurotoxicity has been reported in adults, particularly the elderly and
those with severe renal impairment.18:19 Prior reports of acyclovir-associated neurotoxicity
indicate that prominent signs are delusions, hallucinations and involuntary movements.8.18
Seizures have not specifically been described and may be more indicative of CNS HSV
disease than acyclovir-associated neurotoxicity.8 A retrospective study of infants and
children found that 50% of the 6 neonates and 22% of the 32 non-neonates had seizures at
the time of presentation.20 Another retrospective study of 26 infants with CNS HSV disease
found that seizures occurred in 54% of patients; in 35%, the seizures were present at
presentation.?! A clinical trial that enrolled 186 infants with neonatal HSV disease found
that seizures were present in 57% of infants with CNS disease and in 22% of infants with
disseminated disease; overall 27% of infants had seizures at presentation.?2 This suggests
that a significant proportion of seizures are likely due to HSV disease and not necessarily

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ericson et al.

Page 6

due to acyclovir exposure. In our analysis, we attempted to differentiate seizures due to HSV
disease from those occurred as an AE related to acyclovir exposure by only including
seizures that began after acyclovir therapy had been initiated but it is likely that some
seizures beginning after the start of acyclovir therapy were still due to CNS HSV disease. In
our cohort, 9% of infants had seizures with onset after acyclovir was started and at least half
of these had CNS disease.

It is likely that the FDA-approved acyclovir dose has not been updated to reflect the
improved efficacy with HD therapy because of a perceived lack of safety data. However, in
addition to our study, two prior studies evaluating the overall safety of HD acyclovir have
been previously conducted. A prospective study comparing 66 infants treated with HD
acyclovir to 13 infants treated with intermediate dose acyclovir (45 mg/kg/day) found that
laboratory abnormalities were not statistically different between the two groups.t The other
study was a retrospective comparison of SD versus HD acyclovir for the treatment of
encephalitis. Children aged 3 months to 12 years were included; there were no infants with
neonatal HSV disease included. AEs were not different between the 32 children receiving
SD acyclovir and the 29 children receiving HD acyclovir.1” A population pharmacokinetic
study that included 22 premature infants found that, although 66% of infants experienced an
AE, none were thought to be related to acyclovir exposure.23 Many of these infants were
treated with doses even higher than 80mg/kg/day.23 We were not able to compare the
incidence of AEs with SD versus HD because only 1 patient in our cohort received SD
therapy.

Based on the results of this study and prior prospective studies, all infants with suspected or
confirmed neonatal HSV disease should receive parenteral acyclovir at 20mg/kg/dose. The
duration and optimal dosing of oral suppressive therapy following the completion of
treatment is outside the scope of the current evaluation but remains an important area of
ongoing research. Our study is limited by the retrospective nature of the analysis. Laboratory
assessments were obtained at the discretion of the treating physician rather than
systematically. Similarly, diagnostic evaluations for clinical AEs were conducted at the
discretion of the treating physician. Half of the infants in our cohort did not have virologic
data available, which is a major weakness of this report. This may be because these infants
had testing performed at another hospital and were transferred to a contributing site, or
because the data available in the database are solely from the physician notes and do not
include laboratory data directly. Fewer infants than expected had disseminated HSV disease.
This may have occurred because blood PCR testing is often performed by reference labs; the
results may have been recorded in a different manner than tests performed at the treating
hospital or the blood may not have been tested in some cases due to the increased effort
required to send the test. It is possible that our findings represent some AEs that were due to
HSV disease itself and were not caused by acyclovir exposure. More than half of the infants
in our cohort were born preterm such that our results may not be generalizable to all infants.
However, since we would not expect a medication to be less safe in term infants than in
preterm infants, acyclovir is likely at least as safe as demonstrated in our cohort.
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89 Infants treated with >14 days of

acyclovir

45 (51%)
Clinical diagnosis

44 (49%)
Virologic diagnosis

Acyclovir dose
1 (2%) <35mg/kg/day
6 (13%) 35-49mg/kg/day
38 (84%) >50mg/kg/day

Acyclovir dose
0 (0%) <35mg/kg/day
3 (7%) 35-49mg/kg/day
41 (93%) >50mg/kg/day

Figurel.

Neonatal herpes simplex virus disease treated with =14 days of a cyclovir.

Acyeclovir Dose by Disease Type
25 (57%) SEM
2 (8%) 35-49mg/kg/day
23 (92%) >50mg/kg/day

15 (34%) CNS
1 (7%) 35-49mg/kg/day
14 (93%) >50mg/kg/day

4 (9%) Disseminated
4(100%) >50mg/kg/day
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Table 1

Demographics

N=89 (%)

Gestational age, weeks

<25 5 (6)

26-28 8(9)

29-32 25 (28)

33-36 14 (16)

237 37 (42)
Birth weight, g

<1000 9 (10)

10001499 14 (16)

1500-2499 28 (31)

2500-3499 28 (31)

>3500 10 (11)
Apgar score at 5 minutes

0-3 1(1)

4-6 11 (13)

7-10 74 (86)
Race/ethnicity

White 45 (52)

African-American 26 (30)

Hispanic 14 (16)

Other 1(1)
Male 43 (48)
Inborn 69 (78)
Cesarean section 40 (45)
Small for gestational age 8(9)
Source of HSV diagnosis

Clinical diagnosis 45 (51)

Virologic diagnosis 44 (49)

Age at 1% acyclovir dose, days

<7 58 (66)
7-13 19 (22)
14-28 10 (11)
>28 1(1)

Duration of therapy, days 18 (15, 22) *

median (25th, 7sth percentile)
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Table 3
Clinical adverse events
Adver se Event InfantsN=89 (%) Duration prior to AE, median (min, max)
Hypotension requiring inotropes 8(9) 2(1,13)
Seizure 8(9) 1(1,39)
Renal failure requiring dialysis 0(0) -
Any clinical adverse event 15 (17) -
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