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Abstract

Objective—To describe the epidemiology of and risk factors associated with acute kidney injury 

(AKI) during acyclovir treatment in neonates and infants.

Study design—We conducted a multicenter (n = 4), retrospective cohort study of all 

hospitalized infants age <60 days treated with intravenous acyclovir (≥1 dose) for suspected or 

confirmed neonatal herpes simplex virus disease from January 2011 to December 2015. Infants 

with serum creatinine measured both before acyclovir (baseline) and during treatment were 

included. We classified AKI based on changes in creatinine according to published neonatal AKI 

criteria and performed Cox regression analysis to evaluate risk factors for AKI during acyclovir 

treatment.
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Results—We included 1017 infants. The majority received short courses of acyclovir (median, 5 

doses). Fifty-seven infants (5.6%) developed AKI during acyclovir treatment, with an incidence 

rate of AKI at 11.6 per 1000 acyclovir days. Cox regression analysis identified having confirmed 

herpes simplex virus disease (OR, 4.35; P = .002), receipt of ≥2 concomitant nephrotoxic 

medications (OR, 3.07; P = .004), receipt of mechanical ventilation (OR, 5.97; P = .001), and 

admission to an intensive care unit (OR, 6.02; P = .006) as risk factors for AKI during acyclovir 

treatment.

Conclusions—Among our cohort of infants exposed to acyclovir, the rate of AKI was low. 

Sicker infants and those exposed to additional nephrotoxic medications seem to be at greater risk 

for acyclovir-induced toxicity and warrant closer monitoring.

Neonatal herpes simplex virus (HSV) infections cause significant morbidity and mortality 

even with adequate treatment. More than 70% of surviving infants with HSV-related central 

nervous system (CNS) disease develop long-term impairment, and mortality in infants with 

disseminated HSV exceeds 50%.1 Owing to concerns about the devastating effects of 

neonatal HSV, intravenous (IV) acyclovir is often administered empirically to young infants 

with suspected serious infections while diagnostic studies are pending. However, neonatal 

HSV infections are uncommon, with an estimated incidence in the US being approximately 

10–60 cases per 100 000 births.2–4 The signs and symptoms of neonatal HSV infection are 

nonspecific, leading to significant variability in HSV testing and empiric treatment in at-risk 

infants.5,6 Although delayed initiation of treatment is associated with poor outcomes in 

infants with HSV disease,6 the vast majority of acyclovir-exposed infants do not have HSV 

infections. Therefore, clinicians must balance the risk of disease and potential adverse 

effects related to acyclovir exposure, such as possible prolonged hospitalization awaiting test 

results and nephrotoxicity during each evaluation.7

Acute kidney injury (AKI) is a known side effect of IV acyclovir that occurs in more than 

one-third of older children who receive the drug.8 However, the incidence of AKI in infants 

exposed to acyclovir is unknown. In a study by Ericson et al, only 2 of 89 infants who 

received treatment with acyclovir for >14 days developed elevated creatinine.9 However, the 

definition of nephrotoxicity used in this study (creatinine >1.7 mg/dL) was based on a priori 

criteria set forth to identify adverse events in clinical trials involving premature infants, 

which is not congruent with current consensus definitions of neonatal AKI.10 The 

mechanism of acyclovir-associated nephrotoxicity is crystal nephropathy, which can develop 

following as little as a single dose of medication.11 Because the bulk of acyclovir exposure 

is among infants without HSV disease, it is important to understand the toxicity risk among 

all infants exposed to acyclovir, including those who have received empiric therapy for 

suspected neonatal HSV disease.

The primary objective of this study was to evaluate the nephrotoxicity of acyclovir in 

infants. We assessed the incidence rate of AKI among infants exposed to acyclovir and 

describe the severity and timing of AKI relative to acyclovir initiation when present. A 

secondary goal was to identify important risk factors for AKI during therapy, which could 

help to inform clinicians about the risks of toxicity during HSV treatment.
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Methods

We performed a retrospective cohort study at 4 US hospitals: Children’s Hospital of 

Philadelphia (CHOP), Children’s Hospital Los Angeles, Inova Children’s Hospital, and 

Monroe Carell Jr. Children’s Hospital at Vanderbilt. Our study protocol was approved by the 

institutional review board at each hospital as well as at the US Food and Drug 

Administration. CHOP served as the data coordination site for this study. De-identified data 

from each center were shared with CHOP and the US Food and Drug Administration, who 

performed data analysis as described herein.

Patients

We identified all hospitalized infants age <60 days old treated with ≥1 dose of IV acyclovir 

for suspected or confirmed neonatal HSV disease from January 2011 to December 2015. 

Infants were eligible for inclusion if they had serum creatinine measurements both before 

acyclovir initiation and during or ≤48 hours after last dose of acyclovir. Children were 

excluded if they had congenital kidney disease, treatment with IV acyclovir for an indication 

other than HSV, or AKI detected within 72 hours before initiation of acyclovir.

Data Sources

The electronic medical record (EMR) served as the source of data at each hospital. 

Investigators at each site used a combination of automated and manual data abstraction 

methods based on the availability of resources at their institution. A standard set of 

definitions and data collection instructions were applied to ensure consistency across 

hospitals. The following data elements were collected: demographics; birth history; 

biometrics; concurrent illnesses/diagnoses; acyclovir dosages; other medication exposures 

including antibiotics, IV fluids, and nephrotoxic medications (Table I; available at 

www.jpeds.com); laboratory measurements including serum creatinine, HSV polymerase 

chain reaction testing, and microbiology cultures; admission location; and disposition. Study 

data were managed using REDCap electronic data capture tools hosted at CHOP.12 Quality 

control using a de-identified dataset was performed by investigators at CHOP, with all 

discrepancies resolved before final data analysis.

Outcome Measures

The primary outcome was detection of AKI at any time after the first dose of acyclovir 

through 48 hours after the last dose. AKI was defined as either (a) a ≥50% increase in 

creatinine value from baseline or (b) an absolute increase of ≥0.3 mg/dL within a 48-hour 

period. These definitions are consistent with neonatal AKI criteria put forth by Selewski et 

al.10 Because an infant’s creatinine decreases over the first few weeks of life owing to 

elimination of maternal creatinine, the lowest creatinine value documented at any time 

before acyclovir initiation was considered the baseline.13 Urine output AKI criteria were not 

used because urine volume measurement was not routinely performed in all infants and 

oliguria is an insensitive marker of AKI in neonates.14 The severity of AKI was defined 

based on the maximum creatinine measurement obtained after the first dose through 48 

hours after the last dose.10 The timing of AKI onset was determined based on the earliest 

day of AKI detection, with day 0 being the first calendar day of acyclovir administration.

Downes et al. Page 3

J Pediatr. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.jpeds.com/


Statistical Analyses

We compared the characteristics of infants with and without AKI using χ2 tests or Fisher 

exact tests for proportions and Wilcoxon rank-sum tests for medians. Summary statistics 

were reported using frequencies with proportions and medians with IQRs. The incidence 

rate of AKI was calculated per 1000 acyclovir treatment days.

Cox regression analysis stratified by study site was performed to evaluate factors associated 

with AKI during IV acyclovir treatment. Data were censored at day of AKI onset, hospital 

discharge, death, or 2 days after acyclovir completion, whichever occurred first. The 

following factors were considered for inclusion in the model: sex; race; preterm or full-term 

gestational age; age at acyclovir start; weight at acyclovir start; baseline creatinine level; 

receipt of IV fluids; presence of a positive blood, urine, or cerebrospinal fluid (CSF) 

bacterial culture; admission location; receipt of mechanical ventilation during acyclovir 

course; and HSV disease detection. The number of concomitant nephrotoxic medications 

was included in the model a priori as a time-varying covariate based on the number of 

nephrotoxic medications administered the previous hospital day. HSV disease was defined 

based on the results of HSV polymerase chain reaction testing: (a) disseminated disease if 

positive from blood with or without positive testing from any other site, (b) CNS disease if 

positive from CSF sample, or (c) skin/eye/mouth disease if positive from a skin or mucosal 

surface sample only. Because polymerase chain reaction testing alone may be insufficient to 

categorize the extent of HSV infection, the classification of HSV disease was confirmed 

through clinical documentation in the EMR. Acyclovir daily dosage depends on gestational 

age and weight. To avoid collinearity, acyclovir dosage was not considered for the model. 

Separately, backward elimination was used to remove any covariates with P values of >.2 

from the final model.

To better understand the representativeness of our study population among all infants 

exposed to acyclovir, we compared the characteristics of infants eligible for inclusion and 

those who were otherwise eligible but lacked baseline creatinine measurement to determine 

AKI status. Complete data collection was not performed for infants with no creatinine 

measurements during acyclovir treatment. Therefore, this analysis was limited to the subset 

of infants with ≥1 creatinine measurements after acyclovir initiation, but no baseline 

creatinine measurement. The χ2 or Wilcoxon rank-sum tests were used to compare the 

following characteristics of the 2 groups: age at acyclovir start, hospital, gestational age 

(dichotomized as <37 weeks [preterm] vs ≥37 weeks or [full term]), admission location 

(floor/neonatal intensive care unit/pediatric intensive care unit), weight at acyclovir start, 

duration of acyclovir therapy, HSV testing, and HSV disease detection.

Because changes in creatinine values owing to nephrotoxicity may take time to develop after 

the initiation of a drug, we performed a sensitivity analysis using Cox regression whereby 

infants with AKI on day 0 of acyclovir treatment were excluded. In this multivariate 

analysis, only infants who had AKI detected on day 1 or later after initiation of acyclovir 

were included in the AKI group. All statistical analyses were performed using SAS 9.4 

(SAS Institute Inc, Cary, North Carolina) or Stata 13 (StataCorp, College Station, Texas).
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Results

We identified 2686 infants exposed to acyclovir at the 4 participating hospitals. Of these, 72 

had congenital kidney disease, 88 had AKI before acyclovir initiation, and 1191 did not have 

creatinine measured during or within 48 hours after acyclovir treatment; an additional 318 

infants were missing baseline creatinine measurements. Thus, a total of 1017 infants met all 

eligibility criteria including having sufficient creatinine measurements available to assess 

AKI (Table II). In this cohort, >75% of patients (n = 806) started acyclovir treatment during 

the first 3 weeks of life and >25% (n = 274) were preterm infants. Acyclovir was most often 

prescribed at a dosage of 60 mg/kg/day, which is consistent with recommendations for 

treatment of neonatal HSV disease.15 Almost three-quarters of infants (71%) received ≤2 

days of acyclovir treatment.

Among our final study population, 93% (n = 942) had HSV testing performed. Thirty-one 

infants (3.0%) had confirmed HSV disease including 15 (48%) with disseminated disease, 9 

(29%) with CNS disease, and 7 (23%) with skin/eye/mouth disease. The median age at HSV 

diagnosis was 10 days (IQR, 6–16) and 13% (n = 4) were premature. The median duration 

of acyclovir treatment in infants with HSV was 18 days (IQR, 7–22). Seven infants (23%) 

died during hospitalization.

In total, 57 infants (6%) developed AKI during acyclovir treatment or within 48 hours of 

acyclovir treatment completion (Table III). The median first day of AKI detection was day 1 

(IQR, 1–2). Although the majority of AKI was stage I (defined as 50%–99% or ≥0.3 mg/dL 

increase in creatinine from baseline), 16 infants (28%) who developed AKI had stage ≥II 

disease (≥100% increase in creatinine). Seven infants with confirmed HSV (23%) had AKI 

detected during acyclovir treatment, including 4 of 15 with disseminated disease, 2 of 9 with 

CNS disease, and 1 of 7 with skin/eye/mouth disease. Of these 7 infants, 4 had AKI detected 

on day 1.

There were no significant differences in the proportion of infants with AKI across the 4 

hospitals (Table IV). Infants with AKI were more often female (P = .04) and more often 

received ≥2 concurrent nephrotoxic medications during acyclovir treatment (P = .02). The 

proportion of infants with AKI who received gentamicin, the most commonly administered 

nephrotoxin, was similar to those without AKI (P = .17). Infants co-administered 

vancomycin more often developed AKI (P = .006).

The results of the Cox regression analysis evaluating factors associated with AKI during 

acyclovir treatment are shown in the Figure and (Table V; available at www. jpeds.com). 

After adjustment for other covariates, increased hazard of AKI was associated with 

confirmed HSV disease (OR, 4.35; P = .002), receipt of mechanical ventilation during 

acyclovir course (OR, 5.97; P = .001), admission to the pediatric intensive care unit or 

neonatal intensive care unit (OR, 6.02 and 3.21, respectively; P = .006), and receipt of ≥2 

concomitant nephrotoxic medications on the preceding day (OR, 3.07; P = .004). Increased 

weight (OR, 0.96 per 100 grams; P = .03) and higher baseline creatinine values (OR, 0.84 

per 0.1 mg/dL; P = .01) were associated with a decreased hazard of AKI. Receipt of IV 
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fluids, admission year, bacterial infection (positive blood, CSF, or urine culture), sex, race, 

prematurity, and age were not significantly associated with AKI.

There were differences between infants with and without baseline creatinine measurements 

available (Table VI; available at www.jpeds.com). Infants without baseline creatinine 

measurements were significantly older and heavier at acyclovir initiation, less often tested 

for HSV, and more often admitted to the floor vs an intensive care unit setting. There were 

also significant differences in the availability of baseline creatinine measurements by 

hospital. The 2 groups were similar in terms of preterm gestation, HSV positivity, and 

duration of acyclovir therapy. The sensitivity analysis evaluating factors associated with AKI 

on day 1 or later of acyclovir treatment identified similar risk factors (Table VII; available at 

www.jpeds.com), although weight at acyclovir initiation was no longer significant in the 

model.

Discussion

In our multicenter retrospective cohort study of infants exposed to acyclovir, the rate of AKI 

was low; only 6% of infants developed AKI during treatment. AKI developed in roughly 1 

of every 100 days of acyclovir administration and was more common in sicker infants, for 

example, those admitted to an intensive care unit, with confirmed HSV disease, requiring 

mechanical ventilation, or those receiving multiple concurrent nephrotoxic medications. 

Given the frequency of empiric acyclovir use in infants with suspected serious infections, 

clinicians should be cognizant of the toxicity risk, recognize infants who are at higher risk 

for AKI, and monitor at-risk infants at the start of and throughout treatment.

The incidence of AKI in our study was lower than some previous reports of toxicity in older 

children and adults treated with IV acyclovir where toxicity developed in 18%–30% of 

recipients.8,16 However, the majority of acyclovir administration in our study population was 

empiric and, thus, of short duration.

The bulk of AKI in our study occurred early during acyclovir treatment with 79% of AKI 

cases detected in the first 3 days of treatment. This may be reflective of the generally short 

duration of acyclovir exposure; however, this finding is also consistent with the mechanism 

of acyclovir toxicity. Acyclovir has low urine solubility and can precipitate in the lumen of 

renal tubules causing obstruction (eg, crystal nephropathy) after as little as a single dose of 

the drug.8,11 Although changes in creatinine take time to develop after a renal insult,17 we 

felt it was important to report all AKI that occurred after the first dose because acyclovir 

toxicity is plausible at any time during treatment. However, our study was not designed to 

implicate acyclovir as the cause of renal injury. Instead, we believe that our findings 

highlight the importance of close monitoring of acyclovir-exposed infants, even when 

treatment courses are short. This monitoring is particularly imperative in sicker infants and 

those receiving additional nephrotoxic medications, in whom the risk of AKI is high 

regardless of acyclovir exposure. The implementation of approaches to identify infants with 

exposure to multiple concomitant nephrotoxic medications, such as use of EMR-based 

alerts,18 may be a prudent strategy.

Downes et al. Page 6

J Pediatr. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.jpeds.com/
http://www.jpeds.com/


Administration of acyclovir in the setting of low urine output or dehydration can contribute 

to the development of toxicity.11 Although co-administration of IV fluids was not associated 

with decreased AKI in our study, the vast majority of infants received IV fluids. We were 

unable to fully assess hydration status owing to the retrospective design of our study and the 

limitations of available clinical documentation. For example, urine specific gravity results 

were not available for abstraction at all sites. IV hydration has been protective against AKI 

in previous reports, but its benefit in neonates warrants further study.19

Nearly one-quarter of infants with HSV disease developed AKI during treatment with more 

than one-half of these infants having AKI detected on day 1. This finding differs 

significantly from the incidence of nephrotoxicity in infants with HSV reported by Ericson 

et al, where only 2% of 89 infants with HSV disease developed renal dysfunction.9 This 

discrepancy is likely due to the different AKI definitions used in the 2 studies. We applied 

the Neonatal AKI Classification criteria put forth by Selewski et al, whereas the Ericson 

study applied a specific creatinine value cut-point for toxicity (>1.7 mg/dL).10 Defining 

baseline creatinine values in infants is challenging and there is no universally accepted 

approach. In our study, we used the lowest creatinine measurement available before the first 

dose of acyclovir. Additional studies are needed to establish accurate baseline renal function 

measurements in newborn infants, which will facilitate future medication safety studies in 

this population. Because creatinine decreases over the first few weeks of life because of 

elimination of maternal creatinine from serum, and the median age of infants in our study 

was 6 days, we may have underestimated AKI by using a higher creatinine value (eg, 

influenced by maternal creatinine).13 Nevertheless, we advise clinicians to obtain creatinine 

measurements upon initiation of acyclovir so that changes in creatinine can be recognized 

early. As has been previously described, systematic evaluation of children exposed to 

nephrotoxic medications can detect AKI sooner and potentially mitigate subsequent AKI by 

identifying modifiable risk factors in patients exposed to nephrotoxin.20 Based on the risk 

factors identified for AKI in our study, we believe that early and frequent monitoring of 

kidney function is warranted during acyclovir treatment for all infants who (a) have HSV 

disease, (b) are receiving ≥2 concomitant nephrotoxic medications, or (c) are admitted to an 

intensive care unit. Daily creatinine measurement could even be considered in the highest 

risk infants.

It is notable that fewer than one-half of all infants treated with acyclovir at our institutions 

had adequate creatinine measurements to assess AKI status. This factor may affect the 

generalizability of our findings. Although the incidence of AKI was low, the timing of AKI 

onset demonstrates that it can occur even during short courses of treatment. Infants without 

baseline creatinine values available were older, less often tested for HSV, and more often 

admitted to the floor. Because the factors associated with AKI can be considered signals of 

sicker patient status, it is possible that the population without baseline creatinine values 

represents infants less likely to develop AKI during therapy.

There are important additional limitations to our study. First, because this was a 

retrospective evaluation, data collection was restricted to that which could be accurately 

collected. Infants without creatinine measured during acyclovir were excluded because we 

could not assess AKI, which could bias results. Additionally, we focused the collection of 

Downes et al. Page 7

J Pediatr. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



data in the EMR that were universally available across all 4 hospitals, such as laboratory 

results and medication records, rather than clinical assessments. Information such as fluid 

balance, severity of illness indicators, and concurrent illnesses may have contributed to the 

risk of AKI, but could not be captured adequately in all patients. Moreover, it is also 

possible that some infants received acyclovir at another institution before admission at our 4 

study hospitals. This factor could explain why a small subset of patients in our cohort were 

treated with acyclovir but did not have HSV testing performed. Alternatively, some infants 

may not have had testing performed because of an inability to obtain adequate samples for 

testing. Regardless, to avoid misclassification of their HSV status, we categorized these 

infants separately; notably, their AKI rate was similar to infants who were HSV negative 

(5%). Second, variability in creatinine monitoring could have contributed to 

misclassification. Because changes in creatinine values can be delayed, it is possible that 

toxicity was not captured if a subject did not have creatinine measured after cessation of the 

drug. Additionally, monitoring practices may have differed across institutions and hospital 

units. Finally, there were differences in how creatinine results were reported across the 4 

hospitals. At CHOP, creatinine values are reported to the nearest 0.1 mg/dL, whereas they 

were reported to the nearest 0.01 mg/dL at the other institutions. Although the rate of AKI 

was similar across the 4 hospitals, it is possible that this difference could have contributed to 

misclassification for infants at CHOP with change in creatinine close to 1.5-fold of baseline.

Among our large cohort of infants exposed to acyclovir, the incidence of AKI was low. 

However, most acyclovir treatment courses were short and, when AKI was detected, it was 

soon after initiation of therapy. AKI was more common among sicker infants and in those 

receiving multiple other nephrotoxic medications. Close monitoring of renal function should 

be considered throughout acyclovir treatment courses in neonates and young infants, even 

during the empiric treatment phase, especially in sicker patients.
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Glossary

AKI Acute kidney injury

CHOP Children’s Hospital of Philadelphia

CNS Central Nervous System

CSF Cerebrospinal fluid

EMR Electronic medical record

HSV Herpes simplex virus
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Figure. 
Cox regression evaluating factors associated with the detection of AKI during IV acyclovir. 

The model was stratified by study site. Backward elimination was used to remove covariates 

with a P value of >.2 from final model (admission year, receipt of IV fluids, positive urine 

culture, positive CSF culture). Only covariates with a P value of <.05 are displayed; 

covariates with a P value of >.05 and ≤.2 that were included in model but not displayed in 

figure include sex, race, age at start of acyclovir, premature gestation, receipt of 1 

concomitant nephrotoxin on preceding day, and positive blood culture. a Incorporated as a 

time-varying covariate in model. Reference is no concomitant nephrotoxic medications. b 

Floor designation includes 10 subjects whose location of first dose is other.
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Table II.

Cohort characteristics (n = 1017)

Characteristics

Demographics

 Age in days at start of acyclovir 6 (2–18)

 Male sex 563 (55.4)

 Race

  Black 185 (18.2)

  Asian 46 (4.5)

  White 507 (49.9)

  Other race/multirace 9 (0.9)

  Unknown 270 (26.6)

 Hispanic ethnicity 158 (15.5)

 Gestational age

  Preterm gestation (<37 wk) 274 (26.9)

   Preterm (33–36 wk) 217 (79.2)

   Very preterm (28–32 wk) 38 (13.9)

   Extremely preterm (<28 wk) 19 (6.9)

  Full-term gestation (≥37 wk) 726 (71.4)

  Unknown 17 (1.7)

Clinical characteristics

 Hospital

  1 182 (17.9)

  2 330 (32.5)

  3 43 (4.2)

  4 462 (45.4)

 Acyclovir administration location

  Floor/other 239 (23.5)

  NICU 594 (58.4)

  PICU 184 (18.1)

 Initial acyclovir dose in mg/kg/dose 20.0 (19.4–20.4)

 Maximum acyclovir daily dose in mg/kg/day 60.0 (57.7–61.1)

 No. of acyclovir doses 5 (3–7)

 Maximum concomitant nephrotoxic medications received on a single day

  0 316 (31.1)

  1 511 (50.3)

  2–4 190 (18.7)

 Maximum number of nephrotoxic medications received on a single day during acyclovir

  None 302 (29.7)

  1 517 (50.8)

  2 172 (16.9)

  ≥3 26 (2.6)
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Characteristics

 Receipt of specific nephrotoxic medications during acyclovir

  Gentamicin 517 (50.8)

  Vancomycin 226 (22.2)

 Baseline creatinine value 0.50 (0.36–0.70)

 Mechanical ventilation during acyclovir course*

  Started mechanical ventilation after acyclovir initiation 93 (9.2)

  Receiving mechanical ventilation at the time of acyclovir initiation 298 (29.3)

  No mechanical ventilation 625 (61.5)

 Receipt of any IV fluids during acyclovir administration 866 (85.2)

  Bolus infusion around doses 116 (13.4)

  Maintenance (>2 mL/kg/h) 493 (56.9)

  IV fluids for full acyclovir course 649 (75.5)

 HSV status

  Not tested 75 (7.4)

  HSV− 911 (89.6)

  HSV+ 31 (3.0)

NICU, neonatal intensive care unit; PICU, pediatric intensive care unit.

Values are number (%) or median (IQR).

*
One participant with unknown mechanical ventilation status.

J Pediatr. Author manuscript; available in PMC 2021 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Downes et al. Page 15

Table III.

AKI during acyclovir

Variables No. (%)

AKI from start of acyclovir through 48 h after last acyclovir dose 57 (5.6)

Day of first detection

 0 13 (22.8)

 1 21 (36.8)

 2 11 (19.3)

 ≥3 12 (21.1)

Maximal severity of AKI

 Stage I 41 (71.9)

 Stage II 12 (21.1)

 Stage III 4 (7.0)

Incidence rate of AKI per 1000 acyclovir days 11.6
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