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Background. Herpes simplex virus-1 is the most common cause of sporadic encephalitis worldwide and requires prompt
antiviral treatment. Traditionally, herpes simplex virus-1 (HSV-1) cerebrospinal fluid (CSF) testing is conducted using
standalone polymerase chain reaction (PCR). The BioFire CSF FilmArray Meningitis/Encephalitis Panel (BioFire ME Panel) was
introduced in 2015 at our institution, providing an alternative method of HSV-1 CSF testing. This study assesses the impact of
the BioFire ME Panel on duration of intravenous acyclovir treatment.

Methods. A retrospective review of electronic medical records between 2010 and 2019 was performed. Information on
intravenous acyclovir treatment and HSV-1 CSF testing was collected and analyzed. Our descriptive analysis included Mann-
Whitney tests, 2 proportion Z-tests, and logistic regression.

Results. Our CSF HSV-1-negative cohort included 524 BioFire patients (125 pediatric, 399 adult) and 287 standalone PCR
patients (115 pediatric, 172 adult). Across both pediatric and adult groups, patients who were tested for HSV-1 with the BioFire
ME Panel had shorter average (SD) durations of intravenous acyclovir treatment (pediatric: 2.00 [5.71] days; adult: 3.26 [6.59]
days) compared with patients tested with standalone PCR (pediatric: 4.83 [8.62] days; adult: 4.93 [8.46] days; P <.001). Time
from lumbar puncture collection to HSV-1 results was additionally faster on average for the BioFire ME Panel than the

standalone PCR (P <.001).
Conclusions.

The implementation of the BioFire ME Panel shortened CSF HSV-1 PCR result time and intravenous acyclovir

duration. The shortened treatment and testing times from the BioFire ME Panel implementation may reduce hospital treatment

costs and unnecessary use of antiviral treatments.
Keywords. acyclovir; meningitis; encephalitis; HSV-1.

Herpes simplex virus-1 (HSV-1) is the most common cause of
sporadic encephalitis worldwide, with an incidence between 2
and 4 cases per 1 000 000 [1]. Without prompt antiviral treat-
ment, mortality and morbidity rates are 70% and 50%, respec-
tively [2]. Currently, the only Food and Drug Administration
(FDA)-approved treatment for herpes simplex encephalitis
(HSE) is acyclovir, with a recommended dosing of 10 mg/kg in-
travenously (IV) every 8 hours for 14-21 days [3]. Prior studies
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have demonstrated that administration of acyclovir on the first
day of admission for patients with suspected HSE resulted in
68.6% of patients having a favorable outcome at discharge,
whereas delay in initiation was associated with an unfavorable
outcome, defined as a modified Rankin Score >2 [2]. Therefore,
acyclovir is commonly prescribed empirically for any patient
with possible CNS infection [4] and discontinued upon nega-
tive CSF HSV-1 result or determination of other cause.
Acyclovir is generally well tolerated, though acyclovir-
induced nephrotoxicity is a known adverse effect [5]. A study
of renal dysfunction in children receiving IV acyclovir treatment
demonstrated that renal dysfunction was seen in 35% of treat-
ment courses and occurred within 48 hours of initiation of acy-
clovir [6]. A UK study of acute kidney injury (AKI) in adults
treated with IV acyclovir found that incidence of AKI was
13% and higher total doses conferred greater risk [7]. Given
the potential nephrotoxic side effects of extended IV acyclovir
treatment, it is important to discontinue empiric treatment as
soon as possible once HSV-1 encephalitis has been ruled out.
The duration of IV acyclovir treatment depends in part on
the turnaround time for CSF HSV-1 PCR testing results. As
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compared with traditional standalone PCR testing, the BioFire
CSF FilmArray Meningitis/Encephalitis Panel (BioFire ME
Panel) has been found to reduce turnaround time [8] and hos-
pital stay [9]. Studies have demonstrated that the multiplex
PCR ME Panel had 75% positive agreement with clinical con-
sensus [10] and had concordant results with traditional testing
methods in 97% of cases [8]. Furthermore, a study has shown
that the ME Panel has a negative predictive value of >99%
for HSV-1 and HSV-2 [11].

In this study, we aimed to compare acyclovir treatment
trends between patients who were tested with the traditional
CSF standalone quantitative PCR (qQPCR) or CSF BioFire ME
Panel test and received IV acyclovir.

METHODS

Patient Population

Patients who presented between 2010 and 2019 to Columbia
University Irving Medical Center (CUIMC)/
New York-Presbyterian (NYP) and Morgan Stanley Children’s
Hospital of New York (CHONY/NYP) were included in our
study. Cases were included if patients received IV acyclovir
and underwent CSF standalone PCR or CSF BioFire testing
for HSV-1 during the respective admission. Standalone PCR
testing was conducted between 2010 and 2016 and was either
conducted in-house (2010-2013) or sent to external labs
(2014-2016). The in-house assay was a laboratory-developed
real-time PCR assay using the Roche LightCycler (Roche
Molecular Systems, Branchburg, NJ, USA). Of the cases includ-
ed in our study, ~87% of tests were conducted in-house. The
BioFire panel was introduced in 2016 and was only conducted
in-house. Based on the estimated effect size of 0.5, it was deter-
mined than a ~2:1 ratio of BioFire to standalone PCR cases
would provide sufficient power.

Data Collection

A retrospective review of electronic medical records was per-
formed. Information on hospitalization dates, number of lum-
bar punctures (LPs), LP collection time, the number of CSF
HSV-1 tests conducted, the result time of CSF HSV-1 tests,
and IV acyclovir administration dates was collected. We also
collected information on creatinine values at admission and

the highest creatinine value after acyclovir administration.

Analysis

Our primary focus was on the duration of IV acyclovir treat-
ment. For CSF HSV-1 PCR testing results, we calculated the
time from LP to CSF HSV-1 PCR results, the time from acyclo-
vir administration to CSF HSV-1 PCR results, and the time from
acyclovir administration to LP. In analyzing acyclovir treatment
trends, we calculated the duration of IV acyclovir treatment, the
time from admission to IV acyclovir administration, the time

from LP to IV acyclovir discontinuation, and the time from
HSV result to IV acyclovir discontinuation.

We were additionally interested in analyzing the effect of the
acyclovir usage on trends in renal function. To investigate this,
we collected the number of patients with abnormal creatinine
after acyclovir administration, the time from admission to
highest creatinine, and the time from acyclovir administration
to highest creatinine.

Mann-Whitney tests were conducted for an exploratory
analysis to compare the events of interest between the CSF
standalone PCR HSV-1-negative and BioFire HSV-1-negative
groups. Proportions were compared using a 2-proportion
Z-test. Binary logistic regression was also performed with age
and gender as covariates to analyze the relationship between
HSV-1 test type and our events of interest. Significance was
set at P=.05. All statistical testing was performed using IBM
SPSS Statistics, version 28. Due to the small sample sizes of
the CSF HSV-1-positive standalone PCR and BioFire groups,
we present these comparisons descriptively.

RESULTS

The HSV-1-negative BioFire (n=524) and standalone PCR
(n=287) groups were demographically similar apart from age
(P<.001) (Table 1). For this reason, we separated both
HSV-1-negative groups into pediatric (18 and under; BioFire
n =125, standalone PCR n=115) and adult (age >18; BioFire
n =399, PCR n=172) patient cohorts. In comparing the pedi-
atric populations for the BioFire and standalone PCR
HSV-1-negative groups, we found no difference between the
groups for duration of hospitalization, time from CSF HSV-1
result to acyclovir discontinuation, or time from admission to
highest creatinine (Tables 2 and 3). The mean time from LP
to CSF HSV-1 result (P <.001) (Tables 2 and 3), time from acy-
clovir administration to CSF HSV-1 result (P <.001) (Tables 2
and 3), and duration of acyclovir (P <.001) (Tables 2 and 3)
were all longer in the standalone PCR group compared with
the BioFire group. The mean time from admission to acyclovir
administration (P <.001) (Tables 2 and 3) and time from LP to
acyclovir discontinuation (P <.001) (Tables 2 and 3) were also
longer in the standalone PCR group compared with the
BioFire group. The mean time from acyclovir administration
to LP was shorter in the standalone PCR group than the
BioFire group (P <.001) (Tables 2 and 3). The proportion of pa-
tients with newly abnormal creatinine after acyclovir adminis-
tration was higher in the standalone PCR group compared
with the BioFire group (P=.021) (Tables 2 and 3).

For the adult HSV-1-negative groups, we found no differ-
ence between the BioFire and standalone PCR groups for
time from admission to highest creatinine or time from acyclo-
vir administration to highest creatinine (Tables 2 and 3).
Average duration of hospitalization (P<.001) (Tables 2 and
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Table 1. Demographics

PCR (n=289)

BioFire (n=537)

HSV- (n=524) HSV+ (n=13) HSV- (n=287) HSV+ (n=2)
Female, % 46.0 15.4 41.5 50.0
Male, % 54.0 84.6 58.5 50.0
Mean age (SD), y 43.6 (27.6)* 48.5 (27.09) 33.1(28.2)* 68; 65

BioFire HSV— PCR HSV-

<18y (n=125) >18y (n=399) <18y (n=115) >18y (n=172)
Female, % 46.4 45.9 33.0 471
Male, % 53.6 54.1 67.0 52.9
Mean age (SD), y 4.33 (6.48) 55.88 (18.75) 2.68 (4.73) 53.42 (16.57)

Abbreviations: HSV, herpes simplex virus; PCR, polymerase chain reaction.

*Signifies statistical significance at a=.05.

3), time from LP to CSF HSV-1 PCR result (P <.001) (Tables 2
and 3), and time from acyclovir administration to CSF HSV-1
result (P <.001) (Tables 2 and 3) were all longer in the stand-
alone PCR group compared with the BioFire group.
Acyclovir administration was started, on average, earlier in
the standalone PCR group than the BioFire group (P <.001)
(Tables 2 and 3). The mean duration of acyclovir treatment
(P <.001) (Tables 2 and 3), time from admission to acyclovir
administration (P <.001) (Tables 2 and 3), and time from LP
to acyclovir discontinuation (P <.001) (Tables 2 and 3) were
all longer in the standalone PCR group compared with the
BioFire group. Time from HSV result to acyclovir discontinu-
ation, however, was shorter in the standalone PCR group com-
pared with the BioFire group (P <.001) (Tables 2 and 3). The
proportion of patients with newly abnormal creatinine values
after acyclovir administration was higher in the standalone
PCR group than the BioFire group but was not statistically sig-
nificant (P=.163) (Tables 2 and 3).

We conducted logistic regression to explore the relationship
between our outcomes of interest and type of HSV-1 test
(BioFire vs standalone PCR) after adjusting for age and gender.
After adjusting for these covariates, average duration of hospi-
talization, time from HSV result to acyclovir discontinuation,
and time from acyclovir administration to highest creatinine
did not remain significant predictors of which HSV test type
was conducted. Average time from LP to HSV, time from acy-
clovir administration to HSV result, duration of acyclovir,
and time from LP to acyclovir discontinuation, however, did re-
main significant predictors of HSV-1 test type in both the pedi-
and adult data.
administration to LP remained significant only in the adult

atric Average time from acyclovir
data. Average time from admission to highest creatinine was
not significant before or after controlling for age and gender.
Of note, in the adult group, age had a significant effect on aver-
age time from acyclovir administration to HSV result. In the pe-
diatric group, age had a significant effect on average acyclovir
duration, average time from acyclovir administration to HSV

result, and average time from LP to acyclovir discontinuation.

Increasing age was associated with a lower chance of being in
the standalone PCR group for these outcomes.

Longer average time from LP to HSV results was predictive of
being in the standalone PCR group (adult: odds ratio [OR],
32.259; P <.001; pediatric: OR, 37.742; P < .001). Having a longer
average time from acyclovir administration to HSV results was also
predictive of being in the standalone PCR group (adult: OR, 1.351;
P <.001; pediatric: OR, 1.451; P < .001). Additionally, longer dura-
tion of acyclovir (adult: OR, 1.032; P = .020; pediatric: OR, 1.088; P
=.006) and longer time from LP to acyclovir discontinuation
(adult: OR, 1.045; P=.001; pediatric: OR, 1.348; P <.001) were
predictive of being in the standalone PCR group.

The CSF HSV-1-positive BioFire and standalone PCR groups
differed in terms of demographics. The BioFire HSV-1-positive
group was majority male and on average younger than the stand-
alone PCR HSV-1-positive patients (Tables 2 and 3). Duration of
hospitalization was similar for the BioFire and standalone PCR
HSV-1-positive patients (Tables 2 and 3). The mean time from
LP to HSV result and time from acyclovir administration to
HSV result were shorter in the BioFire group compared with
the standalone PCR group (Tables 2 and 3). The mean time
from acyclovir administration to LP was slightly longer in the
BioFire group compared with the standalone PCR group
(Tables 2 and 3). Duration of acyclovir treatment, time from ad-
mission to acyclovir administration, and time from LP to acyclovir
discontinuation varied between the 2 standalone PCR patients,
which limits comparison with the BioFire group (Tables 2 and
3). However, for both standalone PCR patients, acyclovir was dis-
continued before receiving the HSV result, whereas it was on av-
erage discontinued after receiving the HSV result in the BioFire
group (Tables 2 and 3). Only 1 of the 2 standalone PCR patients
and 4 (30.8%) of the BioFire patients had newly abnormal creati-
nine after acyclovir administration (Tables 2 and 3).

DISCUSSION

This study demonstrated that the implementation of the
BioFire ME Panel resulted in shorter duration of acyclovir
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Table 2. Key HSV-1-Negative and -Positive Results

BioFire HSV— (n=524) PCR HSV- (n=287) P BioFire HSV+  PCR HSV+
(n=13) (n=2)
<18y >18y <18y >18y
(n=125) (n=399) (n=115) (n=172) <18y >18y  All Ages All Ages
Duration of hospitalization 16.11 (37.49) 17.28 (24.63)* 14.28 (21.96) 22.27 (25.91)* .205 <.001 21.00(13.89) 15; 27
HSV testing
LP to HSV results 0.16 (0.38)* 0.24 (0.38)*  3.69(3.21)* 4.56 (9.63)* <.001 <.0017 0.19(0.17) 20.14;3.80
Acyclovir administration to HSV results 1.21(4.21)* 1.03(2.16)*  4.48(4.96)* 3.99(7.69* <.001 <001 0.22(1.31) 19.96; 3.80
Acyclovir administration to LP 1.04 (4.23)* 0.78 (2.14)* 0.79 (4.11)* -0.56 (6.78)* <.001 <.001 0.03(1.22) -0.18;0
Acyclovir treatment
Duration of acyclovir 2.00 (5.71)* 3.26 (6.59)*  4.83(8.62)* 4.93 (8.46)* <.001 <.001 12.15(8.42) 15.04;0.64
Admission to acyclovir administration 1.56 (6.40)* 2.99(10.33)* 2.85(9.02)* 5.19(11.05)* <.001 <.001 2.45(2.77) 0.5;7.76
LP to acyclovir discontinuation 0.96 (3.67)* 2.48 (6.44)* 4.04 (7.64)* 5.49(13.06)* <.001 <.001 12.12(8.04) 15.22;0.64
HSV result to acyclovir discontinuation 0.79 (3.50) 2.23 (6.45)* 0.35(8.12) 0.93 (8.23)* 154 <.001 11.93(7.97) -4.92;-3.15
Abnormal creatinine
No. with abnormal creatinine at admission (%) 2(1.6) 126 (31.6) 3(2.6) 57 (33.1) - - 1(7.6) 0(0)
No. with abnormal creatinine after acyclovir (%) 3(2.4) 157 (39.3) 8 (7.0 74 (43.0) - - 5(38.5) 1 (50.0)
No. with newly abnormal creatinine after acyclovir 1(0.8)* 49 (12.3) 7 (6.1)* 29 (16.9) .021 163 4(30.8) 1(50)
administration (%)
Admission to highest creatinine 4.73 (2.51) 9.85(13.17) 23.46 (33.75) 11.39 (13.75) 776 197 11.90(8.74) 15.49; —
Acyclovir administration to highest creatinine 1.66 (0.73)* 6.62(10.12) 8.50 (9.53)*  6.03 (8.30) .012 380 8.62(7.62) 14.99; -

All values presented except for “No. with abnormal creatinine” are mean (SD), with the unit days. All BioFire+ results except for “No. with abnormal creatinine” are mean (SD), with the unit

days. For standalone PCR+ results, the actual values for each case are presented.

Abbreviations: HSV, herpes simplex virus; LP, lumbar puncture; PCR, polymerase chain reaction.

*Signifies statistical significance at «=0.05.

treatment and shorter times to results compared with the CSF
HSV-1 standalone PCR. These results may be because the
BioFire ME Panel allowed for a more streamlined lab workflow
due to the implementation of a sample-to-answer platform
compared with the prior in-house PCR testing. These study re-
sults are consistent with previous studies that have demonstrat-
ed that implementation of the BioFire ME Panel results in
decreased acyclovir duration [12-14]. This finding has held
true across multiple populations. A pediatric study conducted
by Messacar et al. demonstrated that in the post-ME Panel im-
plementation period acyclovir initiation was unaffected, but
acyclovir duration decreased [12]. A multicenter study by
Evans et al. [14] and a cohort study by Broadhurst et al. [13] ad-
ditionally found that implementation of the ME Panel resulted
in decreased duration of IV acyclovir. While our study did not
demonstrate significant differences in renal injury between pa-
tients tested with the BioFire panel and the standalone PCR,
previous studies have shown that nephrotoxicity with intrave-
nous acyclovir is associated with higher dosing [6, 7] and short-
er duration of intravenous acyclovir treatment may reduce this
risk. This reduction in duration of treatment could reduce the
cost of HSE care for hospitals [15]. Soucek et al. [15] found that
the potential savings in antimicrobial treatment offset the in-
creased cost of testing associated with the ME Panel. Reduced
acyclovir duration is additionally beneficial given that IV acy-
clovir is vulnerable to drug shortage [16].

Prior studies have demonstrated that the BioFire ME Panel is a
comparable alternative to standalone PCR testing. A study by

Liesman et al. [17] found that the ME Panel detected 97.5% of bac-
terial pathogens and 90.1% of viruses that routine methods iden-
tified. Additionally, Tansarli and Chapin [11] conducted a review
of 8 ME Panel studies and found that the ME Panel had high di-
agnostic accuracy compared with other standard testing methods.
It is important to note that while the ME Panel is highly specific
and sensitive, there are concerns about false-positive and false-
negative results [11, 17]. This has been particularly emphasized
with reference to false-negative results for HSV-1/2, indicating
that while the panel has a high positive predictive value for these
viruses, it still requires diagnostic stewardship [11, 17]. Overall,
implementing the BioFire ME Panel provides a rapid, in-house al-
ternative to standalone PCR testing [17].

Our study did have an unexpected finding in that time from
CSF HSV-1 result to acyclovir discontinuation was shorter in
the standalone PCR HSV-1-negative groups compared with
the BioFire HSV-1-negative groups. This result may be due
to several factors including the resolution of patient symptoms
before receiving standalone PCR results or the determination
of an alternative diagnosis through imaging and other diagnos-
tic testing before receiving standalone PCR test results.

This study has multiple strengths. The first is the large sample
size for the HSV-1-negative patients that spans multiple years,
which provided sufficient power for investigating multiple out-
comes. This study adds to the existing literature on the impact
of the BioFire ME Panel on acyclovir treatment and time to test
result for both adult and pediatric patients. Furthermore, the
use of regression analysis to control for demographic variables
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Table 3. Key HSV-1-Negative and -Positive Results (Median and IQR)

BioFire HSV— (n=524) PCR HSV- (n=287) P BioFire HSV+  PCR HSV+
(n=13) (n=2)
<18y >18y <18y >18y
(n=125) (n=399) (n=115) (n=172) <18y >18y  All Ages All Ages

Duration of hospitalization 5(9.5) 9 (14)* 5(13) 16 (20)* .205 <.001 25 (41) 15; 27
HSV testing

LP to HSV results 0.07 (0.14)* 0.16 (0.16)* 2.93 (2.82)*  3.19(2.56)* <.001 <.001 0.18(0.18) 20.14;3.80

Acyclovir administration to HSV results 0.25 (0.60)* 0.42 (1.08)* 3.20(3.62)*  3.34 (3.55)* <.001 <.001 0.22(0.32) 19.96; 3.80

Acyclovir administration to LP 0.11(0.33)* 0.19 (1.06)* 0.01 (0.60)*  0.01 (0.90)* <.001 <.001 0.04(0.12) -0.18;0
Acyclovir treatment

Duration of acyclovir 0.27 (1.07)* 1.04 (3.23)* 2.48(2.66)* 2.67(3.93)* <.001 <.001 12.56 (13.06) 15.04; 0.64

Admission to acyclovir administration 0.80 (0.67)* 0.93(1.14)* 1.06 (1.09)* 1.43(1.93)* <.001 <.001 243(1.04) 05;7.76

LP to acyclovir discontinuation 0.10 (0.62)* 0.57(1.88)* 2.47 (2.05)*  2.78(3.83)* <.001 <.001 12.53(12.95) 15.22; 0.64

HSV result to acyclovir discontinuation 0.02 (0.41) 0.26 (1.81)* 0.04 (2.24) -0.25(2.77)* 154 <.001 12.34 (12.77) —-4.92; -3.15
Abnormal creatinine

No. with abnormal creatinine at admission (%) 2(1.6) 126 (31.6) 3(2.6) 57 (33.1) - - 1(7.6) 0(0)

No. with abnormal creatinine after acyclovir (%) 3(2.4) 157 (39.3) 8(7.0) 74 (43.0) - - 5(38.5) 1 (50.0)

No. with newly abnormal creatinine after acyclovir 1(0.8)* 49 (12.3) 7 (6.1)* 29 (16.9) .021 163 4(30.8) 1(50)

administration (%)

Admission to highest creatinine 3.35 (4.40) 5.04 (11.77) 5.25 (39.96) 6.71(12.38) .776 .197 13.42 (11.90) 15.49; -

Acyclovir administration to highest creatinine 1.68 (1.46)* 2.82(7.29) 3.93(13.12)* 2.74 (6.74) .012 .380 10.03(8.62) 14.99; -

All values presented except for “No. with abnormal creatinine” are median (IQR), with the unit days. All BioFire+ results except for “No. with abnormal creatinine” are median (IQR), with the

unit days. For standalone PCR+ results, the actual values for each case are presented.

Abbreviations: HSV, herpes simplex virus; IQR, interquartile range; LP, lumbar puncture; PCR, polymerase chain reaction.

*Signifies statistical significance at o.=.05.

strengthens our ability to draw conclusions from these data. While
this study did not present significant results for hospital duration
or creatinine values, it adds to the understanding of the BioFire
panel’s impact on these outcomes. This study is limited by data
availability and sample size for HSV-1-positive patients as well
as the retrospective design. There was limited availability of data
on acyclovir dosing for standalone PCR cases, and due to the rarity
of the condition, the number of HSV-1-positive patients in our pa-
tient population was small. This limited our ability to statistically
compare the BioFire and standalone PCR HSV-1-positive groups
as well as the total dosing between groups. The retrospective de-
sign additionally required us to rely on EMR time stamps for
test result times and acyclovir administration times. However,
we established consistent end point calculations by standardizing
which time points were collected.

Future work is necessary to fully understand the impact of
the BioFire ME Panel on unnecessary medication usage and
hospital costs. Further studies with larger HSV-1-positive sam-
ples would additionally improve the understanding of the im-
pact of the BioFire ME Panel on clinical outcomes in patients
with confirmed HSV-1 encephalitis or meningitis and the clin-
ical impact of the BioFire ME Panel.
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