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Objective. To characterize differences between Herpes Simplex Virus and
Varicella-Zoster Virus encephalitis (HSVE and VZVE) and other aetiologies of
infectious encephalitis (IE), and to investigate the impact of time-to-aciclovir
(ACV) start, ACV dose and duration on outcome.

Methods. We compared 132 HSVE, 65 VZVE, and 297 others IE enrolled in a
prospective cohort (ENCEIF). We estimated associations between time-to-ACV
start, dose or duration and outcome through adjusted odds-ratio (aOR) using
logistic regression analysis.

Results. Prevalence of immunodepression differed among aetiologies: 15/65
(23%) for VZVE, 13/132 (10%) for HSVE and 30/297 (10%) for others IE (P<0.05),
as was presence of seizure at admission: 27/132 (20%) for HSVE, 4/65 (6%) for
VZVE and 43/297 (14%) for others IE (P<0.05). Poor outcome at hospital
discharge (Glasgow outcome scale <3) differed among the three groups:
40/127 (31%) for HSVE, 12/65 (18%) for VZVE and 38/290 (13%) for other IE
(P<0.05). Time-to-ACV start was associated with outcome in HSVE (aOR 3.61
[1.25 - 10.40]), but not in VZVE (aOR 0.84 [0.18 — 3.85]). Increased ACV dose
was not associated with outcome among HSVE (aOR 1.25 [0.44 — 3.64]) nor
VZVE (aOR 1.16 [0.24 — 5.73]).

Conclusion. HSVE and VZVE are distinct in clinical presentation, outcome, and
prognostic factors. The impact of early ACV initiation was more apparent for
HSVE than for VZVE, however, this could be due to VZVE smaller sample size
and lower outcome rate leading to low statistical power, or due to potential
distinct IE pathophysiology.
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Introduction

Herpes simplex virus (HSV) and varicella-zoster virus (VZV) are the most frequent identified
pathogens responsible for infectious encephalitis (IE) outside of Asia, accounting for approximately 40% and
20% of encephalitis cases with microbiological documentation [1-3]. They are associated with high
morbidity and mortality rates, especially among immunodepression status[4]. The advent of aciclovir (ACV)
during the mid-80’s, was associated with a dramatic reduction of fatality rates, from 70% to <20% in HSV
encephalitis (HSVE) [5]. However, the burden of long-term sequelae remains high, as less than 30% of
patients with HSVE and 50% of patients with VZVE reach full recovery[6—10].

HSVE and VZV encephalitis (VZVE) can be challenging to differentiate from others IE at the initial
phase, which underscores the importance of initiating intravenous ACV whenever acute IE is suspected [11].
In addition, although HSVE and VZVE are often merged in the medical literature, certain distinctions have
been identified, including predisposing factors, clinical presentation, imaging findings, and outcome, which
suggest that their pathophysiology differ, which may have consequences on their optimal treatment [12].

In HSVE, time-to-ACV initiation is the main modifiable factor associated with outcome [7,13,14].
However, few studies have investigated the impact of its dose and duration, while ACV is well known to
induce acute renal failure and neurotoxicity, especially in case of overdosing [15,16]. Conversely, the role of
time-to-ACYV start, dose and duration remain poorly characterized for VZVE.

The 2017 French guidelines for IE advocate for early start of ACV as the empirical antiviral
treatment of IE (target, within 6 hours after hospital admission), at 10 mg/kg every 8 h, to be increased at 15
mg/kg every 8 h in cases at increased risk of VZVE (i.e., vesicular rash, immunodepression). French and
British guidelines recommend a 14-day course of intravenous ACV for immunocompetent adults with HSVE
and VZVE [17,18], while the 2008 guidelines elaborated by the Infectious Diseases Society of America
(IDSA) recommended 14 to 21 days of ACV for HSVE [18,19]. For IE with no microbiological
documentation, HSV may be ruled out with a negative PCR HSV with a high negative predictive value on
cerebrospinal fluid (CSF) sample obtained at least 4 days after the onset of neurological symptoms, which
allow discontinuation of ACV when pre-test probability of HSVE is low [20]. Indeed, recent studies have
reported that some multiplex real-time PCRs had a low performance, particularly for HSV-1 [21].

In this ancillary study of the large prospective multicenter cohort ENCEIF, we aimed to characterize
the differences between HSVE, VZVE and other etiologies of IE, and to investigate the impact of time-to-

ACV start, duration and doses on outcome. Our secondary objective was to assess the practices regarding
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ACYV use in patients with IE, in a large network of French hospitals with investigators dedicated to the

management of IE.

Methods

ENCEIF was a prospective cohort study with enrollment of successive adult patients diagnosed with
IE, as defined by the International Encephalitis Consortium case definition [22] in 62 centers between January
1, 2016 and December 31, 2019 [3]. All data were collected prospectively and recorded anonymously in a
secured online database, using a standardized form. All research questions, data collections and general data
analysis outlines were part of the study protocol before the enrollment of patients begun. No data were

collected retrospectively.

We defined poor functional outcome by a Glasgow outcome scale (GOS) at discharge from 1 to 3 (i.e. death,
persistent neurovegetative state or major sequelae) while good outcome was defined by GOS 4 (moderate
sequelae) or 5 (minor or no sequelae). We defined immunodeficiency as having: i- an active cancer; ii-
ongoing chemotherapy within the past year; iii- undergone a solid organ or haematopoietic stem cell
transplantation; iv- a haematological malignancy; v- a myelodysplastic syndrome; or vi- undergoing
immunosuppressive treatment. We compared patients with HSVE, VZVE and other causes of IE, using Chi?
test or Fisher’s test as appropriate, for categorical variables, which were described as numbers (%), and
Kruskal-Wallis for continuous variables, which were described as medians [interquartile range].

In order to estimate associations between time-to-ACV start and ACV dose on outcome, we
calculated adjusted odds-ratio (aOR) and its associated Wald confidence intervals (Cls) using logistic
regression analysis. Background knowledge was used to guide adjustment variable selection. We limited
number of independent variables included in the model in order to decrease the impact of the event-per-
variable ratio for prevention of overfitting. Thus, among the HSVE patients, time-to-ACV start, and ACV
dose were adjusted on age, immunodepression, and coma on admission. Among the VZVE patients, as the
sample size was smaller, time-to-ACV start and ACV dose were only adjusted on age and immunodepression
status. No imputation was used for those analysis. Log linearity of continuous variables were tested and, if
necessary, variables were categorized according to median values. Statistical analyses were performed using

R4.1.1.
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To estimate the potential impact of 21 days of ACV treatment as compared to shorter treatment
duration in HSVE, while reducing immortal time bias, we excluded patients who died within the first 21 days
of admission, as those patients could not receive 21 days of ACV. Then we analyzed whether patients who
received 21 + 2 days of ACV had better outcome, with logistic regression analysis, after adjusting for
prespecified variables detailed above using patients who received 14 + 2 days of ACV as the reference.

In accordance with French regulation, we obtained informed non-opposition for the use of medical
data from all patients or their close relatives. The study was approved by the French commission for data

protection (Commission Nationale Informatique et Liberté, CNIL, authorization 915148).

Results

The ENCEIF cohort has enrolled 494 patients with IE, including 132 HSVE, 65 VZVE and 297
others IE. Baseline characteristics are detailed in table 1. Prevalence of clinical symptoms on admission
among the three groups were not statistically different except for fever, headache and seizures, less common
among VZVE, and rash, present at admission in 29/65 (45%) VZVE. Prevalence of infratentorial signs differ
in the three groups (P=0.003), present in only 12/132 (9%) of HSVE patients. Abnormalities on EEG and
imaging studies differ among the three groups (£<0.001), present among HSVE in 98/107 (92%) and 115/130
(88%) patients respectively for EEG and imaging abnormalities (table 2).

Treatment and outcomes are presented in table 3. Median time from symptoms onset to hospital
admission was 2 days [0-4], similar in each group (P=0.60). All VZVE and HSVE patients, and 234 patients
with others IE (81% of 288 with available data on ACV administration) were treated with ACV. Of note,
only 8/54 (15%) patients who did not receive ACV had an alternative diagnosis documented within the first
day, mostly through CSF analysis (eg, PCR or microscopic findings). Time from symptoms onset, or hospital
admission, to ACV start, was similar in the 3 groups. Patients with HSVE received ACV with a median delay
of 0 [0-1] day after hospital admission, with 29 (22%), and 24 patients (18%) who received ACV with a delay
of 1 day, and > 2 days, respectively, after hospital admission. Patients with HSVE who received ACV > 1
day after admission had lower CSF white cells count, at 40 [10-142]/mm? vs 123 [35-332]/mm? in those who
received ACV within 24 h after admission (P=0.005, data not shown). Time from admission to ACV start
was longer in immunodeficient patients, with a median of 1 day [1-4], vs 0 [0-1] in immunocompetent
patients (P<0.001, data not shown). ACV dose was 10 mg/kg t.i.d in 78% of HSVE patients and 40% of

VZVE patients, 15 mg/kg t.i.d or more in the remaining. Median ACV duration was, respectively, 21 days
5
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[14-21], 14 days [11-15], and 4 days [2-6], in patients with HSVE, VZVE, and others IE (£<0.001), with no
difference among immunocompetent and immunodeficient patients. Most patients with others IE (217/265,
82%) had a negative PCR on a CSF sample obtained at least 4 days after symptoms onset before ACV
discontinuation, as recommended in national guidelines.

Although case-fatality rates (CFR) were similar in the 3 groups, HSVE was associated with increased
risk of ICU admission, and poor outcome, as compared to VZVE and others IE (P<0.001, figure 1). In HSVE,
increased time between hospital admission and ACV start was associated with poor outcome after adjustment
on age, immunodepression and coma (aOR 3.61 [1.25 — 10.4], P=0.017 for 1 day and aOR 5.52 [1.80 —
16.95], P=0.003 for > 2 days) (table 4). Increased ACV dose was not independently associated with outcome
(aOR 1.25 [0.44 — 3.64], P=0.67), nor was longer duration of ACV (i.e 21 days) which was prescribed in 68
(65%) of patients, in the subgroup of patients still alive at 21 days (aOR 1.83 [0.64 — 5.59], P=0.260). For
patients with VZVE, immunodepression remained strongly associated with poor outcome while time-to-

ACV and ACV dose were not associated with poor outcome (table 4).

Discussion

The main findings of this large multicentre prospective cohort focusing on HSVE, VZVE, and others
IE, are the followings: i) patients with VZVE are older, with higher prevalence of diabetes, and
immunosuppression, as compared to patients with HSVE, and others IE; ii) patients with HSVE are more
likely to present with fever, headache, and seizures, with higher prevalence of EEG and brain imaging
abnormalities, and higher risk of poor outcome; iii) time-to-ACV start is associated with poor outcome in
patients with HSVE, but not in patients with VZVE; iv) we found no association between ACV dose and
duration, and poor outcome in HSVE; v) immunodepression is strongly associated with poor outcome in
patients with VZVE.

Previous studies have suggested that HSVE and VZVE are associated with worse prognosis as
compared to others IE, including those of unknown origin. However, these studies merged HSVE and VZVE,
on the ground that they are the 2 main causes of IE in contemporary studies, that HSV and VZV are both
human herpes viruses, susceptible to ACV [6,11]. However, our cohort highlights important differences
between HSVE and VZVE, as already described in a small cohort [12], and suggested in a large prospective
cohort of all-causes encephalitis from England [1]. The striking differences in baseline characteristics (ie,

VZVE affecting older patients with more comorbidities, notably immunodepression), clinical features on

6
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admission (more headache, fever, seizure in HSVE), and higher prevalence of EEG abnormalities in patients
with HSVE outline the distinct pathophysiology of HSVE and VZVE. Brain imaging findings also differ,
HSVE being primarily associated with edema and necrosis leading to mass effect, predominantly in the
temporal and frontal regions, and VZVE primarily associated with vascular lesions (i.e., contrast
enhancement, hemorrhage, and vasculitis). Finally, time-to-ACV start, which has been independently
associated with outcomes in several cohorts of HSVE [5,13], may not be so strongly associated with
prognosis in patients with VZVE. Altogether, these findings suggest that HSV could be more aggressive to
brain cells, with direct pathogenicity, and irreversible lesions, while VZV would primarily affect brain
vascularization. These differences may explain the striking differences of clinical and imaging findings
between HSVE and VZVE, as well as the major role of early ACV start in patients with HSVE, to interrupt
direct pathogenicity of HSV on brain cells, while early start of ACV would be less important in VZVE.

Previous studies have reported prognostic factors in HSVE, including coma [5,13], supra-tentorial
focal signs [14], restricted diffusion and extensive lesions on MRI (particularly with involvement of > 3
lobes) [23-25]. Vasculitis has been associated with poor outcome in patients with VZVE [9]. This supports
the pure encephalitic disease in HSV, with a functional prognosis proportional to the extent of lesions; versus
a vascular disease in VZVE without anatomical predominance and with lower risk of long-term functional
impairment. HSVE primarily affects cortical and sub-cortical regions, with a higher incidence of seizures
and epileptiform activity on EEG, associated with poor outcome when bilateral [26].

Retrospective studies found that time from hospital admission to ACV start > 2 days was associated
with poor functional outcome [7,13]. Our study confirms the crucial importance of prompt administration of
ACYV in HSVE, with an odd-ratio of poor outcome at 3.61 [1.25-10.40] when ACYV is started after the first
day of admission. Of note, approximately half of HSVE patients were admitted to the hospital within two
days of symptom onset in our cohort. Patients with early admission may have normal CSF on the first lumbar
puncture, and should not be denied early start of ACV when clinical features, EEG, and/or brain imaging are
suggestive of IE.

The absence of association between time-to-ACV start and outcome in VZVE in our present study
and in previous cohorts raised questions [9,10]. However, as VZV replicates in endothelial cells of large- and
small-vessels, leading to infarctions [27], the impact of early antiviral treatment may be limited. The higher
ACYV dose recommended for VZVE (i.e., 15 mg/kg t.i.d.), is supported by in vitro data showing higher ACV
inhibitory concentration (IC50) for VZV than HSV [28], but to our knowledge, no clinical study found an

7
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association with increased ACV dose, and outcome, in patients with VZE. In addition, Herlin and al. found
a similar case-fatality rate (9%) as in our study, although all patients have been treated with 10 mg/kg t.i.d
[9]. Of note, high-doses ACV are associated with increased risk of neurological and renal toxicity, although
these toxicities may be reduced by careful adjustment of ACV dose to previous renal function, attention to
co-medications, correct hydration and urine output, and prolonged infusion [15,29,16,30].

A second objective of our prospective nationwide study was to explore the compliance with national
guidelines, published in 2017, but communicated in national conferences in 2015, before the study started.
We found that 20% of patients with IE not caused by HSV or VZV did not receive ACV at all. Out of the
132 patients with HSVE, 53 (40%) received ACV with a delay of 1 day or more after hospital admission.
This is in line with another recent study in the Greater Houston area, which found that compliance with
international guidelines regarding empiric ACV was sub-optimal, as only 64% of patients with IE patients
received ACV, with a time-to-ACV start at 12 h [0-264][31].

Our study has limitations. Firstly, due to the multicenter observational design, over a long period of
time (4 years), IE management was not fully standardized, and the study may suffer from heterogeneity.
However, participating sites were all voluntary, and national guidelines were regularly communicated to all
investigators through the study period. Secondly, although this is one of the largest prospective studies on IE
to date, our findings may not apply to other countries, with different epidemiology, and practices for the
management of [E. Besides, the ENCEIF cohort was not primarily designed to analyze ACV use, so that we
did not collect standardized data on ACV administration, and adverse events. In addition, time-to-ACV start
was only collected as days, which jeopardizes precise identification of thresholds that may have an impact
on outcome (e.g., we were unable to differentiate patients who started ACV within 6 h, or between 6 and 24
h after admission). Finally, small sample size in subgroups, particularly in VZVE, may expose to lack of
power in our analysis. We also had no specific information about vasculitis and its management, although
we collected data on vascular abnormalities. However, our study also has strengths, including prospective
collection of standardized data by committed investigators from large clinical sites, which supports a good
external validity.

In conclusion, HSVE and VZVE are IE with distinct pathophysiology, clinical presentation,
prognostic factors, and outcome. Early start of ACV is a major independent prognostic factor for HSVE,
along with age and coma on admission, while immunodepression was the only independent prognostic factor

for VZVE.
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379  Table 1. Baseline characteristics of patients with infectious encephalitis, ENCEIF cohort, France 2016-19
380

. HSV VZV

Variables Avallal?le encephalitis, encephalitis, Ot_hers, P-value
observations n=297
n=132 n=65

Age, years 494 65 [52-73] 74 [65-82] 63 [41-72] <0.001
Male gender 493 83/131 (63) 44/65 (68)  176/297 (59) 0.4
Diabetes mellitus 491 15/131 (11) 18/65 (28) 34/295 (12) 0.002
Cancer 491 14/132 (11) 6/65 (9) 19/294 (7) 0.3
Hematologic malignancy 489 4/131 (3) 5/65 (8) 18/293 (6) 0.3
Solid organ transplant 490 2/132 (2) 3/ 65 (5) 11/293 (4) 0.4
Immunodeficiency 494 13 (10) 15 (23) 30 (10) 0.010
gl 488 125/130 (96)  57/64 (89)  284/294 (97)  0.044
activities

381 Categorical variables are reported as numbers (%), continuous variables, as medians [interquartile range]

382

383
384
385
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386

387
388

Table 2. Patients’ characteristics at hospital admission, ENCEIF cohort, France 2016-19

HSV

VZV

Variables Av(:;zi‘ltz;ble enceghalitis, encep_halitis, ?lillze;;’ vzﬁ;le
n=132 n=65

Confusion 494 96 (73) 43 (66) 167 (56) 0.004
Altered mental status 494 44 (33) 24 (37) 129 (43) 0.12
Coma 494 8 (6) 2(3) 28 (9) 0.2
Supra-tentorial focal signs 494 61 (46) 26 (40) 119 (40) 0.5

- Sensitive or motor deficit 494 22 (17) 7(11) 30 (10) 0.15
- Speech disorders 494 47 (36) 21 (32) 102 (34) 0.9
Infra-tentorial signs 494 12 (9) 12 (18) 68 (23) 0.003
- Cranial nerve palsy 494 9(7) 9(14) 37 (12) 0.2

- Cerebellar syndrome 494 4 (3) 5(8) 35 (12) 0.012
Seizures 494 27 (20) 4 (6) 43 (14) 0.028
Headache 494 58 (44) 17 (26) 158 (53) <0.001
Fever 494 111 (84) 41 (63) 231 (78) 0.004
Rash 494 32 29 (45) 19 (6) <0.001
Respiratory signs 494 11 (8) 2(3) 42 (14) 0.018
Digestive symptoms 494 31 (23) 6 (9) 57 (19) 0.056
Arthralgia 494 2(2) 0(0) 16 (5) 0.038
Cerebrospinal fluid (CSF)

- Erythrocytes count, /mm? 415 14 [2-60] 19 [1-92] 10 [2-78] 0.9

- Leucocytes count, /mm’ 478 91 [20-243] 120 [55-310] 68 [19-226] 0.059
- Lymphocytes (%) 406 88 [70-96] 90 [69-95] 80 [38-95] 0.015
- Neutrophils (%) 388 411-12] 5[1-18] 10 [1-50] 0.004
- Protein, g/L 483 0.750.55-1.19] 1.21 [0.70-2.80] 0.90[0.60-1.42]  <0.001
r'aﬁoGlucose CSElplasma | = 45 0.58 [0.48-0.68]  0.47[0.41-0.59]  0.55[0.45-0.67]  0.018
Abnormal EEG 366 98/107 (92) 27/45 (42) 150 (51) <0.001
- Slow frequency rhythms 71/88 (81) 22/24 (92) 107/143 (75) 0.15
- Epileptiform activity 37/94 (39) 3/26 (12) 22/142 (15) <0.001
- Periodic patterns 31/75(41) 2/23 (9) 15/126 (12) <0.001
Abnormal imaging 483 115/130 (88) 32/63 (51) 135/290 (47) <0.001
- Contrast enhancement 33/89 (37) 10/16 (62) 26/80 (32) 0.077
- Hemorrhage 20/110 (18) 8/30 (27) 9/124 (7) 0.004
- Mass effect 27/103 (26) 1/20 (5) 6/87 (7) <0.001
- Vascular abnormalities 7/108 (6) 9/31 (29) 25/128 (20) 0.002

Categorical variables are reported as numbers (%), continuous variables, as medians [interquartile range].
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391
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394
395
396

Table 3. Treatment and outcome of patients with infectious encephalitis, ENCEIF cohort, France 2016-19

Variables

HSV

VZV

Available encephalitis, encephalitis, Ot_hers, P

data =132 =65 n=297 value
Aciclovir administration 481 129/129 (100)  64/64 (100)  234/288 (81)  <0.001
zéﬁfog‘f:t;gt‘?;;’;ns onsetto 421 3[1-6] 32-5) 211-5] 0.14
Egﬁ;i;ﬂ"ﬁ;’{;‘;}’;ﬁﬁg‘f“ o 494 2 [1-4] 1 [0-3] 2 [0-5] 0.6
;Féilleof]ri(;rz;lr(t)spltal admission to 41 0[0-1] 1 [0-1] 0[0-1] 05
Aciclovir dose 407 <0.001
- 10 mg/kg t.i.d 98/126 (78) 24/60 (40) 177/221 (80)
- > 15 mg/kg t.i.d 28/126 (22) 36/60 (60) 44/221 (20)
Aciclovir duration 394%* 21 [14-21] 14 [11-15] 4 [2-6] <0.001
- immunocompetent patients 21 [14-21] 14 [10-14] 4 [3-6]
- immunocompromised patients 21 [16-21] 14 [10-14] 4[2-5]
Corticosteroids administration 464 16/124 (13) 8/62 (13) 69/278 (25) 0.007
Admission in intensive care unit 494 75 (57) 20 (31) 111 (37) <0.001
In hospital death 490 12/131 (9) 8/65 (12) 17/294 (6) 0.13
Poor outcome ** 482 40/127 (31) 12/65 (18) 38/290 (13)  <0.001

Categorical variables are reported as numbers (%), continuous variables, as medians [interquartile range].

* missing data for aciclovir duration (n=100) : HSV encephalitis (n=19), VZV encephalitis (n=5), Others (n=76)

** Poor outcome was defined by a Glasgow outcome scale (GOS) at discharge from 1 to 3 (death, persistent

neurovegetative state or major sequelae).
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403

404

Table 4. Adjusted odds-ratio of poor outcome* at discharge in patients with HSVE (n=119) and VZVE

(n=59).

(reference, 10 mg/kg t.i.d)

HSYV encephalitis VZV encephalitis
aOR CI 95% P-value | aOR CI 95% P -value

Age > median $ 2.77 1.10 - 6.94 0.030 2.55 0.53-12.31 0.243
Immunodeficiency 0.92 0.21-4.01 0.913 9.68 2.08-45.1 0.004
Coma on admission 5.57 1.02-30.28 0.047
Time from admission to
acyclovir start (reference, 0)

- lday 3.61 1.25-10.40 0.017 0.84 0.18-3.85 0.818

- 2days 552 1.80-1695  0.003
Aciclovi 1 kg t.1.

ciclovirdose ISmglkg tid |y ho 40 364 0670 | 116 024-573 0850

* Poor outcome was defined by a Glasgow outcome scale (GOS) at discharge from 1 to 3 (death, persistent

neurovegetative state or major sequelae).

$Median values: 65 years for HSV encephalitis, 74 years for VZV encephalitis

aOR, adjusted odds ratio; CI195%, confidence interval 95%
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405  Figure 1. Distribution of Glasgow Outcome Scale at discharge according to infectious encephalitis
406  etiology, ENCEIF cohort, France 2016-19

HSV 21%
VZv 22%
Other 18%
0% 25% 50% 75% 100%
. Death . Neurovegetative state Major sequelae Moderate sequelae . Minor or no sequelae

407
408
409

16



	The scientific committee are: Laurent Almoyna-Martinez (Aix-en-Provence), Olivier Bouchaud (Bobigny), Thomas de Broucker (Saint Denis), Fabrice Bruneel (Versailles), Bernard Castan (Périgueux), Eric Denes (Limoges), Olivier Epaulard (Grenoble), Nadine...

