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Abstract

Background Encephalitis is an inflammation of the cerebral parenchyma manifested by acute symptoms such as
fever, headaches, and other neurological disorders. Its etiology is mostly viral, with herpes simplex virus being a fre-
quent etiological agent in children. The development of neurological sequelae is a serious outcome associated with
this infection.

Objective To assess the general prevalence and types of neurological sequelae in children after a case of acute viral
encephalitis caused by HSV.

Methods This systematic review and meta-analysis was developed following the PRISMA guidelines. The literature
search was carried out in the MEDLINE, Embase, SCELO, LILACS, Cochrane, CINAHL, PsycINFO, and Web of Science
databases. Studies were included of children with confirmed HSV infection and that presented a description of
neurological sequelae associated with that infection. For the meta-analysis of general prevalence and of the types of
neurological sequelae a random effects model was used.

Results Of the 2827 articles chosen in the initial search, nine studies were included in the systematic review and
meta-analysis. The general prevalence of neurological sequelae was 50.7% (95% Cl 39.2-62.2). The most frequent
sequelae were related to mental disability, with a 42.1% prevalence (95% Cl 30-55.2); on the other hand, the least
frequent sequelae were those related with visual impairment, with a 5.9% prevalence (95% Cl 2.2-14.6). The included
studies presented regular quality and substantial heterogeneity.

Conclusion Even with antiviral therapy, half of patients will develop some type of disability.
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these viruses, herpes simplex virus (HSV) is responsi-
ble for most cases in pre-school children [2]. The test of
choice for confirming the diagnosis is usually viral DNA
(deoxyribonucleic acid) detection by PCR (polymerase
chain reaction) in cerebrospinal fluid (CSF) [4]. After
clinical suspicion of encephalitis, the recommendation is
to begin acyclovir treatment as early as possible, in order
to avoid possible neurological damage associated with
inflammation of the cerebral parenchyma [5].

The consequences of acute viral encephalitis caused by
HSV can lead to high morbimortality rates. Mortality can
reach 70% when untreated and it is estimated that even
with administration of the recommended therapy after
the onset of the disease almost two-thirds of patients can
go on to die or will present expressive and permanent
residual neurological deficits [6, 7]. A systematic review
published in 2016 showed that 42% of children presented
an incomplete recovery in the follow-up after infec-
tion, that is, they manifested some type of neurological
sequela [7]. That same study contains a subanalysis that
showed 64% prevalence of children with some type of
neurological sequelae after HSV encephalitis. However, it
is important to highlight that this study includes differ-
ent etiological agents as well as a broad age group, with
patients in the neonatal period.

Although neurological sequelae are a major conse-
quence of HSV encephalitis in children, the degree of
that consequence is unknown. This shows the impor-
tance of us understanding the prevalence of neurological
sequelae after HSV encephalitis, so that we can in some
way identify how much we can improve the outcome
and, consequently, the prognosis of this devastating dis-
ease with such impactful damage to the children’s future.
Therefore, the aim of this systematic review was to assess
the general prevalence and types of neurological sequelae
in children after a case of acute viral encephalitis caused
by HSV.

Methods

Protocol and registration

This systematic review was carried out according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [8] and the protocol
was registered in the International Prospective Register
for Systematic Reviews (PROSPERO), under registration
number CRD42021225536.

PEO strategy

The PEO strategy was defined as follows: “P”: children
and adolescents between 2 months and 18 years old; “E”:
HSV infection; and “O”: neurological sequelae after a
case of acute viral encephalitis.
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Inclusion criteria

We included observational studies of children and ado-
lescents between 2 months and 18 years old who had an
HSYV infection proven by laboratory test and for whom
the studies described data about neurological sequelae
after acute viral encephalitis.

Exclusion criteria

We excluded review articles, cases series, studies with
fewer than 10 patients with HSV infection, editorials,
and letters to editors. Articles published before 1980
were also excluded, since in that period acyclovir treat-
ment was not yet established [6, 9].

Information sources and search

The databases used to search the literature were the
following: MEDLINE (via PubMed), Excerpta Medica
(Embase), The Cochrane Central Register of Controlled
Trials (CENTRAL), Scientific Electronic Library Online
(SCIELO), Latin American Caribbean Health Sciences
Literature (LILACS via BIREME), Cumulative Index to
Nursing and Allied Health Literature (CINAHL), Web
of Science, and American Psychological Association
PsycINFO. We also searched in the gray literature and
in the reference lists of the selected articles. The MED-
LINE search strategy was created and adapted for the
other databases. The search was conducted in Decem-
ber of 2021 and did not include any language restric-
tions (Additional file 1).

Study selection

Two researchers (NDR and SKM) carried out the study
selection independently. A third reviewer (ALT) veri-
fied the contentious articles in order to reach a con-
sensus. The selection process occurred in two stages.
The first stage consisted of the study selection based
on reading the titles and abstracts. In the second stage,
the articles selected in the first stage were read in full.
Cohen’s kappa test was used for the agreement analysis.
The cut-off point considered was kappa > 0.8 for ideal
agreement [10].

Data extraction

The information on the chosen works was summarized
in a standard form, organized so as to extract the data
considered to be relevant from each one of the pri-
mary studies. The objective was to structure the data
and guarantee consistency in the extraction process.
The information extracted from each study was: gen-
eral information (author, year of publication, country);
characteristics of the studies (design, inclusion and
exclusion criteria); study population (total number of
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patients with HSV infection, mean age, sex, diagnostic
method for identifying HSV, initial symptoms of acute
viral encephalitis, treatment type, dose and duration,
outcome assessment time, total patients with neuro-
logical sequelae, and types of disabilities). In the data
extracted for the systematic review, the neurological
symptoms, type of sequelae, and disability were pre-
sented according to the original articles. However, for
the metanalysis, due to their heterogeneity of then and
their low frequency, we created categories associating
the clinically closest characteristics.

For the information that was not described in the arti-
cles, the authors were contacted (at least three times, in
different periods, more than 4 weeks apart) via email.

Assessment of study quality and risk of bias

The quality of the primary studies was assessed inde-
pendently by two authors of the review (NDR and SKM)
according to the National Institute of Health Study Qual-
ity Assessment Tools for cohort and cross-sectional stud-
ies [11]. This tool contains 14 items (questions) and was
developed to assess the internal validity of studies, ana-
lyzing faults in the design or implementation. Each item
can be judged with “yes” (study fulfills that item), “no”
(study does not fulfill that item), or “other” (impossible
to determine, not applicable, or not reported). The final
classification is made after analyzing the answers to these
14 items, with the final result being either “good,” “aver-
age,” or “bad” The main objective of this tool is to assess
the strength of causal association between an exposure
variable and an outcome variable.

Data analysis

To analyze the prevalence of neurological sequelae we
considered as a denominator the total number of patients
with HSV encephalitis reported in the studies. To analyze
the prevalence of the types of neurological sequelae, we
considered as a denominator the total number of neuro-
logical sequelae described.

For the meta-analysis we calculated the general prev-
alence (95% confidence interval [CI]) of neurological
sequelae and of the types of neurological sequelae of
each study. Considering the possibly high heterogeneity
among the studies, the prevalence rates were estimated
using random models. The heterogeneity of the stud-
ies was assessed using the I? statistical technique; this
method is a percentage measure of heterogeneity that
ranges from 0% (no heterogeneity) to 100% (total hetero-
geneity). I values < 40% were considered as unimportant
heterogeneity; I? between 40 and 60% as moderate heter-
ogeneity; 60% to 90% as substantial; and between 90 and
100% as considerable heterogeneity [12]. Associations
with p <0.05 were considered statistically significant.
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To analyze the general prevalence of neurological
sequelae according to the classification of countries we
considered the HDI (Human Development Index) relat-
ing to the year of publication of the study. The HDI is
divided into four levels: very high human development
(HDI between 0.800 and 1), high human development
(HDI between 0.700 and 0.799), average human devel-
opment (HDI between 0.550 and 0.699), and low human
development (HDI below 0.549). In our study, we consid-
ered countries with a HDI>0.800 as developed, coun-
tries with a HDI between 0.799 and 0.550 as developing,
and countries with a HDI < 0.549 as undeveloped [13].

To describe the symptoms at the onset of encephalitis
we considered any of the following symptoms reported in
the primary studies as a change of mental state suggested
by encephalopathy: disorientation, change in conscious-
ness, change of mental state, drowsiness, and coma.

The types of neurological sequelae described in the
studies were classified into five major groups: seizures
(convulsions, focal or generalized epilepsy, paroxistic
tonic—clonic movements with or without loss of con-
sciousness) motor disabilities (low muscle tone, abnor-
mal movement pattern, tetra/hemiparesis, motor skills
disorders, motor delay, limb paralysis, focal deficit, hemi-
plegia, ataxia), visual impairments (reduced visual acu-
ity, visual sequelae, eye movement disorders), mental
disabilities (global development delay, aphasia, dysar-
thria, altered speech, and other language disturbances,
compromised short and/or long-term memory loss, cog-
nitive dysfunction, executive dysfunction, psychiatric
symptoms, global development delay, irritability, trouble
holding attention on tasks, emotional disorders, altered
speech, altered mental state, encephalopathy, cognitive
dysfunction or delay, change of personality, behavioral
sequelae, autism), and others (areflexia, hyperreflexia,
sensory disturbances, cranial nerve palsy).

Ethics

According to the rules of Resolution 466/12 of the
National Health Council [14], the project is classified as
a systematic review of information in secondary sources,
with no personal identification of patients. For that rea-
son, the assessment and approval of the ethics committee
is not needed. However, the present study was assessed
and approved by the Scientific Commission of the School
of Medicine of the Catholic Pontifical University of Rio
Grande do Sul (PUCRS), besides being registered in the
PROSPERO platform.

Results

The search identified 2827 articles in the included data-
bases and in the gray literature. After excluding the
duplicates (236), 2591 studies were screened by reading



Rocha et al. BMC Infectious Diseases (2023) 23:55

the titles and abstracts. In this stage, 2478 articles were
excluded. Of the 113 articles chosen to read in full, nine
were included in the present review. We did not obtain
any answer from the authors contacted in relation to the
data that were missing in the included studies. In the
first stage of screening, the kappa agreement coefficient
between the reviewers was 0.84; in the second stage, it
was 0.89. The flowchart of the study selection is illus-
trated in Fig. 1.

Characteristics of the studies

The included articles were published between 1996 [15]
and 2018 [16, 17] and are from eight different countries,
including articles from Canada [18], Great Britain [19],
Germany [20], Poland [15], India [17], Israel [21], Japan
[22], and China [16, 23]. According to the year of pub-
lication of the articles, five originated from developed
countries [18-22] and four from developing countries
[15-17]. Eight studies had a cross-sectional design (89%)
[15-21, 23] and one study had a case—control design [22].
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The population of the studies included children from
2 months [18] to 16 years old [20-22] from hospitals in
the region where the study was conducted. The eligibil-
ity criteria for the studies varied; five of them included
children with HSV encephalitis confirmed by the pres-
ence of that etiological agent in fluid [15, 20-23], and
another four included children with neurological diseases
(encephalopathy, meningitis, or encephalitis) but without
the need to identify the etiological agent for inclusion in
the study [16-19]. Of the latter, all sought the etiological
agent responsible for the neurological alterations, with
our systematic review only considering the sample of
patients with confirmation of the presence of HSV. The
exclusion criteria were described in four studies [16—18,
22]; two studies excluded neonatal patients [16, 22] and
three studies excluded patients with another neurologi-
cal disease [16—18]. The characteristics of the studies are
presented in Table 1.

A total of 217 children with HSV infection were
included in the systematic review. The mean age varied
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Fig. 1 Study search per the PRISMA guidelines (the figure was produced using Word 2010)
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from 11 months [19] to 7.5 years old [20] and the pre-
dominant sex was the male sex [15, 20-23]. Regarding
the etiological diagnosis of HSV encephalitis, the tech-
niques used for viral identification were the presence of
viral DNA using the PCR technique [17, 18, 20-23] and/
or HSV IgM and IgG in fluid [15, 16, 19, 21, 23].

In relation to the symptoms at the onset of encepha-
litis, of the sample of 217 children, 167 (77%) presented
fever [15, 17-23], 95 (43%) presented some type of con-
vulsion [18-23], 79 (36%) presented an altered men-
tal state [17, 20-23], 47 (21%) presented headaches [15,
20, 21, 23], and 43 (19%) presented vomiting [15, 20, 21,
23]. Other symptoms that also appeared at the onset of
encephalitis but with a lower prevalence in the studies
were fatigue (n=11; 5%) [20], dizziness (n=4; 2%) [20],
diarrhea (n=2; 1%) [20], abdominal pain (n=1, 0.5%)
[20], hemiparesis (n=5, 2.3%) [18], dysphasia (n=2, 1%)
[18], dysarthria (n=3; 1.4%) [22], and a change in behav-
ior or personality (n=17; 8%) [21, 23]. For the treatment
of HSV encephalitis, acyclovir was prescribed in seven
of the nine studies included [15, 16, 18, 20-23], and two
studies did not specify in the text what treatment was
used [17, 19]. In total, five studies described the acyclovir
dose [15, 16, 20—-22] and six studies described the dura-
tion of treatment [15, 16, 18, 20—-22]. The dose prescribed
in 80% of the studies was 30 mg/kg/day [15, 16, 21, 22]
and the treatment time varied from 7 to 36 days [18, 20].

Most of the studies (77%) described the neurologi-
cal sequelae developed by the patients [15, 16, 18-21,
24] and two studies did not describe them and their
data were only used to assess the general prevalence of
neurological sequelae [22, 23]. The moment of the out-
come assessment varied from immediately on hospital
discharge [17, 20] to 5 years after discharge [21]. Of the
217 patients included in the study, 107 (49.3%) presented
neurological sequelae and 11 (5%) went on to die. The
sum of all the sequelae described was 153. The types of
neurological sequelae and impairments are described in
Table 2.

Analysis of the quality of the studies

Following the classification of the National Institute
of Health Study Quality Assessment Tools, six studies
(66.6%) were classified as regular quality [15-18, 20, 21]
and three studies (33%) were classified as low quality [19,
22, 23] (Table 3).

Meta-analysis of the general prevalence and of the types
of neurological sequelae

The general prevalence of neurological sequelae was
50.7% (95% CI 39.2-62.2), I’=63% (Fig. 2). There was
no statistically significant difference in the general
prevalence result in relation to the quality of the studies
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(p=0.369) (Fig. 3) and in relation to the classification of
the countries according to the HDI (p=0.05) (Fig. 4).

The prevalence rates by types of impairment were:
convulsion: 24% (95% CI 13.1-40.3), 12=65%; motor
disabilities: 28.9% (95% CI 19.8-40.1), 1>=238%; visual
impairment: 5.9% (95% CI 2.2-14.6), [’=0%; mental
disability: 42.1% (95% CI 30-55.2), I*=55%; and others
28.6% (95% CI 16.1-45.4), I =not applicable (Fig. 5).

Discussion

As far as we know, this is the first systematic review and
meta-analysis that describes the prevalence of neurologi-
cal sequelae of encephalitis caused by HSV in children
and adolescents. Half of the children with HSV enceph-
alitis presented some type of neurological sequela, with
mental disability being the most prevalent, and visual
impairment being the least frequently described.

One possible explanation for the high prevalence of
children with HSV encephalitis presenting neurologi-
cal sequelae is the pattern of involvement of the virus.
HSV results in acute inflammation, congestion, and/or
bleeding, most prominently in the temporal lobes and
adjacent limbic areas [25]. Over approximately 2 weeks,
these lesions can evolve with greater involvement of the
cerebral tissue, leading to irreversible damage to the CNS
[25]. Besides these sequelae, cases of encephalitis associ-
ated with N-methyl-p-aspartate antibodies were more
recently described in patients with previous HSV enceph-
alitis, probably caused by an immune-mediated disease
after massive exposure of secondary CNS antigens to the
viral lesion [26]. This suggests the high ability of HSV to
cause a brain lesion, both directly and indirectly.

Another hypothesis for this high prevalence is the
duration of the treatment found. Some studies demon-
strate that shorter courses of treatment may be associ-
ated with viral reactivation, with consequent persistence
or intensification of the brain damage [27, 28]. We per-
ceived that in our sample of patients, the treatment var-
ied from 7 to 36 days; however, five studies referred to
a minimum time far below that recommended [15, 18,
20-22] and only one study referred to a minimum time
of 14 days [16]. As data were missing in the primary stud-
ies referring to the duration of treatment, it was not pos-
sible to analyze the relationship between treatment time
and the development of neurological sequelae. However,
it is valid to highlight that the guidance is to maintain
treatment for 14 to 21 days. Shorter treatments could be
considered incomplete and lead to the development of
neurological sequelae.

The general prevalence of neurological sequelae found
in our study is lower than the result described in the
systematic review and meta-analysis published in 2016
regarding infectious encephalitis in children, which in
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Table 2 Neurological sequelae
First author, year Total HSV  Patients with Types of neurological sequelae, n Type of disability, n (%) Deaths

patients  neurological
sequelae, n (%)
Schleede L, 2012 32 18 (56.2%) Abnormal movement patterns, 8 With disability: 35 7
Cranial nerve palsies, 6 Seizures: 1 (2.8%)
Tetra/hemiparesis, 6 Motor disability: 15 (42.8%)
Aphasia, 4 Visual impairment: 1 (2.8%)
Memory impairment, 2 Mental disability: 8 (22.8%)
Psychiatric symptoms, 2 Others: 10 (28.5%)
Hyperreflexia, 2
Seizures, 1
Eye movement disorder, 1
Low muscle tone, 1
Sensory disturbance, 1
Arreflexia, 1
Elbers JM, 2007 16 10 (62.5%) Seizures, 7 With disability: 13 ?
Global developmental delays, 4 Seizures: 7 (53.8%)
Residual hemiplegia, 2 Motor disability: 2 (15.3%)
Visual impairment: 0
Mental disability: 4 (30.7%)
Others: 0
Yoshinori |, 1998 24 17 (70.8%) Mildly disabled (able to perform everyday With disability: 17 2
activities but hampered by neurological Seizure: ?
defects), 3 Motor disability: ?
Moderately disabled (does not require Visual impairment: ?
supportive care, but neurological defects Mental disability: ?
influence daily life), 6 Others: ?
Severely disabled (requires supportive
care), 8
ChenT, 2018 15 10 (66.6%) Irritability, 2 With disability: 25 2
Trouble concentrating 5, Seizures: 4 (16%)
Memory impairment, 4 Motor disability: 6 (24%)
Limb paralysis, 3 Visual impairment: 0
Ataxia, 3 Mental disability: 15 (60%)
Speech disorders, 4 Others: 0
Seizures, 4
Kumar R, 2018 23 7 (30.4%) Seizures, 5 With disability: 9 5
Focal deficit, 1 Seizures: 5 (55.5%)
Altered mental status, 3 Motor disability: 1 (11%)
Visual impairment: 0
Mental disability: 3 (33.3%)
Others: 0
Zhang R, 2016 36 13 (36%) Mild disability (neurological deficit does not ~ With disability: 13 0
affect normal life), 1 Seizure:?
Moderate disability (neurological defects Motor disability:?
affect normal life, but do not require care), Visual impairment:?
11 Mental disability:?
Severe disability (cannot take care of them-  Others:?
selves, require care), 1
Lahat E, 1999 28 10 (35.7%) Cognitive dysfunction, 4 With disability 19 2
Personality change, 4 Seizures: 4 (21%)
Speech abnormalities, 2 Motor disability: 5 (26.3%)
Motor skill disturbance, 5 Visual impairment: 0
Seizures, 4 Mental disability: 10 (52.6%)
Others: 0
Wozniakowska-Gesicka T, 1996 24 8(33.3%) Seizures, 3 With disability: 12 ?

Quadriparesis spastic, 1
Encephalopathy and emotional disorders, 4

Seizures: 3 (25%)

Motor disability: 1 (8.3%)
Visual impairment: 0
Mental disability: 8 (66.6%)
Others: 0
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Table 2 (continued)
First author, year Total HSV  Patients with Types of neurological sequelae, n Type of disability, n (%) Deaths
patients  neurological
sequelae, n (%)
Ward KN, 2011 19 14 (73.6%) Developmental cognitive and motor delay, ~ With disability: 40 ?

9

Developmental cognitive delay, 2
Motor system sequelae, 7
Behavioral sequelae, 1

Seizures: 7 (17.5%)

Motor disability: 16 (40%)
Visual impairment: 3 (7.5%)
Mental disability: 14 (35%)

Seizures, 7 Others: 0
Visual sequelae, 3
Autism, 1
Speech alterations, 1
HSV: Herpes simplex virus
Table 3 Quality assessment of included studies
Primer author, year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Classification
Schleede L, 2012 Y N Y Y N N N O Y O N O O N Fair
Elbers JM, 2007 Y Y N Y N N N O Y O N O O Y Fair
Yoshinori I, 1998 N N N O N N N O Y O N O O Y Poor
ChenT, 2018 Y Y N Y N N N O Y O N O O Y Fair
Kumar R, 2018 N Y N Y N N N O Y O N O O N Fair
Zhang R, 2016 N N Y Y N N N @) Y @) N ) 0] Y Poor
Lahat E, 1999 N Y Y Y N N N O Y O Y O O N Fair
Wozniakowska-Gesicka T, 1996 N Y Y Y N N N @] Y (0] N (@] (@] N Fair
Ward KN, 2011 N N N NR N N N O Y O N O O N Poor
Y: yes; N: no; O: other (impossible to determine, not applicable, or not reported)
Events per 100
Study Events Total observations Events 95%-Cl Weight
Schleede L, 2012 18 32 — 56.2 [37.7,736] 12.9%
Elbers JM, 2007 10 16 625 [354;848] 98%
Yoshinori |, 1998 17 24 T 708 [48.9;874] 11.0%
ChenT, 2018 10 15 66.7 [38.4,882] 93%
Kumar R, 2018 7 28—+ 304 [13.2;529] 10.9%
Zhang R, 2016 13 36 ———— 36.1 [20.8;538] 13.0%
Lahat E, 1999 10 28 ——— 357 [18.6;559] 12.1%
WozZniakowska-Gesicka T, 1996 8 24 —=— 333 [156;55.3] 11.3%
Ward KN, 2011 14 19 +——+—— 737 [488;909] 97%

Random effects model 217

- 50.7 [39.2; 62.2] 100.0%

Heterogeneity: I =63%, t° = 0.3199, p <0.01 I

I I I I I 1

20 30 40 50 60 70 80 90
Fig. 2 Forest plot of general prevalence of neurological sequelae. Cl: confidence interval

one of its subanalyses showed 64% prevalence (95% CI
34.0-89.0%) of neurological sequelae in children with
HSV encephalitis [7]. One possible explanation for that
difference is that of the four studies included in that
meta-analysis, one included children under 2 months
and one was about the sequelae after encephalitis not

exclusively associated with HSV. These characteristics
may have changed the prevalence findings in that previ-
ous study compared with our study.

Most of the studies included in our final analysis are
derived from developed countries according to the HDI
classification; while a smaller portion originates from
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Events per 100

Study Events Total observations Events 95%-Cl Weight
Quality = Fai
Schleede L, 2012 18 32 — e 56.2 [37.7,736] 129%
Elbers JM, 2007 10 16 625 [354,848] 98%
ChenT, 2018 10 15 66.7 [384;882] 9.3%
Kumar R, 2018 7 23 ——F— 304 [13.2;529] 10.9%
Lahat E, 1999 10 28 —+—H+ 35.7 [18.6;559] 12.1%
Wozniakowska-Gesicka T, 1996 8 24 ——+ 333 [156;553] 11.3%
Random effects mode 38 == 46.3 [34.2; 58.9] 66.2
Quality = Poor
Yoshinori |, 1998 17 24 S 70.8 [48.9;87.4] 11.0%
Zhang R, 2016 13 36 —=—— 36.1 [20.8;53.8] 13.0%
Ward KN, 2011 14 19 T 737 [488;909] 97%
Random effects mode 79 ——— T 60.0 [33.5; 81.7] 33.8
Random effects model 217 === 50.7 [39.2; 62.2] 100.0%

Heterogeneity: %= 63%, = 0.3199, p <0.01 ' !
Residual heterogeneity: 17 =65%, p <0.01

20 30 40 50 60 70 80 90

Fig. 3 Forest plot of general prevalence of neurological sequelae according to the quality of the studies. Cl: confidence interval

Events per 100

Study Events Total observations Events 95%-Cl Weight
Schleede L, 2012 18 32 — . 562 [37.7,736] 12.9%
Elbers JM, 2007 10 16 = 625 [354;848] 98%
Yoshinori I, 1998 17 24 S 708 [489;874] 11.0%
Lahat E, 1999 10 28 ———— 357 [186;559] 12.1%
Ward KN, 2011 14 19 +———+—— 737 [488;909] 97%
Random effects 119 —_— 59.1 [44.8;72.0] 55.4

ChenT, 2018 10 15 667 [384;882] 93%
Kumar R, 2018 7 23——&—— 304 [132;529] 10.9%
Zhang R, 2016 13 36 —a— 36.1 [20.8;53.8] 13.0%
Wozniakowska-Gesicka T, 1996 8 24 —————— 333 [156;553] 11.3%
Random effects mode 98 e 39.6 [26.9; 53.9] 4.6

Random effects model 217 ﬁ:}} —r 50.7 [39.2; 62.2] 100.0%

Heterogeneity: 12 = 63%, 12 = 0.3199, p < 0.01 o
Residual heterogeneity: 1?=51% p=0.04

20 30 40 50 60 70 80 90

Fig. 4 Forest plot of general prevalence of neurological sequelae according to the HDI of the countries. Cl: confidence interval

developing countries. There was no study published in
an underdeveloped country. Despite us not finding any
statistically significant difference in the general preva-
lence of neurological sequelae in developed countries and
developing countries, we perceived the tendency for a
greater prevalence of neurological sequelae in developed

countries. This may be the result of greater monitoring
of patients after acute diseases in these countries, with
a resulting increase in the number of reports of out-
comes associated with these diseases. It may be that in
developing countries and, especially, in underdeveloped
countries, diseases and their outcomes are mostly not
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Events per 100

Study Events Total observations Events 95%-Cl Weight
Type = Seizure
Schleede L, 2012 1 35 #&— 29 [01;149] 22%
Elbers JM, 2007 7 13 =3 538 [251;808] 43%
ChenT, 2018 4 256 —F—— 160 [45;36.1] 43%
Kumar R, 2018 5 9 556 [21.2,86.3] 3.6%
Lahat E, 1999 4 19 — 211 [6.1;456] 42%
Wozniakowska-Gesicka T, 1996 3 12 T 250 [55,572] 36%
Ward KN, 2011 7 40 e 175 [73;328] 52%
Random effects model 153 _ 24.2 [13.1;40.3] 27.5
Type = Motor disabilities
Schleede L, 2012 15 35 U 429 [26.3;606] 57%
Elbers JM, 2007 2 13 —&——— 154 [1.9;454] 31%
ChenT, 2018 6 25 — 240 [94;451] 48%
Kumar R, 2018 1 9 —8&—7F— 111 [03;482) 21%
Lahat E, 1999 5 19 ——— 263 [91,512] 45%
Wozniakowska-Gesicka T, 1996 1 12 —#——— 83 [02,385] 21%
Ward KN, 2011 16 40 -—a— 400 [249;56.7] 58%
Random effects model 1563 <~”—'C}' 289 [19.8;40.1] 28.2°
Type = Visual impairments
Schleede L, 2012 1 35 &— 29 [01;149] 22%
Ward KN, 2011 3 40 &/ 75 [16;204] 40%
Random effects mode 75 <& 59 [2.2;14.6] 6.2
Type = Mental disabilities
Schleede L, 2012 8 35 — 229 [104;401] 53%
Elbers JM, 2007 4 13 308 [91;614] 4.0%
ChenT, 2018 15 25 I — 600 [38.7,789] 52%
Kumar R, 2018 3 9 L 333 [75,701] 34%
Lahat E, 1999 10 19 - 526 [289,756] 4.9%
Wozniakowska-Gesicka T, 1996 8 12 66.7 [34.9;90.1 3.9%
Ward KN, 2011 14 40 — 350 [206;51.7] 58%
Random effects model 163 - 42.1 [30.0; 65.2] 32.6
Type = Others
Schleede L, 2012 10 35 — 286 [146;463] 55%
Random effects model 35 —_— 28.6 [16.1;454] 5.5
Random effects model 569 = 28.2 [21.6; 36.0] 100.0%

Heterogeneity: 1° = 64%, > = 0.4616, p < 0.01
Residual heterogeneity: F= 53%, p <0.01

20 40 60 80

Fig. 5 Forest plot of prevalence by type of disability. Cl: confidence interval

reported and the real impact of some diseases may be
underestimated.

In relation to the types of neurological sequelae, the
most prevalent in our study was mental disability. This
result was consistent with the result of the previously
mentioned review and meta-analysis [7]. In both studies

the mental disabilities included deficits such as delayed
development, behavioral change, and intellectual deficit.
There are two hypotheses for mental disabilities being
the most prevalent sequelae. The first is that a change
in mental state is an obligatory diagnostic criterion for
defining a case of presumed encephalitis [4], so it will
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be a symptom present in a good portion of encephalitis
patients. Another reason is the tropism of the virus for
neurons of the temporal lobe and limbic system. The
lesions in these regions are associated with compromised
memory function, cognitive dysfunction, personality dis-
orders, and speech disorders, among others [29], explain-
ing the greater prevalence of sequelae related to mental
disabilities.

On the other hand, the least prevalent neurological
sequelae in our study was visual impairment. Despite
this being scarcely mentioned in our primary studies, it
is possible that this result is consistent with the litera-
ture. Due to the preference of HSV for the temporal and
frontal lobes, the occipital lobe, which is jointly respon-
sible for vision, is less affected [30]. So, visual sequelae
may be less frequent. In a prospective study published in
2017 about the ophthalmologic findings in children with
encephalitis, only 8% presented ophthalmologic abnor-
malities associated with encephalitis, with only one case
(3%) caused by HSV [31].

In relation to the characteristics of our sample, the
main symptoms described at the onset of encephalitis
were: fever, convulsion, an altered mental state, head-
aches, and vomiting. An altered mental state, which is the
main diagnostic criterion for defining encephalitis, was
present in more than a third of the patients. Fever and
convulsions, which are two lesser criteria for diagnos-
ing probable or confirmed encephalitis [4], were present
in 70% and 40% the cases, respectively. Regarding the
diagnostic method for identifying the etiological agent,
most of the studies carried out detection by PCR of viral
DNA in the LCR, which is the gold standard for diagnos-
ing acute viral encephalitis caused by HSV [32]. Finally,
with regard to treatment, most of the studies referred to
treatment with acyclovir. Two studies did not explicitly
report that treatment, but the use of that medication is
already well established and formally indicated in sus-
pected encephalitis even before confirmation of the pres-
ence of the virus by PCR [2]. Therefore, we can infer that
the sample included in our study corresponds to a repre-
sentative portion of the children with that diagnosis and
who received acyclovir treatment.

Our systematic review and meta-analysis has some
limitations resulting from methodological failings and
from the heterogeneity of the studies included. First, all
the studies included were retrospective, which may lead
to information and/or memory bias. Second, the report
of the type of neurological sequelae varied between the
studies; most specified the types of sequelae in a descrip-
tive way [15-21], but two only classified the severity of
the neurological sequelae presented by the patients
[22, 23]. Despite these differences, we managed to cat-
egorize the sequelae presented so that we were able to
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analyze these data in a standardized way. Third, some
information was not described in the primary studies,
and despite us contacting the authors, we did not obtain
any answers; this made it impossible for us to carry out
other analyses and explore factors related with heteroge-
neity. Finally, the low quality of the studies found in our
assessment tool may also be considered a limitation. We
believe that this result occurs due to the fact that the tool
used aimed to evaluate the strength of the causal associa-
tion; as most of the studies included in our review have
a cross-sectional design [15-21, 23], some items present
in the tool do not apply or cannot be determined, which
ultimately interferes in the final assessment of the quality
of the primary studies. However, when we compared the
general prevalence according to the quality of the stud-
ies, we did not find any statistically significant difference,
showing that this low quality may not have interfered in
the final result of our study.

We believe that this study has a number of strengths.
First, our sample was representative of the general popu-
lation, with diagnostic criteria, a confirmatory diagnosis,
and well established treatment. In addition, this is a sys-
tematic review and meta-analysis with a greater number
of patients outside the neonatal period that described
the prevalence of neurological sequelae after encephalitis
caused exclusively by HSV. Moreover, the search for evi-
dence covered a considerable number of databases, with
no language restrictions.

Conclusions

Half of the children with encephalitis associated with
HSV present some type of neurological sequela. Despite
acyclovir treatment, half of the patients will present some
type of deficiency in the follow-up; the most likely to
occur is some type of mental sequela and the least likely
to occur is some visual sequela. Although acute viral
encephalitis has diagnostic criteria, diagnostic tests, and
well established treatment, we also perceive a considera-
ble number of patients with neurological sequelae that are
scarcely explored in the studies, which usually focus on
the acute phase of the infection. Quality prospective stud-
ies, with representative samples and with standardization
of type and time of the outcome are needed to advance in
interventions that can influence the evolution of this dis-
ease and improve the future prognosis of these children.
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