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Abstract

Background: Herpes encephalitis in children entails a significant
risk of mortality and morbidity. The diagnosis of herpes simplex virus
(HSV) encephalitis has been markedly facilitated by the availabil-
ity of assays that amplify viral DNA to detectable levels by using
polymerase chain reaction (PCR). This study aimed to obtain the in-
cidence of HSV encephalitis in Qena Governorate, Egypt, to highlight
the role of different investigation studies in diagnosis and prognosis
of herpetic encephalitis and to highlight the role of PCR in detection
of HSV.

Methods: This study was conducted on 50 patients suspected to
have viral encephalitis. All were subjected to complete history
and examination, cerebrospinal fluid (CSF) examination, electro-
encephalogram (EEG), CT brain and PCR amplification for HSV
DNA by real-time PCR using SYBR Green I Dye as the detection
signal.

Results: Encephalitis was more detected in cases less than 1 year
(52.2%), males, in rural (61.3%) and in lower socioeconomic state
(55%) than others. Seizures (60%) and focal neurological findings
(46%) were the most common presentations. HSV DNA was detected
by PCR in CSF samples from 28 patients (56%).

Conclusions: PCR may be one of the sensitive and specific investiga-
tive methods for laboratory diagnosis of HSV encephalitis. The inci-
dence of HSV-induced encephalitis in children in Qena governorate
was 56%.
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Introduction

Encephalitis is defined as inflammation of the brain paren-
chyma associated with neurologic dysfunction [1]. Herpes
simplex encephalitis (HSE) is due to the herpes simplex virus
(HSV) 1 or 2 in the central nervous system (CNS) and it is
the most frequent cause of infectious encephalitis worldwide.
For many CNS infections that are treatable, there is a need
for a rapid and accurate diagnostic test for HSV encephalitis.
Prompt diagnosis and aggressive management afford the best
chance of recovery without squeals [2]. Polymerase chain re-
action (PCR) testing of cerebrospinal fluid (CSF) has become
the diagnostic method of choice for CNS viral infections re-
placing the use of invasive brain biopsy [3]. Although testing
is expensive, there is a potential for cost savings by decreasing
overall diagnostic testing and intervention [4]. PCR for HSV
DNA performed on CSF is now considered to be the reference
standard for establishing the diagnosis of HSE from the first
days of the disease and has been widely accepted for routine
clinical decision making [5, 6]. This study aimed to obtain the
incidence of HSV in Qena Governorate, Egypt, to highlight the
role of different investigation studies in diagnosis and progno-
sis of herpetic encephalitis and to highlight the role of PCR in
detection of HSV.

Methods

This study was conducted on 50 patients who were admitted to
Qena University Hospital and Qena Fever Hospital during the
period of January 2016 to January 2017. Children suspected to
have viral encephalitis were included as any child was admit-
ted to the hospital with encephalopathy (altered level of con-
sciousness persisting for more than 24 h with lethargy, irrita-
bility or a change in personality and behavior) and two or more
of the following: fever or history of fever (> 38 °C), seizures
and focal neurological findings (with evidences of brain pa-
renchyma involvement), CSF pleocytosis, electroencephalo-
gram (EEQG) findings suggestive of encephalitis and abnormal
results of neuro-imaging in keeping with encephalitis. Patients
with non-infectious CNS disorders due to hypoxia, ischemia,
vascular, toxic, and metabolic causes and patients with CNS
disorders lasting less than 24 h were excluded from the study.
All patients were subjected to complete history taking includ-
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Table 1. Demographic Data of the Patients With Encephalitis

Demographic data N=50 %
Age
<1 year 23 46.0
1 -5 years 17 34.0
> 5 years 10 20.0
Sex
Male 29 58.0
Female 21 42.0
Residence
Urban 19 38.0
Rural 31 62.0
Socioeconomic status
Low 20 40.0
Middle 17 34.0
High 13 26.0

ing socioeconomic state according to the scale of El-Gilany et
al (2012) [7], complete physical and neurological examination,
EEG and CT brain. The study was approved by the Ethical and
Research Committees. An informed written consent in accord-
ance was taken from all cases.

Table 3. Demographic Characteristics in Relation to PCR

Table 2. Neurological Presentation of the Patients With En-
cephalitis

N=50 %
Lethargy 9 18.0
Behavioral changes 16 32.0
Seizure 30 60.0
Neck stiffness 21 42.0
Focal neurological finding 23 46.0
GCS <10 26 52.0

CSF by lumber puncture with proper aseptic precautions
from all patients with clinical suspicion of encephalitis was ob-
tained and subjected to physical, cytological and chemical ex-
aminations. A blood sample for glucose was taken at the same
time of CSF collection. The DNA was extracted from CSF us-
ing DNA isolation kit (cat. no. 2032805; QIAGEN, Hilden,
Germany) according to the manufacturer’s instructions. DNA
extracted from each sample was processed with two different
sets of primers, amplifying regions from thymidine kinase (Tk;
335 bp) (Tk-forward, GAC MAG CGC CCA GAT AAC AA;
Tk-reverse, MCA GCA TRG CCA GGT CAA GC (GenBank
accession no. M16321), and DNA polymerase (Pol; 215 bp)
(Pol-forward, GCT CGA GTG CGA AAA AAC GTTC; Pol-
reverse, CGG GGC GCT CGG CTA AC (GenBank accession

PCR
Positive (N = 28) Negative (N =22) No. of total cases (50)
No. % No. %

Age (years)
<1 12 52.2 11 47.8 23
1-5 10 58.8 41.2 17
>5 6 60.0 4 40.0 10
P-value NS

Sex
Male 11 37.9 18 62.1 29
Female 17 81.0 4 19.0 21
P-value <0.05*

Residence
Urban 9 47.4 10 52.6 19
Rural 19 61.3 12 38.7 31
P-value NS

Socioeconomic state
Low 11 55.0 9 45.0 20
Middle 9 52.9 8 47.1 17
High 8 61.5 5 38.5 13
P-value NS
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Table 4. Neuroimaging and EEG Findings in Relation to Herpes Simplex Encephalitis According to PCR

PCR
Neuroimaging findings Positive (N = 28) Negative (N = 22) No. of total cases (50)
No. % No. %

CT
Abnormal findings* 12 80.0 3 20.0 15
Normal 16 457 19 54.3 35
P-value <0.05%

EEG
Abnormal findings* 22 55.0 18 45.0 40
Normal 6 60.0 4 40.0 10
P-value NS

no. X03764 and X01712). For the assay, in a final 20 pL reac-
tion volume in capillary tubes, 1.0 uL of extracted DNA was
added to 2.0 puL Fast Start SYBR Green I Master Mix (Roche),
1.6 uL MgCl,, 1 uL of primer and 14.4 uL water. The capillary
tubes were taken into the light cycler instrument, Roche Di-
agnostic (version 3, 5) using SYBR Green I Dye as the detec-
tion signal and amplified as follows: 95 °C for 7 min followed
by 50 cycles of 95 °C for 30 s, 62 °C for 10 s, and 72 °C for
12 s. Melting curve analysis for HSV was done by denatura-
tion of amplification samples by slow increase of temperature
(0.2 °C/s) up to 99 °C. Sequence differences between the PCR
products resulted in shifts in the melting temperatures (66.7 °C
for HSV-1 and 74.7 °C for HSV-2 which were detected).

Statistical analysis

SPSS version 16 was used to analyze the obtained data, de-
scriptive statistics was used to calculate the percentage, ¢-test
was used for comparing numerical data and Chi-squared test
was used for categorical data.

Results

This study was conducted on 50 patients who were admitted
to Qena University Hospital and Qena Fever Hospital and sus-
pected to have viral encephalitis.

Demographic and neurological data of patients are shown
in Tables 1 and 2.

Regarding CSF findings, patients with HSV encephalitis
typically have moderate elevation of CSF opening pressure, a
moderate CSF pleocytosis, a mildly elevated CSF protein and
normal CSF to plasma glucose ratio. HSV DNA was detected
by PCR in CSF samples from 28 patients (28/50, 56%) and
were negative in 22/50 (44%).

On studying the demographic characteristics in relation
to PCR, we found that positive PCR was detected in 52.2%
of cases aged less than 1 year, in 58.8% of cases aged 1 - 5
years and in 60% of cases aged more than 5 years (P > 0.05).
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According to the sex, positive PCR was detected in 37.9% of
male cases and in 81% of female cases (P < 0.05). According
to the residence, 61.3% of rural area patients showed positive
PCR as compared to 52.6% of urban area patients (P > 0.05).
According to the socioeconomic state, among 20 cases belong-
ing to low socioeconomic state, 11 (55%) cases had positive
PCR and nine (45%) cases had negative PCR. While among 17
cases belonging to middle socioeconomic state, nine (52.9%)
cases had positive PCR and eight (47.1%) cases had negative
PCR and among 13 cases belonging to high socioeconomic
state, eight (61.5%) cases had positive PCR and five (38.5%)
cases had negative PCR (P > 0.05), as in Table 3.

Neuroimaging and EEG findings in relation to HSE ac-
cording to PCR, showed that among 15 cases with abnormal
CT findings, 12 cases (80%) had positive PCR and three cases
(20%) had negative PCR and among 35 cases with normal
CT findings, 16 cases (45.7%) had positive PCR and 19 cases
(54.3%) had negative PCR (P < 0.05). While among 40 cases
with abnormal EEG findings, 22 cases (55%) had positive
PCR and 18 cases (45%) had negative PCR and among 10
cases with normal EEG findings, six cases (60%) had positive
PCR and four cases (40%) had negative PCR (P > 0.05), as in
Table 4.

Sensitivity and specificity of PCR to Glasgow coma scale
(GCS), EEG and CT showed that sensitivity of GCS < 10
was 57.69% (low sensitive) and specificity was 45.83% (non-
specific), sensitivity of EEG was 45% (non-sensitive) and
specificity was 60% (specific), and sensitivity of CT was 80%
(highly sensitive) and specificity was 54.29% (low specific)

Table 5. Sensitivity and Specificity of PCR to GCS, EEG, and
CT

GCS<10 EEG CT
Sensitivity 57.69% 45.0% 80.0%
Specificity 45.83% 60.0% 54.29%
Positive predictive value 53.6% 81.8% 42.9%
Negative predictive value  50.0% 21.4% 86.4%
Area under curve (AUC) 0.518 0.525 0.671
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Figure 1. Curve shows the sensitivity and specificity of EEG.

(Table 5, Figs. 1-3).

Discussion

Viral encephalitis is a medical emergency. The severity of
brain involvement and the prognosis depend mainly on the
specific pathogen and the immunological state of the host [8].
Despite of advances in antiviral therapy over the past two dec-
ades, HSV encephalitis has yet remained as a serious illness
with significant risks of morbidity and death [9]. HSV is an
important cause of acute necrotizing encephalitis, with an in-
cidence of 1 in 250,000 to 1 in 500,000 [10]. Whereas in the
past, brain biopsy was the gold standard for diagnosis of HSE,
PCR is now the preferred diagnostic test despite the possibility
of false-positive and false-negative results [ 11]. False-negative
CSF PCR may be encountered if the CSF is collected too early

(first 24 - 48 h) or too late (after 10 - 14 days) [12].

From all 50 patients presenting with neurological manifes-
tations that suggested viral encephalitis, only 28 cases (56%)
had positive PCR for HSV, while 22 cases (44%) had negative
PCR for herpes simplex. A report from England which shows
the incidence of HSV was 19% in patients with encephali-
tis [13]. However, a report from France shows that the most
frequent etiologic agent of encephalitis was HSV [14] and
another report from Babol, a northern city in Iran, reported
HSV positive in a high rate (34%) of patients with encephalitis
[15]. Also, in Taiwan HSV is still considered as the main viral
source of encephalitis [12]. However, a study from Spain indi-
cated that HSV was positive in 27.6% of patients hospitalized
with encephalitis [16].

In the present study, age has no significant effect on the
result of PCR, and this result was in accordance with those of
Xavier et al [17] who reported that in a retrospective study of
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Figure 2. Curve shows the sensitivity and specificity of CT.
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Figure 3. Curve shows the sensitivity and specificity of GCS < 10.

38 cases, 16 (42%) were aged 3 - 12 months, eight (21%) were
aged 1 - 3 years, and 14 (37%) were aged 5 - 16 years. Fur-
thermore, in an Iranian study, Masoud et al [18] documented
that age was a non-significant factor in the patients with HSV
encephalitis. According to the sex, in our study female patients
showed significant high frequency of positive PCR in com-
parison to male patients. In contrast to our study, Cai et al [19]
documented that the rate of positivity of virus detection in chil-
dren was higher in boys than in girls. A recent report of HSE
in children also described more cases in boys than girls [20].
Epidemiological studies of HSE in adults showed an equal dis-
tribution among male and female patients [21, 22]. However,
larger study should be required to confirm this result.

In the present study, according to the residence, HSV oc-
curs in rural patients more than urban patients. According to
the socioeconomic state, HSV encephalitis occurs more among
low socioeconomic state. The frequency of occurrence of en-
cephalitis in children of rural resident areas and economically
poor families may be explained by exposure of children of
these families to inadequate breast feeding, improper wean-
ing practice, low rate of use of safe water and sanitary latrines
which aggravate malnutrition as a host factor to be infected
by viruses [23]. Neuroimaging findings and EEG in relation
to HSE showed that among 15 cases (30%) with abnormal CT
findings, 12 cases (80%) had positive PCR and three cases
(20%) had negative PCR and among 35 cases with normal
CT findings, 16 cases (45.7%) had positive PCR and 19 cases
(54.3%) had negative PCR, which indicates that abnormal CT
finding was significantly higher among patients with positive
PCR. In an earlier study published in 1997 [24], 33.3% of pa-
tients with PCR-positive HSV encephalitis had a normal CT of
the brain and two-thirds of the rest had a temporal abnormality.
By Renan et al’s study [24], HSV DNA was detected in CSF
samples from 18 (36.7%) of 49 patients. Forty-eight patients
underwent CT of the brain in which temporal abnormalities
were found in 44.5% of the PCR-positive cases and 6.7% of
the PCR-negative cases. By many authors, MRI is much more
sensitive especially for detecting early changes [25-28]. The

Articles © The authors | Journal compilation © Int | Clin Pediatr and Elmer Press Inc™

EEG may show focal or diffuse slowing, focal sharp waves
or spikes or periodic lateralized epileptiform discharges, but
no pattern is pathognomonic for HSE [29, 30]. In our study,
abnormal EEG was seen in 80% of cases. While among 40
cases with abnormal EEG findings, 22 (55%) cases had posi-
tive PCR and 18 (45%) cases had negative PCR and among 10
cases with normal EEG findings, six (60%) cases had positive
PCR and four (40%) cases had negative PCR (P > 0.05). In Al-
Shekhlee et al’s study [31], periodic lateralized epileptiform
discharges and/or focal temporal slowing were present in 90%
of the PCR-positive patients at symptom onset compared with
only 30% of the PCR-negative group. By others [32], EEG ab-
normalities were detected in 94% of children with HSE. These
consisted of non-specific diffuse slow waves in four (24%) pa-
tients and focal slow waves in 13 (76%) patients. However,
there has been no significant association between the presence
of EEG abnormalities and a positive PCR result for HSV in the
CSF. Our results showed that in relation to positive PCR, GCS
< 10 had sensitivity of 57.7% (low sensitive) and specificity
of 45.8% (non-specific), while EEG had sensitivity of 45.0%
(low sensitive) and specificity of 60.0% (high specific); also,
CT had sensitivity of 80.0% (high sensitive) and specificity of
54.29% (low specific) (Table 5). In previous studies, PCR as-
says performed on specimens from patients with brain biopsy-
proven HSE reveal a diagnostic sensitivity of 98% at the time
of clinical presentation as well as a specificity approaching
100% [33]. Of note, negative PCR assay for HSV DNA on the
first or second day of illness may become positive on testing of
a subsequent CSF specimen [10]. By Domingues et al’s stud-
ies [24, 25], there were 79% of patients with HSV encephalitis
showing abnormalities on their initial CT scan, but 100% of
the other patients whose CT scan was initially normal showing
abnormalities an average of 5 days later on repetition of scans.
In HSE cases in which viral replication cannot be blocked with
ecarly treatment, surviving patients are known to suffer heavy
and large number of neurological squeals. Therefore, early di-
agnosis is of great importance. Diagnosis is made with clinical
symptoms, MRI, EEG, and CSF examination. The sensitivity
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is increased with the combination of these neurodiagnostic
tests, but the specificity is still insufficient [34, 35].

Our study had several limitations; false negatives can oc-
cur due to testing too early or too late. PCR was done once
for each case as a single negative PCR does not exclude HSE.
Small number of cases included in our study is considered as
another limitation. A uniform, validated HSV PCR assay pro-
viding quantitative data is necessary to further study the patho-
genesis of herpes infections particularly for evaluation of the
evolution and outcomes of HSV CNS infections. A multicenter
evaluation of PCR in HSV encephalitis should be undertaken
in hopes of achieving high sensitivity and specificity of the
assay.

Conclusions

We concluded that PCR is the most sensitive and specific in-
vestigative method for diagnosis of HSE. The incidence of
HSV-induced encephalitis in children in Qena Governorate
was 56%. The disease was more common in children aged
less than 1 year than in older children. HSV CNS infection
must always be considered in children presenting with convul-
sions even without encephalopathy and with normal CT find-
ings. We recommended future advances in the understanding
of HSE pathophysiology and the immunological consequences
of HSV cerebral infection that could lead to a better delinea-
tion of the clinical spectrum of HSE in children and to more
appropriate and specific therapeutic strategies. Further studies
on a wide scale are needed to verify the epidemiology of viral
encephalitis in the South Valley area to determine the outcome
of these patients and the effect of early antiviral therapy on the
outcome of these patients.
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