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Abstract

acute stage of the disease.

Background: Varicella zoster virus (VZV) encephalitis is an infectious inflammatory disease of brain that can cause
irreversible mental damage without timely treatment. In fact, many viruses can cause encephalitis, and the viral
loads in cerebrospinal fluid (CSF) in the early stage of the disease are usually too low to be detected. Here we
report a case of VZV encephalitis diagnosed by advanced fragment analysis (AFA), which could potentially to
contribute to early diagnosis of VZV central nervous system (CNS) infections with a small volume of CSF samples.

Case presentation: A 10-year-old boy was admitted to the hospital with obvious neurological symptoms of
headache, dizziness and vomiting for one day. Physical examination showed left facial paralysis. Complete blood
count (CBQ) test only showed an unspecific inflammation, and the culture of cerebrospinal fluid and microscopic
staining examination were all negative. AFA was performed to screen the common 18 encephalitis related pathogens in
CSF. Obvious VZV DNA fragments were observed by capillary electrophoresis at 160 nt, suggesting the existence of V2V
CNS infection in children. The results were consistence with real-time quantitative PCR and concomitant symptoms in the

Conclusions: We report a case of acute VZV encephalitis in a child without obvious skin manifestations, which was
rapidly diagnosed by AFA. Overall, we would recommend the use of AFA analysis as the rapid screening system for the
identification and differentiation of encephalitis pathogens in children.
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Background

Encephalitis is a kind of inflammatory disease of brain that
is caused especially by infection with bacterial, virus and
fungi [1-3]. Clinically, the encephalitis can seriously affect
the central nervous system (CNS) and therefore leading
life-threatening complications [4—6]. Among all the infec-
tious agents of encephalitis, the viruses constitute majority
of the cases. There are multiple viruses that can result in
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viral encephalitis including herpes simplex viruses (HSV),
varicella-zoster virus (VZV), epstein-barr virus (EBV), and
human herpesvirus-6 (HHV-6) [7-9]. In particular, viruses
are difficult to be cultured in clinic, and the timely treat-
ment is of great importance of the prognosis of encephal-
itis. Therefore, it is necessary to develop new diagnostic
methods to quickly diagnose infectious encephalitis.
Varicella-zoster ~ virus (VZV) is an important
a-herpesvirus which can lifelong remain latent in trigeminal
and dorsal root ganglia, and therefore might lead various
neurologic diseases such as meningitis, encephalitis, myeli-
tis, meningoencephalitis, cranial neuropathy, and peripheral
neuropathy [10, 11]. In terms of the age of onset, the inci-
dence of VZV infection is becoming younger-age trend. Ac-
cumulating studies shown that most cases of chicken pox
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(varicella) are occurred in the children aged between 5 and
14 years old. Primary VZV infection in healthy children is
generally a mild, self-limiting disease which typically pre-
sents as a vesicular rash. However, in immunocompromised
individuals and susceptible adults, particularly pregnant
women, the infection can be more serious and even threat-
ening the life [9, 12]. Once this general chickenpox de-
velops to encephalitis, it may cause irreversible damage to
both the brain and the body, such as mental retardation,
stroke, giant cell arteritis and granulomatous aortitis, result-
ing in persistent inflammation and pathological vascular re-
modeling [9, 13]. Generally, the VZV infection leads to
typical signs of chicken pox (varicella) that is very visible
from the surface of the skin, and later possible to cause
numbers of sub-acute, acute and chronic neurological
complications [14]. However sometimes, the VZV may be
also a latent infection for decades without obvious clinical
symptoms [15-17]. Therefore, it is difficult for some pa-
tients to diagnose VZV infection based only on clinical
manifestations.

Common diagnostic methods of VZV include general
medical tests and more accurate pathogen tests [15, 18]. As
we all known, the general medical tests include blood rou-
tine test, cerebrospinal fluid cytology (CSFC) test and bio-
chemical test. These tests can indicate viral encephalitis, but
it is not certain which virus causes the infection. In addition,
the pathogen tests include virology test, antibody detection
and molecular biology test. However, as far as we know, it is
very difficult to grow viruses in medical laboratories, mainly
because of the high requirements for virus culture. Besides,
the culture results were closely related to the virus concen-
tration of CSF. What’s more, the need of CSF volume of cul-
turing is large, usually 1-2ml, and it is not easy to collect
enough CSF in children for those tests as well. Therefore,
there is an urgent need for a new technology for the rapid
and simple diagnosis of VZV viral encephalitis.

At present with the development of molecular diag-
nostic technology, the application of molecular tech-
niques such as advanced fragment analysis (AFA) could
be a useful method of identifying and confirming the ex-
istence of VZV infection in clinical specimens, especially
in the CSF. Here, we report on an indigenous case of en-
cephalitis in a 10-year-old male child with a recessive
VZV infection, which rapidly diagnosed by AFA method.

Case presentation

A 10-year-old boy (weight, 32.1 kg; height, 138.7 cm) in Si-
chuan province was admitted to the hospital with neuro-
logical symptoms of headache, dizziness and vomiting for
one day. Physical examination showed left facial paralysis
and no rash. His temperature is 36.5 °C, breath is 21 times
per minute, pulse is 109 beats per minute, and the blood
pressure is 103/72 mmHg. Additionally, he had no previ-
ous history of infection for these days.
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According to the general medical tests, we found the
percentage of neutrophil in peripheral blood increased
to a number of 85.2% (reference range 23.6—75%), which
suggests the presence of inflammation. In addition, we
punctured cerebrospinal fluid for accurate examination.
The CSF biochemical examination showed that the pro-
tein (136.8 mg/L), glucose (3.85 mmol/L), chloride (127
mmol/L) and lactate dehydrogenase (12 U/L) were all in
the reference range. The cerebrospinal fluid cytology
(CSEC) tests showed that the CSF was colorless and
transparent, containing 25 x 10°/L nucleated cells and
13x 10°/L erythrocytes. Among the nucleated cells, lym-
phocytes and monocytes account for 98 and 2% respect-
ively. These results indicated the presence of infectious
encephalitis. However, the ink staining, gram staining
and acid fast staining of CSF were all negative. Besides
the bacteria culture of CSF for 5days was negative as
well. Therefore, the child was suspected to have acute
viral encephalitis.

The pathogenesis of acute viral encephalitis involves a
variety of viruses. Due to the small volume of CSF in
children, the diagnosis of encephalitis related pathogens
in CSF is very difficult, especially when the clinical
symptoms are not obvious. In this case, we firstly test
the IgM and IgG antibodies of herpes simplex virus
(HSV), because HSV is the main virus that causes viral
encephalitis [19, 20]. The results of electrochemical lu-
minescence test showed that both antibodies were nega-
tive. Therefore, HSV infection was excluded and further
experiments were needed to determine the etiology of
encephalitis.

Advanced fragment analysis (AFA) is a molecular tech-
nique, which provides an alternative method for
high-throughput multiplexed quantitative pathogens re-
lated gene expression. AFA integrates multiplex PCR
and capillary electrophoresis to offer a simple and effect-
ive way to analyze dozens of specific genes in a single
tube [21]. In this experiment, 300 ul CSF was used for
total DNA and RNA extraction (ZD Biotech, China). 18
kinds of common encephalitis related pathogens can be
detected at same time, including enterovirus (EV), Cryp-
tococcus neoformans (CN), neisseria meningitidis (NM),
Streptococcus pneumoniae (SP), epstein-barr virus
(EBV), varicella-zoster virus (VZV), cytomegalovirus
(HCMYV), tuberculosis (TB), herpes simplex virus-1
(HSV-1), herpes simplex virus-2 (HSV-2), mycoplasma
pneumoniae (MP), Escherichia coli (E.Coli), Listeria
monocytogenes (LM), group B streptococcal (GBS),
mumps virus (MuV), human herpes virus-6 (HHV-6),
Haemophilus influenzae (HI) and acinetobacter bauman-
nii (A.B) (Fig. 1). Briefly, for the multiplex PCR, we put
4.5 ul PCR Mix, 0.5 pl enzyme and 5 pl nucleic acid to-
gether (Health Gene Technologies, China). All reactions
were run on an ABI 7500 real-time PCR system (Life



Song et al. BVIC Infectious Diseases (2019) 19:342 Page 3 of 6
A Hi-Di Size Marker 100-350
125
100 200
75 150 475 225
250 275 325 400
350 | 375 425 450 475 500
N e s e - — et o St - S e S
2000 3000 4000 5000

B

EV NM LM VZV TB HSV-2 huDNA || A.B HHV-6

sz=111 sz=120 || sz=142 || sz=160 || sz=189 || sz=204 || sz=235 sz=245 || sz=277

100 | | [150 | | 200] | |250 300 350
27000+
18000+
i 1 |

huRNA SP EBV GBS HSV-1 MP CN HI E.coli.K1 IC
sz=103 sz=126 || sz=150 sz=166 sz=196 sz=213 sz=252 $§z=266 || sz=291 sz=312
|
MuV HCMV
sz=172 sz=178

Fig. 1 Application of advanced fragment analysis (AFA) in screening of encephalitis related pathogens from cerebrospinal fluid (CSF). 300 pl
cerebrospinal fluids were used for fragment analysis. After multiplex PCR, the fragments with particular size were separated with capillary
electrophoresis, and each fragment of a specific size represents a specific bacterial or virus infection of interest. a Hi-Di size maker determines the
size of fragments by conducting capillary electrophoresis together with samples. b The capillary electrophoresis peaks of representative positive
control sample. Different sizes of PCR fragments represent different pathogens

Technologies, CA, USA) using the following cycling pa-
rameters: 25 °C for 5 min; 50 °C for 30 min; 95 °C for 15
min; 6 cycles of 94 °C for 30's, 65—60 °C for 30 s and 72°
C for 60s; 29 cycles of 94°C for 30s, 60 °C for 30s and
72 °C for 60 s; and a final elongation step of 72 °C for 15
min. For capillary electrophoresis, the SIZE-500 Plus dis-
solved in Hi-Di formamide was used as the DNA size
maker. All reactions were run on 3500Dx (Life Tech-
nologies, CA, USA) and the cutoff value is set to 500.
Different sizes of PCR fragments represent different
pathogens. With the AFA technology, the turn-around
time is greatly reduced to 4h, which is conductive to
rapid diagnosis, timely treatment and prognosis of the
encephalitis.

Subsequent advanced fragment analysis of the pathogens
gene suggested the presence of VZV infection as we found
a fragment peak at 160bp of capillary electrophoresis
(Fig. 2a). It is worth mentioning that the child initially pre-
sented with left facial paralysis, but did not appear chicken
pox. We know that primary infection with the VZV usually
manifests with chickenpox, however reactivation of VZV

can present with different clinical manifestations. Reactiva-
tion of VZV from the geniculate ganglion, the nucleus of
the sensory root of the facial nerve, can cause peripheral fa-
cial weakness as well as rash around the ear, known as
Ramsay Hunt syndrome [22]. Therefore, even if the pa-
tient's parents denied that the child has a history of
chickenpox infection, the child may have latent VZV infec-
tion in the genicular ganglion in the past. To verify the
above results, on subsequent real-time fluorescence quanti-
tative PCR was used to detect the VZV DNA in both CSF
and serum samples using commercial kits at the time of
acute disease (Sansure Biotech, China). Briefly, 10 pl of ex-
tracted DNA was amplified with PCR super mix reagent in
25 pl reaction volume for 35 cycles using the Life PCR Sys-
tem ABI 7500 (Life Technologies, CA, USA). Results were
considered positive when a clear amplification curve of the
expected site was obtained (Ct < 40). Consistent with the
previous results, VZV DNA was detected in both CSF and
serum (Fig. 2b). As shown in Fig. 2b, peripheral blood
showed high viral load during the acute stage of the disease,
though the viral load is less in the cerebrospinal fluid
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Fig. 2 Detection of varicella-zoster virus (VZV) in cerebrospinal fluid (CSF) using advanced fragment analysis (AFA). a Obvious VZV DNA fragments
were observed by capillary electrophoresis at 160 bp, suggesting the existence of VZV central nervous system infection in children. b The results
were confirmed by detecting VZV DNA in both CSF and serum via real-time quantitative PCR. Similar results were observed in two independent experiments

(CSE). Therefore, it is proved that the AFA technology is ef-
ficient and fast in detection the etiology of encephalitis.

Taken together, this report outlines the potential diffi-
culties in differentiating and diagnoses pathogens in pa-
tients with encephalitis, which has particularly important
implications for patient segregation and infection treat-
ment. Our study might be of great importance to explore
the application of the AFA technology in clinical diagnosis
of encephalitis related pathogens in CSF. Still now, only a
few isolated cases of VZV associated encephalitis have
been reported.

Discussion and conclusions
Body fluids, especially the CSF from child, present a
diagnostic challenge due to the small sample volume
and paucity of slow growing or uncultivable organisms
those results in lower test sensitivity [23, 24]. This study
was carried out with the objectives to recommend a
rapid screening system of identifying common encephal-
itis pathogens in CSF by means of advanced fragment
analysis (AFA). And later we confirmed the result from
conventional method of culture, PCR and clinical
manifestation.

The advanced fragment analysis (AFA) is a kind of mo-
lecular biological diagnostic technology, which combined

multiplex polymerase chain reaction (PCR) with capillary
electrophoresis (CE) together. Usually, the experimental
process consists of three parts. Firstly, we extract total nu-
cleic acid of pathogenic microorganisms including both
DNA and RNA from samples. Secondly, we amplified the
specific region of nucleic acid in pathogenic microorgan-
isms by multiple PCR. Therefore we can obtain several
amplification products with dedicated fragment sizes (typ-
ically approximately 100-350 Da). In this study, we have
18 pairs of specific primers in the reaction fluid, which in-
dicates that we can use the single experiment to screen for
18 common encephalitis related pathogenic microorgan-
isms simultaneously. Last, we separate the fragments with
capillary electrophoresis, and each fragment of a specific
size represents a specific bacterial or virus infection of
interest.

As a new type of molecular technique, the key feature
of fragment analysis is that multiple microbial infections
can be detected at one time using a small volume of
sample (300 pl) within approximately 4 h. While in terms
of the traditional testing technique, 3-5ml CSF was
needed in pathogenic microorganisms culturing test for
more than 2 weeks. Furthermore, thanks to the using of
multiple PCR, the amount of nucleic acid which needed
in the experiment is far more less than that in traditional
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PCR technology. On this occasion, the fragment analysis
can be also applied to samples with low abundant or low
nucleic acid concentration, including cerebrospinal fluid
(CSF), feces, and pharynx swabs and so on. This greatly
enriched the type of specimens that we can test, and en-
abled the early diagnosis of a small number of patho-
genic microbial infections.

In a word, the application of AFA in screening for en-
cephalitis related pathogens in child has many advantages.
The whole experiment process is fast, the operation is
simple, the sensitivity is high, the species of testing patho-
genic microorganism is abundant, and the amount of
sample needed is less. All these characteristics make AFA
technique to be one of the excellent laboratory methods
for detecting bacterial and viral encephalitis in child.
Opverall, we would recommend the use of AFA analysis as
the rapid screening system for the identification and dif-
ferentiation of encephalitis pathogens in child.
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