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Abstract

BACKGROUND

Cytomegalovirus (CMYV) infections in the population are mostly subclinical, inapparent,
or latent. However, it is rare in brain tissues. Most reported CMV encephalitis cases
were patients with immunodeficiency. The diagnosis and detection rate of CMV

encephalitis in patients with normal immune function need to be further improved.

CASE SUMMARY

An 86-year-old male was admitted due to a sudden onset of unconsciousness for 3 h.
The patient developed status epilepticus and was relieved after antiepileptic treatment.
Encephalitis was considered due to the high signals of diffusion-weighted imaging
(DWI) sequences in the right central region by magnetic resonance imaging (MRI).
Metagenomic next-generation sequencing (mNGS) of blood and cerebrospinal fluid
(CSF) revealed CMV, with unique reads number being 614 and 1, respectively.
Simultaneous qPCR results showed CMV positive in blood samples, and negative in
CSF samples. The patient was finally diagnosed as CMV encephalitis with status
epilepticus. After the antiviral, hormonal, and y-globulin pulse therapy, the patient's

condition improved, and he was finally discharged.

1/8




CONCLUSION

mNGS detection combined with qPCR verification, plays a key role in the timely
diagnosis of CMV encephalitis. This indicated that mNGS could be a reliable approach
for the diagnosis of CMV encephalitis with high efficiency, sensitivity, and specificity.

INTRODUCTION

Cytomegalovirus (CMV) is a type of herpesviruslll. Its gene structure is very similar to
herpes simplex virus (HSV). Human is the only host of human CMV, and virus carriers
are the most common source of infectionl?. CMV infections are mostly subclinical,
inapparent, and latent!!2l. When the body's immune function is compromised, CMV can
infect multiple organs and systems, manifesting clinical symptomsl®l. Different with
HSV, which is the most common cause of encephalitis, the infections of CMV are most
common in lung, followed by liver, kidney, but brain tissues are rarely affected[*5]. Most
of the reported cases with CMV encephalitis had immunodeficiency, such as HIV
infection or organ transplantationl®?]. Studies on CMV patients with normal immune
function were few. Its diagnosis and detection rate need to be further improved.

The diagnosis of CMV encephalitis is mainly based on the results of pathogenic
examinations. There are no well-defined diagnostic criteria currently. Methods
including serology, culture, qPCR, antigenemia, histopathology, and CMV-specific T-
cells detection are used for the diagnosis, the monitoring of priority treatment, and
antiviral responselfl. However, there are some limitations. For example, the sensitivity
of serology and culture is always low, and antigenemia needs enough leukocytes in
samples.

Metagenomic next-generation sequencing (mNGS) has been recently applied more
often in pathogen examination of infectious diseasesll. It can accurately analyze all
microorganisms in samples, with results being obtained within 24 h. It could be used as

a rapid screening tool for patients with suspected CMV encephalitis.
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Here we report a patient who was finally diagnosed as CMV encephalitis with the
help of mNGS of the blood and CSF samples. This was confirmed by qPCR of blood

samples.

CASE PRESENTATION

Chief complaints
An 86-year-old male was admitted on November 8, 2020 due to sudden onset of

unconsciousness for 3 h.

History of present illness

In the early morning of November 8, 2020, the patient suddenly screamed with
involuntary tremor of the left upper limb during sleep, out of breath, followed by
disturbance of consciousness with eyes tightly closed, the conditions lasted for about
half an hour prior to relief. Then, the patient felt dizziness and weakness of the four

limbs accompanied by slurred speech. The symptoms were completely relieved in 3-4 h.

History of past illness
The patient had a history of hypertension and diabetes for more than 10 years.
Antihypertensive drugs were taken regularly, but no hypoglycemic agent was

administered.
Personal and family history
The patient had a smoking history for several decades, approximately 10 cigarettes/d.

He denied a history of alcohol abuse or other bad habits.

Physical examination

The blood pressure and glycemic control were basically normal.

Labomtory examinations
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On November 12, a lumbar puncture was performed with the pressure at 250 HO. CSF
routine revealed the nucleated cell counts at 4x106/L, Chloride at 124.5 mmol /L, CSFP
at 0.58 Tg/L, Glu at 3.56 mmo/L, anti- SS5-A antibody (+), and ANA cytoplasmic
granular pattern, ANA titer at 1:100, anti-TPO at 198.8 U/mL, and anti-TG at 128.8
U/mL. Anti-sulfatide antibody IgG was detected positive. The timeline information of

this case was shown in Figure 1.

Imaging examinations

Abnormal electroencephalogram (EEG) was recorded on November 9, starting from the
right hemisphere leads, the amplitude gradually increasing and the frequency
decreasing after appearance of a fast-wave rhythm of 14.0-22.0 Hz, 15-50 pV. Slow-wave
rhythm was observed on all leads, and sharp-wave rhythm was observed in the right
occipital area, lasting 30-60 s, without obvious clinical seizure or discomfort during this
time.

Brain MRI and magnetic resonance angiography (MRA) were consistent with
subcortical arteriosclerotic encephalopathy and indicated ischemic changes in the right
postcentral gyrus, and possible early laminar cortical necrosis (Figure 2C). MRA
showed cerebral arteriosclerosis manifestations and reduced branching of the left
middle cerebral artery, suggesting poor blood supply. On November 11, video-EEG
during epileptic seizures showed low-amplitude fast-wave rhythms at 15.0-22.0 Hz, on
all leads, with increasing amplitude and gradually decreasing frequency (Flgure 2A).
After about 30 s, slow-wave activities were observed on all leads, and mixed with a
large number of sharp waves and sharp-slow waves, mainly on the right side.
Twitching of the right upper limb occurred at this point, and recurred at a 4-12 minutes
interval. This seizure pattern recurred many times, during which the EEG indicated that
the symmetrical appearance of 14.0-22.0 Hz, 5-15 pV p-rhythm was the basic rhythm,

emitting a large number of 5.5-7.5 Hz low-amplitude 8 waves (Figure 2B).

FINAL DIAGNOSIS
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Blood and CSF samples were submitted for PACEseq mNGS detection (Hugobiotech,
Beijing, China) on December 16, 2020. CMV was found in CSF samples of 1 unique
reads and in blood samples of 614 unique reads (Figure 3A and B). Simultaneous qPCR
of blood samples confirmed the mNGS results, while it failed to detect CMV in CSF
samples (Figure 3C). CMV meningitis with status epilepticus was finally diagnosed in

this patient.

TREATMENT
The symptoms improved after antiviral, hormonal, antihypertensive, and neurotrophic

treatment.

OUTCOME AND FOLLOW-UP

After discharge, the patientﬁegularly took antiviral, low-dose hormone, anti-epileptic,
and other medications. He was admitted to Third Affiliated Hospital of Sun Yat-sen
University for the second time on January 8, 2021. Physical examination, paralysis test
of the left upper limb, and Romberg's test showed the same results as before. After
admission, the patient completed relevant examinations. Anti-nuclear antibody test of
blood on January 13, 2021, was weakly positive with 1:80 granular pattern, showing
anti-SmD1 antibody 118 AU/mL, anti-SS-A antibody 227 AU/mL, anti-SS-B antibody
202 AU/mL. Salivary gland tissue was submitted for examination. The lobular structure
was preserved, with some acinar atrophy. Hyperplasia of interlobular adipose tissue
was observed. There were obvious lymphocyte and plasma cell infiltration in the
interstitium, and 1 Lymphocyte aggregation focus (approximately > 50/focus) was
observed. Combining with clinical findings, these pathological changes were consistent
with Sjogren’s syndrome. Blood and CSF samples were submitted for mNGS test again
on January 8, 2021. The results of CSF samples showed negative, but 1 unique read of
Human Herpes virus 6B was revealed from blood sample. qPCR did not detect CMV in
both blood and CSF samples. Head MR on January 19, 2021 showed various abnormal

symptoms, such as multiple ischemia and degeneration foci in bilateral frontal lobe,

5/8




infarction and formation of encephalomalacia foci in left paraventricular area, and
cerebral arteriosclerosis. The conditions improved after continued low-dose hormone

and anti-epileptic treatment, and the patient was discharged on January 20, 2021.

DISCUSSION

CMV infection is very common among people. Cellular immunity plays an important
role in the defense of infections, when cellular immunity decreases, the incidence of
infection and the onset of disease will increase. Some studies showed CMV encephalitis
increased at the beginning of organ transplantation and cancer chemotherapy!'l. CMV
infections in patients with normal immune function are few.

Intracranial CMV infection can affect the meninges and parenchyma, manifesting
different degrees of consciousness disturbance, mental symptoms, seizures, hemiplegia,
and sensory disturbancesl®l. The epilepsy type CMV encephalitis always performs non-
specific EEG, which mainly shows diffused slow waves, accompanying with
paroxysmal slow waves and sharp wavesl!12]. In this case, given the history of diabetes,
this patient had underlying disease and predisposing factors of immunosenescence. The
onset of disease was mainly in the form of epileptic seizure, which subsequently
progressed to status epilepticus, and accompanied by signs of left side paralysis and
unsteady gait. MRI indicated high signals on DWI sequence of the right postcentral
gyrus. mNGS detection of blood and CSF indicated CMYV infection, confirmed by qPCR
detection using blood samples. The diagnosis was finally confirmed as CMV meningitis
of epilepsy type. After continuously strengthened antiviral and antiepileptic treatment,
the patient’s conditions significantly improved.

The diagnosis of CMV encephalitis was difficult. There was no clear standard
currently. Virus culture and brain biopsy are the gold standards for the diagnosis of
CMV encephalitis, but they are rarely used in clinical practicel®!3. Combined with brain
biopsy and CSF virus isolation, the sensitivity and specificity of conventional
polymerase chain reaction (PCR) can reach 80% and 90%, respectivelylsl. However, PCR

always needs a prior hypothesis of the target and can only detect gene sequences of
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known pathogenic microorganisms. In addition, time is crucial for patients with acute
and critical CMV encephalitis. A rapid, accurate, and unbiased diagnostic method is
needed. mNGS can timely and accurately analyze all microorganisms in samples,
having extremely high application value in the diagnosis of infectious diseases,
especially for unknown pathogens and those with trace amount!'l. It has been
increasingly applied in diagnosing multiple diseases, including encephalitis and
meningitis’5. mNGS shows a high sensitivity and accuracy in the diagnosis of various
pathogens, especially for viruses, difficult-to-cultivation bacteria, and fungil®.

In this case, the patient's initial manifestations were epileptic seizures and status
epilepticus, accompanied by the signs of left side paresis and unsteady gait. Despite the
clear clinical manifestations and imaging evidences of brain parenchymal impairment,
the diagnosis of this disease was difficult. Tests including initial CSF routine,
biochemistry, ink staining, acid-fast staining smears, crytococcus capsular antigen
detection, IgG were carried out, all of which only temporarily reduced the possibility of
tuberculosis, fungal, bacterial infections. The possibility of special infection was not
ruled out. Their values in guiding our clinical treatment were limited. For patients with
acute and critical illness of the central nervous system, time is crucial. It is generally
agreed that anti-infective treatment must be initiated immediately as soon as severe
central infection is identified. Therefore, rapid and timely diagnosis in central nervous
system infection plays a key role for the treatment and prognosis of patients. mNGS
was then applied and detected the pathogen as CMV quickly, which was subsequently
verified by qPCR. This indicated a great advantage of mNGS in detecting pathogens
that are hard to be diagnosed by conventional methods. Interesting, in blood samples,
mNGS detected a total of 614 CMV reads, and qPCR detected CMV at a cycle number of
35. While for CSF samples, mNGS only detected 1 unique read of CMV, but qPCR
showed a negative result. The results suggested that mNGS was more likely to be more
sensitive than qPCR and could detect trace amounts pathogens. The patient's conditions

improved after treatments. In the meantime, the negative results of the above
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reexaminations after improvement of post-treatment symptoms were also consistent

with the progression of disease, further supporting the diagnosis of CMV encephalitis.

CONCLUSION

In this case, mNGS combined with qPCR provided a rapid and reliable diagnosis of
CMV encephalitis with high efficiency, sensitivity, and specificity. This indicated that
mNGS could be a reliable approach for the diagnosis of CMV encephalitis.
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