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Abstract 
Introduction: Human herpesvirus 6B (HHV-6B) encephalitis is common in immunosuppressed patients and presents a diagnostic challenge for 
physicians. Metagenomic next-generation sequencing (mNGS) may facilitate early diagnosis of HHV-6B encephalitis. Herein, we described a 
case of HHV-6B encephalitis following transplantation for severe aplastic anemia (SAA) diagnosed by mNGS. 
Case summary: A 31-year-old male underwent myeloablative haploid hematopoietic stem cell transplantation for the treatment of SAA. On 
day + 21 after transplantation, the patient developed symptoms such as sudden epilepsy, drowsiness, memory dislocation, and memory loss. 
HHV-6B encephalitis was confirmed based on cranial MRI and mNGS of cerebrospinal fluid. Following antiviral therapy with sodium 
foscarnet, the symptoms improved and HHV-6B was negative by mNGS. There were no serious sequelae. Currently, the patient is in good 
health and is still under follow-up.  
Conclusions: A case of HHV-6B encephalitis after SAA transplantation was diagnosed by mNGS of cerebrospinal fluid in time and was 
effectively treated with sodium foscarnet.  
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Introduction 

Human herpesvirus 6B (HHV-6B) encephalitis is a 
life-threatening infection-related complication after 
hematopoietic stem cell transplantation, with a 
morbidity of 0.69 to 11.6%, and a significant mortality 
rate [1,2]. The diagnosis of HHV-6B encephalitis is 
clinically challenging due to the lack of specific 
symptoms and clear diagnostic criteria. Ideally, 
confirmation of HHV-6B infection requires a 
pathological examination of tissue samples from the 
affected part of the patient's brain. However, 
implementing this method in clinical practice can be 
challenging. Currently, diagnosis of HHV-6B infection 
is based on the appearance of acute-onset mental status 
changes, short-term memory loss, or seizures, the 
exclusion of other infectious or non-infectious factors, 
and the detection of HHV-6B DNA in the cerebrospinal 
fluid [3]. However, HHV-6B encephalitis typically 
presents as post-transplant acute limbic encephalitis 
with no significant changes in cerebrospinal fluid 
protein and cell count and negative magnetic resonance 
imaging (MRI) findings at disease onset, which makes 
its initial screening challenging. Metagenomic next-

generation sequencing (mNGS) is an unbiased 
approach that can theoretically detect all pathogens in a 
clinical sample and is especially suitable for rare, novel, 
and atypical etiologies of complicated infectious 
diseases. Superior diagnostic performance of mNGS 
has been demonstrated in central system and ocular 
infections [4-6]. However, the diagnosis of HHV-6B 
encephalitis after transplantation by mNGS has been 
rarely reported. Herein, we reported a case of HHV-6B 
encephalitis following transplantation for severe 
aplastic anemia (SAA) diagnosed by mNGS. 

 
Case report 
Chief complaints 

A 31-year-old male patient developed symptoms 
such as epileptiform seizure, drowsiness, memory 
dislocation, and memory loss after SAA treatment with 
myeloablative haploid hematopoietic stem cell 
transplantation. 

 
History of present illness 

Beginning on Jan 31, 2022 (day + 11 after 
transplantation), the patient presented with a fever 
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accompanied by sore throat, redness, swelling, and 
ulceration of the oral mucosa. On Feb 2, 2022 (day + 15 
after transplantation), the patient's temperature peaked 
at 40.8 °C. On Feb 8, although the patient's sore throat 
and oral ulcerations improved, new dark red skin rashes 
appeared with desquamation on the head, and dense 
dark red skin rashes appeared on the chest and 
abdomen. Acute graft-versus-host disease (GVHD) was 
considered, and the patient received 
methylprednisolone sodium succinate (80mg q12h). 
Throughout this period, the patient was conscious, able 
to perform daily activities, and had no headaches or 
dizziness. At 01:13 on Feb 10, 2022 (day + 21 after 
transplantation), the patient began to foam at the mouth, 
became unresponsive to calls, experienced convulsions 
throughout the body with clenched teeth, and had a 
blood pressure of 174/101mmHg. At 01:25, another 
epileptic seizure occurred, characterized by stiffness in 
the upper limbs, claw-like hands with wrists turned 
downwards, and convulsions throughout the body, 
which lasted for roughly 30 seconds. Additionally, the 
patient presented with snoring-like breathing and frothy 
saliva at the mouth along with a gaze deviation, i.e., 
both eyes were leaning towards the left. To sedate the 
patient, Diazepam and mannitol dehydration were 
administered, which resulted in drowsiness, difficulty 
following instructions, and illogical responses to 
questions. A temperature of 38 °C was recorded on the 
day of the seizure.  

 
History of past illness 

On Nov 15, 2021, the patient presented with 
symptoms of ecchymosis on limbs, systemic scattered 
purpura, and gingival hemorrhage, with no obvious 
cause. According to the results of bone marrow biopsy 
and cellular immunity (such as the Cytogenetic test), 
the diagnosis was determined as "SAA". The patient 
and his family members declined to use ATG (Anti-
Thymocyte Globulin) for treatment due to its potential 
adverse effects. Therefore, Cyclosporine A (250 
ng/mL) was administrated orally. Since December 27, 
2021, he developed a fever with a body temperature of 
up to 38.5 °C as well as a left nasal infection and nasal 
mass formation. The HLA-matched unrelated fully 
compatible donor was unavailable. The patient and his 
family members still declined to receive ATG. Then, 
the related haploid hematopoietic stem cell 
transplantation was planned with his sister as a donor, 
and the matching type was 5/10 (the blood type of the 
patient and the donor were O and B, respectively).  

The busulfex/cyclophosphamide/ATG-based pre-
conditioning regimen was administrated from January 

11, 2022. The donor received granulocyte-colony 
stimulating factor (8 μg/kg/d) for stem cell 
mobilization. Bone marrow blood hematopoietic stem 
cells (mononuclear cells: 1.9 × 108/kg; CD34+ cells: 0.2 
× 106/kg) from the donor were administrated on January 
18, 2022. Peripheral blood hematopoietic stem cells 
(mononuclear cells: 5.53 × 108/ kg; CD34+ cells: 2.1 × 
106/kg) from the donor were administrated on January 
19 and 20, 2022.  

GVHD prophylaxis included cyclosporine, 
methotrexate, mycophenolate mofetil, and anti-CD25 
monoclonal antibody. Infection prophylaxis was 
performed according to our center's standard protocol. 

The neutrophil count was 1.06 × 109/L from + 14 
days after stem cell transplantation and platelet count 
was maintained above 30 × 109/L in a setting of 
continuous transfusion. The nasal boils and infections 
completely disappeared. Full-donor chimerism was 
observed on day 15 and sustained until 8 months after 
transplantation.  

 
Personal and family history 

The patient denied any family history of HHV-6B 
encephalitis. 

 
Physical examination 

Physical examination showed that blood pressure 
was 174/101mmHg. Both pupils were equally large 
with a diameter of about 3 mm. There was left lower 
gaze in both eyes, negative Babinski sign, negative 
Oppenheim sign, negative Gordon sign, and negative 
Kernig sign. The muscle tone of the extremities was 
normal. The muscle strength of both upper limbs was 
grade 3, and that of both lower limbs was grade 2. 

 
Laboratory examinations 

Routine blood test showed a white blood cell count 
of 12.67 × 109/L, hemoglobin of 105 g/L, and platelet 
count of 14 × 109/L. The plasma concentration of 
tacrolimus was 9.3 ng/mL. Coagulation function 
showed a prothrombin time of 15 seconds, plasma 
fibrinogen of 2.1 g/L, and, activated partial 
thromboplastin time of 43.1 seconds. The serum 
sodium level was 123 mmol/L. Serum magnesium level 
was 0.59 mmol/L. Blood potassium level was 3.74 
mmol/L. Kidney function was normal with a creatinine 
level of 86 μmol/L and a urea level of 6.65 μmol/L. 
Blood glucose level was 11.2 mmol/L. 

 
Imaging examinations 

On day + 21 (Feb 10, 2022) after transplantation, 
the patient developed a seizure, and a cranial CT scan 
after seizure showed no bleeding. 
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Figure 1. Pre-treatment and post-treatment cranial MRI images. 

Pre-treatment cranial MRI scan showed a slightly high DWI signal in bilateral hippocampal and parahippocampal gyrus: A: No abnormal signal was 
observed in the ADC sequence of nuclear magnetic resonance; B: there was slightly higher MRI DWI sequence in the bilateral hippocampus, 
parahippocampal gyrus, and left thalamus (arrows); C: no abnormal signal was observed in the cranial MRI T1 sequence; D: there was slightly long T2 
signal in the bilateral hippocampus, parahippocampal gyrus, left thalamus, posterior horn of bilateral ventricles, and right occipital lobe (arrows); E: there 
was slightly high signal in the water suppression sequence in the bilateral hippocampus, parahippocampal gyrus, left thalamus, posterior horn of bilateral 
ventricles, and right occipital lobe (arrows); F: no abnormal signal was observed in the cranial MRI T1 sequence. G: Post-treatment MRI showed that 
compared with before treatment, the long T2 signal in bilateral hippocampus, parahippocampal gyrus, and left thalamus disappeared (arrows); H: Post-
treatment MRI showed slightly high patchy signal in water suppression sequence in bilateral hippocampal gyrus and parahippocampal gyrus (arrows). 

Table 1. The results of autoimmune encephalitis antibodies in cerebrospinal fluid. 
Autoimmune encephalitis antibody Detection method Results 
Anti-NMDAR receptor antibody Cell Transfection Negative 
Anti-AMPA1 receptor antibody Cell Transfection Negative 
Anti-AMPA2 receptor antibody Cell Transfection Negative 
Anti-LGI1 receptor antibody Cell Transfection Negative 
Anti-CASPR2 receptor antibody Cell Transfection Negative 
Anti-GABABR receptor antibody Cell Transfection Negative 
Anti-DPPX receptor antibody Cell Transfection Negative 
Anti-lgLON5 receptor antibody Cell Transfection Negative 
Anti-GAD65 receptor antibody Cell Transfection Negative 
Anti-GlyR1 receptor antibody Cell Transfection Negative 
Anti-DRD2 receptor antibody IgG Cell Transfection Negative 
Anti-mGluR1 receptor antibody IgG Cell Transfection Negative 
Anti-mGluR5 receptor antibody IgG Cell Transfection Negative 
Anti-GABABRα1 receptor antibody IgG Cell Transfection Negative 
Anti-GABABRβ3 receptor antibody IgG Cell Transfection Negative 
Anti-Neurexin3α receptor antibody IgG Cell Transfection Negative 
NMDAR: N-methyl-D-aspartate receptor; AMPA1: α-amino-3-hydroxy-5-methyl-4-isoazolepropionic acid 1 receptor; AMPA2: α-amino-3-hydroxy-5-methyl-
4-isoazolepropionic acid 2 receptor; LGI1: leucine rich glioma inactivated 1 receptor; CASPR2: contactin-associated protein 2 receptor; GABABR: γ-
aminobutyric acid type B receptor; DPPX: dipeptidyl-peptidase-like protein-6 receptor; GAD65: glutamic acid decarboxylase 65 receptor; GlyR1: glycine 
receptor 1; DRD2: Dopamine D2 receptor; mGluR1: metabotropic glutamate receptor 1; mGluR5: metabotropic glutamate receptor 5; GABABRα1: γ-
aminobutyric acid type B receptor α1; GABABRβ3: γ-aminobutyric acid type B receptor β3. 
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On day + 23, cranial MRI showed slightly long T2 
signals in the bilateral hippocampus and 
parahippocampal gyrus, left thalamus, posterior horn of 
bilateral ventricles, and right occipital lobe, slightly 
high signal in water suppression sequences, and slightly 
high signals in DWI sequences (Figure 1). 

 
Further diagnostic workup 

On day + 24, biochemistry analysis of cerebrospinal 
fluid (CSF) showed that the total number of cells was 
1005 × 106/L, glucose content was 4.7 mmol/L, protein 
content was 0.78 g/L, chlorine was 111.5 mmol/L, and 
adenosine dehydrogenase was 5.5 U/L. The results for 
autoimmune encephalitis were negative (Table 1). The 
mNGS detection of CSF showed an HHV-6B sequence 
number of 950 (Figure 2A).  

 
Final diagnosis 

The patient was diagnosed with HHV-6B 
encephalitis.  

Treatment 
Antiviral therapy with foscarnet sodium (40 mg/kg, 

once per 8 hours) was administrated. Human 
intravenous immunoglobulin (PH4) (400 mg/kg) was 
intravenously injected for 5 days. Meanwhile, 
methylprednisolone sodium succinate was promptly 
discontinued, and cyclosporine A (maintenance 
concentration of 250-350 ng/mL) was given 
intravenously to prevent GVHD. Levetiracetam was 
also given orally. 

 
Outcome and follow-up 

Thereafter, the patient did not have recurrent 
epilepsy and had gradually improved consciousness, 
but was in poor mental state, dull response, and memory 
impairment, manifested as memory weakening, 
anterograde amnesia, and memory misconstruction. 
Physical examination showed conjunctival edema of 
both eyes, normal muscle tone of the extremities, and 
gradual recovery of muscle strength to grade 3 to 4. Oral 
administration of cyclosporine A was continued for 
GVHD prophylaxis. On day + 47, biochemistry 
analysis of CSF showed that the total number of cells 
was 155 × 106/L, glucose content was 3.3mmol/L, 
protein content was 1.52 g/L, chlorine was 119.9 
mmol/L, and, adenosine dehydrogenase was 3.8 U/L. 
CSF mNGS showed that the HHV-6B sequence number 
was 4 (Figure 2B). On day + 50, cranial MRI showed a 
patchy slightly high signal on both hippocampal gyrus 
and parahippocampal gyrus on the T2 water 
suppression image, slightly enlarged left ventricular 
temporal horn, and no obvious abnormal signals in the 
remaining brain parenchyma (Figure 1). The patient 
was regularly followed up. He did not have a seizure 
and the globular conjunctival edema disappeared. He 
had a good mental state, with normal limb muscle 
strength, free movement, and only mild memory 
impairment manifesting as recent memory loss, which 
is the most common sequelae of HHV-6B encephalitis 
after antiviral therapy. 

 
Discussion 

HHV-6B encephalitis after hematopoietic stem cell 
transplantation is a serious and rare complication with 
a high mortality rate [7,8], which may induce cognitive 
sequelae [9]. The umbilical cord transplantation is 
known to be a risk factor for HHV-6B encephalitis 
[8,10]. The engraftment syndrome and acute GVHD are 
also important factors for HHV-6B reactivation [2]. In 
30-70% of cases, reactivation of HHV-6B can be 
detected in plasma 2-4 weeks after allogeneic 
hematopoietic stem cell transplantation [1]. The 

Figure 2. CSF mNGS results. 

A: Pre-treatment CSF mNGS results. The sequence number of 
Roseolovirus (black arrow) was 1522 and that of HHV-6B (red arrow) 
was 950; B: Post-treatment CSF mNGS results. The sequence number 
of Roseolovirus (black arrow) was 6 and that of HHV-6B (red arrow) 
was 4. 
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glucocorticoids can inhibit the HHV-6B-specific 
immune response and promote apoptosis of HHV-6B-
infected T lymphocytes, leading to the proliferation of 
HHV-6B [11]. In this report, the patient received 
haploid hematopoietic stem cell transplantation. He 
suffered from agranulocytosis for a long time. 
Moreover, he received immunosuppressants before 
transplantation (such as cyclosporine A) and received 
higher doses of pre-conditioning chemotherapy, ATG, 
glucocorticoids, and cyclosporine A during 
transplantation. All these factors mentioned above 
constitute a basis for HHV-6B reactivation.  

The diagnosis of HHV-6B encephalitis after 
hematopoietic stem cell transplantation is difficult, and 
current guidelines recommend the following criteria for 
its diagnosis [3]: 1) the diagnosis of HHV-6B 
encephalitis should be based on HHV-6B DNA in CSF, 
accompanied by acute onset of mental status changes 
(encephalopathy), short-term memory loss, or seizures; 
2) other possible infectious or non-infectious causes 
must be excluded; 3) chromosomally integrated human 
herpesvirus 6B (CIHHV-6B) in donors and recipients 
should be excluded; 4) If CIHHV-6B is detected, 
evidence of CIHHV-6B reactivation in CSF or brain 
tissue is required to confirm CIHHV-6B infection.  

It is difficult to determine the cause of infection 
based on conventional microbiological testing (CMT) 
and imaging. For clinically suspected HHV-6B 
encephalitis, early diagnosis and treatment based on 
timely detection of HHV-6B DNA in CSF is essential 
to prevent neurological sequelae [12]. It is shown that 
mNGS has advantages in diagnosing chronic meningitis 
and encephalitis [13]. The mNGS is a powerful DNA 
sequencing technique that utilizes second-generation 
sequencing platforms to rapidly and accurately 
sequence nucleic acids in clinical samples. The 
obtained nucleic acid sequences are then compared to 
known microbial sequence databases to determine the 
types and proportions of microorganisms present in the 
sample. This approach enables unbiased and high-
throughput sequencing of nucleic acids from clinical 
specimens, facilitating the rapid and objective detection 
of pathogenic microorganisms such as viruses, bacteria, 
fungi, and parasites [14]. The CSF is usually sterile and 
has a small cell number. Therefore, it is difficult to 
detect possible RNA viruses, DNA viruses, bacterial, 
fungal, and parasitic infections by using CMT. More 
than half of patients with suspected infection are still 
undiagnosed after repeated CMT, and the diagnosis 
depends on mNGS and other tests [15,16]. Carbo et al. 
[14] identified the pathogens in 18 
immunocompromised patients with mNGS analysis of 

CSF, indicating that mNGS has a high sensitivity in 
immunocompromised patients. In this study, the patient 
had normal CMT results and was confirmed as HHV-
6B encephalitis by CSF mNGS. The result of CSF 
mNGS became negative after targeted treatments. 
Therefore, we assume that CSF mNGS is important for 
the diagnosis of HHV-6B encephalitis. 

In the current treatment practice of HHV-6B 
encephalitis, sodium foscarnet (90 mg/kg bid) or 
ganciclovir (5 mg/kg bid) is recommended for HHV-6B 
infection [3]. Toomey et al [2] retrospectively analyzed 
123 cases in 52 studies, and found that the percentage 
of death or sequelae in patients who received 
ganciclovir monotherapy was 63.6%, in patients who 
received foscarnet monotherapy was 55.3%, and in 
patients who received foscarnet and ganciclovir 
combination therapy was 37.5%. Logistic regression 
analysis showed that foscarnet monotherapy and 
ganciclovir monotherapy were associated with a higher 
risk of encephalitis sequelae compared with the 
foscarnet and ganciclovir combination therapy, but 
there was no significant difference in terms of 
mortality. In this study, sodium foscarnet 120 
mg/kg/day was administrated, and serum electrolytes 
and kidney function were closely monitored. After 2 
weeks of sodium foscarnet treatment, the number of 
viral sequences in CSF was reduced, the hippocampus 
and parahippocampal gyrus lesions disappeared on 
MRI, and the patient only had mild memory 
dysfunction. Prophylactic ganciclovir or foscarnet has 
not reduced the incidence of HHV-6B encephalitis 
[17,18]. However, oral cidofovir may reduce the 
incidence of HHV-6B viremia [18] but has no clear 
effect on encephalitis. Therefore, ganciclovir or 
foscarnet is not currently recommended for the 
prevention of HHV-6B reactivation or HHV-6B 
encephalitis in patients receiving transplantation.  

 
Conclusions 

HHV-6B encephalitis has an acute onset and 
presents with serious clinical symptoms including 
epilepsy. Its diagnosis and differential diagnosis are 
challenging. Timely CSF mNGS is very important for 
early identification of the pathogens, especially in the 
early stage of transplantation, thus improving the early 
diagnosis, instauration of the treatment, and the long-
term survival of patients. 
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