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Abstract 

Background 

Human herpesviruses (HHV)-6 and -7 have been associated with febrile seizures, and 
also with encephalitis, the latter predominantly in immunocompromised individuals. Acute 
hemorrhagic encephalitis is frequently a fatal disease that can occur in the setting of viral 
infection, or can be a post-infectious phenomenon, often with no cause identified. While 
hemorrhagic encephalitis has been reported with HHV-6 infection, only a single case has been 
associated with HHV-7 infection, in an immunocompromised child. The role of 
immunosuppression is not well established in the management of this rare condition. 

Patient Description 

We present the case of an 11-year-old boy with hemorrhagic brainstem encephalitis, and 
extensive infectious and autoimmune testing positive only for HHV-7 in the CSF. The patient 
had a good recovery after treatment with intravenous immunoglobulin, high-dose steroids, and 
plasma exchange.  

Discussion 

This is the first reported case of hemorrhagic brainstem encephalitis with HHV-7 in a 
previously healthy individual, and adds to existing reports of late-onset HHV-7 infection 
associated with encephalitis in children. It also underscores that aggressive immunosuppression 
may be used early in the course of this disorder and may be beneficial for recovery. 
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Introduction 

A wide range of viruses is associated with encephalitis and post-infectious neurological 
inflammatory disorders, such as Acute Disseminated Encephalomyelitis (ADEM). Related, but 
more severe, forms of encephalitis include acute hemorrhagic encephalitis, which can occur with 
a viral infection or as a post-infectious syndrome, and Acute Necrotizing Encephalitis of 
Childhood, which most often follows influenza A infection. Human herpesviruses (HHV) have 
been linked to encephalitis, predominantly in cases affecting immunocompromised individuals. 
While HHV-6 has been linked to hemorrhagic encephalitis in adults, HHV-7 has been implicated 
in only one case of hemorrhagic encephalitis, in an immunocompromised child following stem 
cell transplant for leukemia. We present the first reported case of a previously healthy child with 
acute hemorrhagic brainstem encephalitis associated with HHV-7 infection. In addition, the 
patient’s good recovery suggests that early, aggressive immunosuppression may be helpful in 
this condition.   

 

Case Presentation 

An 11-year-old male with history of migraine headaches presented to the emergency 
department with intermittent headache, photophobia and vomiting for the past 5 days. He had 
had no recent fever or symptoms of infection, improved with intravenous medications, and 
was discharged home. He returned two days later after being found stumbling, confused, and 
not responding to questions, with left-sided weakness.  

Upon examination, he was afebrile with normal blood pressure and heart rate, and was 
not speaking spontaneously, answering questions, or following commands. He had a 
decreased gag on the right, but otherwise no lateralizing cranial nerve findings. He had little 
spontaneous motor activity, but withdrew the right leg more briskly than the left. Deep 
tendon reflexes were diffusely 3+, with upgoing toes bilaterally. Head computed tomography 
was normal, but brain magnetic resonance imaging (MRI) obtained the evening of admission, 
showed multifocal fluid-attenuated inversion recovery (FLAIR) signal abnormalities 
supratentorially and infratentorially, most prominently involving the brainstem, with diffuse 
post-contrast enhancement in the pons and a ring-enhancing lesion in the cerebellum (Figure 
1a,b). Magnetic resonance angiography (with and without contrast) and venography (without 
contrast) were normal. Cerebrospinal fluid (CSF) was notable for 27 nucleated cells 
(lymphocyte predominant), 112 red blood cells, glucose 66, and protein 30 (Table 1). CSF 
was sent for culture, viral studies, cytology, and flow cytometry, and the patient was started 
on antibiotics and acyclovir.   
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The patient was admitted to the Intensive Care Unit (ICU) and intubated for airway 
protection in the setting of poor mental status, and intravenous immunoglobulin (IVIG) was 
initiated on the night of admission, pending infectious and cytology results. A repeat MRI of 
the brain two days following admission showed increase in the pontine lesions with mass 
effect on the 4th ventricle, and we initiated high-dose IV corticosteroids (hospital day 3). 
Herpes Simplex Virus (HSV)-1 and -2 viral polymerase chain reaction (PCR) and bacterial 
culture were negative at this time, as was CSF flow cytometry (cytology returned one day 
later and was negative). Plasma exchange (5 cycles, every other day) was initiated on 
hospital day 4, and within two days the patient’s mental, respiratory, and neurologic status 
improved enough to allow extubation.  Further work-up for infectious, autoimmune, and 
paraneoplastic diseases was negative, with the exception of a positive HHV-7 PCR in the 
CSF (Table 1). HHV-7 PCR in a convalescent CSF specimen was negative, and HHV-7 
antibodies were negative in a convalescent serum specimen after plasma exchange. Acute 
serum was not available for testing. 

 

 

 

 

 

 

 

 

 

 

Figure 1a.  
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Figure 1b.  

Figure 1c.  
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 During his 10-day intensive care unit (ICU) course, the patient’s alertness and 
spontaneous movements improved, and he was subsequently transferred to the 
Neurorehabilitation Service. A third MRI two weeks after admission showed resolution of 
most supratentorial lesions with no new lesions, scattered microhemorrhages, evolving 
necrosis of the pontine lesions, and no contrast enhancement. The patient’s neurological 

Figure 1d. 

Figure 1e. 
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deficits all improved with inpatient rehabilitation and after discharge home, though he 
continues to have mild left-sided weakness, ataxia, and dysarthric speech. His Pediatric 
Functional Independence Measure (WeeFIM) score at discharge was 52, 90 at follow-up 5 
months from admission, and 120 (out of 126 total) at his most recent follow-up 10 months 
after admission.  

 

Discussion  

Hemorrhagic brainstem encephalitis represents a severe end of the spectrum of para-
infectious, inflammatory encephalomyelitis, which includes hemorrhagic ADEM, acute 
necrotizing encephalomyelitis of childhood, and acute hemorrhagic encephalitis (Hurst’s 
disease). Other considerations in the case of our patient would include central nervous system 
vasculitis or hemorrhagic conversion of ischemic stroke, though his lesions did not show a 
diffusion restriction pattern characteristic of multifocal infarcts. While herpes simplex virus, 
type 1 is well known to cause hemorrhagic injury, particularly to the temporal lobes, there 
are also reports of hemorrhagic encephalitis associated with HHV-6, particularly in 
immunocompromised patients (post-organ transplantation, especially),1 and varicella zoster 
virus.2 In addition, hemorrhagic metastases or a primary brain tumor could produce 
hemorrhagic brain lesions, though this seemed unlikely based on acute and follow-up 
imaging, negative cytology, and the patient’s steady improvement over time.  

Acute hemorrhagic encephalitis, thought to be a severe form of ADEM, occurs most 
frequently in adults, though there are case reports of children with this aggressive, post-
infectious entity.3 MRI features are variable, showing hemorrhagic and non-hemorrhagic 
lesions in both supratentorial and infratentorial white matter. Outcomes are generally poor, 
with death often occurring within days or weeks of onset,4 and it has been estimated that 
approximately 70% of survivors have significant neurological sequelae.5 However, there are 
many individual case reports of good recovery with immunosuppressive therapies.6 Acute 
necrotizing encephalopathy (ANE) of childhood, on the other hand, initially reported in 
Asian children following influenza A infection, tends to cause bilateral, sometimes 
hemorrhagic, injury to the thalami, but further reports have shown that this illness affects 
children worldwide and can also be associated with enterovirus infection7,8. A familial form 
of ANE has been reported in association with mutations in the nuclear pore protein 
RANBP2.9  

While HSV-1 and HHV-6 are well known to cause fulminant encephalitis, HHV-7 in the 
CSF has been reported in isolated cases of encephalitis, including hemorrhagic encephalitis 
in one post-stem cell transplant patient.10 However, interpretation of positive HHV-6 and 
HHV-7 PCR data is complicated by the fact that more than 90% of individuals are infected 
with these viruses by age 6.11 Schwartz et al.12 recently published a retrospective cohort of 
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pediatric patients (almost 3,000) with acute neurological illnesses and a prospective cohort of 
patients (260) with encephalitis and identified 57 cases of HHV-7 positive PCR in the larger 
cohort, of which 3 were classified as definite HHV-7 disease and 18 as possible HHV-7 
disease. Two of the definite and 7 of the possible cases had encephalitis. Overall, the authors 
estimate that HHV-7 accounts for 1.3-5.7% of pediatric encephalitis cases.10 All cases 
occurred after the age of 6, suggesting that HHV-7 causes neurological illness in children 
with late infection. The authors defined definite cases as having positive HHV-7 PCR and 
elevated acute IgG titer against HHV-7. For our case, HHV-7 was positive in the acute CSF 
specimen and negative in convalescent CSF, but acute serum was no longer available by the 
time HHV-7 had been identified. A convalescent titer after plasma exchange was negative. 
Thus, our patient would fit Schwartz et al’s categorization of “possible HHV-7 disease.” He 
does, however, fit the age range (average 10.1 years) that the authors identified in their 
cohort of HHV-7 positive patients with neurological illnesses. The authors did not report any 
cases of hemorrhagic encephalitis. 

Conclusion 

This case of an 11 year-old boy with hemorrhagic brainstem encephalitis associated with 
HHV-7 adds to the accumulating literature about the role of this virus in a broad range of 
acute neurological illnesses, and is the first reported association of acute hemorrhagic 
encephalitis with HHV-7 in a previously healthy individual. Despite a delay in diagnosis of 
several days due to the non-specific presenting symptoms, and despite the severity of his 
symptoms and imaging findings, the patient showed dramatic improvement in neurological 
status following aggressive immunosuppression with steroids, plasma exchange, and IVIG. 
He has continued to recover well one year after discharge with ongoing rehabilitation. Our 
experience suggests that early immunosuppressive treatment in hemorrhagic encephalitis can 
be safe and beneficial. 
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Figure Legend 
Figure 1. MRI images a, b and c are from the third day of hospitalization. There is 
gadolinium contrast enhancement on T1 weighted images  (a) and susceptibility-weighted 
imaging evidence of hemorrhage in the pons (b), as well as supratentorial FLAIR 
hyperintensities in the acute phase (c). Images d and e from a convalescent MRI two weeks 
following the first MRI show evolving pontine necrosis on FLAIR (d) and scattered 
supratentorial microhemorrhages on susceptibility-weighted imaging (e). 
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Table 1. Diagnostic Evaluations Sent from Blood and Cerebrospinal Fluid (CSF) 

 

Infectious Studies Autoimmune Studies Acute CSF Convalescent CSF 
HHV-7 PCR+ ANA - 112 red blood cells 9 red blood cells 
HHV-7 titer - (post-
plasma exchange) 

ANCA - 27 nucleated cells 
(88% Lymphocytes, 
7% Monocytes, 5% 
Neutrophils) 

3 nucleated cells 
(100% Lymphocytes) 

HSV-1,2 PCR - Anticardiolipin Ab - Glucose 66 Glucose 86 
VZV PCR - Lupus Anticoagulant - Protein 30 Protein 12 
EBV PCR - β2-Glycoprotein Ab - No xanthochromia Lactate 1.9 
CMV PCR - C3 normal  Pyruvate 0.15 
HHV-6 PCR - C4 normal  2 Oligoclonal bands 
Arboviral titers - NMDA Receptor Ab-  IgG Synthesis rate <1 
Bartonella titers - Direct Coombs+  IgG index < 1.00 
Mycoplasma titer - NMO Ab -  No xanthochromia 
Toxoplasma PCR - Paraneoplastic Panel -   
Histoplasma titer -    
Cryptococcal antigen -    
HIV-    
Nasopharyngeal Swab  
Respiratory Viruses - 

   

 

  

 

 


