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Steroid-responsive focal granulomatous herpes simplex type-1 encephalitis in adults.
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Abstract
We describe steroid-responsive focal granulomatous encephalitis as a manifestation of herpes simplex virus type-1 disease in the brain, which is potentially both easily missed and easily treated. We report two adult cases characterised by cognitive symptoms progressing over weeks, despite aciclovir treatment. Brain imaging showed temporal lobe abnormalities, with gadolinium enhancement but without abnormal diffusion restriction. HSV-1 PCR analysis was negative in CSF, but positive in brain biopsies, which revealed vasocentric granulomatous inflammation. Analysis of paired blood and CSF samples showed intrathecal synthesis of HSV-1 type-specific immunoglobulin G. Clinical improvement was seen only after immunosuppression. Despite profound cognitive impairment at clinical nadir, both patients had a full recovery and returned to normal activities. We suggest that, at least in a subset of patients with HSV-1 encephalitis, adjunctive steroid treatment is critical to improve the outcome of the disease.

Steroid-responsive focal granulomatous herpes simplex type-1 encephalitis in adults.

We report two adult cases of focal granulomatous encephalitis, with evidence of herpes simplex virus type-1 (HSV-1) as the causative agent, and demonstration of a dramatic response to steroid treatment. 

Case 1

A 55 year-old woman presented with 12 days of expressive dysphasia. Temperature was normal. Past history included relapsing-remitting multiple sclerosis (clinically-definite with supportive investigations), but without use of disease-modifying treatments.

Intravenous aciclovir (10mg/kg three times daily) was started. Cerebrospinal fluid (CSF) was acellular, with no organisms, 1.09g of protein (normal 0.15-0.45), and normal glucose. Polymerase chain reaction (PCR) for HSV DNA was negative. Aciclovir was stopped and the patient was transferred to the regional neurosciences centre. MR brain scan showed focal abnormality in the left temporal lobe (see Figure 1). Aciclovir was restarted (only one dose was missed), and a 3 week course was completed, during which the patient deteriorated, becoming bed-bound and abulic. Imaging findings also deteriorated (see Figure 1).

CSF analysis was repeated after 3 weeks of aciclovir, and showed no organisms, 25 lymphocytes (normal 0-5), raised protein (1.11g), and normal glucose. CSF PCR was negative for HSV-1 and HSV-2, varicella zoster virus (VZV), and enterovirus. Unmatched oligoclonal bands were present. Cytology showed reactive lymphocytes, with no clonal population.

Normal or negative investigations included; full blood count, electrolytes, liver function, thyroid function, calcium, B12, folate, C-reactive protein, immunoglobulins and serum protein electrophoresis, complement, HIV, syphilis serology, anti-nuclear antibodies, anti-cardiolipin antibodies, lupus anticoagulant, anti-neutrophil cytoplasmic antibodies (ANCA) in cytoplasmic pattern and myeloperoxidase antibodies, paraneoplastic antibody panel (Hu, Ri, Yo, Ma1, Ma2, CRMP5, amphiphysin), anti-thyroid peroxidase antibodies, anti-voltage-gated potassium channel complex antibodies, and anti-N-methyl-D-aspartate receptor (NMDA) antibodies. Erythrocyte sedimentation rate was 39 (normal 1-19). ANCA in perinuclear pattern was positive but with negative proteinase-3 antibodies, and was felt to be non-specific. Electroencephalography (EEG) showed abnormal slow waves in the left fronto-temporal region. Whole-body CT scan showed a small lung nodule interpreted as benign.

Biopsy of the left anteromedial temporal lobe was performed at week 6 from symptom onset, one week after completion of aciclovir treatment. Examination showed vasocentric granulomatous inflammation associated with T-lymphocytes and plasma cells, but without necrosis (see Figure 3). There were no viral inclusions and immunohistochemistry for HSV-1 was negative. However, PCR for HSV-1 DNA in the specimen was positive. Tests for other organisms, including cytomegalovirus, VZV, toxoplasma, bacteria, mycobacteria, and fungi were also negative. There was no immunoreactivity to amyloid-beta, and no evidence of demyelination.

By this point the patient had deteriorated to akinetic-mutism. Oral prednisolone was started at 60mg daily. A further one week of intravenous aciclovir was also given. She slowly regained cognitive function, and was able to leave hospital. One month later, she was still improving and the steroid dose was weaned. Another month later, she was living independently and able to return to work. Repeat MR scan showed residual changes but no active disease (see Figure 1). One year on, she continued to improve.

After discharge, antibody studies in paired blood and CSF (collected on day 18 of aciclovir treatment) became available, demonstrating intrathecal immunoglobulin G (IgG) synthesis to HSV, with type-specific antibodies to HSV-1. HSV-1 antibody index calculated according the method of Reiber and Lange [1] was 64 (values ≥1.5 indicate intrathecal synthesis). CSF VZV-IgG was also detected but with a lower index of 18. CSF HSV-2-IgG was not detected.

Case 2

A 54 year-old woman presented with a fever and 5 day history of confusion and headaches. Aciclovir was started immediately. CT scan showed cerebellar tonsillar ectopia, and lumbar puncture felt to be unsafe. A CT venogram showed no evidence of venous thrombosis. MR brain scan showed focal temporal lobe abnormality (see Figure 2). EEG showed periodic lateralised epileptiform discharges over the right hemisphere. She had a few discrete episodes of altered awareness which were felt to represent seizures, and was started on levetiracetam. Other investigations as outlined for Case 1 were normal or negative.
3 weeks of aciclovir were completed, with no improvement in cognitive impairment. MR scan showed progression (see Figure 2). After further consideration, lumbar puncture was performed. CSF (at week 7 since symptom onset) showed no organisms, 17 lymphocytes, and 0.94g of protein. Glucose was normal. PCR was negative for HSV-1 and HSV-2, VZV, and enterovirus. Unmatched oligoclonal bands were present. Cytology showed reactive lymphocytes, with no clonal population.

Biopsy of the right inferomedial frontal lobe was performed at week 8 of illness (4 weeks after completion of aciclovir treatment). Pathological abnormalities were as in Case 1, with HSV-1 DNA detected by PCR. HSV antibody studies in paired blood and CSF became available after the biopsy, demonstrating intrathecal synthesis of IgG specific to HSV-1.

Oral prednisolone and a further 3 weeks of intravenous aciclovir were given, followed by one week of oral valaciclovir (1g twice-daily). She made a significant improvement and was able to leave hospital. 3 months later she was living independently and had returned to work. The steroids and levetiracetam were gradually withdrawn.

Discussion
To our knowledge these are the first reported adult cases of granulomatous HSV encephalitis. Both patients had a prolonged clinical course characterised by onset over days, progression over weeks despite aciclovir treatment, and – despite profound disability at clinical nadir - resolution over months after steroid treatment. Both had focal imaging abnormalities in the frontal and temporal lobes, with gadolinium enhancement. Abnormal diffusion restriction was not seen. Neither had a prior clinical history of HSV infection. Fever and seizures, typical features of HSV encephalitis, were absent in Case 1.
HSV PCR analysis in CSF was negative in both patients. CSF PCR for HSV DNA has a high sensitivity and specificity for early disease, though negative results can occur in the first few days [2], or after one week of aciclovir [3]. The negative CSF PCR was unusual in Case 1 (in whom lumbar puncture was performed after 12 days and prior to aciclovir treatment), and could be attributed to use of aciclovir in Case 2. In both patients the diagnosis of HSV-1 was confirmed by detection of type-specific viral DNA in brain biopsies and by the demonstration of high index intrathecal production of HSV-1 type-specific IgG. We felt that the finding of VZV IgG in CSF could be attributed to cross-reactivity between herpes family viruses, and favoured HSV-1 as the relevant virus given the significantly higher antibody index, as well as the finding of HSV-1 DNA in brain tissue (with negative VZV DNA). Tests for other relevant neurotropic viruses were negative. We did not test for human herpes viruses 6 and 7 (HHV-6/7), which are rare causes of limbic encephalitis in immunocompetent adults.

The typical histological finding of acute HSV encephalitis is haemorrhagic necrotising inflammation with T-lymphocyte infiltration. Viral antigens are detectable by immunohistochemistry for up to 3 weeks [4], and HSV DNA is detectable by PCR of brain tissue in the acute phase [5]. As the biopsies in our cases were performed relatively late (6-8 weeks post-onset), we considered the possibility that the granulomata were a feature of late disease. However, studies of late-stage typical HSV encephalitis do not suggest that granulomata are part of the natural evolution, showing instead destructive changes and gliosis [6].

We considered the possibility that HSV brain infection in both cases could have been in the distant past, as HSV DNA can persist in brain tissue for years after encephalitis [6], and can even be detected in individuals without neurological disease [7]. However, our patients did not have a prior history of encephalitis, and the presentations were monophasic. The intrathecal production of HSV-specific IgG, in the absence of HSV antigens in brain tissue, supports our hypothesis that the granulomata reflected aberrant inflammation triggered by HSV in the absence of ongoing viral replication. 
Interestingly, in Case 1 there was an existing diagnosis of multiple sclerosis, which in adults is associated with polyspecific intrathecal synthesis of antibodies to neurotropic viruses, including HSV (in 10%) and VZV (in 32%) [8]. However, these are of a significantly lower index (mean HSV index = 2, mean VZV index = 4).
Chronic granulomatous encephalitis after HSV-1 infection has been reported in children [9]. Findings include multinucleated giant cells and mineralisation, not seen in our cases. Adult cases of chronic HSV-1 encephalitis progressing over years have also been reported, with evidence of active viral replication [10]. However, the phenotype of our cases was distinct, being neither chronic nor relapsing. It has been demonstrated that some relapses after HSV encephalitis are associated with the de novo production of antibodies to the NMDA receptor [11], which were not detected in our cases.
The mortality of HSV encephalitis is still 15%, and 20% of survivors are left with severe disability [12]. Early administration of aciclovir is the only modifiable prognostic factor [12]. Adjunctive steroid treatment is debated, and a prospective trial is in progress [13]. Our findings raise the possibility that a poor response to aciclovir may result from focal granulomatous encephalitis. We speculate that this represents an aberrant immune reaction to recent HSV infection, that occurs in the absence of viral replication, and is potentially steroid-responsive. 
Key points

Focal granulomatous HSV-1 encephalitis should be considered in patients with an acute/subacute cognitive decline, and an enhancing unilateral temporal lobe abnormality.
The diagnosis should also be considered when clinical and radiological features suggest typical HSV encephalitis, but CSF PCR for HSV is negative and there is no response to aciclovir.

Diagnosis rests upon demonstration of HSV DNA in brain tissue, and intrathecal antibody synthesis to HSV-1 in paired CSF and serum specimens.
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