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Abstract
Purpose of Review  Herpesviruses are a leading cause of encephalitis worldwide. The article reviews the eight human her-
pesviruses with a focus on recent advances as they pertain to encephalitis.
Recent Findings  Notable recent updates include the development of multiplex polymerase chain reaction (PCR)-based pan-
els, which have improved access to PCR tests, especially in rural and resource-limited areas. Despite unchanged treatment 
recommendations, research is ongoing into novel therapies. There have been recent advances in vaccines, particularly for 
varicella zoster virus (VZV) which may impact neurologic complications. Finally, the recent discovery of an association 
between herpes encephalitis and post-infectious autoimmune encephalitis has had a critical impact on the fields of infectious 
and autoimmune neurology, though there remains much to learn.
Summary  Most herpesviruses are neurotropic and must be considered on the differential diagnosis for infectious encepha-
litis. This article describes recent advances in the diagnosis, treatment, complications, and management of these infections.

Keywords  Herpes encephalitis · Postinfectious autoimmune encephalitis · Varicella zoster virus encephalitis · 
Cytomegalovirus encephalitis · Epstein-Barr virus encephalitis · HHV6 encephalitis

Introduction

Herpesviruses are the most commonly diagnosed infec-
tious encephalitides in Western countries [1]. While the 
epidemiology of encephalitis in tropical countries is more 
often driven by specific outbreaks, herpesviruses are the 
most frequently identified pathogen outside these epidem-
ics [1–3]. In this article, we review the eight herpesviruses 
as they pertain to acute encephalitis, with a focus on recent 
advances. Several notable updates that are highlighted 

include the implementation and ramifications of new mul-
tiplex polymerase chain reaction (PCR) panels, evolving 
work in antiviral treatments and vaccinations, and the rec-
ognition of postinfectious autoimmune encephalitis. Nerv-
ous system involvement of herpesviruses beyond encepha-
litis (of which there are many) is outside the scope and not 
covered in this review.

Herpes Simplex Virus 1 (HSV1)

HSV1 is the leading cause of sporadic infectious encepha-
litis worldwide in all age groups [1–4]. HSV1 is a double-
stranded deoxyribonucleic acid (DNA) virus with seroposi-
tivity rates around 40% in adults in industrialized nations 
and as high as 80–90% in the developing world [5]. An 
important epidemiologic shift over the past 20 years has 
been the rise in cases of HSV1 associated genital infections 
[6, 7]. Likely due to this shift, HSV1 has recently overtaken 
herpes simplex virus 2 (HSV2) as the leading cause of neo-
natal encephalitis [7–9].

Primary infection with HSV1 typically causes orola-
bial lesions, after which the virus establishes latency in the 

This article is part of the Topical Collection on CNS Infections in 
Tropical Settings

 *	 Elizabeth Matthews 
	 elizabeth.2.matthews@cuanschutz.edu

1	 Neuro‑Infectious Diseases Group, Department of Neurology 
and Division of Infectious Diseases, University of Colorado 
School of Medicine, 12700 E 19th Ave, Mailstop B‑182, 
Aurora, CO 80045, USA

2	 Department of Immunology and Microbiology, University 
of Colorado School of Medicine, Aurora, CO, USA

3	 Department of Epidemiology, Colorado School of Public 
Health, Aurora, CO, USA

/ Published online: 23 September 2022

Current Tropical Medicine Reports (2022) 9:92–100

1 3

http://orcid.org/0000-0001-9823-9797
http://crossmark.crossref.org/dialog/?doi=10.1007/s40475-022-00255-8&domain=pdf


trigeminal and other cranial sensory ganglia. While primary 
infection can lead encephalitis, particularly in neonates and 
children, most cases of adult herpes encephalitis occur via 
reactivation of latent virus [10]. Adults with herpes simplex 
encephalitis (HSE) classically present with symptoms local-
izing to the frontal and temporal lobes including confusion, 
behavioral changes, impaired consciousness, aphasia, and 
seizures. Prodromal symptoms including fever and headache 
are common [5, 10]. Mortality rates in the era before effec-
tive antiviral therapy were as high as 70% [5]. Even with 
antiviral treatment, only 38% of patients return to their pre-
morbid level of function [5]. Neonates with HSE typically 
present 16–17 days postpartum with nonspecific symptoms 
including lethargy, irritability, temperature instability, and 
poor oral intake [4]. Cutaneous lesions may be a helpful 
diagnostic clue in the neonatal population but are only pre-
sent in 35% of cases [4].

While brain biopsy was the historic gold standard for 
diagnosis, the development of PCR-based testing on cerebro-
spinal fluid (CSF) has eliminated the need for biopsy in most 
cases [5]. CSF HSV PCR testing is considered exquisitely 
sensitive and specific (96–98% and 95–99%, respectively) 
[11]. False negatives may occur if testing is performed in the 
first few days of symptoms; thus, when suspicion for HSE is 
high and the initial PCR is negative, the Infectious Disease 
Society of America (IDSA) recommends retesting 3–7 days 
later [11]. Empiric antiviral therapy should not be delayed 
if CSF HSV PCR testing is not immediately available as 
several days of treatment are unlikely to result in a negative 
CSF PCR. However, CSF HSV PCR is typically negative 
after 10–14 days of acyclovir therapy [12]. False negatives 
may also be seen when CSF contains potential PCR inhibi-
tors such heme products, bilirubin, immunoglobulins, or 
anticoagulants [13]. Despite the high reported sensitivity, 
there have been many recent case reports of repeated false 
negatives, even following the IDSA guidelines to retest after 
4–7 days. Unfortunately, most of these cases had fatal out-
comes [13–16]. Based on these findings, it may be worth-
while to consider brain biopsy or completion of empiric 
antiviral treatment in patients with a high clinical suspicion 
and negative testing. The HSV PCR may be sent alone or as 
part of a multiplex test such as the BioFire® FilmArray® 
Meningitis/Encephalitis Panel. Several studies have reported 
slightly higher false negative rates of HSV with the multi-
plex panels compared to singleplex HSV PCR tests [17•]. 
This small increase in false negatives may be outweighed 
by the faster turnaround time and ease of use, particularly in 
rural or resource limited settings where traditional PCR tests 
must be sent to reference laboratories, whereas multiplex 
panels can be performed in-house [18, 19].

Neuroimaging is another critical diagnostic tool for 
HSE. Magnetic resonance imaging (MRI) is the preferred 

modality, with abnormalities seen in over 90% of PCR-
proven cases. In resource-limited settings where MRI is 
difficult to obtain, computed tomography (CT) may be con-
sidered, though sensitivity is much lower, especially early 
in the disease course [12]. The most frequent MRI finding is 
unilateral or bilateral T2 hyperintensity within the temporal 
lobes, though frontal lobe involvement is also quite com-
mon. The lesions may demonstrate heterogeneous contrast 
enhancement, diffusion restriction, and/or hemorrhage [12, 
20].

When HSE is suspected, empiric antiviral treatment 
should be started as soon as possible. The recommended 
regimen is high dose intravenous (IV) acyclovir (10 mg/kg 
of ideal body weight every 8 hours) for a total of 14–21 days 
[11]. Acyclovir has numerous limitations including nephro-
toxicity, challenges in dosing, drug shortages, high rates 
of poor outcomes despite treatment, and increasing resist-
ance—which several recent studies have attempted to 
address. One small case series demonstrated successful 
treatment of two patients with a continuous infusion of acy-
clovir, which may be preferred in some settings to dosing 
every 8 hours, but experience is very limited [21]. There has 
also been extensive research attempting to improve the oral 
bioavailability of acyclovir. While there was some encour-
aging data that the prodrug valacyclovir given orally every 
8 hours might be adequate to treat HSE in resource-limited 
settings, experience and data are limited, and extreme cau-
tion is advised [22••, 23]. Similarly, high dose oral acyclovir 
and alternative formations including the use of absorption 
enhancers and novel drug delivery systems are being inves-
tigated with some promising data, but further research is 
needed before clinical implementation [22••]. Acyclovir 
resistance is a growing concern, particularly among immu-
nocompromised patients, where prevalence of acyclovir-
resistant HSV infections may be as high at 10% [24]. The 
data on the optimal management in for acyclovir-resistant 
strains is limited to case reports, but several agents have been 
successfully used including foscarnet, cidofovir, and brin-
cidofovir [5]. In the past several years, promising data has 
emerged for antiviral agents with novel mechanisms against 
HSV. However, these remain in the preclinical research 
phase or are in early clinical trials for non-central nervous 
system (CNS) HSV infections [25–29, 30•]. The one active 
clinical trial in HSE is studying the impact of dexametha-
sone in conjunction with acyclovir on long-term neurocogni-
tive outcomes, which is part of a larger movement to inves-
tigate immunomodulatory agents for HSE [31]. For now, 
monotherapy with IV acyclovir remains the gold standard 
for children and adults with HSE. Alternative agents, dosing 
or delivery methods are only recommended when IV acyclo-
vir is not available or in refractory cases when resistance is 
suspected or proven [32, 33].

93Current Tropical Medicine Reports  (2022) 9:92–100

1 3



In addition to antiviral research, there has been a dec-
ades-long effort to develop a HSV vaccine without success. 
However, there are numerous active clinical and preclini-
cal studies for HSV vaccines, including several utilizing the 
promising new technology of messenger ribonucleic acid 
(RNA)-based vaccines, which has been highly successful 
against severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) [34].

HSE and Autoimmune Encephalitis

A critical recent discovery was the recognition of post-infec-
tious autoimmune encephalitis. Anti-N-methyl-D-aspartate 
receptor (NMDAR) encephalitis following HSE was the first 
of these to be reported [35]. With increased awareness, it 
now appears this entity is not uncommon. Recent studies 
have demonstrated that 18–30% of patients with HSE go on 
to develop anti-NMDAR antibodies during or shortly after 
the viral encephalitis [35, 36]. The presence of these anti-
bodies is associated with classic autoimmune encephalitis in 
most patients, though notably some patients who developed 
anti-NMDAR antibodies after HSE did not clinically develop 
autoimmune encephalitis at 12-month follow-up [36]. For 
those who did develop autoimmune encephalitis, the median 
time of onset after herpes encephalitis was 32 days, and the 
majority occurred within the first 2 months, but this ranged 
significantly (7–306 days) [36]. Several potential mecha-
nisms for post-infectious autoimmune encephalitis have been 
proposed including (1) molecular mimicry, (2) neuronal 
damage leading to exposure of NMDAR to the immune 
system, (3) altered NMDAR expression due to HSV infec-
tion, and (4) modulation of the immune system due to HSV 
infection leading to inappropriate recognition of NMDAR 
[37]. Linnoila et al. recently developed a mouse model of 
post-infectious NMDAR encephalitis, opening the door to 
additional research [38••].

In addition to post-HSV NMDAR encephalitis, there are 
also case reports of post-HSV autoimmune encephalitis with 
antibodies against gamma-aminobutyric acid (GABA)-A 
receptors, glial fibrillary acidic protein (GFAP), and other 
unclassified neuronal autoantibodies [14, 39–41]. Other her-
pes viruses have also been implicated including varicella 
zoster virus (VZV) and Epstein-Barr virus (EBV) though 
less commonly [42, 43]. Clinicians should consider testing 
for autoantibodies in patients who develop new or wors-
ening neurologic symptoms despite adequate treatment of 
viral encephalitis. At this point, there is insufficient data to 
recommend routine screening for autoantibodies in patients 
with herpesvirus encephalitis in the absence of a clinical 
syndrome concerning for autoimmune encephalitis. The 
optimal management of these patients remains unknown, 
though there is one retrospective, non-interventional study 

which is actively recruiting and may provide some insight 
[44]. Although limited data exists at present, small case 
series have shown benefit to treating with the same immu-
nosuppressive regimens used in non-infection–triggered 
cases of NMDAR encephalitis [36]. Based on this, these 
authors advocate for the use of immunosuppressive therapy 
in this patient population, assuming active infection has been 
excluded as confidently as possible.

Herpes Simplex Virus 2

HSV2 is related to HSV1, though only 50% of the genome 
is shared by the two viruses and there are multiple clinical 
differences [45]. As above, HSV1 typically causes primary 
orolabial infection, establishes latency in the trigeminal gan-
glia, and can reactivate leading to encephalitis. HSV2 typi-
cally causes a primary genital infection, followed by latency 
in the sacral sensory ganglia, after which it can reactivate, 
usually in the form of meningitis. This difference between 
CNS manifestations of HSV1 and HSV2 does not appear to 
be due to the site of latency, but instead due to differences 
in the viral pathogenicity and the subsequent inflammatory 
response [6, 46].

The most common HSV2 CNS manifestation is self-
limited viral meningitis [5]. HSV2 has also been shown to 
be a major cause of recurrent lymphocytic meningitis (also 
referred to as Mollaret meningitis) [47•]. Recent work has 
identified specific genetic variants associated with altered 
immune signaling pathways in patients with recurrent HSV2 
meningitis, which may explain why these patients are predis-
posed to recurrent CNS reactivation [48]. The current treat-
ment recommendation for HSV2 meningitis is IV acyclovir 
(5–10 mg/kg every 8 hours) until clinical improvement is 
observed followed by high-dose oral valacyclovir (1 g three 
times a day) for a total duration of antiviral treatment of 
10–14 days [49]. A 2012 randomized trial demonstrated that 
suppressive valaciclovir does not prevent recurrent episodes 
and thus is not recommended [50]. Most patients with HSV2 
meningitis have favorable outcomes [51•].

While much less common, HSV2 can lead to encephali-
tis, particularly among neonates, children, and immunosup-
pressed individuals [5, 51•]. HSV2 encephalitis most com-
monly affects the frontotemporal lobes (similar to HSV1), 
though isolated basal ganglia and/or brainstem encephalitis 
may also be seen [52, 53]. When encephalitis occurs, a full 
course of high-dose IV acyclovir is recommended (10 mg/
kg every eight hours for 14–21 days) [49]. Unlike the fairly 
benign course of HSV2 meningitis, outcomes from HSV2 
encephalitis are more variable, and permanent neurologic 
sequalae including epilepsy and acute retinal necrosis may 
occur [52, 54].
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It is important to note that many recent studies related 
to HSE (including most of those discussed under the HSV1 
section about diagnostic testing, management, and associ-
ated autoimmune encephalitis) include patients with both 
HSV1 and HSV2 encephalitis. While most patients in these 
studies had HSV1, some of these updates may pertain to 
HSV2 as well.

Varicella Zoster Virus

VZV is the third human herpesvirus (HHV3) with seroposi-
tivity rates between 80 and 92% [55, 56]. This historically 
occurred via primary varicella infection, which is highly 
contagious and spread via direct contact with vesicular fluid 
or inhalation of respiratory droplets [57]. Primary infection, 
also called “chicken pox,” causes a widely distributed vesic-
ular rash 10–21 days post-exposure, after which the virus 
establishes latency in the dorsal root ganglia [58]. Similar to 
HSV1 and HSV2, CNS involvement of VZV is more com-
monly seen during reactivation, though can rarely occur dur-
ing primary infection. The most commonly reported pri-
mary CNS manifestation is acute cerebellitis which is seen 
in around 1 per 4000 cases, predominantly in children [5].

When CNS infection occurs during reactivation, it 
leads to a wide variety of syndromes including meningi-
tis, encephalitis, myelitis, retinitis, and vasculitis [5, 59, 
60•]. VZV reactivation occurs in up to 50% of patients with 
latent infection, usually as an uncomplicated dermatomal 
rash referred to as shingles [60•]. During reactivation, how-
ever, the virus may invade the CNS, particularly in elderly 
or immunosuppressed patients [61•]. Several classic syn-
dromes have been described. Herpes zoster ophthalmicus 
refers to reactivation in the V1 trigeminal nerve dermatome 
and can lead to multiple complications including upper cra-
nial neuropathies, retinal necrosis, uveitis, and scleritis and 
has been associated with contralateral hemiparesis due to 
ischemic or hemorrhagic strokes [5]. Ramsay-Hunt syn-
drome refers to reactivation within the geniculate ganglion 
of the facial nerve with vesicles generally seen around the 
external ear and palate and may lead to facial or vestibulo-
cochlear palsies [5]. Reactivation along the dermatomes of 
the trunk has been associated with radiculitis, peripheral 
nerve palsies, and myelitis [62]. However, it is important 
to recognize that many patients do not follow these classic 
syndromes and any of the CNS manifestations may be seen 
with dermatomal reaction at any site or in the absence of a 
dermatomal rash. Thus, it may be more appropriate to cat-
egorize these patients by the CNS manifestation regardless 
of dermatome involved.

In addition to direct meningeal or parenchymal infection, 
VZV has a vascular predilection, and it now appears that the 
majority of CNS VZV complications may, in fact, be related 

to VZV vasculopathy [61•]. VZV infection appears particu-
larly critical in pediatric cerebrovascular disease, with one 
study demonstrating that 31% of pediatric strokes were asso-
ciated with recent varicella infection [63]. Beyond ischemic 
strokes, VZV vasculopathy has also been associated with 
arterial dissection, aneurysm and subarachnoid hemorrhage, 
ischemic cranial neuropathies, ischemic myelopathy, venous 
sinus thrombosis, and temporal arteritis [64]. Clinically, 
VZV vasculopathy may be difficult to distinguish from VZV 
encephalitis and meningitis, but it is important to consider 
this entity as it may occur without detectable virus in the 
CSF as described below.

In the setting of clinical meningitis or encephalitis, a posi-
tive CSF VZV PCR confirms the diagnosis [5]. With the 
increased use of PCR testing, it appears that VZV meningitis 
and encephalitis may be much more common than previ-
ously thought. One recent study of 70 patients with menin-
gitis or encephalitis found a positive VZV CSF PCR in 30% 
of cases [65]. A second retrospective study found that VZV 
accounted for 1% of all aseptic meningitis cases (notably 
higher than either HSV1 or HSV2) and 5% of all encephalitis 
cases (only slightly lower than the rate of HSV1 encephali-
tis) [51•]. In the case of CNS VZV vasculopathy, Nagel et al. 
demonstrated that CSF VZV PCR was only positive in 28% 
of cases of suspected VZV vasculopathy, whereas the VZV-
specific immunoglobulin G (IgG) in the CSF was positive in 
100% of cases [66]. However, subsequent studies have 
shown that elevated CSF VZV IgG may be seen in patients 
with prior systemic infection (due to either blood contamina-
tion of the CSF or passive transfer across the blood brain 
barrier) or as part of a generalized intrathecal inflammatory 
response [67–69]. Otto et al. demonstrated that an elevated 
VZV-speci f ic  an t ibody index (ca lcula ted  as 
[CSF VZV IgG] x [Serum total IgG]

[Serum VZV IgG] x [CSF total IgG]
 ) greater than 1.5 may distinguish 

CNS VZV reactivation from a generalized inflammatory 
response or prior systemic infection [67]. Thus, in patients 
with suspected CNS VZV infection, these authors recom-
mend checking VZV PCR and VZV-specific antibody index, 
especially in cases of suspected vasculopathy.

For confirmed VZV encephalitis, IV acyclovir 10 mg/
kg every 8 hours for 14 days is recommended, with con-
sideration of longer courses or even long-term suppressive 
therapy in immunosuppressed patients [5]. For the case of 
VZV vasculopathy, the optimal treatment remains unknown. 
Most advocate for a 14-day course IV acyclovir (10–15 mg/
kg every 8 hours) plus a short course of steroids (typically 
3–5 days of prednisone 1 mg/kg/day), though this remains 
controversial [5, 64, 70].

A review of VZV infection would be incomplete without 
a discussion of vaccinations. A live attenuated varicella vac-
cine was first developed in the 1970s and became clinically 
available starting in the late 1980s [71]. The World Health 
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Organization (WHO) currently recommends that varicella 
vaccination be implemented in all countries where varicella 
is an important public health concern but only if resources 
allow for sustained vaccination rates of > 80% since lower 
rates may be associated with increased morbidity and mor-
tality among vulnerable populations [72]. Based on these 
recommendations, varicella vaccination has seen widespread 
implementation, though notably, this has not been the case 
in the majority of tropical countries [73–75]. The impact of 
varicella vaccination on CNS VZV infection is not known. 
However, it is critical to understand that the live attenu-
ated virus in the vaccine is still capable of producing latent 
infection, and reactivation seems to occur at similar rates 
as seen in wild-type varicella exposure [76]. Thus, a his-
tory of varicella vaccination does not exclude the diagnosis 
of VZV CNS infection. In fact, there have been theoretical 
concerns about varicella vaccination increasing the rate of 
VZV reactivation (and thus possibly increasing the rate of 
CNS disease during reactivation as well), though real-world 
data has been mixed [73].

In 2006, the Food and Drug Administration (FDA) 
approved a live attenuated herpes zoster vaccine (Varivax®), 
which reduces VZV reactivation by around 60% [77]. This 
was followed by FDA approval of a new recombinant subu-
nit inactivated shingles vaccine (Shingrix®) in 2017, which 
reduces VZV reactivations by greater than 95% [78]. Given 
the association of CNS VZV infection with reactivation, 
this reduction is likely associated with a similar reduction 
in CNS manifestations, though this has not been specifically 
studied. Shingrix® has now supplanted the live attenuated 
vaccine in the USA due to improved efficacy and safety [79]. 
It has also just received full FDA approval in the USA for 
administration for immunosuppressed patients over the age 
of 18 years old (previously only approved for over 50 years 
old) [80]. In addition, it is licensed or approved in 62 coun-
tries worldwide, though data on implementation is limited 
[81]. The WHO does not currently have recommendations 
regarding zoster vaccination due to its recent implementa-
tion and minimal data [72]. Future studies are needed to 
determine the efficacy of zoster vaccination against CNS 
manifestations specifically, which may perhaps lead to a 
more widespread effort to increase vaccination.

Epstein‑Barr Virus

Similar to other human herpesviruses, EBV, also known as 
human herpes virus 4 (HHV4) is ubiquitous with primary 
infection typically occurring during childhood or adoles-
cence. Most of these cases are asymptomatic or lead to infec-
tious mononucleosis, although encephalitis can rarely occur 
[5, 82]. Following primary infection, EBV becomes latent 
within lymphocytes [83]. CNS infection due to reactivation 

is rare, but when it does occur, tends to present as a subacute 
encephalitis in profoundly immunosuppressed patients [5, 
84]. A particularly high-risk group are transplant patients 
who are EBV seronegative at the time of transplant and 
receive an organ from an EBV seropositive donor [85]. In a 
patient with clinical and/or radiographic features of encepha-
litis, a positive CSF EBV PCR is highly suggestive of this 
diagnosis [5, 11]. However, it is important to note that due 
to EBV latency within the lymphocytes, a low-positive EBV 
PCR may be seen due to lysis of these cells and not true neu-
roinvasive infection [11]. While some advocate for the use of 
EBV serologies in the diagnosis of EBV encephalitis, these 
can be difficult to interpret as EBV encephalitis may occur in 
either primary EBV infection or reactivation and may occur 
in patients with such significant immunosuppression that 
they are unable to mount an antibody response to the virus. 
Thus, these authors recommend using PCR testing whenever 
available. Antiviral treatment remains controversial, though 
many advocate for 14–21 days of acyclovir or ganciclovir 
[5, 11, 82, 84]. Outcomes are favorable with 85% returning 
to baseline function [5].

While outside the scope of this review, it is important to 
note that EBV latency within lymphocytes may lead to EBV-
associated lymphoproliferative disorders (EBV-LD), espe-
cially in immunosuppressed patients [83]. CNS EBV-LD 
may be clinically indistinguishable for subacute encephalitis; 
thus, clinicians should consider this entity in all patients 
with positive EBV CSF PCR, particularly those who do not 
have clinical or radiographic improvement after treatment 
of presumed EBV encephalitis.

Cytomegalovirus Virus (CMV)

CMV has variable seroprevalence with rates around 60% 
in the developed world and 100% in the developing world 
[86, 87]. Like EBV, it is rarely associated with neurologic 
manifestations in the immunocompetent host [5]. Primary 
infection is usually asymptomatic, followed by viral latency 
within the bone marrow hematopoietic progenitor cells [88]. 
Reactivation is generally limited to profoundly immunocom-
promised hosts, particularly those with advanced human 
immunodeficiency virus (HIV) infection or following hemat-
opoietic stem cell transplantation (HSCT) [5, 89•]. CMV 
encephalitis has also been rarely reported in immunocom-
petent infants [90]. Patients often present with a subacute 
encephalitis and may have simultaneous retinitis, myelitis, 
and/or polyradiculitis [5, 89•]. MRI abnormalities are seen 
in one third of patients with CMV encephalitis, with the 
most common abnormalities being findings suggestive of 
ventriculitis (periventricular hyperintensities, subependymal 
enhancement, diffusion-restricting intraventricular material) 
[89•]. Diagnosis is made by positive CSF CMV PCR, and 
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CSF may notably have polymorphonuclear pleocytosis and 
hypoglycorrhachia [89•]. The optimal treatment is unknown, 
but many advocate for treatment with ganciclovir, foscarnet, 
or both [5, 91]. Despite treatment, the prognosis of CMV 
encephalitis is generally poor [5].

Human Herpes Virus 6 (HHV6)

Primary HHV6 infection leads to the febrile syndrome 
roseola, and seroprevalence is around 80% [5]. CNS HHV6 
disease is exceedingly rare, occurring only in profoundly 
T-cell depleted patients, as seen after HSCT [5]. Patients 
most commonly present with limbic encephalitis character-
ized by headaches, behavior changes, amnesia, and seizures 
[5]. There are no approved treatments, though case reports 
have shown some success with antiviral treatment includ-
ing ganciclovir, foscarnet, cidofovir, and brincidofovir [92].

Of note, HHV6 is capable of chromosomal integration. 
When this occurs in a germ cell, all cells from subsequent 
offspring contain the viral DNA, which is seen in around 
0.5–2% of the population [93•]. In these patients, PCR 
testing may reveal positive HHV6 simply due to lysis of 
their own cells. HHV6 is included in several of the now 
commonly used multiplex PCR panels, and with increased 
implementation of these panels, there have been increasing 
reports of HHV6 meningitis and encephalitis [94, 95•]. On 
further review, many of these positive results were clini-
cally insignificant and likely reflected chromosomal inte-
gration [93•, 95•]. Thus, it is critical that these results be 
interpreted in the clinical context. In an immunocompetent 
patient, a positive HHV6 PCR test should generally be con-
sidered non-pathogenic, and alternative etiologies should be 
investigated.

Human Herpes Virus 7 and 8 (HHV7, HHV8)

HHV7 and HHV8 are included here for the sake of thorough-
ness, but neurological manifestations (including encephalitis 
and secondary CNS manifestations such as CNS metastases 
due to HHV8-associated Kaposi sarcoma) are limited to a 
few isolated case reports [96–99]. Based on the currently 
available data, these authors do not routinely recommend 
HHV7 and HHV8 testing for cases of clinical meningitis 
and encephalitis.

Conclusion

Herpesviruses are the most frequently diagnosed cause of 
infectious encephalitis worldwide and make up a signifi-
cant portion of meningitis cases as well. Despite the many 

potential infectious etiologies of meningoencephalitis in 
tropical regions, HSV1 and HSV2 should remain high on 
the differential given their high incidence. VZV is likely 
more prevalent than previously thought. While zoster vacci-
nation may lead to a reduction in VZV CNS infection, VZV 
remains a critical pathogen and should not be overlooked. 
Other herpes viruses should also be considered in the correct 
clinical context, especially in cases of immunosuppression. 
When available, PCR-based CSF testing is critical to estab-
lish these diagnoses, though clinicians should be careful to 
interpret the results in the clinical and epidemiologic con-
text (as both false negatives and false positives can occur). 
Empiric treatment should not be delayed or stopped if the 
clinical suspicion is high. Research is ongoing into preven-
tion, diagnostics, and optimal treatment of herpes virus 
encephalitides and the newly described post-infectious auto-
immune encephalitis.
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