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Abstract

Immunocompromised patients face increased morbidity and mortality from central nervous
system (CNS) opportunistic viral infections, with risk level driven by specific immune de-
fects. While our diagnostic capacity expands, immunocompromised patients may present
atypically or with mild symptoms, delaying or complicating diagnosis. Treatment options
are often limited, although novel agents show promise. This review discusses why im-
munocompromised patients carry higher immunologic risk and how certain viral classes
display neurotropism to invade the CNS. We outline the utility and limitations of current
and emerging diagnostic strategies. We discuss specific opportunistic viral pathogens,
denoting specific epidemiology or pathogenesis, clinical presentation, diagnostic findings,
and treatment and prevention methods. While there still remain knowledge and treat-
ment gaps, advancements in diagnostics and understanding of pathogens have begun to
improve outcomes.

Keywords: viral encephalitis; opportunistic infection; CNS virus; herpes simplex
encephalitis; JC virus encephalitis; measles encephalitis

1. Introduction
Opportunistic viral pathogens exploit weakened immune systems, more facilely invad-

ing new hosts or reactivating to cause disease. Immunocompromised patients, including
those with primary or secondary immunodeficiencies or receiving immunomodulatory ther-
apies, are particularly susceptible to severe and atypical opportunistic infections. Viruses
with neurotropism, such as those belonging to the Herpesviridae family, may cause central
nervous system (CNS) infection. While some may present with classic features of meningi-
tis or encephalitis, immunocompromised patients are more likely to present in an atypical
or subclinical fashion, making diagnosis more challenging. With the growing sensitivity
of molecular testing, viruses may be identified in the CNS without clear significance or
pathogenicity. Treatment is often limited in terms of effective antivirals and ultimately
may depend on immune reconstitution, an impossible or difficult proposition conditional
on the patient’s underlying diagnosis. In this review, we discuss the clinical presentation,
diagnostic challenges, and current treatment approaches for key neurotropic viral CNS
pathogens in immunocompromised patients, while also highlighting gaps in knowledge
and areas for future investigation.
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2. Immune Mechanisms and Pathophysiology
The blood-brain barrier (BBB) restricts passage of immune cells into the CNS [Klein].

Sparse antigen-presenting cells such as dendritic cells and macrophages may also limit
immune response [1]. However, local T cells and B cells from the meningeal dura mater can
protect the CNS from within, with constitutively secreted antibodies helping suppress and
prevent infections [2]. Tissue resident memory T cells are also maintained in infected tissue,
including the CNS, at areas of latent viral infection as continuous immune surveillance [3].

Microglia, astrocytes, and neurons all contribute to the native antiviral response in the
CNS. Microglia and astrocytes contribute to type I IFN response, with microglia playing
more of a responsive than productive role compared to astrocytes [4]. Astrocytes are the
major IFN-β producers in certain viral infections such as VZV [4]. Microglia also act as
antigen-presenting cells primarily to CD8+ T cells, while neurons have limited antigen-
presenting capabilities [5]. Neurons display a lower-level baseline IFN response, with
some heterogeneity; they favor autophagy as a defense mechanism to limit viral replication
without triggering apoptosis [4].

Different immunocompromised populations face distinct CNS viral infection risks
based on their specific immune defects. Response to and clearance of viral infections is
primarily via cellular immune mechanisms enacted by CD4+ and CD8+ T cells, with the
exception of enteroviral infections, which require intact humoral immunity driven by B
cells [6].

2.1. Cellular Immunity

CD4+ T cells are critical to viral infection control both via direct cytolytic and noncy-
tolytic mechanisms as well as the expansion, differentiation, and sustenance of the CD8+ T
cell population [7,8]. CD4+ T cells limit polyomavirus infection in the kidney, a major viral
reservoir, and regulate the emergence of polyomavirus variants, which can have increased
neurovirulence [9]. They also modulate infection by VZV and CMV, promoting latency
in neurons, while CD8+ T cells control HSV-1 infection primarily through noncytolytic
mechanisms [7,10]. Profound CD4+ T cell depletion has been found to increase the severity
of measles virus CNS infection in mouse models, as compared to CD8+ T cell or B cell
deficiencies [11].

Defects in T cell function, particularly CD4+ T cells, can therefore lead to opportunistic
infection by a wide breadth of viruses, including the Herpesviridae family, Polyomaviridae
family, and measles virus. This introduces risk to those with primary T cell immunodefi-
ciency, such as severe combined immunodeficiency (SCID) and secondary immunodefi-
ciency, including persons living with HIV (PLWH), with risk and prognosis stratified by
CD4+ count [12]. It may also affect patients exposed to T cell-depleting therapies such
as those with hematopoietic stem cell transplant (HCT), solid organ transplant (SOT),
graft-versus-host disease (GvHD), or hematologic malignancy. One study of HCT patients
indicated a post-transplant risk of 1.2% for viral encephalitis, particularly after exposure
to conditioning medications including alemtuzumab and OKT-3, with systematic review
indicating increased mortality up to 37% compared to healthy populations [13,14]. Finally,
certain immunomodulating therapies such as natalizumab, used in the treatment of multi-
ple sclerosis and Crohn’s disease, can trigger progressive multifocal leukoencephalopathy
(PML) caused by the JC virus [15].

2.2. Humoral Immunity

B cells classically produce antibodies but are also involved in T cell expansion and
differentiation. B cell deficiency can increase risk of enteroviral infection, as antibody
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production is critical to enterovirus control [6]. Patients with agammaglobulinemia are
known to present with persistent enteroviral meningoencephalitis [6].

See Table 1 for a summary of immunodeficiencies and associated infection risk.

Table 1. Select Immunodeficiencies and CNS Viral Infection Risk.

Immunodeficiency Selected Indications Mechanism Associated Infection Risk

T Cell

HIV/AIDS Progressive CD4+ T cell
depletion

Herpesviridae (CMV infection risk
when CD4+ < 50 cells/µL) [16]

Polyomaviridae (JC Virus infection
risk when CD4+ < 200 cells/µL) [12]

Measles virus [12]

Anti-Thymocyte Globulin
(ATG)

Induction therapy for
transplant [17]

Prolonged pan-T cell
depletion [17] Herpesviridae [17]

Calcineurin Inhibitors
(Tacrolimus, Cyclosporine)

Post-transplant
maintenance [17]

Suppress T cell activation by
blocking IL-2 and IFN-γ

production [17]
Herpesviridae [17]

Natalizumab Multiple sclerosis,
Crohn’s disease [18]

Monoclonal antibody to α4
integrin → prevents T cells
from trafficking across the

BBB 1 [18]

PML (JC Virus) [15]

B Cell

X-Linked
Agammaglobulinemia

Absence of functional B cells
→ agammaglobulinemia [19] Enterovirus [6]

Common Variable
Immunodeficiency (CVID)

Failure of B cell differentiation
→ decreased antibody

secretion [20]
Enterovirus [20]

Anti-CD20 Inhibitors
(Rituximab)

Hematologic
malignancy, rheumatic

diseases [18]

Monoclonal antibody to
CD20+ B cells → circulating B

cell depletion [18]

Enterovirus
Parvovirus B19

PML (JC Virus)—correlation difficult
to determine [18]

Combined

Severe Combined
Immunodeficiency (SCID)

Combined T and B cell
immunodeficiency Broad span of viral infections [21]

HCT Recipients

Neutropenia, T cell depletion,
B cell depletion in early
post-transplant period
(especially with use of

conditioning agents such as
alemtuzumab and OKT-3)

[13,14]

Broad span of viral infections

1 “BBB”—blood-brain barrier. “→”—leads to.

2.3. Neurotropism and Portals of Entry

There are two primary mechanisms of CNS entry by neurotropic viruses: hematoge-
nous spread and retrograde axonal transport [22,23]. While the BBB serves as a defense
against infection, immunocompromised patients are more vulnerable, with the integrity
of the BBB disrupted via direct and indirect endothelial damage, inflammatory cytokine
release, and immune cell invasion [22,24]. Hematogenous spread may occur simply via
viremia but is exemplified by immune cell infiltration, enabling Trojan horse mechanisms
with which method viruses may penetrate into the CNS [22]. Viruses that target neurons
enter by travel along peripheral nerves or crossing the BBB [22]. Certain viruses, such as
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HSV, VZV, and HHV-6 may also access the CNS through the olfactory pathway [22,25,26].
Different mechanisms of entry are illustrated in Figure 1.

Figure 1. Depiction of Various Mechanisms of Viral Invasion into the CNS. Created in BioRender.
Giuliani, A. (2026) https://BioRender.com/znudvil, accessed on 16 July 2026.

3. Diagnostics
Cerebral spinal fluid (CSF) analysis remains the cornerstone of the diagnosis of viral

encephalitis, bolstered or supplanted by other and emerging methods, including neu-
roimaging, serology, and brain biopsy.

A tiered testing approach is recommended for both immunocompetent and immuno-
compromised patients, with the latter requiring expanded testing at earlier stages [27].
Initial testing rules out HSV-1, HSV-2, VZV, and enterovirus in all patients and should
encompass CMV, HHV-6, HHV-7, JC virus, LCMV, and WNV in immunocompromised
populations [27]. If negative or equivocal testing, next-generation sequencing should be
pursued [27]. A tiered diagnostic approach for immunocompromised patients is detailed
in Figure 2.

Figure 2. Testing Approach to Viral CNS Infection in the Immunocompromised Patient. “*” = based
on season and geography. Adapted from Tyler et al. Created in BioRender. Giuliani, A. (2026)
https://BioRender.com/s246lxb, accessed on 16 July 2026.
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3.1. CSF Analysis and Molecular Diagnostics

As much CSF fluid as possible should be collected for analysis, with a minimum of
1 mL [28]. Larger volumes of 5–10 mL can increase culture sensitivity and are preferred
for recovery of mycobacteria and fungi; however, small volumes are generally sufficient
for viral testing [28]. The first tube should not be used for bacterial culture or molecular
testing given a high risk of contamination [28].

Viral encephalitis may be marked by lymphocytic pleocytosis, elevated protein, and
low-to-normal glucose; however, CSF counts may be normal in some patients, particularly
among the immunocompromised. CSF viral culture has relatively low sensitivity, and
polymerase chain reaction (PCR) testing is preferred [28,29]. HSV is cultured from CSF
in only 5% of cases, compared to nucleic-acid amplification testing (NAAT) sensitivity
and specificity of >95% for HSV encephalitis [28,29]. For enterovirus encephalitis, culture
sensitivity is better at 65–75% but still substantially inferior to NAAT (>95% sensitivity) [29].
Viral culture is also labor intensive and may have prolonged recovery time-up to 8 days
for enterovirus, further limiting its clinical utility [29]. CSF PCR generally carries good
sensitivity and specificity, although it is distinct for each virus. However, some pathogens,
particularly arboviruses, may have cleared viremia prior to symptoms of neuroinvasive
disease, although viremia may be prolonged in immunocompromised patients [30]. PCR
panels enable rapid detection of multiple common CNS viruses.

3.2. Metagenomic Next-Generation Sequencing (mNGS)

Metagenomic next-generation sequencing (mNGS) has enabled the identification of a
broader range of pathogens, detecting all nucleic acids in CSF or brain tissue samples [31].
The PDAID prospective multicenter study demonstrated that among 204 patients with
meningitis/encephalitis, mNGS identified 22% of infections (13/58) missed by conventional
testing, with seven of these results leading to treatment changes [31]. It has allowed for
identification of rare pathogens, including parvovirus 4, hepatitis E virus, and astrovirus,
in otherwise undiagnosed encephalitis [27]. However, false positives may also occur due
to environmental contaminants, so care should be taken in appropriate interpretation of
results [31]. High CSF cell counts > 200 cells/mL3 can limit mNGS sensitivity given an
overwhelming host DNA background [31]. It is not considered first-line testing given the
high cost, limited availability, and potentially long turnaround time [31].

3.3. Serology

Serologic testing remains essential for pathogens poorly detected by PCR. However,
antibodies may not be present in the acute phase of infection, and interpretation may be
complicated due to antibody persistence from prior exposures [29]. Immunocompromised
patients are less likely to display robust antibody response [32]. Serology testing is the pre-
ferred testing modality for arboviruses, including West Nile Virus, given NAAT sensitivity
of <60% in immunocompetent patients, but may be affected by cross-reactivity between
serogroups, requiring virus-specific confirmatory neutralizing antibody testing [28]. CSF
IgM and IgG testing for VZV, EBV, and measles may also be considered when suspicion
remains high despite negative PCR [27,28].

3.4. Neuroimaging

Magnetic resonance imaging (MRI) is the preferred imaging modality over computed
tomography (CT) scan given improved sensitivity and specificity [27]. Certain imaging pat-
terns may support the diagnosis of a certain viral etiology, although they can be nonspecific.
Negative imaging does not imply lack of disease [27].
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3.5. Electroencephalography (EEG)

EEG serves multiple roles, providing diagnostic support, clinical seizure monitoring,
and prognostication value. EEG abnormalities are detected in 85.8% of viral encephalitis
cases as compared to abnormal CSF findings in 57.3% of cases [33]. HSV encephalitis
is marked by characteristic periodic lateralized discharges, which support diagnosis if
detected [34]. Findings in other types of viral encephalitis are generally nonspecific [34].
Electrographic seizures can be detected in about 40% of patients with encephalitis [35]. A
normal EEG is a strong predictor of survival [34].

3.6. Brain Biopsy

Brain biopsy may become required when other testing remains inconclusive, with
diagnostic yields of 88–90% for focal CNS lesions and mortality of only 2–3% [14]. Biopsy
should be considered in the presence of focal CNS lesions if the other noninvasive testing is
negative or discordant, there is failure to respond to empiric therapy, or rapidly progressive
neurologic deterioration without clear diagnosis [36]. Brain tissue may be sent for PCR,
culture, and mNGS.

3.7. Emerging Diagnostics

Cell-free DNA/RNA analysis from plasma may be a less invasive alternative to
CSF sampling; however, sensitivity is dependent on viremia, which is rarely present [37].
Systemic viral epitope scanning (VirScan), a comprehensive analysis of antibodies against
all known human viruses via Phage-Immunoprecipitation Sequencing (PhIP-Seq), is in
development but is not yet commercially available [38]. It is limited by complex analysis
and long turnaround times [38]. Rapid CRISPR-based nucleic acid diagnostic tools are
being developed, being used in one instance to diagnose Japanese encephalitis virus
infection [39,40]. Cytokine and chemokine profiles may help distinguish between infectious
and non-infectious etiologies, although they are not virus specific [41].

Characteristic diagnostic findings of specific viruses are reviewed in Table 2.

Table 2. Virus-Specific Diagnostic Features.

Virus CSF WBC CSF Protein CSF Glucose CSF PCR
Sensitivity Brain Imaging Other

HSV-1/HSV-2 High (L 1) [42] High [42] Normal [28] >95% [28]

Encephalitis:
temporal lobe or

inferior frontal lobe
lesions [42]
Meningitis:
meningeal

inflammation,
frequently normal

[23]
Often abnormal early

[43]

May have false negative
PCR, repeat after 3–7

days if ongoing
suspicion [28]

Xanthrochromia or
elevated RBC may be

late finding [44]
EEG with

frontotemporal periodic
lateralized discharges

[34]

VZV High (L 1) [42] High [42] Normal [29] 80–95% (IC 4)
[29]

Variable, ischemia at
grey-white matter

junction [44]

EBV High (L 1) [45] High [46] Normal [46] >95% (IC 4) [29]
Frequent meningeal
involvement, may be

normal [45]

Frequently reactivates
(positive PCR) without
disease- quantification
can help distinguish

[45,47]
CSF IgM can help with

diagnosis but can be
false positive [28,48]
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Table 2. Cont.

Virus CSF WBC CSF Protein CSF Glucose CSF PCR
Sensitivity Brain Imaging Other

CMV
Normal or high
(N 2 > L 1, M 3)

[16,42]

Normal-high
[16,42] Low [42] 82–100%

(PLWH 5) [28]

Periventricular
lesions, ependymitis,
ventriculitis (<50%)

[42]

Presence of CMV in
serum does not rule in
or out CNS disease [12]

HHV-6
Normal or

mildly high
(L 1) [49]

Normal-high
[50] Normal [51] >95% [29]

Limbic
hyperintensity; often

delayed [43,52]

May be acellular in
early infection [52]

Positive PCR
complicated by eHHV-6

in normal population
[52]

HHV-7 High (L 1) [50] High [50] Normal [53]
High (not
otherwise

specified) [53]

Non-specific,
abnormalities in

cortex, cerebellum,
hippocampus; often

delayed [50]

May represent
asymptomatic

reactivation [53]

HHV-8 Normal [54] Normal [54] Normal [54]
High (not
otherwise

specified) [54]

Non-specific (very
rare) [12]

CSF parameters poorly
defined given rarity

JC Virus (PML) Normal, <20
[16,55]

Normal-high
[16,55] Normal [55] >95% [55]

Hyperintense lesions
at gray-white junction

or brainstem white
matter, usually
multifocal [55]

Diagnostic criteria
based on clinical

findings, imaging, and
CSF PCR [55]

BK Virus Normal [56,57] Normal [56] Normal [56,57]

High (not
otherwise
specified)

[56,57]

Variable, non-specific
[56]

Enterovirus High (L 1/N 2)
[42]

Normal-high
[42]

Low-normal
[42] >95% [28]

Usually normal but
EV71 may cause
dorsal brainstem,

cerebellar, and spinal
cord lesions [44]

1 “L”—lymphocytic, 2 “N”—neutrophilic, 3 “M”—monocytic, 4 “IC”—immunocompromised, 5 “PLWH”—persons
living with HIV.

4. Herpesviridae
4.1. Herpes Simplex Virus-1 (HSV-1) and Herpes Simplex Virus-2 (HSV-2)
4.1.1. Pathogenesis and Epidemiology

HSV uses retrograde axonal transport to establish itself within the trigeminal gan-
glia [24]. CNS infection can occur post-primary infection or after reactivation from latency,
further utilizing retrograde axonal transport to infect new portions of the CNS, with
predilection towards the temporal lobes and orbitofrontal cortex [24]. HSV-1 reactivation
from latency may be promoted by glucocorticoid receptor binding, with patients on steroids
at increased risk [58]. About 64% and 13.2% of the global population under 50 years old are
infected by HSV-1 and HSV-2, respectively [59]. A recent multicenter study identified HSV
as the most common etiology of encephalitis in immunocompromised patients, accounting
for 18% of cases [60]. HSV-1 is the most common driver of herpes simplex encephalitis
(HSE) [23]. HSV-2 infection can be seen in immunocompromised patients and is associated
with 10% of total HSE cases [23]. HSE is the most common cause of non-epidemic acute
focal viral encephalitis [23].

4.1.2. Clinical Presentation

Patients present acutely with fever, encephalopathy, focal neurological deficits, and
gastrointestinal symptoms [27]. Symptoms can progress over hours or days [24]. Seizures
are common with HSV-1 encephalitis, although seen less frequently in immunocompro-
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mised patients [43]. HSV-2 is more likely to present as recurrent aseptic meningitis and
is less likely to have long-term neurologic sequelae [14,61]. Mortality is 70% if untreated
and remains high at 28% if treated [23,44]. Up to 27% of survivors suffer neurologic
sequelae [44].

4.1.3. Diagnosis

CSF studies typically show lymphocytic pleocytosis with moderate protein elevation
and normal glucose [28]. CSF HSV PCR has high sensitivity and specificity [28]. However,
reports of false negative HSV PCRs in the first 72 h have led to the recommendation to
repeat CSF PCR after 3–7 days if HSE is still suspected [28]. Xanthochromia or elevated
RBC can be a late manifestation given the hemorrhagic nature of the infection [44].

Brain imaging is often abnormal within 48 h [43]. CT and MRI imaging can demon-
strate asymmetric signal intensity in mesial temporal lobes and extratemporal regions [43].
Persistence of imaging abnormalities can distinguish HSE from HHV-6 encephalitis, the lat-
ter imaging changes resolving more quickly [43]. EEG classically detects periodic lateralized
discharges in the frontotemporal regions [34].

4.1.4. Treatment and Prevention

In a retrospective review, mortality due to HSE was six times higher in immunocom-
promised patients [61]. Each one-day delay of acyclovir is associated with worsening
functional status [61]. Therapy should be started empirically if HSE is suspected. Treat-
ment is with acyclovir for 14–21 days in immunocompromised patients [62]. Acyclovir
resistance may occur in up to 14% of immunocompromised patients, for whom foscarnet
can be considered [49]. Adjunctive corticosteroids for cerebral edema are sometimes used,
with a recent randomized control trial of dexamethasone for four days showing a good
safety profile, although no improvement in neurologic sequelae [63]. Treatment for HSV
meningitis is only for 10–14 days, and oral stepdown is an option [12,23].

There is no approved vaccine. Antiviral prophylaxis with acyclovir or valacyclovir
is well-established to prevent mucocutaneous HSV reactivation in immunocompromised
patients and remains part of post-transplant regimens [64,65]. However, it has not been
specifically studied to prevent HSE [64,65].

4.2. Varicella Zoster Virus (VZV)
4.2.1. Pathogenesis and Epidemiology

Most individuals are exposed to VZV by 9 years of age, after which it remains latent
in the dorsal root ganglia [66]. As with HSV, VZV encephalitis may occur with primary in-
fection or after reactivation [67]. Immunocompromised patients accounted for 39% of VZV
encephalitis cases in a Danish cohort study [68]. PLWH with a CD4+ count < 200 cells/µL
or with immune reconstitution inflammatory syndrome (IRIS) are at highest risk of VZV-
related complications, including dissemination to the CNS [12].

4.2.2. Clinical Presentation

VZV encephalitis usually presents as fever and encephalopathy, with focal neuro-
logic signs and seizures less common as compared to HSE [68]. Rash may or may not be
present [69]. VZV may cause vasculopathy, especially in immunocompromised individu-
als [67]. Infection of cerebral arteries can cause transient ischemic attack, stroke, aneurysm,
and dissection [67]. Immunocompromised patients carry worse outcomes (24% with poor
outcomes vs. 11%) [70].
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4.2.3. Diagnosis

CSF shows lymphocytic pleocytosis with high protein and normal glucose levels [42].
CSF PCR is quite sensitive at 80–95% in the immunocompromised population [29].

MRI may show temporal lobe involvement similar to HSV; however, VZV has char-
acteristic ischemic lesions at the grey-white matter junction given its propensity towards
vasculopathy [43]. Multifocal infarcts in different vascular territories may be seen [43].

4.2.4. Treatment and Prevention

Delayed initiation of antivirals leads to poorer prognosis [70]. Acyclovir is the initial
treatment of choice for VZV encephalitis, usually given at a higher dose than for HSE
(10–15 mg/kg vs. 10 mg/kg) given decreased sensitivity of VZV to the antiviral [44,67].
Some experts recommend transitioning to oral therapy after clinical improvement and
defervescence [12]. Total duration is 7–10 days; however, it is often extended to 14–21 days
based on expert opinion, especially in the context of vasculopathy [12,71]. Adjunctive
corticosteroids can be considered if vasculopathy is present [44].

Prophylaxis strategies are dependent on the patient’s underlying risk factor [66]. CMV
prophylaxis regimens in SOT recipients is often sufficient for prevention of VZV; data is
insufficient to recommend long-term prophylaxis [72]. HCT recipients are recommended
to receive prophylaxis with acyclovir or valacyclovir for one year after transplant, with
extension based on institution and type of transplant [73]. The varicella vaccine carries
an efficacy of 80–85%, although effectiveness may be lower in immunosuppressed pa-
tients [66]. The recombinant zoster vaccine shows efficacy of around 70% in preventing
viral reactivation [74].

4.3. Epstein Barr Virus (EBV)
4.3.1. Pathogenesis and Epidemiology

EBV establishes lifelong latency in B lymphocytes, affecting >90% of the adult popu-
lation [45,48]. A retrospective cohort analysis of 364 patients with encephalitis in China
identified EBV in PCR specimens of 23.6% of cases; however, only 10.7% were considered
to have EBV-associated encephalitis [45].

4.3.2. Clinical Presentation

The presentation of EBV CNS disease spans meningoencephalitis, acute disseminated
encephalomyelitis, acute cerebellar ataxia, neuropathies, and behavioral changes [75,76].
Symptoms are usually non-specific, with fever, headache, and encephalopathy [48]. Mortal-
ity can be as high as 10%, but outcomes are generally favorable [45].

EBV encephalitis is distinct from posttransplant lymphoproliferative disorder (PTLD),
a disease driven by EBV leading to massive proliferation of infected B cells and to severe
infiltrative disease and poor outcomes [77]. EBV can also be associated with primary CNS
lymphoma in patients with AIDS or a history of transplant [78]. PTLD and primary CNS
lymphoma are beyond the scope of this review.

4.3.3. Diagnosis

CSF typically demonstrates pleocytosis with elevated protein and low glucose lev-
els [45]. EBV PCR positivity in CSF does not consistently correlate with EBV encephalitis;
EBV is detected in up to 24% of patients with acute encephalitis of other causes, therefore
presenting a challenge to appropriate interpretation [28,45,47]. Quantitative PCR can help
distinguish EBV encephalitis (high EBV load with pleocytosis) from CNS lymphoma (high
EBV load with low white cell count) and post-infectious encephalitis or asymptomatic
reactivation (low EBV load with low white cell count) [79]. The presence of EBV IgM in
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the CSF can be consistent with CNS disease; however, antibodies can be detected due
to CSF contamination post-lumbar puncture or transfer of antibodies across a non-intact
BBB [28,48].

There is a propensity for meningeal involvement in EBV encephalitis; however, imag-
ing may be normal [45].

4.3.4. Treatment and Prevention

Treatment recommendations are based on case reports and small case series. Acyclovir
is the most used antiviral, although ganciclovir has more in vitro activity and is often
administered in conjunction with steroids, which complicates assessment of antiviral
efficacy [80]. Duration is not defined [80].

Rituximab, a monoclonal antibody to CD20, can target B cells to reduce the reservoir of
infected cells [75]. It has poor penetration into the CNS and has been delivered intrathecally
for treatment of refractory PTLD or CNS lymphoma [75]. Intrathecal rituximab has also
been used in at least one case of transplant-associated EBV encephalitis, with CSF PCR
clearance after two administrations and improved imaging [75]. Adoptive transfer of T cells
is available for treatment of PTLD but has not been used in cases of EBV encephalitis [81].

Antiviral prophylaxis in SOT recipients is under debate; however, it may reduce the
incidence of PTLD and EBV viremia in high-risk serologically mismatched patients [82]. Pre-
emptive weekly serum EBV PCR screening is used in the HCT population, with reduction
of immunosuppression or rituximab treatment implemented at certain thresholds [83].

There is no vaccine currently available, although several are in development [84].

4.4. Cytomegalovirus (CMV)
4.4.1. Pathogenesis and Epidemiology

CMV is endemic worldwide, and the majority of people are exposed in child-
hood, establishing early latency in neurons [16]. Infection in PLWH is associated with
CD4+ < 50 cells/µL [16].

4.4.2. Clinical Presentation

CMV carries a wide breadth of neurologic presentations, including encephalitis, menin-
gitis, vasculitis, retinitis, cranial nerve palsies, and radiculopathy [42]. Those with chronic
encephalitis may present with lethargy and confusion, with or without fever [42]. Ventricu-
loencephalitis may present more acutely, progressing over days, with focal signs such as
cranial nerve palsies and with rapid progression to death [42]. Labs may be notable for
hyponatremia related to adrenal involvement [16].

4.4.3. Diagnosis

CSF studies may show lymphocytic pleocytosis with low-to-normal glucose and
normal-to-elevated protein levels [16]. PCR has good sensitivity of 82–100% as measured
in PLWH [28]. Fewer than 50% of patients have imaging findings of periventricular
enhancement on MRI or CT [16].

CMV viremia is not diagnostic of organ disease, including neurologic involvement,
and negative CMV serum or plasma PCR does not rule out the presence of CNS disease [12].

4.4.4. Treatment and Prevention

Ganciclovir treatment is first-line, with foscarnet used in cases to limit leukopenia or if
there is evidence of ganciclovir resistance [16]. Combination therapy can be considered in
severe or refractory disease [85]. Cidofovir may be used as a second line [85]. Maribavir
is not recommended for the treatment of encephalitis given poor CNS penetration [85].
Optimal duration is not established, but treatment is recommended for at least 21 days [12].
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Given poor outcomes in PLWH, it is recommended to initiate therapy with both gan-
ciclovir and foscarnet [12]. A minimum of 21 days is recommended [12]. A randomized
placebo-controlled trial did not show benefit for valganciclovir prophylaxis in PLWH con-
sidered high risk with low CD4+ count [12]. The best method of prevention is maintaining
normal CD4+ counts through antiretroviral therapy (ART) [12].

Intravenous immunoglobulin (IVIG) is not recommended as adjunctive outside of
CMV pneumonia [86].

Both pre-emptive (PCR screening) and prophylactic (antiviral administration) ap-
proaches are used in preventing CMV disease in transplant patients [85]. Letermovir is
indicated only as prophylaxis [85].

4.5. Human Herpes Virus-6 (HHV-6)
4.5.1. Pathogenesis and Epidemiology

HHV-6 is a ubiquitous virus, infecting a majority of the population in early life and
establishing latency [52]. It is the most commonly identified virus in post-HCT encephalitis
with an earlier incidence—before 100 days post-transplantation—as compared to other
viral etiologies [13,14]. The reactivation risk is 30–80% post-HCT [52].

Importantly, HHV-6 can chromosomally integrate into host DNA, including germline
cells [52]. When vertically transmitted from parent to offspring, known as endogenous
HHV-6 (eHHV-6), the offspring carries a copy of the HHV-6 genome in all cells [52].
eHHV-6, formerly known as ciHHV-6 or iciHHV-6, is present in about 1% of the population,
with the risk doubling in allogeneic HCT recipients as either the host or donor may have
eHHV-6 [52]. It is transcriptionally silent and rarely causes disease but is associated with
increased risk of GvHD and CMV reactivation [52].

4.5.2. Clinical Presentation

HHV-6 may present as confusion, anterograde amnesia, and cognitive decline [87].
Encephalitis may be preceded by syndrome of inappropriate antidiuretic hormone secre-
tion (SIADH), manifested as hyponatremia [52]. Sequelae include memory deficits and
persistent altered consciousness [52].

4.5.3. Diagnosis

Initial CSF analysis may be normal and acellular in immunocompromised patients [53].
CSF PCR has high sensitivity > 95% [18]. The presence of iciHHV6 can complicate inter-
pretations of positive PCR. iciHHV-6 should be considered in cases of persistent viremia
despite antiviral therapy or high copy numbers > 5.5 log10 in whole blood [52].

Early imaging within 2–7 days of symptoms is frequently normal [43,53,88]. Immuno-
compromised patients may develop limbic signal intensity, especially of the mesial temporal
lobes; however, the changes do not tend to persist beyond 30 days as in HSV [43,52].

4.5.4. Treatment and Prevention

Empiric treatment with ganciclovir and/or foscarnet should be considered for symp-
tomatic patients with high suspicion of HHV-6 encephalitis [14]. Foscarnet shows superior
antiviral activity and CNS penetration in in vitro studies but is limited by nephrotoxic-
ity; ganciclovir carries the risk of myelosuppression [52,87]. There is no clinical data to
recommend one over the other. Combination therapy may decrease neurologic sequelae,
although it does not carry a mortality benefit [87]. Cidofovir has limited CNS penetration
but may be considered third-line [52]. Treatment is prolonged, lasting weeks to months [50].
Virus-specific T cell therapy has been used in certain cases, but outcomes are inconclu-
sive [52].
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The median time of developing viremia to encephalitis is 4–5 days, limiting the efficacy
of serial monitoring [52]. PCR screening in blood is not recommended in the absence of
symptoms [52]. There is no vaccine or effective mode of prophylaxis [14].

4.6. Human Herpes Virus-7 (HHV-7)

While HHV-7 is ubiquitous with a seroprevalence of >95% in the general population, it
is a rare but increasingly recognized etiology of CNS disease, causing meningitis, myelitis,
and encephalitis [54]. HHV-7 is lymphotropic, primarily affecting CD4+ T cells [54]. In
transplant recipients, HHV-7 is commonly identified as reactivated in blood; however,
symptomatic disease is infrequent [89,90]. In HHV-7 encephalitis, patients usually present
with at least one symptom of fever or focal neurologic finding; seizure is uncommon [54].
Foscarnet has had better case outcomes than ganciclovir and is preferred based on limited
clinical data [54].

4.7. Human Herpes Virus-8 (HHV-8)

Seroprevalence of HHV-8 varies geographically, from 3 to 7% in the United States to
30 to >90% in sub-Saharan Africa [12]. There is an increased risk of infection in PLWH and
men who have sex with men (MSM), with seroprevalence in MSM with HIV in the United
States higher at 30–68% [12]. Involvement of HHV-8 in the CNS is scarce; however, may
be seen in disseminated disease phenotypes including Kaposi sarcoma (associated with
AIDS), primary effusion lymphoma, and multicentric Castleman disease [12]. Presenta-
tions are usually oncogenic, with exceedingly rare cases of encephalitis [55]. The primary
intervention for disseminated HHV-8 disease is immune reconstitution, with adjunctive
immunologic treatment or chemotherapy playing a role for the specific disease pheno-
type [12]. Antivirals such as foscarnet and ganciclovir have been utilized in encephalitis,
having shown in vitro activity, however without proven clinical efficacy [55,90].

5. Polyomaviridae
5.1. JC Virus
5.1.1. Pathogenesis and Epidemiology

There is 50–90% seroprevalence of JC virus among the general population [16]. It
remains latent in kidneys, bone marrow, and lymphoid tissue [16]. CD4+ T cell dysfunction
allows for viral escape from reservoirs and the development of neurovirulent variants [4].
Before the use of ART, PML occurred in 3–7% of patients with AIDS and was almost always
fatal [12]. CD4+ T cell thresholds less than 200 cells/µL in PLWH increase the incidence of
PML, although infection can also be seen with higher CD4+ counts [12]. Infection may be
unmasked by IRIS in PLWH initiating ART therapy. Certain immunomodulating agents,
including natalizumab (anti-α4 integrin medication), are strongly associated with PML [15].

5.1.2. Clinical Presentation

Progressive multifocal leukoencephalopathy (PML) is a rare but dangerous compli-
cation of JC virus reactivation, causing demyelination via lysis of oligodendrocytes [15].
Common findings include focal deficits such as visual and speech defects, weakness, and
loss of coordination [16,55]. Headache, fever, and seizures are less common [16,55]. Symp-
toms generally present over weeks to months but may present acutely with neurologic
deficits [16]. If unable to reverse immunosuppression, the disease is usually fatal within a
few months [15]. Many survivors suffer long-term neurologic sequelae [91].
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5.1.3. Diagnosis

Established criteria determine the certainty of PML diagnosis based on clinical, imag-
ing, and CSF PCR findings, dividing likelihood into definite, probably, possible, and not
PML [55]. CT imaging usually demonstrates hypodense lesions in affected white matter
due to demyelination [55]. MRI is more sensitive and shows hyperintense lesions in the
impacted areas [55]. Lesions are usually multifocal, although PML can also present as
a solitary lesion and usually affect the subcortical white matter, cerebellum, and brain-
stem [16,55]. Unequivocal diagnosis of PML requires compatible clinical features, imaging
findings, and positive CSF PCR; however, even with just the PCR, diagnosis remains
possible or probable [55].

5.1.4. Treatment and Prevention

Immune restoration is the backbone of treatment [16]. No antivirals have proven effi-
cacy, although various agents have been attempted, with some studies aborted due to lack of
benefit or high toxicity [53]. Strategies to achieve immune restoration include optimization
of ART in PLWH, discontinuation of immunosuppressive therapy, and plasma exchange
in natalizumab-associated PML [92]. Novel immunotherapeutic approaches, including
allogeneic virus-specific T cell therapy and immune checkpoint inhibitors (pembrolizumab,
nivolumab, atezolizumab), show promise [53].

The use of steroids in PML-IRIS is controversial, given the immunosuppressant effect
may limit effective treatment of underlying HIV or disrupt other treatment plans [18]. A
retrospective review demonstrated improved neurologic recovery with earlier initiation and
longer duration of corticosteroids; another review failed to detect statistical significance but
did note substantial clinical improvement in select steroid-exposed cases [93,94]. Guidelines
recommend steroid initiation in case of severe clinical presentation or evidence of severe
cerebral edema or mass effect, with dosing and duration tailored to the patient [12].

Rising antibody levels can precede PML in patients taking natalizumab, so JC virus
antibody screening helps identify patients at higher risk [53].

5.2. BK Virus

BK virus is a ubiquitous virus that establishes early latency in uroepithelial cells and
lymphocytes [49]. Small case numbers of BK virus meningoencephalitis have been reported
in transplant recipients and patients with AIDS [49]. Immune reconstitution remains
the cornerstone of treatment; as with JC virus, no antivirals have proven efficacy [95].
Cidofovir and adjunctive IVIG have been tried in clinical cases; however, they have variable
effectiveness and poor outcomes [57,58].

Monthly screening for BK viremia is recommended until at least two years post-
renal transplant [96]. Prospective screening of asymptomatic HCT recipients may identify
patients at risk for kidney disease, CNS outcomes not being specifically studied [97].

Table 3 summarizes treatment strategies for Herpesviridae and Polyomaviridae
CNS infections. Table 4 compares different antiviral medications and their utility in
CNS infections.
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Table 3. Summary of Treatment and Prevention of Major CNS Viral Infections.

Virus First-Line Alternative/Adjunctive Duration Prevention

HSV-1/HSV-2

Encephalitis: IV Acyclovir
10 mg/kg Q8H [12]

Meningitis: IV Acyclovir
10 mg/kg Q8H → PO
Valacyclovir 1 g TID

transition if clinically stable,
afebrile [12]

Foscarnet
(acyclovir-resistant) [12]

Encephalitis: 14–21 days [12]
Meningitis: 7–10 days [12]

Oral Acyclovir or
Valacyclovir in post-Tx 1?

[64,65]

VZV

IV Acyclovir 10–15 mg/kg
Q8H → transition to PO

Valacyclovir 1 g TID once
afebrile and clinical

improvement if no visceral
involvement [12]

Foscarnet
(acyclovir-resistant) [12]

Steroids in case of
vasculopathy or severe

disease [44]

7–10 days [12], ≥14 days per
expert opinion [71]

PO Acyclovir or
Valacyclovir in Tx 1

population [72,73]
Varicella vaccine [66]
Recombinant zoster

vaccine [74]

EBV

IV Acyclovir or IV
Ganciclovir 5 mg/kg Q12H
→ PO Valganciclovir 900 mg

daily [80]

IT 2 Rituximab (single case
report) [75]

Steroids can be considered
but low evidence [80]
Virus-specific T cell

therapy [81]

Not defined (days to weeks)
[80] No vaccine [84]

CMV

IV Ganciclovir 5 mg/kg
Q12H and/or IV Foscarnet

(60 mg/kg Q8H or
90 mg/kg Q12H) [12,85]
Combination therapy is
first-line in PLWH [12]

Cidofovir [85] ≥21 days [12]

PLWH: none, maintain
CD4+ with ART [12]

Tx 1 patients: pre-emptive
(PCR screening) or

prophylactic (antiviral)
[85]

HHV-6

IV Ganciclovir 5 mg/kg BID
and/or IV Foscarnet

90 mg/kg BID [52] → PO
Valganciclovir 900 mg daily

[14]

Cidofovir [52]
Virus-specific T cell

therapy [52]
Weeks to months [50] No vaccine or prophylaxis

[14]

HHV-7 Foscarnet (limited data) [54] Ganciclovir (less effective
per case data) [54] Not established

HHV-8 Reduction of
immunosuppression [12]

Foscarnet + Ganciclovir
[55,91] 14 days [55,90]

JC Virus Reduction of
immunosuppression [16]

Virus-specific T cell
therapy [53]

Immune checkpoint
inhibitors [53]

PML-IRIS: consider
adjunctive corticosteroids

[18,93,94]

Prolonged [16] Monitor antibody levels if
on natalizumab [53]

BK Virus Reduction of
immunosuppression [97]

Cidofovir [57,58]
Corticosteroids [57,58]

BK virus PCR screening
[97]

1 “Tx”—transplant, 2 “IT”—intrathecal, “→”—followed by.

Table 4. Antiviral Medications and CNS Penetration.

Drug Mechanism of
Action CSF: Plasma Ratio Plasma Protein Binding

Rate Adverse Effects

Acyclovir Purine nucleoside analog
[98]

0.31 (uninflamed
meninges) [99]

~0.50 [98]
9–33% [98]

Neurotoxicity (confusion,
hallucinations, dysarthria), renal

impairment (renal tubular
damage), thrombotic

thrombocytopenic purpura
(TTP)/hemolytic uremic syndrome

(HUS) in IC 1 [98]

Valacyclovir Prodrug of Acyclovir [100]
0.19 (uninflamed
meninges) [99]

~0.50 [100]
9–33% [100]

Neurotoxicity (confusion,
hallucinations, dysarthria), AKI

(renal tubular damage), thrombotic
thrombocytopenic purpura

(TTP)/hemolytic uremic syndrome
(HUS) in IC 1 [100]
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Table 4. Cont.

Drug Mechanism of
Action CSF: Plasma Ratio Plasma Protein Binding

Rate Adverse Effects

Ganciclovir

2′-deoxyguanosine,
requires viral protein

kinase pUL97
phosphorylation [101]

0.31–0.68 [101] 1–2% [101]
Fever, diarrhea, leukopenia,
anemia, neurotoxicity (less

common than Acyclovir) [101]

Valganciclovir Prodrug of Ganciclovir
[102]

Equivalent to Ganciclovir
after conversion [102] 1–2% [102]

Fever, diarrhea, leukopenia,
anemia, neurotoxicity (less

common than Acyclovir) [102]

Foscarnet Viral DNA polymerase
inhibitor [103]

0.66–0.69 (steady state)
[103] 14–17% [103]

Renal impairment, seizures
(including status epilepticus),
electrolyte abnormalities, QTc

prolongation [103]

Cidofovir Viral DNA polymerase
inhibitor [104] Undetectable in CSF [104] 6% [104] Renal impairment, neutropenia

[104]

Maribavir CMV pUL97 kinase
inhibitor [105]

Very low (not
recommended for CNS

disease) [105]
98% [105] Dysguesia, nausea, vomiting [105]

Ribavirin Nucleoside analog [106]

Very low if taken orally;
intraventricular

administration is required
for CNS disease [107]

0% [106] Teratogenic, hemolytic anemia
[106]

Remdesivir Nucleotide analog [108] 0.26 (single case report)
[109] 88–93.6% [108] Hypersensitivity reaction,

transaminitis [108]

Oseltamivir Neuraminidase inhibitor
[110]

Very low (0.029–0.035)
[111]

42% (pro-drug), 3% (active
metabolite) [110] Nausea, vomiting, headache [110]

Rituximab Monoclonal antibody to
CD20 antigen [112]

CSF penetration extremely
poor; intrathecal

administration required
[76]

Not defined (monoclonal
antibody) [112]

Severe mucocutaneous reaction,
Hepatitis B reactivation [112]

1 “IC”—immunocompromised.

6. Other and Emerging Pathogens
6.1. Measles
6.1.1. Pathogenesis and Epidemiology

Measles is a human-only disease with high infectivity [113]. Acute encephalitis is
reflective of direct viral invasion into the brain [114]. The cause of demyelination in post-
infectious encephalitis is unknown but thought to be related to molecular mimicry [115].
Persistence of the measles virus in the brain, resulting in neurologic conditions months to
years after primary infection, is posited to be from the fusion of infected and uninfected
neurons, allowing for ongoing replication [114,115].

6.1.2. Clinical Presentation

Measles encephalitis includes four overlapping presentations: (1) acute/primary,
(2) post-infectious, (3) measles inclusion body encephalitis (MIBE), and (4) subacute scle-
rosing panencephalitis (SSPE), which are contrasted in Table 5. Acute encephalitis is due
to direct viral invasion into the brain and presents as encephalopathy within a week of
acute infection, intersecting with classic prodromal symptoms, which may be absent in
immunocompromised patients [114]. Mortality and morbidity rates are relatively high at
30–40% [113]. Post-infectious encephalitis appears 2–30 days after acute infection [115].
MIBE is more likely to affect immunocompromised hosts, presenting up to one year after
initial infection with rapid onset of encephalopathy and seizures and quick progression
to death [113,115]. 75% of patients die within weeks of onset, and the rest are left with
neurologic disability [113]. SSPE presents several years after infection, more common with
young age at infection; however, symptoms may appear as an adult [114]. Patients tend
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to experience slow progression of cognitive impairment, seizures, and motor dysfunction
until death in 2–3 years [114].

6.1.3. Diagnosis

CSF parameters vary depending on the presentation, as reviewed in Table 4. CSF PCR
is very sensitive [44]. CSF may show lymphocytic pleocytosis and elevated protein and
glucose in acute and post-infectious encephalitis [114]. Testing can also include IgG and IgM
of serum and PCR of throat, nasopharyngeal, or urine samples in early infection [44]. SSPE
is diagnosed using Dyken’s Criteria, requiring two major and one minor criterion [116].
Major criteria include anti-measles Ab ≥ 1:4 in CSF or ≥1:256 in serum or compatible
clinical history [116]. Minor criteria include characteristic EEG findings, elevated CSF
globulin level > 20% of total CSF protein, characteristic histopathology on brain biopsy,
and wild-type measles virus identified on molecular diagnostic testing [116].

Imaging is variable, depending on the type of presentation and stage of disease.
Patients often have cerebral edema in acute encephalitis [114]. Post-infectious encephalitis,
related to demyelination, may have multifocal asymmetric hyperintense lesions in the
white matter on MRI [114]. SSPE is often normal early but may later demonstrate cerebral
edema, atrophy, and/or multifocal lesions [114].

6.1.4. Treatment and Prevention

High-dose vitamin A supplementation for adults and children is recommended by the
World Health Organization given worsened outcomes in pediatric patients with vitamin A
deficiency [117,118]. Treatment of post-infectious encephalitis may involve IVIG and/or
plasmapheresis, and prognosis is generally favorable [113]. Remdesivir, inosine pranobex,
ribavirin, IFNα, and IFNβ have been used for severe measles or SSPE but with unclear effi-
cacy [113,114,119–121]. Monoclonal antibodies are emerging, with fusion protein-targeted
antibodies promising to disrupt measles neural persistence [122].

Declining vaccination rates have led to a recent resurgence of the virus in North and
South America, despite the possibility of eradication for a human-only disease [113,123].
Given high infectivity rates, 95% vaccination coverage is required to stop endemic trans-
mission [123]. The live-attenuated vaccine is not safe for administration in certain immuno-
compromised populations, who are eligible for immunoglobulin prophylaxis if exposed to
active virus [123].

Table 5. Comparison of Measles Encephalitis Types.

Acute/Primary
Encephalitis

Post-Infectious
Encephalitis MIBE SSPE

Pathogenesis Direct viral invasion into brain [113]

Autoimmune
demyelination-possibly

related to molecular
mimicry [113]

Measles persistence is
related to inability to clear

virus [113]

Wild-type measles
persistence (mutated
noninfectious form in

CNS) [113]

Timeline After
Infection Within 1 week [113] Weeks to months [113] Months to a year

post-infection [113] Years [113]

Presentation
Classic prodromal symptoms (may
be absent in IC 1) + encephalopathy

[114]

Encephalopathy, ataxia,
motor and sensory deficits

[113]

More common in IC 1

patients (ALL 2 highest
risk; HIV, transplant, other

cancer) [100]
Seizures, encephalopathy,
with rapid progression to

death [113,124]

Gradual cognitive decline,
seizures, and motor

decline with inexorable
progression to death [113]
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Table 5. Cont.

Acute/Primary
Encephalitis

Post-Infectious
Encephalitis MIBE SSPE

Diagnostics

CSF PCR [44]
CSF lymphocytic pleocytosis,

elevated protein, elevated glucose
[114]

Serum IgG/IgM
Throat/nasopharyngeal/urine PCR

[44]

CSF lymphocytic
pleocytosis, elevated

protein [114]

Studies may be normal
initially [113]

CSF PCR usually negative
4× increase in CSF

IgG/IgM [113]
Definitive Dx 3: brain
biopsy histopathology
with +measles Ag or
+measles RNA PCR

[113,124]

Dyken’s Criteria: Major:
elevated CSF or serum Ab,
compatible clinical history
Minor: characteristic EEG
findings, elevated globulin
level in CSF, brain biopsy
histopathology, positive
wild-type measles PCR

[116]

Imaging Cerebral edema [114]

MRI: multifocal
asymmetric hyperintense
lesions in the white matter

[114]

Imaging may be normal
initially [113]

MRI: edema, atrophy,
ventriculomegaly [113]

EEG: non-specific changes
[124]

MRI: normal early →
cerebral edema, atrophy,

multifocal lesions
[113,114]

EEG: periodic slow wave
complexes during

myoclonic spasm [113]

Treatment

High-dose Vitamin A
supplementation if concern for

deficiency [117]
Ribavirin (in vitro data, no adequate

trials) [119,120]

High-dose corticosteroids,
IVIG, and/or

plasmapheresis [113]
Symptomatic care [113]

Symptomatic care
Compassionate use

inosine pranobex, IFNα,
IFNβ, remdesivir

[113,121]

1 “IC”—immunocompromised, 2 “ALL”—acute lymphocytic leukemia, 3 “Dx”—diagnosis, “→”—leads to.

6.2. Other and Emerging Pathogens

See Tables 6 and 7 for a review of opportunistic viral pathogens (Table 5) and arboviral
(arthropod-borne) encephalitides (Table 6) not otherwise specified in the text.

Table 6. Other and Emerging Pathogens.

Virus Clinical Presentation Diagnosis Treatment

Adenovirus
Encephalitis, meningitis

Mortality up to 80% in HCT
patients [125]

CSF: counts normal, PCR often
positive [125]

MRI: non-specific [125]

Cidofovir (limited evidence)
[125]

Ribavirin (limited evidence)
[125]

Adoptive T cell therapy
(emerging) [126]

Enterovirus

Common in B cell deficiencies
[6]

Encephalitis, meningitis, acute
flaccid paralysis-dependent

on strain [127]

CSF: lymphocytic pleocytosis in
80% [127], PCR >95% [29] but low

sensitivity for EV-D68 [128]
Imaging: usually normal but EV71

may cause dorsal brainstem,
cerebellar, and spinal cord lesions

[44]

IVIG in IC 1 patients or severe
disease [129]

Pocapavir (viral capsid
inhibitor) in compassionate

use [19]

Human T-cell
Lymphotropic Virus-1

(HTLV-1)

HTLV-1 Associated
Myelopathy (HAM): acute
(over weeks), subacute, or

chronic inflammatory disease
of spinal cord [130]

Encephalopathy [130]

CSF: CSF HTLV-1 proviral load >
serum proviral load indicates

higher risk of HAM [130]
MRI: extensive transverse myelitis

(subacute HAM), confluent
frontoparietal white matter and

corticospinal tract lesions
(encephalopathy) [130]

Corticosteroids [130]
IFNα (effective but limited
use related to side effects)

[131,132]
Mogamulizumab (decreases

viral load, unclear clinical
efficacy) [133]
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Table 6. Cont.

Virus Clinical Presentation Diagnosis Treatment

Influenza

Children more often than
adults [134]

Acute seizures, high fever,
encephalopathy → coma [134]

Mortality 27% [135]

CSF: normal-to-high WBC,
normal-to-high protein [134]

MRI: cerebral edema [134]
EEG: normal or with diffuse

slowing [134]

Neuraminidase inhibitors
(oseltamivir, peramivir)

Adjunctive
methylprednisolone, IVIG,

plasma exchange, tocilizumab
[134,135]

Lymphocytic
Choriomeningitis Virus

(LCMV)

Fever, headache, vomiting →
brief remittance →

encephalitis,
meningoencephalitis [136]

May be donor-derived in SOT
with high mortality [137]

CSF: PCR, IgG/IgM [137]
Serum: acute/convalescent

IgG/IgM [137]

Supportive care, reduction in
immunosuppression

Ribavirin (unclear efficacy)
[137]

Adjunctive corticosteroids,
IVIG [137]

SARS-CoV-2
Impaired consciousness,

aphasia, behavioral
abnormalities [138]

CSF: PCR negative in majority of
cases (more likely inflammatory
than invasive), normal-to-high

WBC, normal-to-high protein [138]
MRI: variable but usually abnormal,

involving temporal, medial
temporal, and frontal regions [138]
EEG: non-specific, diffuse slowing

[138]

Supportive care,
corticosteroids [138]

Remdesivir for acute systemic
infection (not specific to CNS

disease)

1 “IC”—immunocompromised, “→”—leads to.

Table 7. Arboviral Pathogens.

Virus Clinical Presentation Diagnosis Treatment

Alphavirus

Chikungunya Virus

Neuroinvasive:
meningoencephalitis, myelitis,

myeloneuropathy [44,139]
Several weeks after prodromal

phase [139]

CSF: pleocytosis, elevated protein
[139]

Supportive care [139]
Vaccine available

Eastern Equine
Encephalitis Virus

<5% neuroinvasive (RF 2:
age > 50, age <15, IC 1) [140]
Nonspecific febrile illness →
headache, encephalopathy,

focal neurologic deficits,
seizures, coma [140]

Mortality up to 75%, sequelae
in 50% [140]

CSF: pleocytosis (N 3 → L 4),
elevated protein, normal glucose;

IgM (may be negative in IC 1);
mNGS [30,140]

MRI: focal abnormalities of basal
ganglia, mesial temporal lobes,
thalami, and brainstem [30,140]
EEG: generalized slowing [140]

Supportive care (limited data
for IVIG; steroids did not

show survival benefit) [140]
Human vaccines in

pre-clinical studies; current
vaccine in equines [140,141]

Western Equine
Encephalitis Virus

Rare human cases, majority
asymptomatic

Mortality 10–15% [142]
CSF: IgM, PCR [142]

Supportive care [30]
Vaccine in pre-clinical studies

[141]

Venezuelan Equine
Encephalitis Virus

Fever, pharyngitis,
meningismus [143]
Mortality low [141]

CSF: +/− pleocytosis (L 4),
elevated protein, low glucose;

PCR [143]

Supportive care
Vaccine in pre-clinical studies

[141]

Bunyavirus

Jamestown Canyon Virus

Meningitis,
meningoencephalitis

More common in adults than
children [144]

CSF: pleocytosis (L 4), elevated
protein, normal glucose, IgM,

PCR [144]
MRI: non-specific hyperintensities

[144]
EEG: generalized slowing [144]

Supportive care [144]
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Table 7. Cont.

Virus Clinical Presentation Diagnosis Treatment

La Crosse Virus

Encephalitis > meningitis
[144]

Fever, seizures (42–62%), focal
neurologic deficit (16–25%)

[145]
More common in children

than adults [144]
Risk of herniation related to

cerebral edema [145]
Sequelae in 10–15% [23]

CSF: pleocytosis (may be
hemorrhagic, mimic HSE 5) [145]

MRI: cortical enhancement,
generalized cerebral edema [145]
EEG: diffuse slowing, discharges

may mimic HSE 5 [145]

Supportive care [145]

Coltivirus

Colorado Tick Fever Virus

Biphasic illness in 50%
Children: rare

meningoencephalitis, can be
fatal

Adults: prolonged weakness
and fatigue [146]

CSF: IgM, RT-PCR (first
two weeks) [147] Supportive care [146]

Flavivirus

Dengue Virus

50% of encephalitis without
typical syndrome (myalgia,

rash, bleeding) [148]
Neuroinvasive:

meningoencephalitis
(0.5–6.0% cases), GBS 6,

myositis [44,148]

CSF: pleocytosis (L 4), IgM
(ratio > 1.5 of serum IgM), NS1
Ag (less sensitive than blood),

PCR, mNGS [148]
MRI: hyperintensities in basal
ganglia, thalamus, cerebellum,
cortical grey and white matter;
micro-hemorrhages; “double

doughnut” sign [148]

Supportive care, possible IVIG
and corticosteroids [148]
Direct-acting antivirals in
early clinical trials [148]

Vaccine available, efficacy to
reduce severity [148]

Japanese Encephalitis
Virus

Rapid fever, unconsciousness,
meningismus [149]

Seizures in 85% of children
and 10% of adults, associated

with poorer outcome [23]
30% mortality, 30–50%

neurologic sequelae [23,150]

CSF: elevated opening pressure
[149,151]; pleocytosis, elevated
protein, normal glucose [149];
antigen (low sensitivity) [149];

IgM (high sensitivity) [149]; PCR
[150]

MRI: mixed-intensity or
hypodense lesions of thalamus,

basal ganglia, and midbrain [149]

Supportive care
Vaccine available [23,149]

Powassan Virus

Febrile prodrome [152]
Neuroinvasive:

rhombencephalitis >>
encephalitis, meningitis,

meningoencephalitis, acute
flaccid paralysis,

opsoclonus-myoclonus
syndrome [152]

Mortality 10%, sequelae in
>50% [152,153]

CSF: lymphocytic/mixed
pleocytosis, elevated protein,
normal glucose; IgM; RT-PCR
MRI: hyperintensity in basal
ganglia, thalami, brainstem,

cerebellum, cortex
EEG: generalized slowing [152]

Supportive care [152]

St. Louis Encephalitis
Virus

Encephalitis, meningitis,
anterior horn-cell paralysis

[27]
Neuro involvement more

common in adults [44]
Seizures associated with

poorer outcome [154]
Urinary symptoms (dysuria,

pyuria) and SIADH [44]
Mortality 3–30% [44]

CSF: elevated opening pressure
[154]; pleocytosis (L 4), elevated

protein, normal glucose; IgM;
PCR; mNGS [154]

Supportive care [155]
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Table 7. Cont.

Virus Clinical Presentation Diagnosis Treatment

Tick-Borne Encephalitis
Virus

Meningitis (35–45%),
meningoencephalitis

(45–55%),
meningoencephalomyelitis

(10%) [156]
Monophasic or biphasic

course (flu-like symptoms →
neurologic), can be acute or

progressive [156]
Neurologic sequelae in

40–50% (paralytic or
post-encephalitic) [157]

CSF: pleocytosis (N 3 → L 4), IgM;
RT-PCR (low sensitivity, viremia

cleared by time of neurologic
symptoms) [156,157]

MRI: abnormalities of thalamus >
cerebellum, basal ganglia,

brainstem (low sensitivity);
hyperintensity of anterior horns

of cervical cord if myelitis or
radiculitis [156]

EEG: diffuse slowing, focal
abnormalities [156]

Supportive care (prior IVIG
use discontinued with concern

for worsened course) [156]
Multiple vaccines available

[157]

West Nile Virus

<1% lead to neuroinvasive
disease [158]

Meningitis: headache, stiff
neck, photophobia [158]

Encephalitis: confusion, +/−
tremors, myoclonus, ataxia in

severe disease [158]
Acute Flaccid Myelitis (AFM):

acute asymmetric limb
weakness within 24–48 h of

disease, +/− cranial
neuropathy → respiratory

failure [118]
Mortality 30–40% in IC 1

patients [158]

CSF: pleocytosis (L 4), elevated
protein, normal glucose, PCR

(more sensitive than Ab in IC 1),
IgM [158]

Serum: IgM [158]
MRI: may be normal, outcomes
worse if abnormalities present

[158]

- Encephalitis: hyperintensity
in brainstem and deep gray
matter [158]

- AFM: hyperintensity in
anterior horns or around
conus medullaris and cauda
equina [158]

EEG: non-specific with
generalized slowing, triphasic

sharp waves [158]

Supportive care (attempted
treatments underpowered or

ineffective) [158]

1 “IC”—immunocompromised, 2 “RF”—risk factor, 3 “N”—neutrophilic, 4 “L”—lymphocytic, 5 “HSE”—herpes
simplex encephalitis, 6 “GBS”—Guillain-Barré Syndrome, “→”—leads to.

7. Future Directions
Emerging immunosuppressants for oncologic, autoimmune, and rheumatologic dis-

eases have broadened the population at risk for opportunistic viral infections. Pertinent
screenings and a preventive approach should be determined based on their immune defect.
While advanced diagnostic techniques such as VirScan and CRISPR-based tools will expand
our capacity to detect microorganisms in the CSF, appropriate application of these tools
should be considered prior to adoption. As measles incidence increases, it becomes more
pertinent to delineate the overlapping presentations of encephalitis and define and develop
treatment strategies.

Further studies are needed to determine optimal antiviral regimens and durations,
as most recommendations are based on limited case experiences. Novel therapeutics,
including antivirals, virus-specific T-cell therapies, and immune checkpoint inhibitors, may
improve outcomes, particularly in diseases such as PML, retaining high mortality with
prognosis incumbent on immunosuppression reduction. Limitations, including toxicity
and poor antiviral penetration into the CNS, should be considered in drug development.
Long-term neurocognitive outcomes and management still need to be assessed. Multiple
vaccines are under development, which may change the landscape of risk, although safety,
efficacy, and indication must be determined.
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8. Conclusions
Opportunistic viruses exploit immune dysfunction to cause reactivation or severe pri-

mary infection in immunocompromised hosts, often involving the CNS through hematoge-
nous or retrograde axonal spread. Neurologic infections in this population frequently
present atypically or subclinically, complicating diagnosis. CSF PCR and neuroimaging
remain the diagnostic mainstays, although findings may be normal, necessitating ad-
vanced testing such as mNGS or brain biopsy. While some CSF and imaging patterns
may suggest specific etiologies, most findings are nonspecific. Mortality remains high,
making early recognition, empiric therapy, and immune restoration critical. Emerging
diagnostics may improve pathogen identification and differentiation of infectious from
noninfectious encephalitis, though prospective studies are still needed to optimize antiviral
treatment strategies.

9. Limitations
This review aims to cover the most common viral CNS pathogens in immunocompro-

mised patients; however, it is not all-encompassing. The tables present common trends in
presentation or diagnostic findings, but clinical cases, especially in those with immunodefi-
ciencies, may present in an atypical fashion. Epidemiologic factors related to arboviruses
(vectors, geography, risk factors, and preventive and vector control) are not reviewed.
Arboviral presentations are not specific to the immunocompromised population. Treatment
and diagnostic strategies are rapidly changing, and up-to-date information should always
be pursued in the clinical care of a patient.
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Abbreviations
The following abbreviations are used in this manuscript:

CNS Central nervous system
HSV Herpes simplex virus
VZV Varicella zoster virus
EBV Ebstein Barr virus
CMV Cytomegalovirus
HHV Human herpesvirus
PLWH Persons living with HIV
HCT Hematopoietic stem cell transplant
SOT Solid organ transplant
GvHD Graft-versus-host disease
PML Progressive multifocal leukoencephalopathy
BBB Blood-brain barrier
CSF Cerebral spinal fluid
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PCR Polymerase chain reaction
NAAT Nucleic-acid amplification testing
mNGS Metagenomic next-generation sequencing
MRI Magnetic resonance imaging
CT Computed tomography
EEG Electroencephalography
HSE Herpes simplex encephalitis
PTLD Posttransplant lymphoproliferative disorder
ART Antiretroviral therapy
IRIS Immune reconstitution inflammatory syndrome
IVIG Intravenous immunoglobulin
IC Immunocompromised
HTLV-1 Human T-cell lymphotropic virus-1
LCMV Lymphocytic choriomeningitis virus
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