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Inborn errors of immunity (IEI) are heterogeneous genetic disorders 

that are susceptible to frequent bacterial, fungal, and viral infections. 

Herpes simplex virus type 1, 2 (HSV1, 2) is the most common and 

important cause of viral encephalitis. Innate and acquired immunity 

have a central role in controlling HSV infection. There is incomplete 

evidence about the increased susceptibility to herpes simplex 

encephalitis (HSE) in HSV-infected patients. Studies strongly suggest 

that HSE has a genetic susceptibility at least in some people. Several 

studies have shown that defects in the Toll-like Receptor (TLR)3 

signaling and interferon (IFN) production and IFN-independent cell-

intrinsic mechanisms contribute to HSE. We searched the Web of 

Science, PubMed, Scopus, and Google Scholar databases to select the 

latest and most reliable papers and articles published in English and 

Persian. In the present review, we discuss IEI and genetic 

abnormalities that predispose individuals to HSE. Genetic defects in 

components of the TLR3 signaling pathway, such as TLR3, 

UNC93B1, TRIF, TRAF3, IRF3, and Signal transducer and activator 

of transcription 1 (STAT1), have been reported as responsible genes 

for HSE. Other genetic mutations have also been found as the 

etiology of HSE in some people. Despite HSE being a rare 

complication of HSV, genetic evaluation of these patients can 

diagnose some IEI and may give us new insights for future 

investigations in the fields of diagnosis, treatment, and prophylaxis. 
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Introduction 

Inborn errors of immunity (IEI) are 

heterogeneous disorders characterized by 

genetic defects in one or more components of 

the immune system. Patients with IEI are 

susceptible to frequent bacterial, fungal, and 

viral infections. They are prone to specific 

microorganisms according to the type of IEI. 

Herpes simplex virus is a common pathogen in 

humans that can disseminate and present with 

herpes encephalitis in specific primary immune 

deficiency [1]. 

The most common cause of encephalitis is viral 

infections. Herpes simplex type 1, 2 (HSV1, 2) 

is the most common and important cause of 

viral encephalitis. Herpes simplex encephalitis 

(HSE) represents five to fifteen percent of 

infectious encephalitis [2]. The incidence of 

HSE is around 1-2/250,000 per year [3]. They 

are responsible for significant mortality and 

morbidity and neurologic complications [4]. 

Innate and acquired immunity have a central 

role in controlling HSV infection. However, the 

herpes virus has developed mechanisms that 

enable it to evade the immune system. 

Sometimes immunologic responses to HSV 

contribute to the pathogenesis of disease, as 

seen in HSV keratitis and encephalitis. Genetic 

polymorphisms can also predispose people to 

severe herpes infections [5]. HSV is a 

neuroinvasive pathogen. It can lead to 

cytotoxicity and neurologic deficit. In HSV 

encephalitis, direct viral invasion and immune-

mediated disease may coexist [6]. The most 

common site of brain involvement is the fronto-

temporal region. HSV encephalitis is a rare 

presentation of HSV-infected individuals. And 

there are no epidemics of HSE. High frequencies 

of consanguinity in parents of children with HSE 

have been reported. These findings strongly 

suggest that HSE has a genetic susceptibility at 

least in some people [7]. Based on a previous 

study, HSV encephalitis may occur in several 

primary immunodeficiencies [8]. There is 

incomplete evidence about the increased 

susceptibility to HSE in HSV-infected patients. 

Several studies have shown that defects in Toll-

like receptors (TLR)3 signaling and interferon 

(IFN) production and IFN-independent cell-

intrinsic mechanisms contribute to HSE [3]. In 

the present review, we discuss primary 

immunodeficiencies and genetic abnormalities 

that predispose individuals to HSE.  

TLR mutation 

The innate immune system is the first defense 

mechanism against microorganisms. Pattern 

recognition receptors (PRRs), such as TLRs, are 

important elements in the innate immune system. 

Pattern recognition receptors can activate a 

signaling cascade that leads to the production of 

anti-viral and pro-inflammatory cytokines. TLRs 

can recognize certain membrane molecules, such 

as lipoproteins, lipids, and proteins. TLR3 

recognizes viral dsRNA [9, 10]. TLR3 initiates 

upregulation and expression of INF α/β and 

activates anti-viral protein synthesis. It is entirely 

dependent on Toll-interleukin-1 receptor (TIR)-

domain-containing adaptor-inducing IFN-β 

(TRIF). TLR3 is found on immunologic cells 

(myeloid dendritic cells, mast cells, and 

macrophages), neurons, epithelial cells, and 
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fibroblasts. Dendritic cells are one of the most 

important cells that express TLR3 and contribute 

to anti-viral immunity by production of INFα/β. 

TLR3 facilitates antigen presentation in dendritic 

cells, thereby inducing lymphocyte-mediated 

immunologic responses [11]. The intact TLR3 

signaling pathway is important for effective anti-

viral immunity in HSV infection. However, 

impairment in the signaling cascade may lead to 

HSE. The anti-viral responses in HSV infection 

are dependent on TLR3-mediated INFα, INFβ, 

INFλ, and INFγ production [7, 12, 13].  

Discovery of autosomal dominant and autosomal 

recessive TLR3 mutations in patients with HSE 

confirms that childhood HSE has a genetic basis, 

and the TLR3 -INF signaling pathway plays a 

crucial role in immunity against HSV infection 

in some children. Investigations showed that 

other molecules in this signaling pathway may 

be involved in the pathogenesis of HES in some 

children. Autosomal recessive TLR3 deficiency 

is characterized by a complete lack of TLR3 and 

is accompanied by central nervous system (CNS) 

infection by HSV. The patients with TLR3 

deficiency are not susceptible to HSV-1 infection 

outside the CNS, even during the clinical course 

of HSE. Evidence suggests that TLR3-

independent dsRNA-responsive pathways 

contribute to controlling HSV-1 infection outside 

the CNS in TLR3-deficient patients [14]. 

Impaired production of INF in infected 

neurologic cells results in cell death and 

presentation of clinical signs and symptoms of 

HSE. Reactivation of latent herpes virus and 

inadequate control of HSV in the brain may lead 

to HSE and relapse of the disease. Immune 

reaction may persist up to 10 years after the 

beginning of HSE. There is a hypothesis that the 

recurrence of HSE in the case of primary 

immunodeficiency is related to a TLR3 defect 

[15]. It seems that 66% of patients with a defect 

in the TLR3 pathway develop relapses of HSE. 

A recent investigation showed that 27% of 

patients with HES progress to autoimmune 

encephalitis in several weeks after the onset of 

HSE [16]. The importance of the TLR3 

signaling pathway in controlling HSE was 

confirmed by the finding of defects in other 

molecules that have a significant role in this 

pathway [17] (Fig. 1).  

UNC93B1 mutation 

UNC93B is a transmembrane molecule that 

has an important role in nucleic acid-sensing 

TLR signaling. It regulates TLR7/9 function 

by transferring them into the endolysosomes 

[18]. In the neural cells, TLR3 is in the 

endoplasmic reticulum. It is associated with 

the UNC91B protein. The association of TRL3 

and UNC93B occurs over an extended period. 

After activation and participation of UNC93B, 

TLR3 is transported into endosomes. A 

mutation in UNC93B can cause the prevention 

of signaling in TLR3/7/9 pathways. Autosomal 

recessive deficiency in the UNC93B gene led 

to unresponsiveness of the TLR3 signaling 

pathway, and the patient became prone to HSE 

[15]. UNC93B protein is important for two 

reasons: first, it is very critical for host defense 

against HSV infection, and second, is that 

UNC93B has an essential role in nucleic acid-

sensing TLR function [19]. 
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Fig. 1. Toll-like receptors: organization and signaling pathway [20] 

 

The investigations have shown that UNC93B 

deficiency may cause sporadic HSE by 

impairment of type 1 and 3 IFN responses after 

viral infections. In one study, UNC93B 

deficiency in mouse models leads to increased 

mortality rate in mice that had been infected with 

HSV-1. Human studies also showed that 

UNC93B deficiency is a precipitating factor for 

HSV encephalitis. Polymorphisms of the 

UNC93B gene are associated with adult-onset 

HSE [21].  

TRIF deficiency 

Downstream signaling pathways after TLR 

stimulation are divided into two pathways: the 

first is the myeloid differentiation response 88 

(MYD88) dependent pathway, and the second is 

the TRIF dependent pathway. TLR2, 5, 7, 8, 9 

interact with MYD88. The TRIF pathway uses 

TLR3. Both pathways are important for inducing 

pro-inflammatory cytokines and IFN-producing 

genes [22]. TRIF is an adapter protein in the 

TLR3 and TLR4 signaling pathways. Autosomal 

recessive and autosomal dominant loss-of-

function mutations have been reported in patients 

with HSE. Autosomal recessive TRIF deficiency 

is associated with a complete loss of function of 

TLR3 and TLR4-dependent pathways. But the 

autosomal dominant form is accompanied by 

partial TRIF deficiency with impairment of 

TLR3-mediated responses and intact TLR4-

dependent pathways. Clinical penetrance in this 

form is incomplete [23-25]. TRIF-deficient 

fibroblasts do not produce IFN after stimulation 

and are susceptible to varicella-zoster virus and 

HSV infections [24]. 

Tumor necrosis factor receptor-associated 

factor (TRAF)-3 deficiency 

TRAF3 is an important regulator of the 

immunologic system. The role of this adapter 

protein in human immunity is not well defined. 

TRAF3 is a cytoplasmic protein that mediates 

cellular signaling in some receptors, such as 
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TLRs. It is a negative regulator of the (NF-KB) 

nuclear factor Kappa-light-chain-enhancer of 

activated B cells pathway. Autosomal dominant 

TRAF3 gene mutation is associated with HSE 

[26, 27]. Studies showed that an autosomal 

dominant de novo R118W germline mutation in 

TRAF3 may lead to HSE [28]. R118W variant is 

associated with low expression of TRAF3 

protein and decreased production of Interleukin 

(IL)-6, INFβ/λ. This mutation was first described 

in a young adult with HSE in the childhood 

period [29]. 

TBK1 deficiency 

TBK1 (TANK binding kinase 1) is an 

activator of the innate immune system. It 

contributes to signaling pathways that lead to 

the production of type 1 IFNs via NF-KB. 

Patients with TBK1 deficiency are prone to an 

immunocompromised state. TBK1 also has an 

important role in the early phases of 

autophagy. Selective autophagy has been 

reported in the clearance of Salmonella and 

Mycobacterium tuberculosis. In HSV-1 

infection, autophagy also has a critical role. 

The interaction between HSV1-encoded 

products that inhibit host autophagy and 

TBK1-mediated autophagy plays an important 

role in the prevention of the dissemination of 

HSV1 in the CNS. Loss-of-function genetic 

defect in TBK1 can lead to HSE [30, 31]. 

Activation of TBK1 results in the 

phosphorylation of Interferon regulatory factor 

3 (IRF3), leading to its homodimerization and 

subsequent translocation into the nucleus, 

where it stimulates the production of interferon 

(type 1, 3) [31]. Interferon has a critical role in 

controlling HSV infection during the disease. 

Additionally, there is growing evidence for anti-

viral effects of autophagy in herpes infections. 

Studies showed that early cytoplasmic autophagy 

can occur in HSV-negative cells adjacent to 

infected cells. Fibroblasts with TBK1 deficiency 

cannot stimulate this autophagy response in the 

field of HSV infection. Furthermore, it seems 

that early autophagy is an INF-independent 

process in HSV infection [32]. Jean-Laurent 

Casanova reported two unrelated children with 

forebrain HSE who had heterozygous mutations 

in the TBK1 gene. They had autosomal 

dominant inheritance. Loss-of-function alleles 

were reported in both mutations. However, they 

had different mechanisms. One mutation (D50A) 

leads to protein instability, and the second one 

(G159A) results in loss of kinase activity [7]. 

IRF3 deficiency 

IRF3 is a signaling molecule that is activated by 

several pattern recognition receptors and 

contributes to the production of type 1 interferon. 

It is a critical factor in the innate immune 

response against viral infection. TBK1 

phosphorylates IRF3 at Ser386 and ser396. 

Then, IRF3 dimerizes and translocates into the 

nucleus and induces interferon production 

[33]. An autosomal dominant loss-of-function 

mutation in the IRF3 gene may lead to HSE. 

R258Q mutation in IRF can fail phosphorylation 

and dimerization and finally impair the 

transcription process [34].  

Small nucleolar RNA 31 (SNORA31) 

deficiency 

SNORA31 is a 130-nucleotide snoRNA. The 

gene encoding snoRA31 is expressed in 

various human cell types. Pseudouridylation of 

uridine residue in position 218 of 18s 
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ribosomal RNA (rRNA) and position 3713 of 

the 28s rRNA is the primary function of 

snoRA31. snoRA 31 is a critical factor in cell-

intrinsic immunity to the herpes virus in the 

brain. Four heterozygous variants of 

SNORA31 in five unrelated families with HSE 

have been reported [3, 35].  

Debranching enzyme 1 (DBR1) deficiency 

DBR1 hydrolyzes intron lariat RNA to 

facilitate its processing. The level of this 

enzyme is very high in the brainstem and 

spinal cord. Casanova and colleagues found 

seven patients from three families with 

brainstem HSE, influenza B, and norovirus 

encephalitis that have a biallelic variant in the 

DBR1 gene. According to some studies, it 

seems that DBR1 has a critical role in 

controlling brainstem-intrinsic defenses 

against viral encephalitis by regulation of lariat 

metabolism [3, 36].  

Signal transducer and activator of 

transcription 1 (STAT1) deficiency 

STAT1 is a transcriptional factor that can be 

stimulated by several factors, such as 

interferon type 1, 2, 3, and IL-27. Four 

characteristic mutations with patterns of 

autosomal dominant and autosomal recessive 

inheritance have been reported. autosomal 

dominant STAT1 gain of function, autosomal 

dominant STAT1 deficiency, autosomal 

recessive partial STAT1 deficiency, and 

autosomal recessive complete STAT1 

deficiency are genetic defects in the STAT1 

gene with different clinical phenotypes [37]. 

STAT1 gain-of-function mutation can lead to 

impairment of natural killer (NK) cell 

proliferation and function. Furthermore, severe 

and recurrent cutaneous herpes simplex 

infection has been reported in patients with 

autosomal dominant gain-of-function STAT1 

mutations. Recurrent herpes infection, 

disseminated varicella infection, fulminant 

Epstein-Barr virus infection, and HSE have 

been reported in patients with an autosomal 

recessive loss-of-function mutation in the 

STAT1 gene [38-40]. 

In summary, according to several studies, 

STAT1 variants based on the type of 

mutations and inheritance pattern have 

different clinical phenotypes. Autosomal 

dominant and autosomal recessive STAT1 loss 

of function mutation may present Mendelian 

susceptibility to mycobacterial disease, fungal 

infections, and HSE. Nevertheless, patients 

with autosomal dominant STAT1 gain-of-

function mutation are prone to chronic 

mucocutaneous candidiasis, progressive 

multifocal leukoencephalopathy [41]. 

GTF3A gene mutation 

Common variable immunodeficiency (CVID) 

is a humoral immunodeficiency disorder 

characterized by recurrent bacterial infections. 

These patients have immune dysregulation and 

autoimmunity. Patients with CVID have 

variable clinical manifestations. The most 

common infections are encapsulated bacterial 

infections. However, viral infections are 

infrequent in CVID. Few viral infections are 

reported in CVID, for example: chronic 

enteroviral meningoencephalitis, chronic 

enterovirus colitis, cytomegalovirus retinitis, 

recurrent enteroviral skin infections, and HSE. 

Ansari reported a case of CVID with HSE in 

2010 [42-44]. Naesens and colleagues also 
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report a compound heterogeneous loss-of-

function mutation in the GFTIIIA gene in a 

Belgian family with CVID. Transcriptional 

factor IIIA is a component that has an 

important role in generating and stabilizing 5S 

rRNA. It is encoded by the GFTIIIA gene. 

This patient was admitted to the hospital 

because of HSE at the age of 9 months. After 

familial Sanger sequencing, they found that his 

sister has CVID. She was HSV-1 seropositive 

without any clinical presentation of severe 

HSV-1 infection [3, 45]. 

Conclusion 

HSV is a neuroinvasive pathogen, and HSE is 

a rare presentation of HSV infection. Innate 

and acquired immunity have a central role in 

controlling HSV infection. There is incomplete 

evidence about the increased susceptibility to 

HSE in HSV-infected patients. The absence of 

HSE epidemics and the high frequency of 

consanguinity in parents of children with HSE 

highlight the possibility of a genetic basis. 

Studies strongly suggest that HSE has a 

genetic predisposition at least in some people. 

Several papers have shown that defects in 

TLR-3 signaling, IFN production, and IFN-

independent cell-intrinsic mechanisms 

contribute to HSE in patients with HSV 

infection. Genetic defects in components of 

the TLR3 signaling pathway, such as TLR3, 

UNC93B1, TRIF, TRAF3, IRF3, and STAT1, 

have been reported as responsible genes for 

HSE. Other genetic mutations have also been 

found as the etiology of HSE in some people. 

Furthermore, despite HSE being a rare 

complication of HSV, genetic evaluation of 

these patients can diagnose some IEI and may 

give us new insights for future investigations 

in the fields of diagnosis, treatment, and 

prophylaxis. 
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