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Abstract

The inflammasome is a caspase-1 containing complex that activates the proinflammatory
cytokines IL-1f and IL-18 and results in the proinflammatory cell death known as pyroptosis.
Numerous recent publications have highlighted the importance of inflammasome activation in the
control of virus infection. Inflammasome activation during viral infection is dependent on a
variety of upstream receptors including the NOD-Like receptor, RIG-1-Like receptor and AIM2-
Like receptor families. Various receptors also function in inflammasome activation in different
cellular compartments, including the cytoplasm and the nucleus. The effectiveness of
inflammasomes at suppressing virus replication is highlighted by the prevalence and diversity of
virus encoded inflammasome inhibitors. Also, the host has a myriad of regulatory mechanisms in
place to prevent unwanted inflammasome activation and overt inflammation. Finally, recent
reports begin to suggest that inflammasome activation and inflammasome modulation may have
important clinical applications. Herein, we highlight recent advances and discuss potential future
directions toward understanding the role of inflammasomes during virus infection.

Keywords

NLRP1; NLRP3; RIG-I; MAVS; AIM2; ASC; IFI16; Caspase-1; inflammasome; virus; 1L-1;
IL-18; antiviral; cancer; oncogenic; tumor; immunopathology; inflammation

Introduction

Innate immunity to virus infection involves recognition of pathogen-associated molecular
patterns (PAMPSs), or danger associated molecular patterns (DAMPS), by pattern recognition
receptors (PRRs). During virus infection, viral DNA and RNA are detected by a myriad of
PRRs whose activation elicits antiviral responses and inflammation [1,2]. To mediate the
innate immune response, binding of RNA or DNA to PRRs results in activation of NF-xB,
IRFs, AP-1 and other transcription factors followed by pro-inflammatory gene expression.
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These include type | and type 111 interferons, interleukin (IL)-6, and TNF-a that immediately
affect an antiviral state and initiate inflammation. In addition, pro-IL-1p and pro-1L-18 are
also induced by PRR activation but are inactive. Pro-IL-13 and pro-1L-18 are processed into
their functional forms and released from cells through multi-protein complexes known as
inflammasomes. Inflammasomes come in many forms and are mainly activated by
nucleotide binding and oligomerization domain (NOD)-like receptors (NLRs). Following
recognition of PAMPs [3-5] or DAMPs [6-8], the active NLR oligomerizes and initiates
formation of the inflammasome complex that usually consists of the adaptor apoptosis-
associated speck-like protein containing a CARD (ASC) and the CARD domain containing
pro-caspase-1. Inflammasome complex assembly results in caspase-1 activation and
cleavage of pro-IL-1p and pro-1L-18, leading to their activation and release from cells.

In addition to NLRs, certain nucleic acid sensors are also capable of forming
inflammasomes. The AIM2-like receptors, (ALRs, also referred to as the PYHIN family of
proteins) are characterized by an N-terminal PYRIN domain (PYD) that is involved in
homaotypic protein-protein interactions and a C-terminal HIN-200 domain that binds to DNA
[9]. Absent in melanoma 2 (AIM2) (in mice and humans) and gamma-interferon inducible-
protein 16 (IFI116) in humans (p204 in mice) have demonstrated importance in
inflammasome formation in response to DNA viruses [10-12]. Furthermore, the RNA
sensor retinoic acid-inducible gene-1 (RIG-I) appears to activate the inflammasome [13]. In
this review, we highlight recent advances in the function of inflammasomes during viral
infection, including viral evasion strategies and host regulatory mechanisms, and discuss the
clinical relevance of these discoveries.

ALR inflammasomes

The ALR family consists of five members in humans and thirteen in mice and are induced in
response to interferon signaling [14]. AIM2 detects DNA from a variety of sources
including DNA virus infection in the cytoplasm [9,10,15,16] (Figure 1 and Table 1). In
contrast, IF116 can detect viral DNA in both the cytoplasm and the nucleus (Figure 1)
[12,17,18]. Initial reports showed that infection with vaccinia virus, an orthopoxvirus that
replicates in the cytoplasm, triggers inflammasome activation in an AIM2 dependent manner
[10,11]. Murine cytomegalovirus (MCMV, also known as Murid herpesvirus 1, MuHV-1) is
detected by AIM2 despite the fact that the genome is maintained and replicated in the
nucleus. Infection of Aim2~/~ mice with MCMV results in impaired IL-18 production,
impaired IFN-y production by NK cells, and higher virus titers in the blood [10]. In this
same study, the authors also infected cells with herpes simplex virus-1 (HSV-1), but could
not detect any role for AIM2. It is currently unclear why the betaherpesvirus MCMV is
detected by AIM2 but not the alphaherpesvirus HSV-1 despite the fact that they both
replicate their genomes in the nucleus of infected cells. Instead, HSV-1 activates the IFI16
dependent inflammasome, as do many other herpesvirus family members like bovine
herpesvirus 1 (BoHV-1), Kaposi’s sarcoma-associated herpes virus (KSHV), and Epstein-
Barr virus (EBV) [12,19-21] (Table 1). Also, activation of both the IFI116 and NLRP3
inflammasomes has been observed with HSV-1 [20,22] and AIM2, NLRP1 and NLRP3 for
vaccinia virus [23,24], but the relative contribution or importance of multiple
inflammasomes has not been addressed.
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Unlike TLR9 in the endosomal compartment or other cytoplasmic DNA sensors, ALRs bind
to DNA in a sequence and AT nucleotide content-independent manner. Instead, DNA
binding by ALRs is achieved by electrostatic interactions between positively charged
residues in the HIN-200 domain and the negatively charged DNA sugar phosphate backbone
[25]. Based on these reports, one of the biggest unanswered questions is how IFI16 can
distinguish between host and viral DNA in the nucleus? It therefore seems likely that
binding to different forms of DNA by IFI16 must be mediated by and also recruit different
effector molecules to facilitate the observed responses. The exact identity of these molecules
and the mechanisms of their recruitment remain to be discovered.

The clinical relevance of ALR inflammasomes activation during virus infection is just
beginning to emerge. Expression of AIM2, IL-15 and IL-18 in hepatitis B virus (HBV)
infected human PBMCs correlates with viral load, and AIM2 expression is lower in chronic
as compared to acute cases [26]. AIM2 expression also correlates with renal damage during
HBYV infection, possibly indicating that AIM2 enhances immunopathology during HBV
infection [27,28], but a definitive role remains to be determined.

Prior to their discovery as antiviral signaling molecules, AIM2 and IF116 (p204) were
recognized for their importance during cell growth and cancer development [29,30]. One
emerging role for ALRs in the clinic is during oncogenic virus infection. Over 18% of all
cancers are associated with persistent infections, and DNA viruses cause or are associate
with a majority of these [31]. EBV causes oncogenesis in certain individuals resulting in
Hodgkin's lymphoma, Burkitt's lymphoma and nasopharyngeal carcinoma. In tissue culture,
inflammasome activation by EBV resulted in increased cell proliferation through IL-153
signaling [32]. However, in an in vivo mouse model, enhanced inflammasome activation
resulted in increased neutrophil infiltration into EBV positive tumors and subsequent tumor
regression [32]. In clinical samples, increased IL-1 and neutrophil infiltration into EBV
associated nasopharyngeal carcinomas correlated with improved survival in human patients
[32]. Based on these findings, inflammasome activation may hold potential therapeutic
benefit during EBV associated cancer treatment.

Inflammasome activation may also be important during infection with other oncogenic
viruses. KSHYV is another gammaherpesvirus and is linked to the development of Kaposi
Sarcoma. Although a direct relationship between inflammasome activation and cancer
development has not been shown, two recent reports demonstrated that IFI16 associates with
nuclear KSHV genomes and forms an inflammasome with ASC and caspase-1, resulting in
activation of IL-1p and IL-18 [12,33]. Human papillomaviruses (HPV) HPV16 and HPV18
are associated with up to 70% of all cervical cancers [34]. A potential role for either IFI116 or
AIM2 in the recognition of HPV in cervical cancer has been shown through the examination
of human keratinocytes or cervical cancer biopsies where IL-1f, caspase-1, IFI16 and AIM2
gene or protein expression are increased in HPV infected tissue, but not in uninfected tissue
[35,36]. High levels of IFI16 expression also correlated with reduced cell proliferation in
HPV positive tumors, possibly indicating a protective role [36,37]. Transfection of primary
keratinocytes with HPV DNA results in AIM2 inflammasome activation and the production
of active IL-1p [35]. However, whether this is the case during natural infection is not known.
Also, the HPV16 EG6 protein targets pro-IL-1[3 for proteasomal degradation, thus inhibiting
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many of the potentially protective effects of inflammasome activation [38]. To clearly
determine the role for ALR mediated inflammasome activation with HPV or KSHV, it will
be important to examine the correlation between IL-1f levels and tumor development more
directly in human clinical patients or develop an in vivo model where inflammasome
function can be inhibited and tumor development examined.

NLRP3 inflammasome

Activation of the NLRP3 inflammasome by viruses is well established and the in vivo
relevance for control of virus infection dependent on NLRP3 has been shown for many of
them [39]. The list of viral pathogens that activate NLRP3 continues to grow and in the last
two years seven new viruses have been reported to activate the NLRP3 inflammasome
(Table 2). One common theme that has emerged is that NLRP3 senses the cellular stress and
changes in ion concentration caused by virus encoded ion channels. This was initially
reported for the M2 protein of influenza A virus [40]. More recently, several members of the
picornaviridae family were shown to similarly activate NLRP3 through their 2B protein ion
channel including encephalomyocarditis virus, poliovirus, enterovirus 71, and human
rhinovirus [41,42]. The SH protein of human respiratory syncytial virus (RSV) also
mediates NLRP3 inflammasome activation, as does the E protein of porcine reproductive
and respiratory syndrome virus (PRRSV) [43,44]. Clearly, ion flux is a key feature for
NLRP3 sensing of viral infection.

Much progress has also been made on understanding the role for NLRP3 during hepatitis C
virus (HCV) infection. Transfection of HCV RNA can induce NLRP3 inflammasome
activation in a reactive oxygen species dependent manner, but the exact mechanism is not
known [45,46]. Obtaining a better understanding of inflammasome activation may facilitate
HCV treatment though, as the inflammasome is likely an important inflammatory pathway
activated by HCV in monocytes, even when the interferon response is not [47]. It was
further shown in vitro that 1L-18 produced by the inflammasome in human monocytes helps
to activate natural killer cells that facilitate the control of HCV infection [48]. Although this
may be beneficial in the short term, chronic inflammation dependent on NLRP3
inflammasome activation has been suggested to result in the liver immunopathology
observed during HCV infection [49]. Although progress has been made, there is still much
about the clinical relevance of inflammasome activation during HCV infection that is
unknown.

There have been a flurry of recent studies on HIV-1 activation of the NLRP3 inflammasome
in monocytes [47,50,51] and NLRP3 activation appears to be especially important for
neuronal damage resulting from HIV infection of microglial cells in the central nervous
system [52]. The same authors also described a correlation between neuronal damage during
infection with another retrovirus, feline immunodeficiency virus (FIV), that was associated
with increased NLRP3, caspase-1 and IL-1f expression in vivo [52]. In addition to NLRP3,
HIV-1 is further detected by the IFI16 inflammasome in CD4* T cells [53] and pyroptotic
cell death plays an important role in the depletion of CD4* T cells that are not productively
infected with HIV [53-55]. Inflammasome activation by retroviruses seems to be
detrimental to the host in most instances and to have little effect on virus replication. This is
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perhaps highlighted by a study with another retrovirus, friend murine leukemia virus
(FMLYV), where the researcher inserted a modified IL-15 gene into the virus resulting in
spontaneous production of functionally active IL-1f independent of inflammasome
activation [56]. Surprisingly, this enhanced and prolonged FMLYV replication in vivo and
resulted in enhanced inflammation. Despite this, NLR containing inflammasome activation
may play some protective role during retroviral infection in humans, as polymorphisms in
NLRP1 and NLRP3 are more commonly found in patients infected with human T-
lymphotropic virus (HTLV-1) or HIV-1 than in uninfected controls [57-59].

Finally, NLRP3 is now recognized to function in the detection of various highly pathogenic
or hemorrhagic viruses such as Rift Valley fever virus (RVFV) [60] and NLRP3
inflammasome activation in neurons was essential for control of West Nile virus (WNV)
replication and prevention of central nervous system damage in a mouse model of WNV
infection [61,62]. On the other hand, increased expression of NLRP3 in human patients was
observed during infection with chikungunya virus (CHIKV) and elevated caspase-1
expression and IL-1B levels were highly predictive markers of severe disease in humans
[63,64]. Dengue virus (DV) also activates the NLRP3 inflammasome in human platelets that
were experimentally infected or in platelets isolated from DV infected patients and high
platelet derived I1L-18 levels caused increased permeability in an in vitro assay and were
associated with increased vascular permeability in clinical cases [65]. Infection of mice with
influenza A virus strains that possess the PB1-F2 protein caused significantly more
inflammasome activation and treatment of mice with purified PB1-F2 peptides from highly
pathogenic strains resulted in increased inflammasome activation and lung inflammation
than peptides from low pathogenic strains [66]. In all, the effects of NLRP3 inflammasome
activation in vivo and in the clinical setting are very much virus specific and provide
significant protection against some highly pathogenic viruses but contribute to the
immunopathology of others.

RLR inflammasome

Previous reports suggested that RIG-I could form an inflammasome in response to certain
viruses; however, some debate exists as to the exact role of RIG-1 in inflammasome
formation [13,67]. More recent publications indicate that the RIG-1-MAVS signaling axis
may play several roles. Pothlichet et al. [68] reported that primary human bronchial
epithelial cells (NHBES) infected with influenza A virus resulted in RIG-1 dependent
priming of the NLRP3 inflammasome as well as direct RIG-1 mediated inflammasome
activation. Additionally, three separate reports demonstrated that MAVS associates with
NLRP3 and either recruits NLRP3 to mitochondria or is essential in upregulating NLRP3
and pro-IL-1f, thus priming the inflammasome [60,69-71]. MAVS may further facilitate
NLRP3 inflammasome activation through the formation of prion-like oligomers that result
in membrane damage and subsequent NLRP3 inflammasome activation [72,73]. RIG-I
priming or inflammasome activation may also be important for childhood diseases like RSV.
Huang et al. [74] showed that in response to the RIG-I ligand 5’ppp-dsRNA, human
neonatal monocytes collected from cord blood had weak inflammasome activation and no
increase in IL-1p secretion compared to peripheral blood monocytes taken from adults. It
appears that RIG-I can form its own inflammasome in response to some virus infections, but
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whether this is a major or minor function compared to its role in RIG-1-MAVS signaling and
priming to facilitate NLRP3 inflammasome activation remains to be seen.

Viral and host regulation of inflammasomes

Viruses and their host are under constant evolutionary pressure from each other. As an
example of pathogen-host co-evolution, ALR loci in different mammals are quite distinct
and AIM2 and IFI116 appear to have evolved adaptively [75], suggesting a strong selective
pressure [76]. Similarly, DNA viruses have evolved strategies to evade detection by ALRs.
HSV-1 expresses an E3 ubiquitin ligase ICPO that in human fibroblasts targets IFI16 for
proteosomal degradation [77]. The HCMV tegument protein pUL83 suppresses IFI16
mediated detection of HCMV genomic DNA in the nucleus by binding to the IFI16 pyrin
domain (PYD) through its own pyrin association domain (PAD) and preventing IFI16
oligomerization [78]. Interestingly, HCMV can hijack IFI16 through an interaction with the
viral pUL83 protein, and HCMYV utilizes IFI16 as a transcriptional activator for the initiation
of immediate-early gene production [79]. IFI116 localization in the cell is dependent on its
acetylation or phosphorylation by either cellular or virus encoded enzymes. HCMV encodes
a viral kinase pUL97 that can phosphorylate IFI16, leading to IF116 export from the nucleus,
thereby preventing detection of HCMV DNA [80]. Acetylation, on the other had, appears to
be carried out by the cellular p300 acetyltransferase [18]. Finally, DNA viruses encapsidate
their DNA in an effort to mask it from detection by ALRs. However, during HSV-1
infection, the cellular ubiquitin proteasome machinery targets the HSV-1 capsid proteins for
degradation, thus unmasking the viral DNA for IFI116 detection [81]. As with other PRRs,
there is clearly an evolutionary arms race between DNA viruses and ALRs.

Numerous viruses possess virulence factors that regulate the inflammasome through the
direct inhibition of caspase-1 enzymatic function or blockade of ASC-Caspase-1 interaction
[82]. Furthermore, the F1L protein of vaccinia virus is able to bind to and inhibit the
function of NLRP1, thus suppressing inflammasome activation, and F1L mutant vaccinia
virus infection in vivo resulted in early and enhanced inflammasome activation [24].
However, vaccinia virus has never been shown to activate the NLRP1 inflammasome
directly, but it does activate both NLRP3 and AIM2 inflammasomes [10,11,23]. Therefore,
the functional significance of this FLL-NLRP1 interaction is not completely clear, although
the role for F1L inflammasome suppression is evident. NLRP3 inflammasome activation
occurs primarily in response to pathogen induced damage or DAMPS and recent evidence
suggests that the degree to which certain adenoviruses activate the NLRP3 inflammasome is
due to their accumulation or rapid escape from endosomes prior to endosomal acidification
with those escaping earlier causing less inflammasome activation [83]. Recent advances in
the cellular pathways required for NLRP3 inflammasome activation include the requirement
for mitofusin 2 for recruitment of NLRP3 to the mitochondria and inflammasome activation
was dependent on maintenance of mitochondrial membrane potential and mitofusin 2-
NLRP3 interaction [84]. The activation of DRP1, a GTPase that also regulates
mitochondrial fusion, is regulated by a RIP3-RIP1 pathway in response to viral RNA and is
necessary for the activation of NLRP3 due to the induction of mitochondrial damage [85].
Although both of these reports demonstrate the importance of the mitochondria during
NLRP3 inflammasome activation, they also highlight the ongoing debate over the exact
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mechanisms involved, as mitochondrial damage reportedly suppressed NLRP3 activation
dependent on mitofusin 2, but enhanced NLRP3 activation dependent on DRP1 [84,85].

Given the potent inflammatory stimulus provided by inflammasome activation, it is not
surprising that host regulatory mechanisms have evolved to down-modulate signaling. AIM2
exists in the cytosol in an auto-inhibited state until binding to double stranded DNA of
pathogen or host origin induces a conformational change resulting in self oligomerization
and recruitment of ASC and caspase-1 [86]. To further ensure that ALRs are not
unnecessarily activated, several suppression mechanisms appear to have evolved. Pyrin
domain only protein 3 (POP3) is a recently described member of the PYHIN family in
humans (although it is absent in mice) [87]. POP3 lacks a HIN domain and therefore does
not bind to DNA, but it does have a PYD domain, which can bind to AIM2 and IF116 and
block ASC binding and subsequent inflammasome formation [87]. In mice, the PYHIN
protein p202 (which is absent in humans) lacks a PYD but possess two HIN domains [88].
The p202 HIN1 domain is capable of binding to dsDNA, possibly sequestering it from
AIM2. The HIN2 domain binds to the HIN domain of AIM2, spatially separating AIM2
PYDs and preventing ASC clustering. Although POP3 and p202 inhibit ALR activation
through different mechanism, their roles in humans or mice respectively appear to be the
same. Alternatively spliced isoforms of human AIM2 lacking either the PYD or the HIN
domain have been also predicted, raising the possibility that these splice variants may inhibit
AIM2 activation in a similar manner [89]. Promyelocytic Leukemia Protein sequesters ASC
in the nucleus, thus preventing activation of both the AIM2 and NLRP3 inflammasomes
[90]. Finally, removal of damaged mitochondria as a result of influenza A virus infection is
dependent on NOD2 mediated autophagy of mitochondria and absence of NOD2 signaling
during virus infection results in enhanced NLRP3 inflammasome activation and enhanced
immunopathology in mice [91]. In all, inflammasome activation is a two edged sword that
needs to be tightly controlled to restrain virus replication as well as prevent
immunopathology.

Conclusions

Inflammasome activation is an essential part of the immune response to virus infection and
holds the promise of many potential therapeutic drug- or vaccine-based interventions for
either the control of virus replication or resolution of excessive inflammation and
immunopathology. In the clinic, inhibition of NLRP3 or IL-1f is already used for several
autoinflammatory or autoimmune diseases, but there has been little clinical research directed
at using such treatments during viral infection. Although the range of viruses detected by
NLRP3 has grown immensely in the last few years, the overall range of viruses detected by
AIM2 or IFI16 remains to be determined. Also, there is little reported on the clinical role for
ALRs so that it is difficult to make any conclusions as to the clinical importance of ALRs
during virus infection except perhaps with regard to viral infections associated with cancer.
In addition, IFI16 and AIM2 are members of a diverse set of DNA binding proteins that
perform several antiviral and proinflammatory roles during virus infection. The ability of
IF116 to perform numerous functions independent of any known specificity for DNA
binding (Figure 1) suggests that there is much about the function of this and other ALRs that
we do not understand and which needs to be understood before targeting this protein for
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therapeutic purposes. In the case of NLRP3, the exact mechanisms for damage sensing are
still debated, but the current body of literature suggests that ion flux in a variety of forms
may be a common mechanism for sensing damage. Also, NLRP3 is frequently activated in
conjunction with other inflammasomes such as AIM2 and IF116, but the relative
contributions need further examination. In conclusion, the realization of the clinical potential
for inflammasomes during virus infection will require additional investigation but great
strides have been made and reports regarding host- or virus-encoded inhibitors of
inflammasome activation have also provided us with potential tools for the development of
such treatments.
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Figure 1. ALR signaling pathways
AIM2-like receptors (ALRs) have roles in both inflammasome and inflammasome-

independent signaling during virus infection. (1) In particular, IFI116 regulates interferon
responses through the adaptor STING, which translocates from the endoplasmic reticulum
(ER) to the cytosol in response to IFI16 activation. In the nucleus, IFI16 can bind viral DNA
(vDNA) and activate the inflammasome in the nucleus (2) or peri-nuclear space (3). (4)
IF116 appears to both positively and negatively regulate gene expression through DNA
binding and affecting histone modifications and chromatin packaging. (5) In the cytosol,
AIM2 can recognize DNA of cellular or pathogen origin and activate the inflammasome.
The only requirement for AIM2 recognition of DNA appears to be cytosolic localization.
However, IFI16 binding of different forms of DNA must affect the function of IFI16 in an
undefined fashion.
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Virus recognition by ALRs.
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Virus ALR Biological Consequence Reference(s)

HBV AIM2 Caspase-1 and IL-1f expression correlate with virus titers and renal damage in humans. [26-28]

KSHV IF116 Activates IFI16 dependent inflammasome in vitro. [12,33]

EBV IF116, AIM2  Inflammasome activation in vitro; IL-1f3 promoted tumor growth in vitro, but inflammasome [19,32]
activation promotes tumor regression in vivo via PMN infiltration.

HPV IF116, AIM2  Increased expression of AIM2, IFI16 and IL-1f in infected tissue, associated with reduced tumor [35,36]
cell proliferation.

HSV-1/2  IFI16 IF116 inflammasome activation in vitro; HSV-1 encoded ICPO targets IFI116 for degradation; [18,20,77,81]
Proteasomal degradation of HSV1 capsid enhances IF116 detection of viral DNA.

HCMV IF116 IF116 inflammasome activation in vitro; HCMV encoded pUL83 and pUL97 alter cellular [78-81]
localization of IFI16.

Vaccinia  AIM2 AIM2 inflammasome activation and pyroptotic cell death in vitro. [10,11]

MCMV  AIM2 AIM2 inflammasome activation is necessary for control of virus infection in vivo and for NK cell [11]
responses.

BoHV-1  IFI16 IF116 inflammasome activation detected in vitro but no effect on virus replication observed. [21]

HIV IFI16 IF116 inflammasome activation in CD4* T cells results in T cell death and contributes to T cell [53-55]

depletion.
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Table 2

Recent discoveries or advances in NLRP3 activating viruses
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Virus Biological Consequence Reference(s)

1AV Type-I interferon and RIG-I regulate NLRP3 activation in primary human lung epithelial cells. PB1-F2 viral [66,68]
protein from pathogenic viruses enhances NLRP3 inflammasome activation.

RSV Inflammasome activation in response to cytosolic RNA is impaired in neonatal monocytes. [74]

RVFV Activates NLRP3 inflammasome in murine dendritic cells [60]

Rhinovirus 2B viroporin activates NLRP3 inflammasome in vitro [42]

HCV NLRP3 inflammasome activation occurs in monocytes and may result in both protective and destructive [45-49]
immune responses.

WNV NLRP3 activation prevents virus replication and protects from neuronal damage. [61,62]

DV NLRP3 inflammasome activation in platelets is associated with increased vascular permeability and disease [65]
severity in human patients.

PRRS NLRP3 activation in vitro and potentially in swine. [43,44]

CHIKV High NLRP3, caspase-1 and IL-1f levels are predictive of severe disease in humans [63,64]

HIV-1 NLRP3 inflammasome activation in vitro in both monocyte/macrophages and microglia; Activation may [47,50-52,58,59]
lead to HIV induced neuronal damage; Polymorphisms in NLRP3 associated with HIV infection in humans.

FIV NLRP3 inflammasome activation associated with neuronal damage. [52]

HTLV-1 NLRP3 polymorphisms associated with HTLV-1 infection in humans. [57]

FMLV Virus mediated expression of IL- 1B enhances virus replication and inflammation in mice [56]

HSV-1 Activates both the NLRP3 and IFI16 inflammasomes in vitro. [20]

Adenovirus  Persistence in endosomes enhances NLRP3 activation. [83]
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