
An organismal understanding of C. elegans innate immune responses from pathogen 
recognition to multigenerational resistance 
 
Tuan D. Tran1, Robert J. Luallen1* 
1 Department of Biology  
  San Diego State University 
  5500 Campanile Dr. 
  San Diego, CA, 92182, USA 
* Corresponding author: rluallen@sdsu.edu 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract  



 The nematode Caenorhabditis elegans has been a model for studying infection 
since the early 2000s and many major discoveries have been made regarding its innate 
immune responses. C. elegans has been found to utilize some key conserved aspects 
of immune responses and signaling, but new interesting features of innate immunity 
have been discovered in the organism that might have broader implications in higher 
eukaryotes such as mammals. Some of the distinctive features of C. elegans innate 
immunity involve the mechanisms this bacterivore uses to detect infection and mount 
specific immune responses to different pathogens, despite lacking putative orthologs of 
many important innate immune components, including cellular immunity, the 
inflammasome, complement, or melanization. Even when orthologs of known immune 
factors exist, there appears to be an absence of canonical functions, most notably the 
lack of pattern recognition by its sole Toll-like receptor. Instead, recent research 
suggests that C. elegans senses infection by specific pathogens through contextual 
information, including unique products produced by the pathogen or infection-induced 
disruption of host physiology, similar to the proposed detection of pattern of 
pathogenesis in mammalian systems. Interestingly, C. elegans can also transfer 
information of past infection to their progeny, providing robust protection for their 
offspring in face of persisting pathogens, in part through the RNAi pathway as well as 
potential new mechanisms that remain to be elucidated. Altogether, some of these 
strategies employed by C. elegans share key conceptual features with vertebrate 
adaptive immunity, as the animal can differentiate specific microbial features, as well as 
propagate a form of immune memory to their offspring.   
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1. Introduction  
 Advances in our understanding of the vertebrate immune system, particularly the 
adaptive arm which can specifically detect and respond to any number of epitopes on a 
pathogen [1], have highlighted the question of how animals without adaptive immunity 
protect themselves against the myriad of pathogenic microbes in their environments. 
Caenorhabditis elegans and other invertebrate organisms are great models to address 
this question, allowing us to discover and dissect new mechanisms of innate immunity. 
Interestingly, C. elegans not only lacks an adaptive immune system, but also lacks 
many aspects found in the vertebrate innate immune system, including cellular 
immunity, the inflammasome, and complement. Additionally, it lacks essential 
components found in other invertebrate innate immune responses, including orthologs 
required for melanization, coagulation, and nitric oxide synthesis, as well as the NF-B 
transcription factor that play a central role in innate immune signaling for many 
organisms [2]. As such, C. elegans represents an opportunity for discovering potential 
novel mechanisms of innate immune responses that allow the animal to cope with the 
plethora of microbes that it encounters, including food sources and pathogens. 
 Early studies of C. elegans immunity focused on adapting a selection of common 
clinically relevant pathogens like Pseudomonas aeruginosa, Staphylococcus aureus, 
and Salmonella enterica Typhimurium to unravel mechanisms of host-pathogen 
interaction. These studies have resulted in major discoveries in our understanding of 



innate immunity. For instance, C. elegans possesses several immune signaling 
pathways that are conserved across many species in the animal kingdom, including 
mammals, such as the p38 MAPK, TGF-, and HIF-1 pathways [3-6]. Recently, 
however, there has been wide sampling of wild Caenorhabditis nematodes from 
decaying vegetation by a number of groups in the field. This ecological sampling has 
opened up new avenues of research that have increased our understanding of host-
microbe interactions and innate immunity, due to the discovery of a myriad of new 
naturally-associated microbes and a variety of host genetic backgrounds [7, 8]. These 
different host genetic backgrounds have been used for identification of important 
genetic variation in innate immunity [9-13]. Additionally, the diverse collection of 
nematode-associated microbes have resulted in the discovery of new mechanisms of 
innate immune responses, such as the intracellular pathogen response (IPR) to 
microsporidia and viral infection [14]. In this review, we aim to highlight some recent 
advances in our understanding of C. elegans innate immunity that suggest that the 
animal detects the presence of pathogens through pathogenic effects imposed on the 
host rather than the pathogen themselves, and the new paradigm of inter- and 
transgenerational immune inheritance that allows for this short-lived organism to invest 
resources in protecting future generations.  
  
2. Detection of pathogens 

In many respects, the capacity of C. elegans to detect pathogens does not follow 
many canonical principles that have been discovered in other hosts thus far. For other 
multicellular eukaryotes, the fight against pathogens starts with the detection of certain 
molecules that are highly conserved between large categories of microbes, called 
microbe-associated molecular patterns (MAMPs), including lipopolysaccharides (LPS), 
peptidoglycans (PGN), flagellin, mannan-rich structures, and microbial-specific nucleic 
acids [15]. These molecules are detected by hosts using various pattern recognition 
receptors (PRRs), such as Toll-like receptors (TLRs), C-type lectin receptors (CLRs), 
RIG-I-like receptors (RLRs), NOD-like receptors (NLRs), AIM2, and cGAS [16, 17]. 
However, the C. elegans orthologs of known PRRs in other animals have yet to be 
shown to play a role in signaling or induction of an immune response, and there is a 
lack of biochemical evidence showing direct binding to their corresponding MAMP 
ligands [6, 18-22]. Yet, similar to other host animals, C. elegans has been shown to be 
capable of detecting infection and differentiating between microbes, since they mount 
non-identical transcriptional responses to different pathogens, albeit with some overlap 
[14, 23-26]. Therefore, with regards to pathogen detection in C. elegans, there are three 
non-mutually exclusive scenarios. First, it is still a formal possibility that these PRRs 
play a yet undiscovered role in detecting microbial products in C. elegans, as the 
putative ortholog of RIG-I in C. elegans, DRH-1, does play a role in immune defense 
against viruses [9, 27, 28]. Second, the animal may use unknown, novel classes of 
PRRs to detect MAMPs. Third, C. elegans may employ alternative paradigms to detect 
infection, which include utilizing an array of non-MAMP molecules derived from the 
pathogens, detecting the pathogenic effects of infection on the animal, or a combination 
of both. These different contextual signals are likely integrated and converge on key C. 
elegans stress and immune pathways to determine the appropriate immune output (Fig. 
1). This last mode of pathogen detection bears resemblance to the “patterns of 



pathogenesis” paradigm proposed in mammalian systems, a concept referring to the 
detection of contextual information of infection, such as pathogen growth and metabolic 
products, microbial access to the cytosol, or disruption of core cellular processes (e.g., 
integrity of membrane or cytoskeleton). This mechanism allows for discrimination 
between pathogens versus nonpathogens to account for the fact that MAMPs are widely 
distributed in microbes regardless of their pathogenicity [29]. As we will discuss in the 
following sections, data from various studies during the last decade show that detection 
of patterns of pathogenesis is at least one major component of C. elegans innate 
immunity. 

 
2.1. Expanded gene families as candidates for detecting infection  
 C. elegans has several expanded gene families that could potentially function as 
receptors to detect infection, including C-type lectins (CLECs) [30], G-protein coupled 
receptors (GPCRs) [31], nuclear hormone receptors (NHRs) [32], F-box proteins (FBXs) 
[33], and proteins containing ALS2CR12 signature (PALSs) [34]. Genes encoding PRRs 
usually belong to expanded gene families, as diversification of family members results 
in a larger array of structures that can be distinguished from each other, while generally 
conserving the signaling output (response). For example, TLR diversification in 
mammals allows for the detection of viral, bacterial, and fungal products by different 
receptors, but the downstream signaling pathway is largely similar between them [35]. 
In C. elegans, members of these gene families have been implicated in immune 
responses in various infection models.  
 Among these gene families, the CLEC family represents one of the most 
probable candidates to play a canonical PRR role in immune detection, having about 
280 members and traditionally being associated with binding to sugar moieties. The C. 
elegans CLEC family includes both predicted transmembrane proteins as well as 
secreted members. Membrane-bound CLECs may act as signaling receptors whereas 
secreted CLECs can potentially act as effectors that bind microbes or host self-
molecules and block their interaction. Many CLECs have been observed to be 
transcriptionally upregulated upon infection in C. elegans, potentially acting as immune 
effectors (reviewed in [30] and [36]). Some CLECs have been shown to play an immune 
role. For example, clec-39 and clec-49 are required for defense against Serratia 
marcescens infection and the extracellular domains of the proteins were shown to 
directly bind to live and dead bacteria [19]. More recently, CLEC-4, CLEC-41 and 
CLEC-42 have been reported to bind a variety of bacterial species and CLEC-41 and 
CLEC-42 have been shown to have antimicrobial activity at high concentrations [20]. 
Despite these promising data, there has been little direct evidence for the signaling 
capacity of predicted transmembrane clec genes to regulate immune responses and the 
molecular identity of their ligands remains largely unknown for C. elegans. This problem 
may be a consequence of the difficulty in studying the role of large gene families, due to 
inherent redundancy masking the effects of single gene knockouts and knockdowns.  
 With the emerging theme of C. elegans detecting contextual information of 
infection, other expanded gene families have been suggested to broadly serve as 
noncanonical receptors for patterns of pathogenesis. The GPCR family is comprised of 
approximately 1300 genes. Many GPCRs are neuronally-expressed and function in 
chemoperception of the environment or internal physiology, with some of them 



implicated in immunoregulation [31, 37]. Other members of the GPCR family have been 
found to be expressed in tissues such as intestine and hypodermis where they have 
more direct functions in host defense. For instance, DCAR-1 is expressed in 
hypodermal cells and senses cuticle damage to activate an immune response [38], 
whereas FSHR-1 is expressed in intestine and turns on immune genes through putative 
detection of oxidative damage from infection [39]. Similarly, several of 284 members of 
the NHR family have also been shown to activate immune genes in response to 
different pathogens and different contexts of pathogenesis. Examples include NHR-45 
regulating immune and detoxification programs upon mitochondrial dysfunction [40], 
NHR-86 recognizing secondary metabolites from pathogens and triggering an immune 
response [41], NHR-49 regulating immune genes in the context of infection-induced 
oxidative stress [42, 43] and NHR-14 likely coupling iron uptake with an immune 
response during infection [44].  
 During intracellular infection, C. elegans has expanded gene families that are 
potentially playing a role in immune detection in the host cell cytoplasm. The sole DRH-
1 has been implicated in detecting intracellular cytosolic nucleic acids to activate stress 
and antiviral response [27]. C. elegans has greatly expanded the F-box family of 
proteins, with a strong selection for variations in the substrate binding domain in wild 
isolates. It has been suggested that these F-box proteins play a role in defense against 
intracellular pathogens where their diversity may allow for specific detection and 
proteolytic destruction of pathogen effectors and/or finetuning of host immune signaling 
through ubiquitination [11, 45-48]. Separately, the PALS family has also been shown to 
regulate the IPR response against intracellular pathogens [14]. While it is currently 
unknown what contextual information of infection the pals gene might sense, the fact 
that the IPR is triggered by a variety of stress stimuli such as proteasome inhibition, 
heat stress, and viral and microsporidia infection [49, 50], suggests that it is reasonable 
to suspect that pals may act down stream of these stimuli or sense yet unknown 
infection-induced stressor. An interesting feature of the PALS family is that several 
paralogs act as antagonistic pairs to switch the IPR on and off [51-53], somewhat 
reminiscent of the Guard Hypothesis in plant immunity. Finally, it is also worth noting 
that these receptors may act in a non-cell autonomous manner to elicit an innate 
immune response [54], therefore uncoupling the “detector” tissue from the “responder” 
tissue and further expanding the coverage for pathogen detection. 
 Altogether, these expanded gene families represent a large repertoire of 
receptors that can detect a diversity of microbes and potentially distinguish the harmful 
from the benign, likely through contextual information. One can imagine a scenario in 
which C. elegans simultaneously employs GPCRs and NHRs to detect small molecules 
derived from microbes or the damage from infection, perhaps at different tiers of the 
more upstream immune response cascade. The combination of signals from these 
receptors could constitute a pathogenic profile, or pattern of pathogenesis, and help 
determine the level of response to pathogens (i.e., activation of stress and detoxification 
programs and/or production of release of antimicrobial immune effectors) and the 
specific effector profiles (e.g., CLECs, antimicrobial peptides, neuropeptide-like 
proteins).  
 
2.2. Detection of patterns of pathogenesis  



a) Tissue damage 
 Host tissue damage is one of the most prominent hallmarks of pathogenic 
infections. Consequently, damage molecules, or damage associated molecular patterns 
(DAMPs) can be directly detected by hosts as indicators of infection and turn on an 
immune response. In C. elegans, this mechanism of pathogen detection is perhaps best 
characterized through the studies of hypodermal infection by the fungal pathogen 
Drechmeria coniosprora. This fungus will germinate a conidium to penetrate the cuticle 
and grow hyphae into the epidermal cells. This invasion leads to destruction of the 
cuticle, causing an increase in a host endogenous molecule, 4-hydroxyphenyllactic acid 
(HPLA). This damage molecule is thought to activate the host hypodermal G-protein 
coupled receptor DCAR-1 and the PMK-1/STA-2 immune signaling pathway resulting in 
induction of antimicrobial peptides, including neuropeptide-like proteins NLP-29 and 
NLP-31, and caenacins CNC-2 and CNC-4 [38, 55]. Interestingly, this HPLA signaling 
can also be induced through cuticular damage without D. coniospora infection, 
suggesting that epidermal immunity uses DAMP detection to trigger a general response, 
as epidermal damage is often accompanied by microbial invasion in the wild. 

The intestine is another tissue that is in constant contact with microbes. In C. 
elegans, a visible characteristic and a sign of intestinal infection is lumenal distention. 
This “bloating” phenotype in the intestine has recently been shown to induce immune 
and protective aversive responses, suggesting that the worms may perceive microbial-
induced intestinal bloating as a physiological danger signal [56]. While the mechanism 
by which lumenal distention leads to activation of immune genes is yet to be elucidated, 
it was shown that distention-induced pathogen avoidance requires transient receptor 
potential melastatin (TRPM) channels, likely as a sensor, and neuropeptide 
communications between the intestine and neurons [57, 58].  
 
b) Bacterial secondary products 

A common theme emerging in C. elegans immunity is the detection of nontoxic 
secondary products to initiate a response to pathogens that includes either activation of 
immune genes or induction of behavioral avoidance. Many MAMPs are conserved, 
structural components at the microbial surface, such as bacterial LPS, peptidoglycan, 
flagellin, fungal mannan. However, microbes produce an array of other secreted or 
cytoplasmic molecules that have the potential to be selectively detected as a pattern of 
pathogenesis. Recently, C. elegans was shown to sense the presence of the nontoxic 
metabolite phenazine-1-carboxamide (PCN) through the nuclear hormone receptor 
NHR-86 resulting in the activation of an immune response against the pathogenic strain 
P. aeruginosa PA14 in a p38 MAPK-independent manner. No response was observed 
to P. aeruginosa strains PAO1 and PAK that produced significantly less PCN [41, 59]. 
The stable binding of NHR-86 to PCN is specific, however, as its precursor phenazine-
1-carboxylic acid (PCA) does not bind stably to NHR-86 and thus does not trigger the 
immune response. Separately, C. elegans has been shown to activate a protective 
avoidance response after detecting a bacterial small RNA produced by pathogenic P. 
aeruginosa PA14 [60]. This bacterial small RNA P11 is not unique to PA14 [61], but it is 
highly upregulated when PA14 is grown under “virulent” conditions and P11 itself does 
not affect the worms’ health or brood size [60].  



From these data, a common theme emerges in which nontoxic secondary 
products are detected by C. elegans to initiate different responses, all contributing to the 
overall resistance of the organism in face of a pathogen. These secondary products 
apparently make up the pathogenic profile of P. aeruginosa toward C. elegans. To 
extrapolate this idea further, it is possible that C. elegans possesses mechanisms to 
detect a range of molecules that are characteristics of frequently encountered 
pathogens in the environment (e.g., different GPCRs and/or NHRs signaling axes), with 
inputs from different receptors leading to an additive effect on immune induction. 
Independently, detecting different secondary products from the same microbe can serve 
as functionally redundant mechanisms to ensure the robustness of an immune 
response against a pathogen and complicating its capacity to evolve immune escape. 
 
c) Homeostasis of core cellular processes – surveillance immunity 
 Surveillance immunity is another theme that has emerged from studies of innate 
immunity in C. elegans, a concept closely related to effector-triggered immunity in 
plants. In surveillance immunity, hosts detect pathogens by monitoring the homeostasis 
of key physiological processes, including translation, mitochondrial function, and the 
proteasome [62-64]. Disruption of these core activities from microbial assault will then 
activate an immune response. Many of these immune responses overlap with some 
stress and detoxification programs [64], which have been reviewed in detail elsewhere 
[65, 66].  
 Infection by viruses and other intracellular pathogens can result in a dramatic 
decrease in translation of host proteins. As such, C. elegans has been shown to detect 
host translational repression by pathogens. Infection with P. aeruginosa results in 
bacterial production of the toxin Exotoxin A that suppresses host translation. C. elegans 
uses surveillance to detect loss of translation through an increased expression of the 
ZIP-2 transcription factor, which in turn activates a set of innate immune genes [62, 67, 
68]. Separately, a large-scale RNAi screen found that knocking down key cellular 
components, including translational machinery components, results in aversion behavior 
and induction of immune responses in C. elegans [64]. More recently, another study 
suggested an additional mechanism from P. aeruginosa may inactivate host translation 
independent of Exotoxin A. Here, it was found that exposure of C. elegans to a toxA 
mutant of P. aeruginosa resulted in the accumulation of cleaved rRNA that ultimately 
resulted in a zip-2-mediated immune response. This result further strengthens 
translation as a key host physiological process that is targeted by pathogens and 
surveilled by hosts to induce a response [69].  
 In a similar manner, mitochondrial dysfunction in C. elegans was shown to 
activate immune and detoxification genes. Recently, the nuclear hormone receptor 
NHR-45, in association with ARIP-4 DNA helicase, was found to induce detoxification 
and immune genes in response to mitochondrial dysfunction. It was suggested that 
NHR-45 may bind to a unique lipid (perhaps cardiolipin that normally resides in the inner 
membrane of mitochondria) that is released from distressed mitochondria and therefore 
may also serve as a DAMP signal [70]. Separately, a study on C. elegans iron 
metabolism revealed a surprising connection between intestinal iron uptake and innate 
immune responses. It was found that animals increase the production of the iron-uptake 
transporter SMF-3 and increase expression of immune genes upon exposure to P. 



aeruginosa through another nuclear hormone receptor signaling axis, NHR-14, although 
in this case, it is the suppression of NHR-14 that upregulates iron uptake and immune 
genes [44]. Considering mitochondria require iron for the electron transport chain, it is 
possible that during infection, NHR-14 is suppressed by either an inhibitory signal 
produced by dysfunctional mitochondria in infected cells or the lack of activation signal 
from normally functional mitochondria. These new results on mitochondrial function, 
together with those on translation, further solidify surveillance immunity as an important 
component of C. elegans defense. Furthermore, the emerging associations of nhr 
genes with immune response support the model that expanded gene families are used 
for the detection of pattern of pathogenesis.   
 
3. Stage-dependent immunity in C. elegans  
 A key distinguishing aspect of C. elegans immunity is that responses are 
sometime stronger in larval stages compared to adult stages, before maturation of the 
reproductive system. Observations from studies that first established C. elegans as an 
infection model for different pathogens found a correlation between the strength of 
resistance and developmental stages, with larval stages tending to have better survival 
compared to adult animals. C. elegans has four larval (L) stages, designated L1 to L4, 
before developing into a reproductively active adult. Previous work found that L4 larvae 
are less susceptible to P. aeruginosa PA14 slow killing compared to adult animals [71]. 
Similarly, L4s exhibited a slower killing rate compared to adult animals after infection 
with S. typhimurium SL1344, suggesting some level of pathogen resistance in L4 stage 
[72]. Infection with S. marcescens also showed a negative correlation between 
resistance and developmental stages [73], with younger animals showing higher 
resistance. In infection with S. aureus, L4s also showed a slightly higher resistance 
compared to adults. While stronger resistance in larvae might be the case for many 
pathogens, it is by no means a universal trait and may be affected by factors from both 
the host and the pathogen. For example, the L1-L3 larval stages of C. elegans are 
readily killed by S. aureus infection [74]. Similarly, L1 animals are unable to survive B. 
pseudomallei and B. thailandensis infection, whereas other stages display varied 
susceptibility, with L2/L3 animals are more resistant compared to L4/adult stages [75]. 
Beside bacterial pathogens, studies in infections with microsporidia – an obligate 
intracellular, fungal-like pathogen – also support this notion of enhanced resistance at 
early developmental stages. For instance, L1 animals of a wild isolate strain of C. 
elegans (CB4856) can clear initial infection by the microsporidia Nematocida parisii in 
the intestine, and this resistance is sharply reduced by L2 stage onwards [12]. In 
agreement with this finding, in a recent high-throughput screen for genetic loci 
responsible for susceptibility/resistance against microsporidian infection, C. elegans 
strain JU1400 exhibited resistance toward a related microsporidian species N. ironsii 
infection by clearing the pathogens at L1 stage, but this resistance waned off at L4 
stage [10].  
 These observations are largely the opposite of those seen in mammals, where 
immunity is stronger in reproductively mature stages [76]. This difference may be 
related to the differences in lifespan. Host organism must make a cost-benefit 
calculation to balance an appropriate immune response to protect the host versus 
investing energy in protection of progeny. For short-lived animals like nematodes, 



especially in the wild, investing resources in reproduction and protective mechanisms 
for the progeny many have several benefits as compared to allocating those limited 
resources to clear infection in adult animals that have passed their peak of reproduction 
(day 2 or 3 of adulthood) and produced the majority of progeny (day 5) [77]. Such an 
investment would likely protect the embryos and hatchlings from the lethal effects of the 
persisting pathogens that the parents encountered, as well as potentially allowing the 
progeny to allocate their own resources for better development to reach reproductive 
maturation, all contributing to the continuation of the strain/species.  
 
4. Intergenerational and transgenerational resistance  
 For animals lacking adaptive immunity, parental investment to better protect 
offspring has been suggested to be functionally equivalent to vertebrate adaptive 
immunity [78]. In C. elegans, information from ancestral encounters with pathogens can 
be passed down for a single generation or multiple generations, termed 
intergenerational and transgenerational immunity, respectively. The transferred 
information can manifest as regulation of immune genes and/or protective aversion 
behaviors in the progeny. Additionally, the transferred information appears to vary 
depending on the pathogen and the course of infection since not all infections elicit an 
observable inter- or transgenerational phenotype. For behavioral avoidance of 
pathogens, a transgenerational effect has been observed for P. aeruginosa PA14 
infection. Specifically, exposure of C. elegans to PA14 at the L4 stage for 24 hours will 
induce a transgenerational avoidance behavior that lasts for exactly 4 generations. This 
avoidance is triggered, in part, by the bacterial small RNA molecule P11, which is taken 
up and processed by the host small-interference RNA (siRNA) arm. Amplification of this 
siRNA down-regulates the receptor MACO-1 in the ASI neuron resulting in avoidance of 
P. aeruginosa [60]. Although avoidance behaviors are a common protective response to 
different pathogenic bacteria (S. marcescens, E. faecalis, S. aureus), transgenerational 
transmission of the phenotype appears to be species-specific since S. marcescens 
avoidance is not passed down to offspring. Small RNA (sRNA)-induced avoidance is 
also species specific, as treatment with sRNA from S. marcescens or RNA extract from 
E. faecalis did not elicit the same response [57, 60, 79]. It remains unclear whether 
other sRNAs from PA14 can elicit a similar response, or more broadly, whether sRNAs 
from other pathogenic bacteria can affect the transcriptional immune response of the 
parents and multigenerational immune inheritance. 
 While C. elegans avoidance behaviors can reduce the chance of encountering 
pathogens, they are likely insufficient to provide robust protection for the progeny. This 
is because C. elegans is a bacterivore and pathogenic and nutritional microbes are 
often mixed in wild environments. As such, pathogens have been observed to induce 
immune inheritance, whereby information of past infections is transmitted to future 
generations through transcriptional changes of immune genes in progeny. Indeed, 
infection with several different classes of pathogens also result in either inter- or 
transgenerational immune priming. In one study, parental exposure of C. elegans to the 
natural bacterial pathogen Pseudomonas vranovensis induced a transgenerational 
protective transcriptional program in the offspring that resulted in the upregulation of 
cysteine synthase genes cysl-1 and cysl-2, and the regulatory protein rhy-1. This 
induction was independent of the small RNA pathways. Surprisingly, this protection was 



advantageous for F1 embryo survival and hatching into L1 progeny, but there was no 
significant difference in resistance when these F1 were at the adult stage [80]. In a 
different study examining the immune inheritance effect against microsporidia, exposure 
of C. elegans parents to the microsporidian N. parisii or artificial activation of part of 
their IPR conferred intergenerational resistance against subsequent infection with 
microsporidia or P. aeruginosa in their F1 progeny throughout development [81]. 
Mechanistically, intergenerational immunity may be mediated by maternal deposition of 
effectors (transcripts or proteins) while transgenerational immunity may be propagated 
by epigenetics in a similar fashion of transgenerational stress responses [82-84]. 
However, known epigenetic regulators of transgenerational responses did not appear to 
have an effect on transgenerational response to P. vranovensis, suggesting other yet 
unknown mechanisms are in play. It is also worth noting that one study of infection with 
Orsay virus – a natural viral pathogen of C. elegans – reported inheritance of antiviral 
response through the RNAi pathway [85], but a second study found that neither 
systemic nor inherited antiviral 22G RNAs were readily detected in offspring of exposed 
parents [86]. Thus, the inherited antiviral response, as well as small RNA-mediated 
transgenerational immunity, largely remain an open question in C. elegans.   
 
5. Conclusion and perspectives  
 It has been increasingly recognized that C. elegans possesses some unique as 
well as conserved aspects of their innate immunity compared to other traditionally well-
studied organisms. Some of these unique features may be nematode or C. elegans-
specific, or they may be conserved in other eukaryotes and waiting to be discovered. 
For instance, the detection of secondary products (i.e., secondary metabolites or 
microbial small regulatory RNAs) may also be used in other animals such as mammals, 
considering that the detection of microbial (primary) metabolites can activate and 
modulate immune responses [87-90], but it may be employed more prominently in C. 
elegans as a result of their lifestyle. 
  Despite the progress that has been made over the past two decades, our 
understanding of C. elegans innate immunity is still imcomplete. Like an incomplete 
jigsaw puzzle, the current body of data gives us a glimpse of what could be the overall 
picture of C. elegans innate immunity. We propose that C. elegans may not detect any 
specific canonical structural MAMPs of incoming bacterial species from their food 
source. Instead, there may be two main lines of defense. First, general surveillance of 
key cellular processes and/or DAMPs can initiate a stress/detox response (which also 
include some immune genes and therefore may constitute the “baseline” response), 
perhaps corresponding to an early stage of infection when pathogen load is still low and 
its effects on the animals are at the “stress” level. Then, detection of a more specific 
signature of a particular pathogen can trigger a more specific response. This specific 
signature is likely the secondary-product profile produced by the pathogen once its 
population has grown sufficiently large, corresponding to the latter stage of infection. 
Therefore, as the pathogen load increases, detection of the pathogen-specific, quorum-
sensing-induced secondary products would tailor a more appropriate response to 
control its growth and repair/detoxify damage induced by virulence factors and host 
immune effectors. Of note, this second line of defense may work simultaneously with 
the ongoing surveillance immune response started at an early stage of infection. In this 



case, the transcription factors activated by the later secondary products may confer the 
distinctiveness and specificity of the immune responses, despite the fact that the 
upstream detection of early infection is broad and nonspecific. Thus, these two main 
lines of defense ensure that the C. elegans immune response is both general as well as 
specific. This concept is reminiscent of the innate and adaptive arms of vertebrate 
immunity, with respect to the idea that innate immunity detects patterns of pathogens 
and adaptive immunity detects specific signatures.  
 However, this model also brings up a question on the specificity and efficiency of 
such an immune response, i.e. how does a given secondary product turn on the specific 
set of immune effectors required for a particular pathogen given the large set of 
available immune genes encoded in the C. elegans genome? One possible scenario is 
that coevolution could have shaped the associations of specific sets of secondary 
products with specific sets of “efficient” effectors, likely through the use of expanded 
gene families (CTLs, NHRs, FBXs, GPCRs, and PALSs) to detect those secondary 
products. Consequently, this would mean a response to a newly emerging pathogen 
would result in a general surveillance immune response as part of the pattern-of-
pathogenesis response but lack specificity, resulting in a less efficient immune 
response. Under this scenario selective pressure on the host would evolve new 
receptors capable of specifically detecting the secondary products of this new pathogen, 
resulting in further expansion of certain gene families. Why has C. elegans evolved to 
detect these secondary bacterial products? It is possible that many bacterial species are 
producing specific compounds that aid in their survival and growth in vivo or in the 
environment, perhaps when their populations have reached a limit. Many compounds 
are often under the control of quorum-sensing and likely to have a negative impact on 
C. elegans, through lysing host cells, hampering cell physiologies that could free up 
resources, or sequestering key metabolites [91-94]. As such, C. elegans might have 
evolved to “read” these secondary products as an indication of actively replicating and 
harmful bacteria during an ongoing infection. Future discoveries on new secondary 
products that can trigger C. elegans immunity will further shed light on this topic.  
 With regards to inter- and transgenerational immunity, it has emerged that this 
aspect of C. elegans innate immunity may be more widespread than previously thought. 
In higher eukaryotes adaptive immunity is conceptually characterized by immune 
memory, whereby re-exposure to the same pathogen activates a quicker and stronger 
response. If this characteristic of adaptive immunity is broadened to the population 
level, then the use of immune inheritance from ancestral exposure may be considered  
conceptually similar to immune memory, as short-lived animals like C. elegans can 
protect offspring from re-exposure to a persisting pathogen in the environment resulting 
in inherited immune and behavioral responses. The main difference is that this form of 
immune memory is vertically propagated, similar to maternal antibodies in mammals. 
The mechanisms behind C. elegans inter- and transgenerational immunity are only 
beginning to emerge and further studies will be needed to understand the inner working 
of this mode of immune response at the molecular level. Many questions remain to be 
investigated, for example, whether inter- and transgenerational immunity is relatively 
universal to infections by different pathogens, or how different stressors, abiotic and 
biotic, affect the outcome of such immune inheritance, as it was recently suggested that 
different abiotic stressors can reset sRNA-induced inheritance [95]. Altogether, C. 



elegans immunity contains conserved paradigms shared by all animals, even though 
the mechanisms differ. Surveillance of host physiology allows for broad recognition of 
pathogens, similar to innate immunity detection of patterns. Detection secondary 
pathogen products allows for specific recognition, similar to adaptive immune 
recognition of signatures. And inter- and transgenerational immunity may confer the 
“memory” feature of the adaptive arm. Undoubtedly, future studies will give more 
insights to these intriguing questions and C. elegans will continue as a model for host-
pathogen interactions and innate immunity and further pioneer a fundamental 
understanding of animal immunity.  
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Figure 1. Detection of patterns of pathogenesis and immune inheritance in C. 
elegans. Upon infection, C. elegans detects pathogens through several mechanisms, 
including 1) infection-induced damage, 2) microbial secondary products, and 3) 
surveillance of core cellular processes through expanded gene families. These signals 
induce transcription of immune response genes in the parents and 4) confer immunity to 
their progeny. Image was generated with BioRender. 
 



 


