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Abstract 
 

     The novel recognition that individual bodies of normal animals are actually inhabited 

by subcellular viral entities and membrane-enclosed microentities, prokaryotic bacterial 

and archaeal cells, and unicellular eukaryotes such as fungi and protists has been 

supported by increasing evidence since the emergence of culture-independent approaches. 

However, understanding the relationship between animal hosts, including human beings, 

and those non-host microentities that include microorganisms is challenging our 

traditional understanding of pathogenic relationship in human medicine and veterinary 

medicine. In recent novel evolution theories, the relationship between animals and their 

environments has been deciphered as the interaction between animals and their 

environmental evolutionary entities at the same and/or different evolutionary levels;[1-3] 

and evolutionary entities of the lower evolutionary levels are hypothesized to be the 

evolutionary background entities of entities at the higher evolutionary levels.[1,2] 

Therefore, understanding the normal existence of microentities that include 

microorganisms in multicellular animal bodies is becoming the first priority for 

elucidating the ecological and evolutiological relationships between microorganisms and 

nonhuman macroorganisms. The evolutionary background entities at the cellular and 

subcellular levels in bodies of nonhuman vertebrate animals have been summarized 

recently.[4] In this paper, I try to briefly review the evolutionary background entities 

(EBEs) at the cellular and subcellular levels for several selected invertebrate animal 

species.  
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1. Background  
 

     In recent novel evolution theories, the relationship between animals and their 

environments has been deciphered as the interaction between animals and their 

environmental evolutionary entities at the same and/or different evolutionary levels; [1-3] 

and evolutionary entities of the lower evolutionary levels are hypothesized to be the 

evolutionary background entities of entities at the higher evolutionary levels. [1,2] 

Therefore, understanding the normal existence of microentities that include 

microorganisms in multicellular animal bodies is becoming the first priority for 

elucidating the ecological and evolutiological relationships between microorganisms and 
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nonhuman macroorganisms. The evolutionary background entities, including subcellular 

viral entities and membrane-enclosed microentities, prokaryotic bacterial and archaeal 

cells, and unicellular eukaryotes such as fungi and protists at the cellular and subcellular 

levels in bodies of nonhuman vertebrate animals, have been summarized recently. [4] In 

this paper, I try to briefly review the evolutionary background entities (EBEs) at the 

cellular and subcellular levels for the following selected invertebrate animal species.  

 

 

2. The Phylum Arthropoda 
 

2.1 The Class Insecta  
 

Mutualistic interaction between endosymbionts and their host cells 
 

     Over half of all described macroorganism species on Earth are insects.[5] Recently, it 

has been gradually accepted that the symbiotic phnomenon in the Insecta is ubiquitous, 

although to date, only bacterial symbionts have been well studied in several groups of 

Insecta;[6] and the information about viral and fungal symbionts of insects is relatively 

limited. Many insects rely on symbiotic microorganisms to supply nutrients that are 

required by hosts for their viability and fertility.[7] Although these symbiotic 

microorganisms have lost the ability to live freely outside the sheltered environment 

within their host insects,[8] they eventually became essential partners in maintaining their 

host’s life. Therefore, this mutual beneficial relationship was the consequence of 

evolution, which enabled host organisms to obtain some kinds of advantages for survival. 

Moreover, even the diversity of the Insecta was believed to be associated with the diverse 

microbial communities inhabiting insect guts where interactions between symbiotic 

prokaryotic bacteria and host eukaryotic cells for gene transfer occurred.[9,10]  

     Despite microbial symbionts being found in different anatomic locations, including 

the alimentary tract, body cavity and/or eukaryotic cells of insects, researchers have 

defined two kinds of bacterial symbionts in insects when describing the symbiotic 

interaction between symbionts and host cells: “primary symbionts” and “secondary 

symbionts.”      Primary symbionts have three characteristics: (i) living within specialized 

host cells called bacteriocytes (or mycetocytes), (ii) inheriting maternally (vertically) by 

transovarial transmission, and (iii) establishing an obligate mutualistic association.[11-13] 

For example, Wolbachia is a bacteriocyte-associated symbiont and detected in all of the 

examined insects.[14] In fact, bacteria living within eukaryotic cells are a natural 

phenomenon, which also has been revealed in Protozoa and human macrophages.[15,16] 

The significance of symbiosis in insects has been studied in several insect species. 

Buchner proposed that the usual role of bacteriocyte-associated symbionts was to 

provision nutrients to their hosts.[13] Bacterial endosymbionts in the genus Portiera were 

believed to be the source of carotenoids in whiteflies because no evidence of carotenoid 

biosynthesis genes was found in whitefly species, but found in the obligate bacterial 

endosymbiont Portiera from the whitefly Bemisia tabaci.[17]   Chlamydiae strain UWE25, 

as an endosymbiont in protozoa, was found to lack encoding genes for producing 

ATP,[18] but depends on the host cytosol to obtain energy.[19-21] In contrast, secondary 

symbionts are those endosymbiotic microorganisms without the strict limitation of the 
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above three characteristics for defining primary symbionts.[11,12] Secondary symbionts 

may occur both intracellularly or extracellularly and may be both transovarially and 

horizontally transmitted.[11] For example, some extracellular bacterial symbionts 

belonging to the genus Burkholderia existed in a specialized symbiotic organ in a 

posterior region of the midgut in the bean bug Riptortus pedestris.[10] In fact, a 

secondary symbiont today may be the primary symbiont tomorrow. It is believed by some 

investigators that symbioses of insects and primary symbionts are the results of ancient 

infections.[11] For instance, cicadas, leafhoppers, treehoppers, spittlebugs, and 

planthoppers were found to host species-specific bacterial symbionts belonging to the 

phylum Bacteroidetes, which was believed to be the consequence of ancient infections 

occurred at least 260 million years ago.[13] An obligate intracellular bacterium belonging 

to the subphylum Gammaproteobacteria in the bulrush bug Chilacis typhae was located at 

the anterior poles of developing eggs and showed to have phylogenetic relationship with 

several secondary endosymbiotic bacteria including Pectobacterium and Dickeya.[22] 

 

 

2.1.1 The Order Hemiptera 
 

2.1.1.1 Lygaeoid bugs in the families Blissidae and Lygaeidae 
 

Bacteria 
 

      Symbiotic bacteria belonging to the phylum Proteobacteria in the “symbiont ball”, or 

bacteriocytes, were detected at the anterior pole of developing eggs in the ovary of adult 

females, or within the abdominal midgut in different lygaeid stinkbug species of the 

families blissidae and lygaeidae.[11,23-25] Moreover, bacterial symbionts within the 

cytoplasm of the bacteriocytes in the Lygaeoid bugs Nysius ericae and Nithecus 

jacobaeae were in both large elongated and small rod-shaped forms.[11] Morphologically, 

bacteriocytes of the birch catkin bug Kleidocerys resedae were showed to be red-colored 

and raspberry-shaped.[23] The above description of obligate endosymbionts constitutes 

the supporting evidence for maternal vertical transmission of endosymbionts to offspring 

through the ovarial passage.[23,24] 

 

2.1.1.2 Stinkbugs in different genera of the families Alydidae, Pentatomidae, 

Plataspididae, Parastrachiidae, and Scutelleridae 
 

Bacteria 

 

     The host-symbiont relationships were shown to be diverse anatomically and 

phylogenetically among plataspid stinkbugs, acanthosomatid stinkbugs, pentatomid 

stinkbugs, and cydnid stinkbugs.[26-29] Primary symbionts in the “symbiont ball”, or 

bacteriocytes were identified in stinkbugs of the families Plataspididae,[27,30]      

Acanthosomatidae, [28] and Pentatomidae.[31] Hosokawa and colleagues observed that 

the mothers of the stinkbugs in the genera Adomerus, Parastrachia, and Megacopta 

excreted a copious amount of symbiont-containing white mucus from the anus or small 

particles called “symbiont capsules” onto their laid eggs and after egg hatching, the 
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newborn nymphs immediately ingested the mucous secretion and obtained primary 

symbionts, which was believed to be the mechanism of vertical symbiont 

transmission.[32-35] Kikuchi and colleagues showed that symbionts were vertically 

transmitted via egg surface contamination during oviposition and that surface sterilization 

of eggs resulted in symbiont-free hatchlings which suffered retarded growth, high 

mortality, and abnormal morphology.[28] Extensive genome rearrangements of the 

obligate whitefly endosymbiont Portiera were found within the genome of individual 

insects of the whitefly Bemisia tabaci and the whitefly Trialeurodes vaporarium.[36] 

Bacterial symbionts of the stink bug Plautia stali were shown to produce rough-type 

lipopolysaccharide (LPS), a major component of the outer membrane of Gram-negative 

bacteria.[37] Recently, Matsuura and colleagues revealed that bacterial symbionts in the 

stinkbug Antestiopsis thunbergii were diverse and belonged to four distinct bacterial 

groups: gammaproteobacteria, Sodalis, Spiroplasma, and Rickettsia.[38] Moreover, these 

symbiotic bacteria existed not only in the stinkbug’s gut, but also infected various cells 

and tissues of the stinkbug.[38] Although the gut bacterial symbionts were believed to be 

primary symbiotic with obligate nature in stinkbugs,[12,38,39]  Kaiwa and colleagues 

showed that primary gut symbionts actually consisted of different evolutionary-origin cell 

lineages for their finding of a stinkbug species-specific gammaproteobacterium in 

different geographic location.[12,39]  More interestingly, Kaiwa and colleagues provided 

electron microscopic morphological evidence showing that in the midgut crypts of the 

Scutellerid stinkbug Cantao ocellatus, “convoluted projections from the epithelial cell 

layer form an intermingled structure, where the symbiont cells are entrapped in narrow 

extracellular spaces in close association with the host cells.” [12] 

     Experimental studies indicated that primary symbiotic bacteria play a physiological 

role in the normal development and growth of host insects. The symbiont-deprived 

stinkbug Sibaria englemani after treating with egg surface sterilization exhibited 

significant developmental retardation.[40] Moreover, deprivation of the bacterium from 

the nymphs of the stinkbug Megacopta punctatissima was also found to cause various 

abnormalities in development, growth and body coloration of the host insect.[41] 

Bacteria in food were experimentally shown to be an external source for secondary 

bacterial colonization in first instars of the stinkbug Nezara viridula.[42] A dense 

population of a bacterial symbiont belonging to the genus Burkholderia was found in the 

crypts at a posterior midgut region of the stinkbug Riptortus clavatus, and the symbiont 

was not vertically transmitted but was environmentally acquired.[43] The study on 

symbiont acquisition during nymphal development showed that a beneficial Burkholderia 

symbiont was detectable as early as in 2nd instar nymphs of the alydid stinkbug Riptortus 

pedestris.[44] The increase of external temperature was shown to associate with gut 

symbiont loss while accompanying a decrease in host fitness in stink bugs, such as 

Acrosternum hilare, Murgantia histrionica, and Nezara viridula L.[31,45] In addition, 

studies on bugs-associated bacterial symbionts have revealed their roles in other aspects 

such as in bacterial symbiont-mediated insecticide resistance [46] and in extracellular 

bacterial symbiont-mediated insect gene expression.[10]  

 

Viruses 
     Insect-associated viruses have not attracted much research attention yet. Plautia stali 

intestine virus was found in stinkbugs Plautia stali, Nezara viridula, and Halyomorpha 
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halys.[47]  Nezara viridula virus type 1 and type 2 were isolated from the stinkbug 

Nezara viridula with severe disease symptoms.[48] 

 

 

2.1.1.3 Whitefly in the genera Aleurocanthus, Bemisia, Siphoninus, and Trialeurodes of 

the family Aleyrodidae  
 

Bacteria 

 

     Diverse bacterial endosymbionts belonging to the genera Arsenophonus, Arthrobacter, 

Bacillus, Bhargavae, Brevibacillus, Curtobacterium, Erwinia, Kocuria, Listeria, 

Micrococcus, Paenibacillus, Pantoea, Portiera, Pseudomonas, Psychrobacillus, 

Rhodococcus, Rummellibacillus, Serratia, and Wolbachia were detected in the whiteflies 

of the genera Trialeurodes,[49] Aleurocanthus[50] and Bemisia.[51] For instance, the 

secondary bacterial symbionts in the whitefly Trialeurodes vaporariorum were showed to 

belong to the genera Hamiltonella, Arsenopnohus, Rickettsia, Wolbachia, and Cardinium, 

while those bacterial symbionts in the whitefly Siphoninus phillyreae belonged to the 

genera of Hamiltonella, Wolbachia, Cardinium, and Arsenophonus.[52] The study on 

bacterial symbionts in the whitefly Bemisia tabaci showed that symbiotic bacteria 

belonging to the genus Hamiltonella were involved in the development of the host 

insect.[53] 

 

Viruses 
 

     Currently, our understanding on viruses in whiteflies mainly focusses on the role of 

whiteflies as vectors for many plant viruses such as begomovirus, carlavirus, crinivirus, 

ipomovirus, and torradovirus.[54,55] A recent study by Rosario and Capobianco 

suggested that the complexity and diversity of viruses carried in whiteflies may extend 

beyond our existing knowledge.[54] 

 

 

2.1.1.4 Moss bugs in the genus Gondwanan of the family Peloridiidae 
 

Bacteria  
 

     An endosymbiotic, intranuclear bacterium as an Alphaproteobacterium of the genus 

Rickettsia in bacteriomes and the “symbiont ball” of developing oocytes was described 

for the first time by Kuechler and colleagues.[56]  

     Santos-Garcia and olleagues revealed that the primary endosymbiont of moss bugs 

belonged to Candidatus Evansia muelleri and Portiera.[57]  

 

 

2.1.1.5 Pirate bugs in the genus Orius of the family Anthocoridae 
 

Bacteria 
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     Bacterial symbionts belonging to the genera Spiroplasma and Wolbachia were 

detected in pirate bugs in the genus Orius of the family Anthocoridae; and the 

Spiroplasma population was showed to be dynamic in the development of the host 

insect.[58] 

  

 

2.1.1.6 Leafhopper in the genus Orosius of the family Cicadellidae 
 

Bacteria 
 

     The obligate bacterial symbionts belonging to the genera Rickettsia, Wolbachia, 

Sulcia, Nasuia, and Arsenophonus of the phylum Proteobacteria were detected in 

different leafhopper species.[59,60] A study comparing the genomes of symbionts in the 

leafhopper Homalodisca vitripennis and Graphocephala atropunctata revealed that the 

genome of the anciently acquired symbiont “Candidatus Sulcia muelleri” differed from 

that of the more recently acquired symbiont “Candidatus Baumannia cicadellinicola”  in 

genome stability and evolutionary rate.[61] 

 

 

2.1.1.7 Firebugs in the genus Pyrrhocoris of the family Pyrrhocoridae 
 

Bacteria 
 

     Bacterial species in the gut of the red firebug Pyrrhocoris apterus were shown to 

belonge to the phyla Actinobacteria, Firmicutes, and Proteobacteria, and the genera 

Coriobacterium, Gordonibacter, Clostridium, Lactococcus, Klebsiella, and 

Rickettsiales.[62] 

 

2.1.1.8 Chinch bug in the genus Cavelerius of the family Blissidae 
 

Bacteria 
 

     The symbiont-contamination on egg surfaces as the mechanism of vertical 

transmission and the environmental acquisition as the mechanism of horizontal 

transmission for acquiring Burkholderia symbionts were revealed in the oriental chinch 

bug Cavelerius saccharivorus.[63] 

 

 

2.1.1.9 Potato psyllid in the genus Bactericera of the family Triozidae 
 

Bacteria 
 

     The primary bacterial symbiont Candidatus Carsonella ruddii and many secondary 

bacterial symbionts in the bacterial genera Wolbachia, Sodalis, and Pseudomonas were 

detected in Potato psyllids.[64] 
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2.1.2 The Order Phthiraptera 
 

2.1.2.1 Louse in the genera Columbicola of the family Philopteridae, the genus Pedicinus 

of the family Pedicinidae, and the gunus Lepidophthirus of the family Echinophthiriidae                                                       
 

Bacteria 
 

     Although lice, including the head and the body lice, and lice-transmitted pathogenic 

bacteria in diseases such as epidemic typhus, trench fever, and relapsing fever, are still 

major research concerns,[65-67]  increasing attention has been paid to the relationship 

between symbiotic bacteria and host lice in resent years.[68-73] The symbiont-associated 

disk-shaped structure (mycetoma or bacteriocytes) was first observed by Robert Hooke 

350 years ago.[66] Intestinal endocellular symbiotic bacteria in lice were found to be 

louse species-specific.[71] Moreover, those bacteriocyte-associated symbionts in the 

macaque louse Pedicinus obtusus and the slender pigeon louse Columbicola columbae 

belonged to gammaproteobacteria,[70,71] and they were diverse and dynamic.[68] 

 

Viruses 
 

     The study on viruses in lice is limited, and existing literature about louse-associated 

viruses mainly focuses on a few lice species such as the salmon louse Lepeophtheirus 

salmonis [74,75] and the louse Lepidophthirus macrorhini.[76] The southern elephant 

seal (SES) virus, the first arbovirus of marine mammals, was described by La Linn and 

colleagues in the elephant seal louse Lepidophthirus macrorhini.[76] Okland and 

colleagues showed that five rhabdovirus-like sequences were detected in the salmon 

louse (Lepeophtheirus salmonis), with two viral sequences observed for the first time.[75] 

Moreover,  the vertical transmission of viruses in the salmon louse Lepeophtheirus 

salmonis was suggested by Okland and colleagues.[75] 

 

 

2.1.3 The Order Coleoptera 
 

2.1.3.1 Beetles in different genera of the families Carabidae, Cerambycidae, 

Curculionidae, Elateridae, Passalidae, Scarabaeidae, Staphylinidae, and Tenebrionidae 
 

Bacteria 
 

     The composition and diversity of the beetle's gut microbial community has attracted 

increasing research attention in recent decades. Diverse bacterial species belonging to the 

phyla Firmicutes, Proteobacteria, and Actinobacteria were found in the guts of larvae and 

adults of different beetle species;[77-85] and it was shown that there were inter- and 

intra-specific variations of bacterial composition in the larvael gut of humivorous scarab 

beetles in the genus Pachnoda.[86] Lehman, Lundgren and Petzke estimated that direct 

cell counts were 1.5×108 bacteria per milliliter of the gut in the beetle Poecilus 

chalcites.[78] Specific bacteria were found in the wood-feeding beetle Anoplophora 
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glabripennis and the dung beetle Onthophagus taurus. And these bacterial symbionts 

were believed to be from both vertical and horizontal sources.[87,88] 

    Rod-shaped pleiomorphic symbiotic bacteria were identified by Fluorescence in situ 

hybridization in the oocyte and bacteriocytes of Hylobius species belonging to the 

Molytinae subfamily.[89] In the gut microbiota of larval Holotrichia parallela, bacterial 

species were diverse and the dominant species belonged to the phyla Firmicutes and 

Proteobacteria, and the families of Ruminococcaceae, Lachnospiraceae, 

Enterobacteriaceae, Desulfovibrionaceae, and Rhodocyclaceae.[90] Diverse bacteria 

were detected in the larval gut microbial community of Pachnoda ephippiata, and the 

dominant bacteria belonged to the orders Lactobacillales, Clostridiales and Bacillales, 

and the phylum Cytophaga-Flavobacterium-Bacteroides.[91] The comparison of bacterial 

communities in the guts of larva and adults of the beetles Melolontha hippocastani 

revealed that although the beetles experienced a huge environmental switch from below-

ground to above-ground, some bacterial species belonging to Beta-, Delta-, and Gamma-

proteobacteria, Clostridia, Bacilli, Erysipelotrichi, and Sphingobacteria were detected in 

both the larval midgut and the adult gut.[81] Moreover, the core microbiome of the 

mycangium was found in six beetle species in the genera Dendroctonus, Xyleborus, and 

Xylosandrus.[92] Scanning electron microscopy showed that cocci were found as early as 

in the first-instar larvae, and morphological changes of symbiotic bacterial community 

continued during larval development.[93] In addition, the diversity of symbiotic 

microbial communities was influenced by environmental factors.[94] The different roles 

of bettle-associated bacterial symbionts have been revealed, such as nitrogen fixation,[95] 

food digestion, [96,97] suppressing plant defenses,[98] insect development,[80] and 

biological control.[99] 

 

Archaea 
 

     The archaeal community was detected in the larval gut microbial community of the 

beetles Pachnoda ephippiata, but less diverse than bacteria.[91] Archael species 

belonging to the genus Methanobrevibacter were detected in the hindgut of Melolontha 

melolontha larvae.[100] 

 

Fungi 
 

     Diverse fungal species or yeasts belonging to different genera and families were 

detected in eggs, larvae, and adults of different beetle species such as cerambycid 

beetles,[101] carrion beetles,[102] costa rican beetles,[85] red turpentine beetles,[103]     

ambrosia beetles,[104-106] mountain pine beetles,[107] and bark beetles.[108] For 

example, fungal species belonging to the genera Grosmannia, Leptographium, 

Ophiostoma, Pesotum, and Ambrosiellawere were detected in root-feeding beetles in the 

genera Hylastes, Pachylobius, Hylobius, and Dendroctonus;[109] fungal species in the 

genus Penicillium of the family Trichocomaceae, the genus Trichoderma of the family 

Hypocreaceae, and the genus Ophiostoma of the family phiostomataceae were detected in 

the bark beetle Ips typographus;[108] and symbiotic Leptographium longiclavatum and 

Grosmannia clavigera of the family Ophiostomataceae were detected in the mountain 

pine beetle Dendroctonus ponderosae Hopkins.[110] Moreover, studies revealed that 
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obligate fungal community in the beetle Doubledaya bucculenta was shown to be 

developmental and physiological dependence [111] and that fungal species in the bark 

beetle Dendroctonus ponderosae were dynamic and shown to associate with 

environmental factors.[112] 

 

 

2.1.3.2 Weevils in the genera Conotrachelus, Curculio, Lissorhoptrus, Otiorhynchus, 

Sitophilus, Sphenophorus, and Rhynchophorus of the family Curculionidae 
 

Bacteria 
 

     Bacterial species in both bacteriocyte-associated primary symbionts and environment-

associated secondary symbionts have been detected in weevils,[113-120] and their roles 

in nutrition, reproduction, development, evolutionary adaptation, and immunity have 

been studied at the cellular and molecular levels in recent years.[115,119-124]  However, 

some essential questions dealing with their origination, dynamics, diversity and evolution 

remain largely unanswered. The study of the interaction between bacterial symbionts and 

host eukaryotic cells, or among weevils-associated bacterial symbionts is largely 

unknown.[119,123,125] For instance, it has been revealed that there are four different 

prokaryotic genomes from nuclear, mitochondrial, principal endosymbiont, and 

Wolbachia respectively  within somatic and germ cells of the weevil Sitophilus oryzae, 

but we know little about their interactions.[126] Diverse bacteria belonging to the phyla 

of Proteobacteria, Firmicutes, and Bacteroidetes were isolated from larvae or larval guts 

of different weevil species including the red palm weevil Rhynchophorus ferrugineus 

Olivier,[116] the weevil Lissorhoptrus oryzophilus Kuschel,[127] the sugarcane weevil 

Sphenophorus levis, [122] and the weevil Otiorhynchus species.[128] Diverse Wolbachia 

strains with curculio-host and geographic variations have been uncovered in the plum 

curculio Conotrachelus nenuphar.[114] Moreover, at the weevil individual level, diverse 

bacterial species belonging to the genera of Fusobacterium, Staphylococcus, Bacillus, 

Corynebacterium, Arthrobacter, Serratia, Vibrio, and Flavobacterium were detected in 

the gut of the kola nut weevil Balanogastris kolae.[117] The gut bacterial community in 

larvae of the red palm weevil Rhynchophorus ferrugineus Olivier was found to be mainly 

from the phyla of Proteobacteria, Bacteroidetes and Firmicutes, and the families of 

Enterobacteriaceae, Porphyromonadaceae, and Streptococcaceae.[116,129] Although 

sibling weevil species compete for the same resource, they were found to have a clearly 

distinct community of secondary endosymbionts, including bacterial species or strains in 

the genera of Rickettsia, Spiroplasma, and Wolbachia.[119] In addition, seasonal 

alteration of the dominant bacterial species, such as Klebsiella pneumoniae in November 

and Lactococcus lactis in July, was found in the digestive tract of the red palm weevil 

Rhynchophorus ferrugineus.[130] The finding of the primary symbiont “Candidatus 

Curculioniphilus buchneri” in the germalia at the tip of each overiole of Curculio weevils 

provided another evidence supporting vertical transmission of endocellular bacteria via 

ovarial passage.[113] 

 

 

2.1.4 The Order Blattodea 
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2.1.4.1 Termite in the genus Coptotermes of the family Rhinotermitidae 
 

Bacteria 
 

    Termite guts harbor a high density of diverse bacterial microorganisms, including 

bacterial species in the genera of Staphylococcus, Streptococcus, Enterobacter, 

Enterococcus, and Lactococcus.[131-134] Since the combination of traditional methods 

with modern molecular techniques, accumulating evidence has revealed that not only 

have the roles played by bacteria in the physiological function of termite guts been 

ignored, but also that the bacterial abundance, diversity, and distribution have been 

severely underestimated.[135,136] New symbiotic bacteria have been gradually identified 

in termite guts during the past decades. For example, bacterial species belonging to the 

order Bacteroidales were identified in the gut of the termite Coptotermes 

formosanus.[132] “Elusimicrobium minutum” was first cultivated as the representative of 

the termite group 1 phylum.[137] Moreover, the comparison of the intestinal bacterial 

communities in fungus-growing termites at the genus level indicated that termite species-

specific core microbiota may exist in extant termites.[138] 

 

Archaea 
 

     Methanogenic archaeal species, including those in the orders of Methanobacteriales 

and Thermoplasmales, were identified in the guts of termites.[139-143] 

 

Protists 
 

     Protists, as a member of gut microbes, were identified in termites.[142]        

 

 

2.1.4.2 Cockroaches in the genus Cryptocercus of the family Cryptocercidae, the genera 

Periplaneta and Shelfordella of the family Blattidae, and the genus Blattella in the family 

Blattellidae 
 

Bacteria 
 
     The gut symbiotic bacteria of cockroaches have attracted increasing research attention 

in recent years.[144-146] The bacterial community in the gut of the American cockroach 

Periplaneta americana was found to consist of those in the phyla of Proteobacteria, 

Bacteroidetes, Firmicutes, Fusobacteria, and unclassified bacterial species.[147] Bacterial 

species belonging to the phyla of Bacteroidetes, Firmicutes and Proteobacteria were 

dominant in the gut of the Cockroach Shelfordella lateralis.[148] Bacterial species 

belonging to the genera Pseudomonas and Serratia were the most common and abundant 

bacterial species in external surfaces and alimentary tract of the German cockroach 

Blattella germanica.[149] In the gut of the wood-feeding cockroach Cryptocercus 

punctulatus, the dominant microorganism species is Formyltetrahydrofolate 

synthetase.[150] The bacterial species belonging to the phyla of Bacteroidetes, Firmicutes 
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and Proteobacteria were dominant in the gut of the cockroach Shelfordella lateralis.[148] 

As an endosymbiotic bacterium, Blattabacterium is found in all cockroaches except one 

cave-dwelling genus.[145] For example, Blattabacterium cuenoti, an endosymbiont is 

found within mycetocytes in the American cockroach, Periplaneta americana.[151]   

Interestingly, Park, Park and Takeda revealed that starved cockroaches do not digest 

bacterial endosymbionts for recycling of nutrients,[151] reusing uric acid, glycogen and 

lipids stored in the fat body.[151-153] In the recent study, the core bacterial species was 

detected in the gut of  Shelfordella lateralis.[154] 

    In addition, the role of bacterial symbionts in cockroaches has been gradually 

uncovered during the past years. Bacterial symbionts participating in lignocellulose 

digestion was revealed in the wood-feeding roach Cryptocercus punctulatus [155] and the 

enteric bacterium Shimwellia blattae coenzyme isolated from a cockroach was shown to 

produce B12.[156] Moreover, the interaction between the bacterial community of 

cockroaches and their environmental bacterial entities at the cellular and subcellular 

levels have also attracted much attention. For instance, food-driven shifting in the gut 

bacterial community was shown in the gut of Periplaneta americana;[157] transmission of 

antibiotic resistance was found in different cockroach species;[158-160] and vectors of 

environmental pathogenic bacteria, including Staphylococcus aureus, Enterobacter 

sakazakii, Escherichia coli, Proteus vulgaris, and some specific species in the genera of 

Bacillus, Salmonella, Streptococcus, Klebsiella, and Citrobacter were detected in 

cockroaches.[149,161-166] 

 

Protists 
 

     Microscopy revealed that protists existed in the gut of the wood-feeding roach 

Cryptocercus punctulatus.[155] 

 

Archaea 
 

     Methanogenic archaea were identified from the gut of cockroaches.[143,167] 

  

Viruses 
 

     Viral strains or species belonging to the genus Cyclovirus of the family Circoviridae 

were detected in the Florida woods cockroach Eurycotis floridana.[168] Blattella 

germanica densovirus was detected in in the German cockroach Blattella germanica.[169] 

Moreover, viral particles were also identified under microscopy in the gut of the wood-

feeding roach Cryptocercus punctulatus.[155] 

 

 

 

2.1.5 The Order Lepidoptera 
 

2.1.5.1 Silkworms in the genus Bombyx of the family Bombycidae 
 

Bacteria 
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    The intestinal bacterial community of silkworm mainly consists of species belonging 

to the genera of Arthrobacter, Bacillus, Brevibacterium, Corynebacterium, Escherichia,  

Klebsiella, Lactobacillus, Micrococcus, Pseudomonas, Staphylococcus, and 

Stenotrophomonas.[170,171] The gut bacterial community of the silkworm Bombyx mori 

was showed to be impacted significantly by diet and the rearing way. [171,172] 

Eukaryotic initiation factor 4E-1, BmFOXG1, MBF2-related genes in the silkworm 

Bombyx mori were shown to be induced by bacteria.[173] 

 

Fungi 
 

     Diverse fungal species of Beauveria bassiana were isolated from the silkworm 

Bombyx mori.[174] 

 

Viruses 
 

     Bombyx mori nucleopolyhedrosis virus and Autographa californica multiple 

nucleopolyhedrovirus were isolated from a diseased larva of the wild silkworm, Bombyx 

mandarina.[175] Some viruses that were identified in silkworms are pathogenic, which 

includes Bombyx mori cytoplasmic polyhedrosis virus,[176] Bombyx mori densovirus 

type 1,[177,178] and infectious flacherie virus.[179] 

 

 

2.1.5.2 Moth species in different genera of the families Sphingidae, Saturniidae, and 

Noctuidae 
 

Bacteria 
 

     Studies on the microbial community of moth species mainly focused on Manduca 

sexta, a tobacco hornworm in the genus Manduca. Brinkmann and colleagues described 

two kinds of bacterial symbionts from eggs of Manduca sexta: (i) an active Enterococcus 

relative, and (ii) an inactive Citrobacter sedlakii relative.[180] Bacteria in the gut of the 

velvetbean caterpillar Anticarsia gemmatalis belonged to the genera Bacillus, 

Enterococcus, and Staphylococcus. Among these, Bacillus subtilis, Bacillus cereus, 

Enterococcus gallinarum, and Enterococcus mundtii exhibited protease activity.[181] The 

“commensal-to-pathogen” switch phenomenon was displayed by Mason and colleagues 

in the moth Manduca sexta, in which, Enterococcus faecalis,  as a commensal bacterium 

in the gut of Manduca sexta, caused the rapid death of M. sexta larvae after injection of 

Enterococcus faecalis directly into the larval hemocoel.[182] Moreover, the bacterial 

community in the midguts of months was shown to be affected by different diets and 

antibiotics.[183-185] 

 

2.1.5.3 Hepialus gonggaensis in genus Thitarodes of the family Hepialidae 
 

Bacteria 
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      The bacteria belonging to the genera Rahnella and Carnobacterium were dominant in 

the guts of Hepialus gonggaensis larvae.[186] Moreover, the dynamics of the intestinal 

microbial community in different instars larvae was associated with their physiological 

development stages although the mechanism is unclear yet.[187] Feeding with external 

bacteria can impact the gut microbial community in Hepialus gonggaensis larvae.[188] 

 

Fungi 
 

     Diverse and aboundant fungi were detected in the gut of larval Hepialus gonggaensis, 

in which, fungi belonging to Mortierellaone and Trichosporon were dominant.[189] 

 

 

2.1.5.4 Galleria mellonella in the genus Galleria of the family Pyralidae 
 

Bacteria 
 
     Galleria mellonella is the larvae of the greater wax moth and has been used as in vivo 

or in vitro model for different laboratory studies dealing with bacterial species. For 

example, it has been utilized to study the infection-induced antimicrobial activity, such as 

heat-killed bacterial cells induced immunity,[190] heat-shock enhanced immunity, [191]       

to test the antimicrobial efficacy of antibiotics, such as antibacterial compounds, [192-

195] antifungal compounds, [196,197] and insecticidal proteins, [198] to study the 

virulence of a wide range of pathogenic microorganisms including Coxiella burnetii, [194]        

enteropathogenic Escherichia coli (EPEC), [199] uropathogenic E. coli (UPEC), [200]      

Helicobacter pylori, [201] Klebsiella pneumoniae, [202] Legionella pneumophila, [203]    

Listeria monocytogenes,[204-206] Proteus vulgaris,[204] Pseudomonas aeruginosa, [207]       

Serratia marcescens,[204] Staphylococcus aureus,[204] Streptococcus pyogenes, [208]      

Streptococcus pneumoniae, [209] and fungal species including Aspergillus fumigatus, 

Candida albicans, Candida tropicalis and Fusarium oxysporum,[197,204] and to evaluate 

novel antimicrobial molecular or subcelllular entities, such as Synthetic epidermicin 

NI01,[210] antimicrobial peptides,[211] and bacteriophage,[212] 

 

 

2.1.6 The Order Hymenoptera 
 

2.1.6.1 Ants in the genera Atta, Azteca, Camponotus, Cephalotes, Crematogaster, 

Cyphomyrmex, Formica, Mycocepurus, Odontomachus, Paratrechina, Procryptocerus, 

Solenopsis, Tapinoma, and Trachymyrmex of the family Formicidae 
 

 

 

Bacteria 
 

    The origin of ants was in Cretaceous [213,214] and their diversity was recently 

revealed.[215] During the past two decades, ants and their symbiotic bacteria have 

absorbed much research interest.[216-218] The bacterial symboints belonging to the 
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phyla Acidobacteria, Actinobacteria, Bacteroidetes, Firmicutes, Planctomycetes, 

Proteobacteria, and Spirochaetes were found in the bacterial community of arboreal ants, 

and revealed little overlap with the bacteria found on the ants' host plant.[218] Multiple 

molecular bacterial species of the genus Bacillus were identified as inhabitants of the 

midgut of red imported fire ant larvae.[219] Blochmannia, an obligate primary bacterial 

symbiont, was found to live within host bacteriocyte cells, be transmitted vertically from 

maternal host queens to offspring, and play a role in host nitrogen recycling and nutrient 

biosynthesis.[220-222] Blochmannia's closest bacterial relative, in the genus Serratia, 

was found to be a secondary endosymbiont in the guts of the ant Camponotus japonicus 

Mayr, and it was suggested that diets may be an external source for Camponotus ants to 

acquire their secondary endosymbionts.[220] Bacteria communities in the guts of red 

imported fire ant larvae appeared to be influenced by the geographical location and the 

foods consumed by the ants.[223] 

Bacteria have been studied as an important partner in the multilateral symbiotic 

association of ants, fungi, bacteria, and plant.[224-228] The study of the microbial 

community structure of leaf-cutter ant fungus gardens revealed that the members of the 

microbial community were diverse and dominated by Gram-negative bacterial species in 

the gamma-Proteobacteria and Bacteroidetes.[229] Bacterial species in the orders of 

Rhizobiales, Burkholderiales, Opitutales, Xanthomonadales, and Campylobacterales were 

most dominant in the turtle ant Cephalotes varians.[230] And the vertical transmission of 

the entire community was suggested to play an important role in the evolution of the 

turtle ants.[231] 

    The bacterial species in the genera Wolbachia and Arsenophonus of Proteobacteria, the 

order Entomoplasmatales of Tenericutes, and the fungal Microsporidia were detected in 

the ant Formica exsecta.[232] Moreover, distributions of Entomoplasmatales bacteria in 

guts were found unique to the army ants,[233] and their origin may involve vertical and 

horizontal transmission mechanisms.[231,234,235] Additionally, the gut regional 

distribution of symbiotic bacteria was shown in the ant Camponotus japonicus.[221]   For 

example, the bacterial species in the genera of Bacillus and Enterococcus were found in 

the midgut, those in the genus Paenibacillus were identified in the hindgut, and those in 

the genus Bacillus were detected in the crop.[221]      

    The bacterial symbionts of turtle ants belonged to the orders Burkholderiales of 

Betaproteobacteria, Pseudomonadales of Gammaproteobacteria, Rhizobiales of 

Alphaproteobacteria, Verrucomicrobiales of Thermoprotei, and Xanthomonadales of 

Gammaproteobacteria.[236] Moreover, some bacteria strains isolated from ants were 

shown to have antifungal activity and such activity was believed to play a critical role in 

maintaining multipartite symbiosis.[237-243] Pseudonocardia was a dominant and 

colony-specific symbiotic bacterium in leaf-cutter ants,[244] and believed to be vertically 

transmitted and occasionally horizontally transmitted.[234] Pseudonocardia symbionts 

produce antibiotics that can inhibit the growth of Escovopsis parasites.[234,245] In 

addition, symbiotic nitrogen-fixing bacteria were consistently isolated from the fungus 

gardens of leaf-cutter ant colonies [246,247]  and core species in bacterial communities 

were identified in the ant Cephalotes varians.[248] 

  

Fungi 
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    The ant-fungus association has been a hot topic during the past decades despite its 

recognition in the mid-19th century.[249-253], Fungal symbionts were shown in fungus-

growing ants.[254-258] Fungal diversity in ants has been shown in recent studies.[259-

265] For example, the fungal species of leaf-cutting ants belonged to the genera 

Cladophialophora, Cladosporium, Exophiala, Hyaline, Ochroconis, Penidiella, 

Phaeococcomyces, and Phialophora. [266] However, some pathogenic fungal species 

carried by ants were a concern for some researchers.[267] 

    Studies found that the function of fungal species in the fungus-ant association varies. 

Fungus was utilized as a building material for prey in the plant-ant of the genus 

Allomerus,[239] served as a food source in ants of different genera including Tetraponera, 

Petalomyrmex, and Pseudomyrmex.[239,268,269] And it can degrade a large range of 

plant polymers in Acromyrmex leaf-cutting ants.[257,270] Moreover, in ant-plant 

symbioses, symbiotic ants can obtain food from their host plants.[253]  Endophytic fungi 

of host plants were shown to influence ants' behavior.[263,327,328] In addition, a recent 

study showed that the variation of fungal communities between fungus chamber soils and 

non-nest soils was associated with the existence of leaf-cutting ants.[256,329] 

 

Viruses 
 

    Solenopsis invicta virus 1 (SINV-1), SINV-2, and SINV-3 were detected in individual 

worker ants, and moreover, individuals of Solenopsis invicta ants were shown to have 

simultaneously all combinations of the S. invicta viruses.[271-276] The Solenopsis 

invicta virus-1 (SINV-1), a positive-strand RNA virus, was found to affect only 

Solenopsis species and to infect all caste members and developmental stages, including 

eggs and instars.[273,277] However, in another study, SINV-1 genome integration had 

not been found in Solenopsis invicta host genome.[278] Solenopsis invicta virus 2 

(SINV-2) with unique genome characteristics was also identified in the red imported fire 

ant.[279] Solenopsis invicta virus 3, as the third viral species of the red imported fire ant, 

was found by Valles and Hashimoto in 2009.[272,274] After being infected 

experimentally with Solenopsis invicta virus 3, the behavior and some biological and 

reproductive functions of red imported fire ants were shown to be altered.[280,281] 

Moreover, the host range for Solenopsis invicta virus 3 covered various genera and 

subfamilies of ants.[282] The significant geographic divergence of Solenopsis invicta 

virus-1 (SINV-1) nucleotide sequences and the seasonal dynamics of infection rates were 

observed. [283] In addition, chronic bee paralysis virus (CBPV) was detected for the first 

time in the ant Camponotus vagus and the ants Formica rufa.[284] 

 

 

2.1.6.2 Bees in the genera Apis and Bombus of the family Apidae, and the genus Osmia 

of the family Megachilidae 
 

Bacteria 
 

     It is estimated that there are more than 16,000 bee species on Earth, with their origin 

in African in early to mid-Cretaceous.[285] Recently, the pathogenic agents of 

microorganisms have been attributed to the loss of bee colonies worldwide.[286] 
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Therefore, while the topic of bee immunity is still one of our major research 

interest,[286-288] increasing attention has been paid to bee-associated bacterial, viral and 

fungal microorganisms.[289] Diverse bacterial species belonging to the bacterial phyla of 

Proteobacteria, Bacteroidetes, and Firmicutes were found in the gut of different bee 

species in various genera of the family Apidae.[290-294] Gilliamella apicola 

(Gammaproteobacteria) and  be dominant in the gut symbionts of the honey bee of the 

genus Apis and bumble bee of the genus Bombus; [293,295,296] and the acquisition of 

the gut symbionts in corbiculate bees was determined by both environmental 

transmission and vertical transmission.[293] The diversity and dynamics of the core gut 

bacteria were shown in honey bee larvae[9,290] and in adults of different honey bee 

species.[290,292,297-299] Bacterial species in the phyla of Proteobacteria, Bacteroidetes, 

and Firmicutes were dominant in the guts of the honey bee Apis mellifera ssp. carnica, 

the bumble bee Bombus terrestris, and the red mason bee Osmia bicornis.[292] 

Lactobacillus kunkeei and Acetobacteraceae appeared in 1st instar larvae; and in later 

larval instars, Lactobacillus kunkeei decreased remarkably while Fructobacillus 

emerged.[290]  

 

Viruses   
 

     Many honey bee viruses, including black queen cell virus, chronic bee paralysis virus, 

deformed wing virus, Kashmir bee virus, and sacbrood bee virus, were detected in the 

body of healthy queens despite of our attention focusing on those pathogenic 

viruses.[300-302] The large scale losses of honey bees in recent years were attributed to 

environmental viral entities from parasitic varroa mites.[303,304] Recently, honey bee 

viruses such as deformed wing virus, black queen cell virus, and Israeli acute paralysis 

virus were found to have the ability to replicate in the fungal Ascosphaera apis, a 

pathogen of honey bee chalkbrood disease.[305] Viruses can be transmitted vertically in 

honeybees.[302] Overlapping genes, a common characteristic of viruses defined as 

having nucleotides coding for more than one protein by being read in multiple reading 

frames, were identified in the genomes of Israeli acute paralysis virus, acute bee paralysis 

virus, Kashmir bee virus, and Solenopsis invicta virus 1.[306,307] From a fimpological 

perspective, I hypothesize that overlapping genes may reflect the conserved core viral 

genes during their evolution. 

 

 

2.1.6.3 Wasps in the genus Megastigmus of the family Chalcididae 
 

Bacteria 
 

     Bacterial symbionts belonging to the genera Rickettsia and Wolbachia of the family 

Rickettsiaceae, the genus Ralstonia of the family Ralstoniaceae, and the genus 

Burkholderia of the family Burkholderiaceae were detected in larvae, pupae, and adults 

of wasp species in the genus Megastigmus of the family Chalcididae.[308,309] 

Wolbachia are intracellular symbiontic bacteria belonging to the family Rickettsiaceae 

and were shown to have an association with reproduction in the parasitic wasp Asobara 

tabida.[310,311] 
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2.1.7 The Order Diptera 
 

2.1.7.1 Mosquitoes in the genera Aedes, Anopheles, and Culex of the family Culicidae 
 

Bacteria 
 

     There are more than 3,500 mosquito species on Earth.[312] The diverse bacterial 

species in mosquitoes have been one of the hot topics during the past decades, and the 

function of bacterial symbionts and their relationship with mosquito hosts have been 

studied at the molecular level and the cellular level recently.[312-317] The halotolerant 

bacteria Halobacillus litoralis and Staphylococcus cohnii were detected in the midgut of 

Culex quinquefasciatus mosquito larvae.[315] The bacteria belonging to the phyla of 

Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes were isolated from the wild 

mosquito species in different genera.[316,318-320] Mosquito bacterial communities were 

believed to be acquired from the aquatic environment where larvae developed and can be 

influenced by diverse environmental entities including diets and antibiotics;[317,320-326] 

and some of bacteria in adult mosquitoes were detected from eggs.[321] 

 

Viruses 
 

     Traditionally, our understanding of mosquito-borne viruses is associated with the 

human illnesses they caused, such as dengue virus in dengue fever.[330,331] Recently, 

accumulating viral species or strains have been identified in various mosquito species 

from different geographic areas, for example, Liao Ning virus, Stretch Lagoon virus, 

Beaumont and North Creek viruses, and Murrumbidgee and Salt Ash viruses in 

Australian mosquitoes,[332] Quang Binh virus in Chinese mosquitoes and in Vietnam 

mosquitoes,[333] mosquito-borne flaviviruses and Ilomantsi virus in Finnish 

mosquitoes,[334] Omono River virus in Culex species mosquitoes of Japan,[335] Eilat 

virus in Anopheles coustani mosquitoes in the Negev desert of Israel,[336] Nam Dinh 

virus,[337] and a viral core community was revealed in different mosquito samples 

despite the diverse and heterogeneous nature of the viral community from the animal and 

plant hosts they feed on.[336,339] 

  

 

2.1.7.2 Flies in Different Genera of the Families Glossinidae, Ephydridae, Nycteribiidae, 

Psychodidae, Tipulidae, Streblidae, and Sarcophagidae 
 

 

 

Bacteria 
 

     Symbiontic bacterial species or strains have been identified in various fly species.  

Diverse bacterial species belonging to the genus Arsenophonus were identified in louse 

flies and bat flies, [340] and in the larval guts of Tipula abdominalis, they were 
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confirmed by culture, light microscopy and scanning electron microscopy.[341,342] Four 

bacterial strains belonging to Schineria gen. nov, a new lineage of gamma-Proteobacteria, 

were isolated from the fly larvae of an obligate parasitic fly, Wohlfahrtia magnifica.[343] 

The lavael gut of the oil fly Helaeomyia petrolei contained 2×105 heterotrophic bacteria 

per larva, which consisted of non-sporeformers and Gram-negative bacteria.[344] Using 

Scanning electron microscopy, light microscopy, and direct isolation methods, Klug and 

colleagues found that the gut tract of larval stages of Tipula abdominalis contained a 

diverse bacterial community, which even directly attached to the gut wall. Furthermore, 

the attached microbiota, sloughed during ecdysis, recolonized to the same density and 

diversity observed before the molt.[341] Diverse bacteria, including those in the genera 

of Morganella, Providencia, and Acinetobacter, were isolated from the larval gut of the 

oil fly Helaeomyia petrolei. [344,345]  Moreover, the dynamics of the bacterial 

community was found in the different developmental stages and larval organs of the fly 

Wohlfahrtia magnifica.[346] Recently, accumulating novel symbiontic bacterial species 

or strains from various fly species have been reported. For example, a novel Serratia 

glossinae strain was isolated from the midgut of the tsetse fly Glossina palpalis 

gambiensis;[347] a novel Klugiella xanthotipulae strain was isolated from the hindgut of 

the larvae of the aquatic crane fly Tipula abdominalis;[348] Bartonella DNA was 

detected in the bat fly Cyclopodia greefi,[349] and a novel Arsenophonus bacterium and 

a novel strain of Rickettsia were detected in the bat fly Trichobius major.[350]  

     Bacterial endosymbionts in the gut of Tsetse flies of the family Glossinidae were 

classified by some researchers into primary endosymbionts residing intracellularly within 

specialized cells (bacteriocytes) and secondary endosymbionts relating to the free-living 

bacteria of the phylum Proteobacteria.[8,351] Sodalis glossinidius, as a secondary 

endosymbiont of tsetse flies, was believed to be transmitted maternally, and its coding 

capacity of chromosome was found to be reduced significantly,[352] which was 

attributed to the influence of the host environment.[353] 

     Recently, Drosophila has been utilized as a model in the study on microbiota-induced 

host structural and functional alterations.[354,355] Wolbachia, intracellular bacteria 

detected in Drosophila species, is associated with host reproduction in Drosophila.[356-

358] Moreover, diverse Spiroplasma strains, another wide spreading symbiont in 

Drosophila species, were also found to be involved in reproduction.[359-361] In addition, 

diversity of larvael bacteria belonging to the phyla Actinobacteria, Firmicutes, and 

Proteobacteria was described in the sand fly Deanemyia maruaga; [362-364] and some 

Alphaproteobacteria and Gammaproteobacteria were detected in bat flies of the families 

Nycteribiidae and Streblidae.[340,349,365-369] 

 

Viruses 
 

    Toscana virus in the genus Phlebovirus was identified in the sand flies Phlebotomus 

perniciosus and Phlebotomus perfiliewi.[370] In addition, Nora virus was recently 

identified in Drosophila melanogaster;[371] and West Nile virus was detected in the 

louse fly Icosta Americana.[372] 

 

 

2.2 The Class Arachnida 
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2.2.1 The Order Parasitiformes  
 

2.2.1.1 Ticks in the genera Ixodes, Amblyomma, Dermacentor, Haemaphysalis, 

Hyalomma and Rhipicephalus of the family Ixodidae, and the genus Ornithodoros of the 

family Argasidae 
 

Bacteria 
 
    Ticks were believed to be the most important vectors of disease-causing pathogens in 

nonhuman animals and humans.[373,374] During the past years, increasing studies have 

been done on tick-associated microorganisms such as pathogenic and endosymbiotic 

bacteria. Various tick-borne microorganisms in different genera including Anaplasma, 

Bacillus, Bartonella, Borrelia, Coxiella, Ehrlichia, Francisella, Midichloria, 

Mycobacterium, Neoehrlichia, Propionibacterium, Rickettsia, Theileria, and Wolbachia 

have been detected in a range of tick species of various genera including Amblyomma, 

Carios, Dermacentor, Haemaphysalis, Hyalomma, Ixodes, and Rhipicephalus.[375-384] 

     There are variations in the tick species-specific and geographic distribution of the tick-

associated bacterial community,[376,378,380,382-384] which should be attributed to the 

close biological, ecological, and evolutiological relation with their macroorganism hosts 

such as bears, cattle, sheep, goats, horses, or dogs.[378] Several endosymbiotic bacterial 

species were identified in hard ticks,[380,385] and the origin of the tick-associated 

bacterial community was suggested to be the consequence of horizontal transmission 

from the environment during ticks’ sterile larvael development[376] and to be vertically 

transmitted.[380,385] 

 

Viruses 
 

     Although recently tick-borne encephalitis-virus was detected in ticks from migratory 

birds,[386] we still know very little about tick-specific non-pathogenic viruses.  

 

 

2.3 The Class Malacostraca 
 

2.3.1 The Order Decapoda 
 

2.3.1.1 Shrimps in different genera of the families Axiidae, Penaeidae, Callianassidae, 

and Palaemonidae  
 

 

 

Bacteria 
 

     The complex bacterial species belonging to various genera from the phyla 

Proteobacteria, Bacteroidetes, Actinobacteria, Firmicutes, and Fusobacteria were detected 

in various shrimp species of the genera including Artemia, Litopenaeus, Marsupenaeus, 
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Neotrypaea, Penaeus, and Rimicaris, which however, exhibited shrimps’ inter- and 

intraspecies variations.[387-393] For instance, Cytophaga-Flavobacteria-Bacteroides, 

proteobacteria, and gram-positives were three major features of the bacterial community 

in the hindguts of the shrimp Neotrypaea californiensis.[394] Bacterial species in the gut 

of the deep-sea Alvinocarid shrimp Rimicaris exoculata mainly belonged to 

Epsilonproteobacteria, Entomoplasmatales, and Deferribacteres.[395] And the 

Gammaproteobacteria were dominant in eggs of the shrimp Rimicaris exoculata.[391]     

Moreover, Beardsley and colleagues showed that there were 0.6-7 × 1010 bacteria in one 

gram fresh feces of the Pacific white shrimp Penaeus (Litopenaeus) vannamei, in which 

61% of bacteria belonged to the genus Vibrio.[392]  Most of the bacteria associated with 

shrimp are uncultured and novel species, and increasing novel species or strains have 

been found in the guts of healthy shrimps. For example, a novel strain of Bacillus 

pumilus was isolated from the mid-gut of the healthy black tiger shrimp Penaeus 

monodon.[396]   The bacterial community composition in the guts of shrimps is dynamic 

in different growth stages,[397,398] and influenced by many factors such as starvation 

and probiotic bacteria.[393,399] For example, after a long period of starvation, the 

dominant Deferribacteres in the gut of the shrimp Rimicaris exoculata were replaced by 

the dominant Gammaproteobacteria.[393] Morphologically, it has been observed that 

filamentous bacteria are inserted between microvilli of gut epithelial cells of 

shrimps.[393] Recently, the genome of Pacific white shrimp, Litopenaeus vannamei was 

shown for the first time to have horizontally transferred genes from bacteria and 

fungi,[400] which, however, is a novel supporting evidence for the hypothesis of the 

evolutiological role of microorganisms played in shrimp evolution. 

 

Viruses 
 

Shrimp-associated viruses have been accounted for mainly from the pathogenic 

perspective. Some pathogenic viruses, including white spot syndrome virus, hypodermal 

and hematopoietic necrosis virus, Penaeus monodon densovirus (formerly called 

hepatopancreatic parvovirus), spawner-isolated mortality virus, lymphoid organ parvo-

like virus, Laem-Singh virus, Macrobrachium rosenbergii nodavirus, and extra small 

virus, were identified to infect different shrimp species.[401-403] However, some 

symbiotic viruses were also detected in healthy shrimps. For example, yellow-head virus 

was found to be a symbiotic virus in the shrimp Palaemonetes pugio despite some 

pathogenic strains of yellow-head virus.[403,404] 

 

 

2.3.1.2 Crabs in the genera Scylla and Callinectes of the family Portunidae 
 

 

 

Bacteria 
 

    The culture-dependent and culture-independent approaches have revealed that the 

diversity of intestinal bacteria belonging to the phyla of Proteobacteria, Firmicutes, 

Tenericutes, Bacteroidetes, Fusobacteria, and unidentified or unclassified bacteria exist in 
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different crab species of various genera including Eriocheir,[405,406] Scylla,[407-409] 

and Callinectes.[410] The most abundant bacterial species within Chionoecetes (snow 

crab) internal organs belong to the genera of Acinetobacter, Bacillus, Pseudomonas, 

Stenotrophomonas, Agreia, Microbacterium, Rhodococcus and Agrococcus.[411]  

Moreover, crab-associated bacterial compositions have been shown to be influenced by 

different environmental factors.[405,408,409] The intestinal bacterial compositions of 

pond-raised crabs aree different from that of wild crabs.[405,408] Despite the pathogenic 

role of bacteria in diseases of crabs, the question, “what are their roles in healthy crabs?” 

has been attracting increasing attention.[406-408,412,413] 

 

Viruses 
 

    Studies on crab-associated viruses have revealed that the complexity of the relationship 

between crabs and viruses is far beyond our existing understanding. Crab-associated 

viruses belong to different virus families, including Reoviridae, Bunyaviridae, and 

Roniviridae.[414] More and more novel viral species or strains in crabs have been 

described during the past decades, such as a reo-like virus in blue crab Callinectes 

sapidus,[415] Scylla serrata reovirus in mud crab Scylla serrata,[416] and novel 

reoviruses in the Chinese crabs.[417-419] Although our primary interest in crab-

associated viruses was their pathogenicity,[416,420-424] accumulating evidence has 

suggested that their role may not be so simple. For example, white spot syndrome virus 

and Infectious hypodermal and hematopoietic necrosis virus are pathogenic,[421,425,426] 

however, both viruses are also detected in normal crabs,[427] and the heart of freshwater 

crab Paratelphusa hydrodomous was showed to be a good tissue for replication of white 

spot syndrome virus.[428] In addition, how to account for the species-variation in 

response to similar external viruses is another challenge that needs further 

exploration.[429] 

 

Fungi 
 

    Crab-associated fungi have not attracted much attention in the past decades when 

compared to crab-associated bacteria and viruses. However, the recent study on fungi 

Lethargic Crab Disease by Vicente and colleagues suggested that crab-associated fungi 

should become one of hot topics in the near future, despite its focus on fungal 

pathogenicity.[430] 

  

 

2.4 The Class Maxillopoda 
 

2.4.1 The Order Siphonostomatoida 
 

2.4.1.1 Lice in the genus Lepeophtheirus of the family Caligidae 
 

Bacteria 
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      Bacterial species such as Tenacibaculum maritimum, Pseudomonas fluorescens, and 

Vibrio spp. were isolated from sea lice.[431] Despite its parasitic characteristics in 

salmon,[432,433]  the salmon louse Lepeophtheirus salmonis was found to be a vector 

for the transmission of aquatic bacteria [431] and viruses, such as salmonid alphavirus, 

infectious salmon anaemia virus, infectious haematopoietic necrosis virus, and 

rhabdovirus.[74,75,434-436] However, the study on sea lice-associated bacteria and 

viruses focused on their pathogenicity, and therefore, the roles of sea lice-associated 

bacterial and viral species or strains in the existing literature were mainly accounted for 

from a pathogenic perspective.  

 

 

3 The Phylum Annelida 
 

3.1 The Class Polychaeta 
 

3.1.1 The Order Canalipalpata and Sabellidae 
 

3.1.1.1 Tubeworms in the genera of Escarpia, Lamellibrachia Ridgeia, Riftia and 

Sclerolinum of the family Siboglinidae, and the genus Hydroides of the family Serpulidae 

 

Bacteria      
 

    Diverse bacterial species belonging to the phyla of Proteobacteria, Bacteroidetes, 

Actinobacteria, Chloroflexi, Firmicutes, Planctomycetes, Verrucomicrobia, and 

Deinococcus-Thermus have been detected in the vestimentiferan tubeworm Ridgeia 

piscesae.[437] Chemolithotrophic sulfur-oxidizing bacteria were found to be 

endosymbionts of tubeworms in the genera of Riftia, Lamellibrachia, Oligobrachia, and 

Sclerolinum that live near the volcanic deep-sea vents, which enable the tubeworm to 

utilize sulfide for its metabolism.[438,439,440,441] Therefore, sulfide-oxidizing bacterial 

symbionts have been believed to supply tubeworms food.[442,443] In addition, a 

specialized worm tissue where the chemoautotrophic symbionts live intracellularly is 

called the trophosome.[443,444] It has been gradually revealed during the past decades 

that symbiotic bacteria are involved in the development of invertebrate larvae. For 

example, the settlement of invertebrate larvae is actually bacteria-dependent.[445,446] It 

was showed that the entering and colonizing of bacterial symbionts occurred during the 

development of the settled larvae and the formation of trophosome, which was a 

horizontal endosymbiont transmission.[444] Recently, a strain of the bacterium 

Pseudoalteromonas luteoviolacea was showed to induce metamorphosis in the larvae of 

the marine tubeworm Hydroides elegans. [445] Moreover, the bacterium 

Pseudoalteromonas luteoviolacea participated in the development of Hydroides elegans 

larvae by producing phage tail-like structures to trigger metamorphosis of the 

tubeworm.[447] These experimental evidences reveal for the first time how this novel 

form of bacterium-animal interaction at the cellular and subcellular levels cooperates 

physiologically during larvael development. 

 

Fungi 
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    A novel yeast species, Rhodotorula benthica, was isolated from the tubeworm in the 

genus Lamellibrachia.[448] 

 

 

3.2 The Classes Clitellata and Hirudinea 
 

3.2.1 The Orders Arhynchobdellida, Hirudinida, and Gnathobdellida 
 

3.2.1.1 Leech in the genera of Hirudo, Placobdella, and Myzobdella  
 

Bacteria 
 

    One of the reasons for the study on leech microorganisms is that medicinal leeches 

used in plastic and reconstructive surgery can cause bacterial infection.[449-454] Studies 

have revealed that commensal bacterial species exist in various anatomic locations of 

leeches, such as the skin,[455-457] the digestive tract,[458-464] bladder,[465] 

viscera,[466] and eggs.[465] For example, a bacterial species belonging to the genus 

Rickettsia was found in various tissues including the epidermal, esophageal, and 

intestinal tissues of two species of Japanese glossiphoniid leeches.[467] Recently, Rio 

and colleagues showed that bacterial symbionts appeared within the cocoon immediately 

following deposition, grew dynamically, and displayed diverse temporal colonization 

during leech embryogenesis;[465] and the authors attributed the synchronization of host 

development with the establishment of particular members of the microbial community to 

vertical transmission and the dynamic nature of symbiont invasion.[465] Leech-

associated symbiotic bacteria belong to the phylum Bacteroidetes, Proteobacteria, 

Verrucomicrobia, and unclassified Bacteria,[466,465] in which, new members including 

novel species of the genera Niabella and Devosia have been added recently.[468,469]  

    In addition, endosymbiotic bacteria belonging to the subphyla Alphaproteobacteria and 

Gammaproteobacteria have been isolated from specialized structures or organs, variously 

termed bacteriocytes or mycetomes, such as the esophageal organ in leeches.[463,464, 

470]  Studies also revealed that the leech-associated bacterial community is dynamic, 

despite unclear functions of the bacterial symbionts. For instance, a study showed that 

bacteria belonging to the genus Psychromonas were undetectable in cocoons or 2-16 

week-old juveniles of the deep-sea leech species, but became dominant in later 

developmental stages, which was suggested to be obtained from the environment of the 

leeches.[471] Moreover, molecular analysis revealed that the dominant 

gammaproteobacteria of the leeches were inter-species different.[471]      

 

 

 

 

Viruses 
 

    It has been recognized for a long time that leeches are potential virus reservoirs. 

Leech-associated viruses have been shown to come from external sources. For example, 
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mammalian Myxoma hog cholera viruses, bovine parvovirus, feline calicivirus, equine 

arteritis virus, and herpesvirus type 1 can survive in leeches.[472,473] Recently, the viral 

hemorrhagic septicemia virus and mimivirus were detected in leeches.[474,475] 

 

 

3.3 The Classes Oligochaeta and Clitellata 
 

3.3.1 The Orders Haplotaxida and Megadrilacea 
 

3.3.1.1 Earthworms in the genus Amynthas of the family Megascolecidae, the genus 

Eudrilus of the family Eudrilidae, and the genera Aporrectodea, Eisenia, and Lumbricus 

of the family Lumbricidae 
 

Bacteria 
 
    Earthworms are saprotrophic invertebrates. Although the question “how do 

earthworms interact with soil environmental microbes for survival?” still a major concern 

in the study of earthworms,[476-480] increasing attention has been paid to the question 

“what are the symbiotic microorganisms of earthworms?” It was estimated that the 

bacterial number was 5.43 × 105  cfu per milliliter content in the gut of earthworms.[481] 

Diverse earthworm-associated bacteria belong to different phyla including Acidobacteria, 

Actinobacteria, Bacteroidetes, Chloroflexi, Cyanobacteria, Firmicutes, 

Gemmatimonadetes, Nitrospirae, Planctomycetes, Proteobacteria, Tenericutes, and 

Verrucomicrobia, and various genera including Acinetobacter, Azotobacter, Bacillus, 

Clostridium, Flavobacterium, Halobacterium, Lactobacillus, Micrococcus, Pseudomonas, 

Spirocheata, Staphylococcus, Streptococcus, and Verminephrobacter.[481-488] Bacteria 

belonging to the phylum Bacteroidetes and the subphyla of Alphaproteobacteria and 

Betaproteobacteria were detected in the nephridia of basal Crassiclitellata.[482] Bacterial 

symbionts belonging to the genus Verminephrobacter were identified in the excretory 

organs (the nephridia) of different earthworm species,[487,489] which was suggested to 

be transmitted vertically.[490] 

     

Fungi 
 

    Several studies have showed that some fungal strains or species were isolated from 

earthworms in the past years.[484,488,491] Fungal strains or species belonging to the 

genera of Aspergillus, Candida, Fusarium, Penicillium, Pichia, Pytium, Rhizopus, 

Saccharomyces, and Rhizopus were detected in the earthworm Libyodrillus 

violaceous.[488]  The interaction between earthworm and fungi is thought to play an 

important role in the diversity and recycling organic matter.[488,491] 

 

 

4. The Phylum Cnidaria 
 

4.1 The Class Hydrozoa 
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4.1.1 The Order Anthomedusae  
 

4.1.1.1 Hydra in the genus Hydra of the family Hydridae 
 

Bacteria 
 

    Hydra is one of the first “witnesses” when humans began to step into the 

microorganism world because it was first observed by Antoni van Leeuwenhoek in 

1702.[492,493]  Since 1744, Hydra has been used as a subject of study in experimental 

biology.[493,494] While our attention on the relationship between Hydra and bacteria is 

still focusing on Hydra’s antimicrobial mechanism at the cellular and molecular levels, 

[495,496] and the role of symbiotic bacteria in the physiology and homeostasis of Hydra, 

[497,498] some researchers have begun to try to understand the role their relationship 

plays in evolution. [494,497,499] Moreover, some new questions such as “What causes 

species-specific bacteria to be maintained in Hydra species grown in different 

environments?” and “What are the underlying mechanisms?” need to be 

answered.[499,500] The diversity, complexity, and dynamics of Hydra-associated 

bacteria after hatchlings were described in Hydra.[500] Recently, Hydra’s microbial 

communities were reviewed from a non-pathogenic perspective by Bosch and 

colleagues.[501,502] Some bacterial species in the bacterial community of the basal 

metazoan Hydra were endosymbionts.[499,503] The early embryogenesis of the basal 

metazoan Hydra requires specific bacterial colonization.[495] Invertebrate embryos often 

develop in an environment full of microorganism, including potential pathogens.[495] 

However, the interaction of embryo-bacterial endosymbionts occurs normal 

embryogenesis is still a paradoxical phenomenon, despite the discovery of many 

antimicrobial mechanisms or factors.[495] 

 

Viruses 
 

     Three decades ago, two research groups described an interesting phenomenon: viral 

particles with 185 nm in diameter emerged in the nuclear region of the algae within 

several hours after the algae were isolated from the Hydra. Moreover, “the source of the 

virus is unknown since it has not been detected in thin sections of intact hydra or in algal 

cells immediately after their isolation.”[504-506] Such virus synthesis induced by the 

isolation of symbiotic Chlorella-like algae was confirmed in different green Hydra and 

the protozoan Paramecium bursaria.[505,506] In the recent study, Grasis and colleagues 

found that each species of Hydra harbors a diverse host-associated virome, in which, 

bacteriophages are the most abundant subcellular viral entities and belong to the virus 

families Myoviridae, Siphoviridae, Inoviridae and Herpesviridae.[507] 

 

 

4.2 The Class Anthozoa 
 

4.2.1 The Order Alcyonacea, Gorgonacea, Scleractinia, and Zoantharia 
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4.2.1.1 Corals in different genera of the families Acroporidae, Alcyoniidae, Gorgoniidae, 

Fungiidae, Oculinidae, Faviidae, Mussidae, Plexauridae, Pocilloporidae, Poritidae, 

Siderastreidae, Dendrophylliidae, and Parazoanthidae 
 

Bacteria 
 

    Bacterial species in the coral-associated bacterial community are diverse and belong to 

different bacterial phyla, including Cyanobacteria, Firmicutes, and Proteobacteria. 

Moreover, in the phylum Proteobacteria, and the dominant bacterial species are shown to 

be distribute over various subphyla, such as Alphaproteobacteria, Betaproteobacteria, 

Deltaproteobacteria, Gammaproteobacteria, and Epsilonproteobacteria, which associate 

with both coral species-specificity and geographic environmental variability.[508-516]  

Cultivable actinobacteria belonging to different genera, including Agrococcus, Dietzia, 

Micromonospora, Nocardia, Nocardiopsis, Pseudonocardia, Rhodococcus, 

Saccharomonospora, Saccharopolyspora, Streptomyces, and Verrucosispora, were 

isolated from gorgonian coral species.[517] Gammaproteobacteria, Alphaproteobacteria, 

and Actinobacteria are dominant cultivable bacterial groups in the mucus of the healthy 

Red Sea coral Fungia scutaria.[518] Roseobacter was shown to be coral-specific in the 

coral Pocillopora meandrina;[519,520] cyanobacteria were found to exist in 93% healthy 

species of the coral Pocillopora damicornis;[521] and the bacterial community 

composition of the South China Sea reef corals Porites lutea, Galaxea fascicularis, and 

Acropora millepora was found to be different in some bacterial species.[522]  Moreover, 

tissue-specific bacteria at the individual level were found in diverse coral host tissues. For 

example, Endozoicomonas bacteria were abundant in the endodermal tissues of the coral 

Stylophora pistillata,[523] and some intracellular bacterial symboints have been 

observed.[523-526] 

     Both geographic- and species-specificity of coral-associated bacterial communities 

hace been recognized in different coral species worldwide including Acropora hyacinthus, 

Acropora millepora, Alcyonium gracillimum, Galaxea fascicularis, Lophelia pertusa, 

Madracis decactis, Madrepora oculata, Montastrea franksi, Mussismilia hispida, Palythoa 

caribaeorum, Pocillopora damicornis, Porites lutea, Stylophora pistillata, and Tubastraea 

coccinea. [508,511,512,521,522,527-533] However, an interesting fact which our 

existing theories cannot account for is that Frias-Lopez and colleagues found that there 

was less than 5% similarity in the bacterial community composition between seawater 

and the healthy, black band diseased, and dead coral surfaces.[534] Studies have shown 

that the coral-associated bacterial community can be influenced by environmental factors 

[535-537] such as seawater depth, salinity and pH, temperature, geographic location, 

coastal pollution, fish farm effluents, algae, and DNA extraction protocols.[511,538-546] 

Recently, a normally transient alteration in bacterial associations of the gorgonian 

Paramuricea clavata was reported[513] and a seasonal dynamic bacterial community was 

revealed in Caribbean reef-building corals.[547] 

     A macro-ecological relationship between coral and fish has been found to associate 

with coral diseases, although the mechanisms haven not been elucidated clearly.[548,549] 

For instance, although several diseases have been recognized in the coral genera of 

Porites, Montipora, and Acropora,[550] their etiology is largely unclear and may 

associate with environmental factors.[550] In fact, although coral-associated bacterial 
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community has been shown to play a physiological role in maintaining coral health, 

[551,552] the shift of the coral-associated bacterial community has been mainly studies 

from a pathological perspective already. [508,516,552] Some coral diseases, including 

dark spot syndrome, white syndrome, yellow band disease, white plague disease, and 

black band disease, have been found to be associated with the alteration of the coral-

associated bacterial and/or fungal communities.[546,547,553-555] Some bacterial species, 

such as Vibrio coralliilyticus, have been proposed as potential causative agents in both 

coral bleaching and coral diseases.[508,556] 

 

Archaea 
 

    Diverse archaeal species have been identified in corals.[509,515,520,547,557-559] 

Geographic- and species-specificity archaea have been shown in corals from the Gulf of 

Eilat, Red Sea, [560] and in corals from the South China Sea.[515] A seasonal dynamic 

archaeal community has been shown in Caribbean reef-building corals.[547] The roles or 

functions of archaea are largely unknown. Sato, Willis and Bourne showed that archaea 

played a role in black band disease of corals.[561] 

 

Fungi 
 

      Corals have been found to harbor fungi, in addition to diverse and abundant 

communities of prokaryotic cells, eukaryotic zooxanthellae, endolithic algae, and 

protists.[508,518,536,558,562] Geographic- and species-specificity fungi belonging to 

different genera have been shown in healthy South China Sea gorgonian corals.[517,563] 

However, the study of coral-associated fungi is still limited and infantile. 

 

Viruses 
 

      Coral-associated viruses are attracting more and more attention, partially because of 

their pathogenic and non-pathogenic roles.[564,565] Virus-like particles have been 

identified in the coral Pocillopora meandrina during early development.[519] Herpes-like 

sequences have been detected in healthy and bleaching corals.[565] Moreover, viral 

sequences similar to some algae- and plant-pathogenic viruses have also been identified 

in corals.[565] 

 

 

5. The Phylum Porifera 
 

5.1 The Classes Demospongiae and Calcarea 
5.1.1 The Orders Agelasida, Astrophorida, Chondrosida, Clathrinida, 
Dictyoceratida, Hadromerida, Halichondrida, Haplosclerida, Homosclerophorida, 
Poecilosclerida, and Verongida  
 

5.1.1.1 Sponges in different genera of the families Ancorinidae, Aplysinidae, 

Astroscleridae, Chalinidae, Chondrillidae, Clathrinidae, Coelosphaeridae, Dictyonellidae, 
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Geodiidae, Ianthellidae, Irciniidae, Niphatidae, Petrosiidae, Plakinidae, Suberitidae, 

Spongiidae, and Thorectidae 
 

Bacteria 
 

    Sponges are animals belonging to the phylum Metazoa, the oldest of the multicellular 

animals which emerged around 1.3 billion years ago.[566-569] The members of sponge-

associated microorganisms have been revealed to consist of bacteria, archaea, microalgae, 

and fungi.[569-572] Bacterial communities have been found in sponge species and show 

ubiquity, geographic heterogeneity, and diversity.[573-582] It is estimated that up to 40% 

of the total volume of an individual sponge is contributed by sponge-associated 

bacteria.[583] The number of bacterial phyla in sponge-associated bacterial community 

increased from 15 in 2007 to 43 in 2013.[584-587] For example, cultivable bacterial 

communities in the South China Sea sponge includ Alpha-, Gamma-, Delta-

Proteobacteria, Bacteroidetes, and Firmicutes.[588] Moreover, the concentration of 

sponge-bacterial communities usually exceed that of seawater by 2 to 4 orders of 

magnitude.[589] 

  

Sponge-specific Microorganism Community 
 

    After studying sponge-bacterial association and interactions, the novel concept of the 

sponge-specific microorganism community, or sponge-specific microbiota, was first 

proposed by Wilkinson in his 1984 study.[569,590] This was supported by later 

investigations.[508,576,584-587,591-594] Inter-individual variation of bacterial symbiont 

communities was found in the same sponge species or in different sponge species from 

the same environment.[595] Webster and colleagues demonstrated that  48% of the 33 

previously described “sponge-specific” bacterial clusters existed exclusively in adults and 

larvae, which implied vertical transmission of bacterial symbionts.[595] The question 

“where did sponge-specific bacteria come from?” seems simple, but it is not. In fact, after 

several decades of effort, we still have not found the final answer to it, except that several 

mechanisms have been proposed around this question.[569,590,596,597] However, after 

comparing sponge-associated bacterial communities with those in the aquatic 

surrounding, some bacterial species and archaeal species of the sponge-associated 

microbial communities were less abundant, or even different from those in the 

surrounding seawater,[576,587,594,595,598] which cannot be accounted for only by 

horizontal transmission from an aquatic surrounding source despite of other 

environmental influences such as seawater temperature.[599] Lee and colleagues 

revealed that the bacterial communities in sponge adults and embryos were highly similar 

to each other, but completely different from those in the surrounding seawater, which 

they believed supported the vertical transfer hypothesis.[576] Therefore, except 

horizontal transmission from the aquatic environment, vertical transmission of bacterial 

symbionts has became another source of sponge-specific microorganism 

communities.[600] 

    The phenomenon of bacteria inside the larvae of the sponge was first described by Levi 

and Porte in 1962.[576,589,601] The presence of bacteria in maternal sponges, oocytes, 

or larvae has been confirmed morphologically via transmission and scanning electron 
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microscopes in a series of studies.[576] Recently, vertically transferred sponge-specific 

microorganisms have been phylogenetically analyzed using molecular 

techniques.[576,585,587,595,602-604] Lee and colleagues found that “a dominant 

proportion of sponge-specific bacteria present in the tissues of Svenzea zeai are 

maintained through vertical transfer during embryogenesis rather than through 

acquisition from the environment (horizontal transfer).”[576] The inter-individual or 

intra-species variation and the dynamics of bacterial communities in healthy tissues have 

been observed among sponge individuals.[605] Sponge bacterial symbionts have been 

shown to play a role in the release of nitrogen gas [606] and in coral abnormality.[605] 

 

Archaea  
 

    Sponges are host to microorganisms not only from the domain Bacteria, but also from 

the domain Archaea.[586,587,607] Sponge-associated filamentous Archaea were first 

described by Webster and colleagues in 2001.[607] And a similar description of this 

novel association was also reported by Margot and colleagues in 2002 in three 

Mediterranean species of sponges from the family Axinellidae (Porifera: 

Demospongiae),[608] and by Lee and colleagues in 2003 in eight sponges from 

Korea.[609] Moreover, ammonia-oxidizing archaea have been identified in marine 

sponges,[610] despite the fact that the roles of most sponge-associated microorganisms 

are largely unknown.[584] The microbial community of sponges Inflatella pellicula 

sampled from a depth of 2,900 meters was found to be archaeal dominant, in contrast, 

archaeal communities in the surrounding seawater were less abundant.[587] 

Crenarchaeota was shown to be a dominant archaeal community in two sponge species, 

Stylissa massa and Xestospongia testudinaria.[611] 

 

Fungi 
 

    Since 2002, when Morrison-Gardiner isolated many fungal species from marine 

sponges, increasing attention has been paid to the study on sponge-associated 

fungi.[571,612-614] In 2005, Maldonado and colleagues found that symbiotic yeast cells 

were transmitted vertically through oocytes to fertilized eggs for the first time.[571]  

Differences in fungal communities have been found among different sponge species and 

between sponges and seawater.[604] In a further phylogenetic study of marine sponge-

associated fungal communities, cultivable fungal communities of the Hawaiian sponges 

Gelliodes fibrosa, Haliclona caerulea, and Mycale armata were found to belong to at least 

26 genera of the phyla Ascomycota and Basidiomycota.[615] Species-specificity and 

inter-species variation of fungal symbionts were described in South China Sea sponges, 

and cultivable fungal communities of these sponges covered at least 17 genera of the 

phyla Ascomycota and Basidiomycota.[616] In addition, current research interest in 

sponge-associated fungal species includes the discovery of novel secondary metabolites 

such as antimicrobial compounds and cellulases.[612,616,617] 

 

 

6. The Phylum Mollusca 
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6.1 The Class Bivalvia 
 

6.1.1 The Orders Arcoida and Veneroida  
 

6.1.1.1 Clams in the genus Codakia of the family Lucinidae, the genus Calyptogena of 

the family Vesicomyidae, and the genus Anadara of the family Arcidae 
 

Bacteria 
 

    The internal organ of the quahog clam has been shown to contain high density of 

bacteria.[618] Endosymbiotic bacteria were found in the ovarial tissue of three species of 

vesicomyid clams belonging to the genus Calyptogena[619] and in the gill tissues of 

Calyptogena magnifica.[620] Diverse cellular size of the sulfur-oxidizing symbiont were 

identified in the clam Codakia orbicularis.[621] Moreover, novel bacterial species were 

detected in clams. A novel species of Aliivibrio finisterrensis was isolated from the 

cultured Manila clam Ruditapes philippinarum in the north-western coast of Spain.[622] 

Bacterial symbionts in clams are the consequence of vertical transmission from adults 

and horizontal transmission from environment, although some researchers believ that the 

vertical transmission of bacterial symbionts might not exist in clam species in the genus 

Codakia of the family Lucinidae.[623] Intracellular bacteria in deep-sea clams of the 

family Vesicomyidae are believed to be the evolutionary consequence of lateral symbiont 

acquisition.[624] The experimental studies using starvation as an experimental factor to 

elucidate the dynamics and acquisition of symbionts in adult specimens of the lucinid 

clam species in the genus Codakia have shown that starvation of clams resulted in the 

decrease of bacterial symbionts to an undetectable level as the consequence of being 

digested for nutrition;[625,626] after being returned to their natural environments, the 

reacquisition of symbionts in the starved clams was from environmental sources; [626] 

and such bacterial recolonization was associated with host tissue regeneration.[627] 

 

 

6.1.2 The Orders Ostreoida and Pterioida 
 

6.1.2.1 Oyster in the genera of Crassostrea and Saccostrea of the family Ostreidae, and 

the genus Chama of the family Chamidae 
 

Bacteria 
 

    Bacterial diversity has been revealed in different oyster species, including Crassostrea 

gigas, Crassostrea virginica, Saccostrea glomerata, Chama pacifica, Chama savignyi, and 

Louisiana oysters.[628-634] Oyster-associated bacterial species belong to different phyla, 

including Proteobacteria, Bacteroidetes, Firmicutes, Actinobacteria, Planctomycetes, and 

Verrucomicrobia.[628,635] Moreover, increasing nymbersof novel bacterial species have 

been detected in oyster tissues. For example, a novel species of Bacillus nanhaiensis was 

isolated from an oyster collected from Naozhou Island in the South China Sea;[636] and 

Vibrio vulnificus was isolated from oyster tissue.[637] Oyster-associated Pseudomonas 

stutzeri, P. alcaligenes, and P. aeruginosa were isolated from tissues and mantle fluid of 
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the Eastern oyster (Crassostrea virginica) and the surrounding environment.[638] A novel 

species named Bizionia hallyeonensis was isolated from seawater collected in an oyster 

farm.[639] 

    Moreover, the bacterial community of oysters has also shown to exhibit a seasonal 

dynamic,[630,634] which is, however, associated with external environmental factors 

such as heat stress and temperature.[640,641] Interestingly, Azandegbe and colleagues 

found that the bacterial community in the sediment of two Pacific oyster farming sites did 

not show a seasonal dynamic, but it can be influenced by the presence of oysters.[641] 

The oyster-adapted Vibrio species has been shown to increase in number rapidly and 

maintain a large, stable population to prevent colonization by exogenous Vibrio 

vulnificus.[642] 

 

 

Protozoa 
 

     Protozoa of the genus Ancistrocoma have been found to exist normally in oysters of 

the genus Crassostrea.[643] 

 

Viruses 
 

    Noroviruses genogroup I and genogroup II, detected in oysters, were believed to 

associate with acute epidemic gastroenteritis in industrialized countries.[644-647] 

Although hepatitis A virus Sapoviruses were detected in oysters, they were believed to be 

the consequence of contamination.[645,648] Moreover, Savin and colleagues showed that 

a new herpesvirus causing ganglioneuritis in abalone shared ancestry with oyster 

herpesvirus.[649] Ostreid herpes virus was detected in the pacific oyster, Crassostrea 

gigas, and it was suggested to play a role in Crassostrea gigas mortalities.[650] 

 

 

6.2 The Class Gastropoda  
 

6.2.1 The Order Archeogastropoda 
 

6.2.1.1 Abalone species in the genus Haliotis of the family Haliotidae  
 

Bacteria 
 

      Abalone-associated bacteria have been described in several abalone species in the 

genus Haliotis.[651-655] Bacterial species belonging to the genus Vibrio, such as Vibrio 

neonatus, Vibrio ezurae, and Vibrio halioticoli were found in the guts of the 

abalones.[652,656] A novel motile, rod-shaped, pink-orange pigmented bacterial strain of 

Shewanella haliotis was isolated from the gut microflora of abalone.[653] Moreover, a 

novel, strictly aerobic, Gram-stain-negative, yellow-orange-pigmented, rod-shaped 

bacterial strain of Wandonia haliotis was isolated from the abalone Haliotis discus.[654] 

 

Viruses 
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       Abalone shriveling syndrome-associated virus, a double-stranded DNA virus has 

been detected in healthy abalones although some strains were believed to be associated 

with a fatal disease in abalones in China.[657,658] 

 

 

6.3 The Class Cephalopoda 
 

6.3.1 The Order Teuthida 
 

6.3.1.1 Squid in the genus Loligo of the family Loliginidae  
 

Bacteria 
 

    Diverse bacteria exist in squid, among which, the marine bacterium Vibrio fischeri is 

the most studied.[659-662] One of the recognized roles played by symbiotic bacteria in 

macoorganism-hosts is the function of symbiotic bioluminescent bacterium Vibrio 

fischeri in the light-emitting organ of squid.[659-662] In the past decades, the symbiotic 

relationship between animals and their environmental bacteria has been well studied at 

different evolutionary levels in the experimental model of the Hawaiian bobtail squid 

Euprymna scolopes and the bioluminescent bacterium Vibrio fischeri.[660-666] 

Theoretically and experimentally, bacterial symbiont Vibrio fischeri in the light organ of 

the Hawaiian bobtail squid Euprymna scolopes has been indicated to come naturally from 

the surrounding seawater.[659,661,666,667] More interestingly, natural seawater and 

Gram-negative bacteria (either living or dead) were shown to stimulate the newly hatched 

squid Euprymna scolopes to secrete a viscous material from the pores of its organ, but 

filtered seawater cannot.[667] The viscous material or mucus is believed to be a critical 

environmental factor for colonization and aggregation of external bioluminescent Vibrio 

fischeri in the squid Euprymna scolopes.[659,668,669] It has been observed that under 

simulated microgravity, the luminescent bacterium Vibrio fischeri-induced apoptosis and 

regression in the host squid Euprymna scolopes are accelerated.[665] However, if we 

consider that the capability of light-emitting is the consequence of evolution in the squid 

Euprymna scolopes,[664,666,670] the mechanisms behind the formation of the 

mutualism between squid and bioluminescent bacteria may be more complicated than our 

current understanding, which has been hinted at in recent studies.[663,670] 

    In addition, bacterial symbionts in other anatomic locations of squid have also been 

investigated in the past decades. Symbiotic bactera have been revealed within the squid 

accessory nidamental gland using transmission and scanning electron microscopy,[671] 

and molecular approaches.[672] However, their exact roles are unknown. Intense 

bacterial communities have also been found within the reproductive system of sexually 

mature female squid, in which Alpha- and Gamma-proteobacteria were the major 

constituents.[673] 

 

 

7. The Phylum Echinodermata 
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7.1. The Class Echinoidea  

 
7.1.1 The Order Echinoida, Camarodonta, and Temnopleuroida  
 

7.1.1.1 Sea Urchin Species in the genera of Colobocentrotus and Echinometra of the 

family Echinometridae, the genus Echinus of the family Echinidae, the genera 

Hemicentrotus and Strongylocentrotus of the family Strongylocentrotidae, and the genus 

Tripneustes of the family Toxopneustidae 
 

Bacteria 
 

    Sea urchin-associated bacteria have attracted increasing research attention since the 

1970s [674-676] and it has been revealed that there were N2-fixing bacteria identified in 

the normal gastrointestinal microflora of sea urchins.[675] Diverse bacteria belonging to 

different genera including Aeromonas, Acinetobacter, Alteromonas, Bacillus, 

Bacteroides, Brachybacterium, Brevibacterium, Enterobacter, Enterococcus, Flavimonas, 

Flavobacterium, Halobacillus, Halomonas, Moraxella, Nocardiopsis, Oceanobacillus, 

Piscibacillus, Planococcus, Pontibacillus, Pseudomonas, Pseudonocardia, Salinicoccus, 

Salinivibrio, Serratia, Staphylococcus, Vibrio, and Virgibacillus have been isolated from 

sea urchin species in various genera.[674,676-678] Moreover, diverse bacterial species 

have also been isolated from the lantern and gonads of healthy echinoids.[677]    

Recently, novel bacterial species or stains have been identified in different sea urchin 

species, such as a novel Gram-staining-negative, facultatively anaerobic, and motile 

bacterial strain of Echinimonas agarilytica in the sea urchin Strongylocentrotus 

intermedius,[679] a novel Gram-staining-positive anaerobic rod-like bacterium of 

Bacillus hemicentroti in the sea urchin Hemicentrotus pulcherrimus,[680] a novel Gram-

staining-negative aerobic rod-like bacterium of Halomonas zhanjiangensis in the sea 

urchin Hemicentrotus pulcherrimus,[681] and a novel Gram-staining-positive coccus of 

Jeotgalicoccus marinus in the sea urchin Hemicentrotus pulcherrimus.[682] 

 

Fungi 
 

    Kajikazawa and colleagues revealed that diverse fungal species including Candida 

albicans, Candida sake, Debaryomyces hansenii, Pichia anomala, Rhodotorula 

mucilaginosa, and Trichosporon mucoides were detected in processed fresh edible sea 

urchins obtained from seven countries including Russia, USA, Canada and China. Yeast 

concentration varied with the range from 45 to 7×104 cfu per gram of processed fresh 

edible sea urchin.[683] 

 

 

Viruses 
 

    Upon the fact that “there are currently no described viruses of echinoderms”, [684] 

Gudenkauf and colleagues first revealed that bacteriophages and densoviruses belonging 

to the family Parvoviridae were detected in tissues of three sea-urchins, Colobocentrotus 

atratus, Tripneustes gratilla and Echinometra mathaei in the Hawaiian archipelago.[684] 
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8. The Phylum Nematoda 
 

8.1 Nematodes in the genus Steinernema of the family 
Steinernematidae, the genera Rhabditis, Caenorhabditis, and 
Heterorhabditis of the family Rhabditidae 
Bacteria 
 

      Although the nematode Caenorhabditis elegans is usually utilized as a model to 

investigate host-microbiota interactions,[685]  how to avoid the interference from the 

interaction between a testing bacterial species and nematode-specific microbiota at 

different evolutionary levels is a challenge.  The bacterial community of nematodes has 

been shown to contain different bacterial species, including those in the genera of 

Achromobacter, Alcaligenes, Bacillus, Ewingella, Flavobacterium, Leifsonia, 

Microbacterium, Providencia, Pseudomonas, Rheinheimera, Rhizobium, Serratia, 

Staphylococcus, Stenotrophomonas, Wolbachia, and Xenorhabdus.[686-690] Nematodes-

associated bacterial symbionts are believed to be transmitted vertically from parent to 

offspring and horizontally from the environment.[692,691] For example, symbiotic 

bacteria belonging to the genus Xenorhabdus in nematode host were found within a 

specific host-intestinal structure called “bacterial receptacle” or “bacterial vesicle”.[693-

695] Recently, Chaston and colleagues argued that bacterial colonization in a host 

species-specific manner occurred not only in the nematode infective juvenile stage, but 

also in other nematode developmental stages.[696,697] Although the role of nematodes-

associated bacterial symbionts is largely unknown, during the past decades, the symbiotic 

bacteria of many nematode species have been found to be utilized by nematodes to kill 

insects.[698] 

 

9. Concluding Remarks 
 

     The evolutionary background entities including subcellular viral entities and 

membrane-enclosed microentities, prokaryotic bacterial and archaeal cells, and 

unicellular eukaryotes such as fungi and protists at the cellular and subcellular levels are 

largely uncharacterized in many invertebrate species. However, to date, there have not 

been any specific programs to describe the whole image of microbial, fungal, viral, and 

protozoal entities for any invertebrate animals. The existing limited information from 

studies on various invertebrates selected in this article is enough to clearly express the 

following notion: (1) the evolutionary background entities (EBEs) of any given 

invertebrate animal exhibit both host intra- and inter-species-specificity and geographic 

environmental variability, and (2) all normal and healthy invertebrates should have their 

species-specific bacterial, archaeal, fungal, protozoal, and viral communities from an 

ecological and evolutiological perspective. This has been supported by solid evidence 

obtained using both culture-dependent and culture-independent approaches. By putting 

our existing pieces together, we can theoretically easily find where the pieces are still 

missing, uncompleted, or outdated in the puzzle of evolutionary background entities 
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(EBEs) of invertebrate animals. However, solving the puzzle is just the beginning, and 

we are still encountering a series of theoretical and technical challenges, which will be 

partially discussed in the next issues.  

 

 

Acknowledgement  
 

    I thank William O. for technical support in text and photo editing, and Ricky V. for the 

cover art design of this issue. 

 

 

[§ This revision of “Evolutionary Background Entities at the Cellular and 
Subcellular Levels in Bodies of Invertebrate Animals” was finished on 

February 1, 2023.] 

 

 

 

References 
 

1. Yin S-d. The universal pattern of evolutionary entities and its circulatory ladder-like pyramid 

feature. The Journal of Theoretical Fimpology. 2013; 1(4): e-20111024-1-4-8. Available from: 

http://www.fimpology.com (Google Scholar) 

2. Yin S-d. Entity, environment and their relationship in evolution: no antagonistic essence between 

neo-Darwinians and Lamarckians. The Journal of Theoretical Fimpology. 2014; 2(1): e-20090203-

2-1-9. Available from: http://www.fimpology.com (Google Scholar)  

3. Yin S-d. Natural selection is the interaction among evolutionary entities and operates at all 

evolutionary levels. The Journal of Theoretical Fimpology. 2014; 2(1): e-20071024-2-1-10. 

Available from: http://www.fimpology.com (Google Scholar) 

4. Yin S-d. Evolutionary background entities at the cellular and subcellular levels in bodies of 

nonhuman vertebrate animals. The Journal of Theoretical Fimpology. 2014; 2(3): e-20081017-2-3-

13. Available from: http://www.fimpology.com 

5. Mayhew PJ. Why are there so many insect species? Perspectives from fossils and phylogenies. Biol 

Rev Camb Philos Soc. 2007; 82(3): 425-54 

6. Shao Y, Arias-Cordero EM, Boland W. Identification of metabolically active bacteria in the gut of 

the generalist Spodoptera littoralis via DNA stable isotope probing using 13C-glucose. J Vis Exp. 

2013; (81): e50734 

7. Moran NA, Baumann P. Endosymbionts in animals. Curr Opin Microbiol. 2000; 3(3): 270-5 

8. Akman L, Yamashita A, Watanabe H, Oshima K, Shiba T, Hattori M, Aksoy S. Genome sequence 

of the endocellular obligate symbiont of tsetse flies, Wigglesworthia glossinidia. Nature Genetics. 

2002; 32(3): 402-7 

9. Dillon RJ, Dillon VM. The gut bacteria of insects: nonpathogenic interactions. Annu Rev Entomol. 

2004; 49: 71-92 

10. Futahashi R, Tanaka K, Tanahashi M, Nikoh N, Kikuchi Y, Lee BL, et al. Gene expression in gut 

symbiotic organ of stinkbug affected by extracellular bacterial symbiont. PLoS One. 2013; 8(5): 

e64557 

11. Swiatoniowska M, Ogorzalek A, Golas A, Michalik A, Szklarzewicz T. Ultrastructure, distribution, 

and transovarial transmission of symbiotic microorganisms in Nysius ericae and Nithecus 

jacobaeae (Heteroptera: Lygaeidae: Orsillinae). Protoplasma. 2013; 250(1): 325-32 

12. Kaiwa N, Hosokawa T, Kikuchi Y, Nikoh N, Meng XY, Kimura N, et al. Primary gut symbiont 

and secondary, Sodalis-allied symbiont of the Scutellerid stinkbug Cantao ocellatus. Appl Environ 

Microbiol. 2010; 76(11): 3486-94 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    39 

 

13. Moran MA, Tran P, Gerardo NM. Symbiosis and insect D diversification: an ancient symbiont of 

sap-feeding insects from the bacterial phylum Bacteroidetes. Appl Environ Microbiol. 2005; 71(12): 

8802-10 

14. Hosokawa T, Koga R, Kikuchi Y, Meng X-Y, Fukatsu T. Wolbachia as a bacteriocyte-associated 

nutritional mutualist. Proc Natl Acad Sci USA. 2010; 107(2): 769-74 

15. Fritsche TR, Horn M, Wagner M, Herwig KH, Schleifer KH. Phylogenetic diversity $among 

geographically dispersed Chlamydiales endosymbionts recovered from clinical and environmental 

isolates of Acanthamoeba spp. Appl Environ Microbiol. 2000; 66(6): 2613-9 

16. Greub G, Mege JL, Raoult D. Parachlamydia acanthamoeba enters and multiplies within human 

macrophages and induces their apoptosis. Infect Immun. 2003; 71(10): 5979-85 

17. Sloan DB, Moran NA. Endosymbiotic bacteria as a source of carotenoids in whiteflies. Biol Lett. 

2012; 8(6): 986-9 

18. Horn M, Collingro A, Schmitz-Esser S, Beier CL, Purkhold U, Fartmann B, et al. Illuminating the 

evolutionary history of chlamydiae. Science. 2004; 304(5671): 728-30 

19. Haferkamp I, Schmitz-Esser S, Linka N, Urbany C, Collingro A, Wagner M, Horn M, Neuhaus HE. 

A candidate NAD+ transporter in an intracellular bacterial symbiont related to Chlamydiae. Nature. 

2004; 432(7017): 622-5 

20. Kim JK, Jang HA, Won YJ, Kikuchi Y, Han SH, Kim CH, et al. Purine biosynthesis-deficient 

Burkholderia mutants are incapable of symbiotic accommodation in the stinkbug. ISME J. 2014; 

8(3): 552-63 

21. Kim JK, Lee HJ, Kikuchi Y, Kitagawa W, Nikoh N, Fukatsu T, et al. Bacterial cell wall synthesis 

gene uppP is required for Burkholderia colonization of the stinkbug gut. Appl Environ Microbiol. 

2013; 79(16): 4879-86 

22. Kuechler SM, Dettner K, Kehl S. Characterization of an obligate intracellular bacterium in the 

midgut epithelium of the bulrush bug Chilacis typhae (Heteroptera, Lygaeidae, Artheneinae). Appl 

Environ Microbiol. 2011; 77(9): 2869-76 

23. Kuechler SM, Dettner K, Kehl S. Molecular characterization and localization of the obligate 

endosymbiotic bacterium in the birch catkin bug Kleidocerys resedae (Heteroptera: Lygaeidae, 

Ischnorhynchinae). FEMS Microbiol Ecol. 2010; 73(2): 408-18 

24. Matsuura Y, Kikuchi Y, Hosokawa T, Koga R, Meng XY, Kamagata Y, et al. Evolution of 

symbiotic organs and endosymbionts in lygaeid stinkbugs. ISME J. 2012; 6(2): 397-409 

25. Kuechler SM, Renz P, Dettner K, Kehl S. Diversity of symbiotic organs and bacterial 

endosymbionts of lygaeoid bugs of the families blissidae and lygaeidae (hemiptera: heteroptera: 

lygaeoidea). Appl Environ Microbiol. 2012; 78(8): 2648-59 

26. Hosokawa T, Kikuchi Y, Nikoh N, Fukatsu T. Polyphyly of gut symbionts in stinkbugs of the 

family Cydnidae. Appl Environ Microbiol. 2012; 78(13): 4758-61 

27. Hosokawa T, Kikuchi Y, Nikoh N, Shimada M, Fukatsu T. Strict host-symbiont cospeciation and 

reductive genome evolution in insect gut bacteria. PLoS Biol. 2006 ; 4: e337 

28. Kikuchi Y, Hosokawa T, Nikoh N, Meng XY, Kamagata Y, Fukatsu T. Host-symbiont co-

speciation and reductive genome evolution in gut symbiotic bacteria of acanthosomatid stinkbugs. 

BMC Biol. 2009; 7: 2 

29. Kikuchi Y, Hosokawa T, Nikoh N, Fukatsu T. Gut symbiotic bacteria in the cabbage bugs 

Eurydema rugosa and Eurydema dominulus (Heteroptera: Pentatomidae). Appl Entomol Zool. 

2012; 47: 1-8 

30. Nikoh N, Hosokawa T, Oshima K, Hattori M, Fukatsu T. Reductive evolution of bacterial genome 

in insect gut environment. Genome Biol Evol. 2011; 3: 702-14 

31. Prado SS, Golden M, Follett PA, Daugherty MP, Almeida RP. Demography of gut symbiotic and 

aposymbiotic Nezara viridula L. (Hemiptera: Pentatomidae). Environ Entomol. 2009; 38(1): 103-9 

32. Hosokawa T, Hironaka M, Inadomi K, Mukai H, Nikoh N, Fukatsu T. Diverse strategies for 

vertical symbiont transmission among subsocial stinkbugs. PLoS One. 2013; 8(5): e65081 

33. Hosokawa T, Hironaka M, Mukai H, Inadomi K, Suzuki N, Fukatsu T. Mothers never miss the 

moment: a fine-tuned mechanism for vertical symbiont transmission in a subsocial insect. Anim 

Behav. 2012; 83(1): 293-300 

34. Hosokawa T, Kikuchi Y, Shimada M, Fukatsu T. Symbiont acquisition alters behaviour of stinkbug 

nymphs. Biol Lett. 2008; 4(1): 45-8 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    40 

 

35. Hosokawa T, Kikuchi Y, Fukatsu T. How many symbionts are provided by mothers, acquired by 

offspring, and needed for successful vertical transmission in an obligate insect-bacterium 

mutualism? Mol Ecol. 2007; 16(24): 5316-25 

36. Sloan DB, Moran NA. The evolution of genomic instability in the obligate endosymbionts of 

whiteflies. Genome Biol Evol. 2013; 5(5): 783-93 

37. Kobayashi H, Kawasaki K, Takeishi K, Noda H. Symbiont of the stink bug Plautia stali synthesizes 

rough-type lipopolysaccharide. Microbiol Res. 2011; 167(1): 48-54 

38. Matsuura Y, Hosokawa T, Serracin M, Tulgetske GM, Miller TA, Fukatsu T. Bacterial symbionts 

of a devastating coffee plant pest, the stinkbug Antestiopsis thunbergii (Hemiptera: Pentatomidae). 

Appl Environ Microbiol. 2014; 80(12): 3769-75 

39. Kaiwa N, Hosokawa T, Kikuchi Y, Nikoh N, Meng XY, Kimura N, et al. Bacterial symbionts of 

the giant jewel stinkbug Eucorysses grandis (Hemiptera: Scutelleridae). Zoolog Sci. 2011; 28(3): 

169-74 

40. Bistolas KS, Sakamoto RI, Fernandes JA, Goffredi SK. Symbiont polyphyly, co-evolution, and 

necessity in pentatomid stinkbugs from Costa Rica. Front Microbiol. 2014; 5: 349 

41. Fukatsu T, Hosokawa T. Capsule-transmitted gut symbiotic bacterium of the Japanese common 

plataspid stinkbug, Megacopta punctatissima. Appl Environ Microbiol. 2002; 68(1): 389-96 

42. Esquivel JF, Medrano EG. Ingestion of a marked bacterial pathogen of cotton conclusively 

demonstrates feeding by first instar southern green stink bug (Hemiptera: Pentatomidae). Environ 

Entomol. 2014; 43(1): 110-5 

43. Kikuchi Y, Hosokawa T, Fukatsu T. Insect-microbe mutualism without vertical transmission: a 

stinkbug acquires a beneficial gut symbiont from the environment every generation. Appl Environ 

Microbiol. 2007; 73(13): 4308-16 

44. Kikuchi Y, Hosokawa T, Fukatsu T. Specific developmental window for establishment of an 

insect-microbe gut symbiosis. Appl Environ Microbiol. 2011; 77(12): 4075-81 

45. Prado SS, Hung KY, Daugherty MP, Almeida RP. Indirect effects of temperature on stink bug 

fitness, via maintenance of gut-associated symbionts. Appl Environ Microbiol. 2010; 76(4): 1261-6 

46. Kikuchi Y, Hayatsu M, Hosokawa T, Nagayama A, Tago K, Fukatsu T. Symbiont-mediated 

insecticide resistance. Proc Natl Acad Sci USA. 2012; 109(22): 8618-22 

47. Nakashima N, Sasaki J, Tsuda K, Yasunaga C, Noda H. Properties of a new picorna-like virus of 

the brown-winged green bug, plautia stali. J Invertebr Pathol. 1998; 71(2): 151-8 

48. Williamson C, von Wechmar MB. Two novel viruses associated with severe disease symptoms of 

the green stinkbug Nezara viridula. J Gen Virol. 1992; 73 (Pt 9): 2467-71 

49. Cass BN, Mozes-Daube N, Iasur-Kruh L, Bondy EC, Kelly SE, Hunter MS, et al. Bacterial 

endosymbionts in field-collected samples of Trialeurodes sp. nr. abutiloneus (Hemiptera: 

Aleyrodidae). Res Microbiol. 2014; 165(2): 77-81 

50. Pandey N, Singh A, Rana VS, Rajagopal R. Molecular characterization and analysis of bacterial 

diversity in Aleurocanthus woglumi (Hemiptera: Aleyrodidae). Environ Entomol. 2013; 42(6): 

1257-64 

51. Bing XL, Yang J, Zchori-Fein E, Wang XW, Liu SS. Characterization of a newly discovered 

symbiont of the whitefly Bemisia tabaci (Hemiptera: Aleyrodidae). Appl Environ Microbiol. 2013; 

79(2): 569-75 

52. Skaljac M, Zanic K, Hrncic S, Radonjic S, Perovic T, Ghanim M. Diversity and localization of 

bacterial symbionts in three whitefly species (Hemiptera: Aleyrodidae) from the east coast of the 

Adriatic Sea. Bull Entomol Res. 2013; 103(1): 48-59 

53. Su Q, Oliver KM, Pan H, Jiao X, Liu B, Xie W, et al. Facultative symbiont Hamiltonella confers 

benefits to Bemisia tabaci (Hemiptera: Aleyrodidae), an invasive agricultural pest worldwide. 

Environ Entomol. 2013; 42(6): 1265-71 

54. Rosario K, Capobianco H, Ng TF, Breitbart M, Polston JE. RNA viral metagenome of whiteflies 

leads to the discovery and characterization of a whitefly-transmitted carlavirus in North America. 

PLoS One. 2014; 9(1): e86748 

55. Polston JE, Capobianco H. Transmitting plant viruses using whiteflies. J Vis Exp. 2013; (81): 

e4332. 

56. Kuechler SM, Gibbs G, Burckhardt D, Dettner K, Hartung V. Diversity of bacterial endosymbionts 

and bacteria-host co-evolution in Gondwanan relict moss bugs (Hemiptera: Coleorrhyncha: 

Peloridiidae). Environ Microbiol. 2013; 15(7): 2031-42 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    41 

 

57. Santos-Garcia D, Latorre A, Moya A, Gibbs G, Hartung V, Dettner K, et al. Small but powerful, 

the primary endosymbiont of moss bugs, Candidatus Evansia muelleri, holds a reduced genome 

with large biosynthetic capabilities. Genome Biol Evol. 2014; 6(7): 1875-93 

58. Watanabe M, Yukuhiro F, Maeda T, Miura K, Kageyama D. Novel strain of Spiroplasma found in 

flower bugs of the genus Orius (Hemiptera: Anthocoridae): transovarial transmission, coexistence 

with Wolbachia and varied population density. Microb Ecol. 2014; 67(1): 219-28 

59. Iasur-Kruh L, Weintraub PG, Mozes-Daube N, Robinson WE, Perlman SJ, Zchori-Fein E. Novel 

Rickettsiella bacterium in the leafhopper Orosius albicinctus (Hemiptera: Cicadellidae). Appl 

Environ Microbiol. 2013; 79(14): 4246-52 

60. Bennett GM, Moran NA. Small, smaller, smallest: the origins and evolution of ancient dual 

symbioses in a Phloem-feeding insect. Genome Biol Evol. 2013; 5(9): 1675-88 

61. Bennett GM, McCutcheon JP, MacDonald BR, Romanovicz D, Moran NA. Differential genome 

evolution between companion symbionts in an insect-bacterial symbiosis. MBio. 2014; 5(5): 

e01697-14 

62. Sudakaran S, Salem H, Kost C, Kaltenpoth M. Geographical and ecological stability of the 

symbiotic mid-gut microbiota in European firebugs, Pyrrhocoris apterus (Hemiptera, 

Pyrrhocoridae). Mol Ecol. 2012; 21(24): 6134-51 

63. Itoh H, Aita M, Nagayama A, Meng XY, Kamagata Y, Navarro R, et al. Evidence of environmental 

and vertical transmission of Burkholderia symbionts in the oriental chinch bug, Cavelerius 

saccharivorus (Heteroptera: Blissidae). Appl Environ Microbiol. 2014; 80(19): 5974-83 

64. Arp A, Munyaneza JE, Crosslin JM, Trumble J, Bextine B. A global comparison of Bactericera 

cockerelli (Hemiptera: Triozidae) microbial communities. Environ Entomol. 2014; 43(2): 344-52 

65. Badiaga S, Brouqui P. Human louse-transmitted infectious diseases. Clin Microbiol Infect. 2012; 

18(4): 332-7 

66. Sassera D, Epis S, Pajoro M, Bandi C. Microbial symbiosis and the control of vector-borne 

pathogens in tsetse flies, human lice, and triatomine bugs. Pathog Glob Health. 2013; 107(6): 285-

92 

67. Yimer M, Mulu W, Ayalew W, Abera B. Louse-borne relapsing fever profile at Felegehiwot 

referral hospital, Bahir Dar city, Ethiopia: a retrospective study. BMC Res Notes. 2014; 7: 250 

68. Smith WA, Oakeson KF, Johnson KP, Reed DL, Carter T, Smith KL, et al. Phylogenetic analysis 

of symbionts in feather-feeding lice of the genus Columbicola: evidence for repeated symbiont 

replacements. BMC Evol Biol. 2013; 13: 109 

69. Boyd BM, Reed DL. Taxonomy of lice and their endosymbiotic bacteria in the post-genomic era. 

Clin Microbiol Infect. 2012; 18(4): 324-31 

70. Fukatsu T, Koga R, Smith WA, Tanaka K, Nikoh N, Sasaki-Fukatsu K, et al. Bacterial 

endosymbiont of the slender pigeon louse, Columbicola columbae, allied to endosymbionts of grain 

weevils and tsetse flies. Appl Environ Microbiol. 2007; 73(20): 6660-8 

71. Fukatsu T, Hosokawa T, Koga R, Nikoh N, Kato T, Hayama S, et al. Intestinal endocellular 

symbiotic bacterium of the macaque louse Pedicinus obtusus: Distinct endosymbiont origins in 

anthropoid primate lice and the old world monkey louse. Appl Environ Microbiol. 2009; 75(11): 

3796-9 

72. Sasaki-Fukatsu K, Koga R, Nikoh N, Yoshizawa K, Kasai S, Mihara M, et al. Symbiotic bacteria 

associated with stomach discs of human lice. Appl Environ Microbiol. 2006; 72(11): 7349-52 

73. Burkhart CN, Burkhart CG. Bacterial symbiotes, their presence in head lice, and potential treatment 

avenues. J Cutan Med Surg. 2006; 10(1): 2-6 

74. Jakob E, Barker DE, Garver KA. Vector potential of the salmon louse Lepeophtheirus salmonis in 

the transmission of infectious haematopoietic necrosis virus (IHNV). Dis Aquat Organ. 2011; 97(2): 

155-65 

75. Okland AL, Nylund A, Overgard AC, Blindheim S, Watanabe K, Grotmol S, et al. Genomic 

characterization and phylogenetic position of two new species in Rhabdoviridae infecting the 

parasitic copepod, salmon louse (Lepeophtheirus salmonis). PLoS One. 2014; 9(11): e112517 

76. La Linn M, Gardner J, Warrilow D, Darnell GA, McMahon CR, Field I, et al. Arbovirus of marine 

mammals: a new alphavirus isolated from the elephant seal louse, Lepidophthirus macrorhini. J 

Virol. 2001; 75(9): 4103-9 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    42 

 

77. Pittman GW, Brumbley SM, Allsopp PG, O'Neill SL. "Endomicrobia" and other bacteria 

associated with the hindgut of Dermolepida albohirtum larvae. Appl Environ Microbiol. 2008; 

74(3): 762-7 

78. Lehman RM, Lundgren JG, Petzke LM. Bacterial communities associated with the digestive tract 

of the predatory ground beetle, Poecilus chalcites, and their modification by laboratory rearing and 

antibiotic treatment. Microb Ecol. 2009; 57(2): 349-5 

79. Grunwald S, Pilhofer M, Holl W. Microbial associations in gut systems of wood- and bark-

inhabiting longhorned beetles [Coleoptera: Cerambycidae]. Syst Appl Microbiol. 2010; 33(1): 25-

34 

80. Morales-Jimenez J, Zuiga G, Ramirez-Saad HC, Hernandez-Rodriguez C. Gut-associated bacteria 

throughout the life cycle of the bark beetle Dendroctonus rhizophagus Thomas and Bright 

(Curculionidae: Scolytinae) and their cellulolytic activities. Microb Ecol. 2012; 64(1): 268-78 

81. Arias-Cordero E, Ping L, Reichwald K, Delb H, Platzer M, Boland W. Comparative evaluation of 

the gut microbiota associated with the below- and above-ground life stages (larvae and beetles) of 

the forest cockchafer, Melolontha hippocastani. PLoS One. 2012; 7(12): e51557 

82. Paoletti MG, Mazzon L, Martinez-Sanudo I, Simonato M, Beggio M, Dreon AL, et al. A unique 

midgut-associated bacterial community hosted by the cave beetle Cansiliella servadeii (Coleoptera: 

Leptodirini) reveals parallel phylogenetic divergences from universal gut-specific ancestors. BMC 

Microbiol. 2013; 13: 129 

83. Hernandez N, Escudero JA, Millan AS, Gonzalez-Zorn B, Lobo JM, Verdu JR, et al. Culturable 

aerobic and facultative bacteria from the gut of the polyphagic dung beetle Thorectes lusitanicus. 

Insect Sci. 2013 Dec 12. doi: 10.1111/1744-7917.12094. [Epub ahead of print] 

84. Rizzi A, Crotti E, Borruso L, Jucker C, Lupi D, Colombo M, et al. Characterization of the bacterial 

community associated with larvae and adults of Anoplophora chinensis collected in Italy by culture 

and culture-independent methods. Biomed Res Int. 2013; 2013: 420287 

85. Vargas-Asensio G, Pinto-Tomas A, Rivera B, Hernandez M, Hernandez C, Soto-Montero S, et al. 

Uncovering the cultivable microbial diversity of costa rican beetles and its ability to break down 

plant cell wall components. PLoS One. 2014; 9(11): e113303 

86. Andert J, Marten A, Brandl R, Brune A. Inter- and intraspecific comparison of the bacterial 

assemblages in the hindgut of humivorous scarab beetle larvae (Pachnoda spp.). FEMS Microbiol 

Ecol. 2010; 74(2): 439-49 

87. Geib SM, Jimenez-Gasco Mdel M, Carlson JE, Tien M, Jabbour R, Hoover K. Microbial 

community profiling to investigate transmission of bacteria between life stages of the wood-boring 

beetle, Anoplophora glabripennis. Microb Ecol. 2009; 58(1):199-211 

88. Estes AM, Hearn DJ, Snell-Rood EC, Feindler M, Feeser K, Abebe T, et al. Brood ball-mediated 

transmission of microbiome members in the dung beetle, Onthophagus taurus (Coleoptera: 

Scarabaeidae). PLoS One. 2013; 8(11): e79061 

89. Conord C, Despres L, Vallier A, Balmand S, Miquel C, Zundel S, et al. Long-term evolutionary 

stability of bacterial endosymbiosis in curculionoidea: additional evidence of symbiont replacement 

in the dryophthoridae family. Mol Biol Evol. 2008; 25(5): 859-68 

90. Huang S, Zhang H. The impact of environmental heterogeneity and life stage on the hindgut 

microbiota of Holotrichia parallela larvae (Coleoptera: Scarabaeidae). PLoS One. 2013; 8(2): 

e57169 

91. Egert M, Wagner B, Lemke T, Brune A, Friedrich MW. Microbial community structure in midgut 

and hindgut of the humus-feeding larva of Pachnoda ephippiata (Coleoptera: Scarabaeidae). Appl 

Environ Microbiol. 2003; 69(11): 6659-68 

92. Hulcr J, Rountree NR, Diamond SE, Stelinski LL, Fierer N, Dunn RR. Mycangia of ambrosia 

beetles host communities of bacteria. Microb Ecol. 2012; 64(3): 784-93 

93. Zheng W, Zhao Y, Zhang H. Morphology and ultrastructure of the hindgut fermentation chamber 

of a melolonthine beetle Holotrichia parallela (Coleoptera: Scarabaeidae) during larval 

development. Micron. 2012; 43(5): 638-42 

94. Kelley ST, Dobler S. Comparative analysis of microbial diversity in Longitarsus flea beetles 

(Coleoptera: Chrysomelidae). Genetica. 2011; 139(5): 541-50 

95. Morales-Jimenez J, Zuniga G, Villa-Tanaca L, Hernandez-Rodriguez C. Bacterial community and 

nitrogen fixation in the red turpentine beetle, Dendroctonus valens LeConte (Coleoptera: 

Curculionidae: Scolytinae). Microb Ecol 2009; 58(4): 879-91 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    43 

 

96. Park DS, Oh HW, Jeong WJ, Kim H, Park HY, Bae KS. A culture-based study of the bacterial 

communities within the guts of nine longicorn beetle species and their exo-enzyme producing 

properties for degrading xylan and pectin. J Microbiol 2007; 45(5): 394-401 

97. Lundgren JG, Lehman RM. Bacterial gut symbionts contribute to seed digestion in an omnivorous 

beetle. PLoS One 2010; 5(5): e10831 

98. Chung SH, Rosa C, Scully ED, Peiffer M, Tooker JF, Hoover K, et al. Herbivore exploits orally 

secreted bacteria to suppress plant defenses. Proc Natl Acad Sci USA. 2013; 110(39): 15728-33 

99. Popa V, Deziel E, Lavallee R, Bauce E, Guertin C. The complex symbiotic relationships of bark 

beetles with microorganisms: a potential practical approach for biological control in forestry. Pest 

Manag Sci. 2012; 68(7): 963-75 

100. Egert M, Stingl U, Bruun LD, Pommerenke B, Brune A, Friedrich MW. Structure and topology of 

microbial communities in the major gut compartments of Melolontha melolontha larvae 

(Coleoptera: Scarabaeidae). Appl Environ Microbiol. 2005; 71(8): 4556-66 

101. Calderon O, Berkov A. Midgut and fat body bacteriocytes in neotropical cerambycid beetles 

(Coleoptera: Cerambycidae). Environ Entomol. 2012; 41(1): 108-17 

102. Kaltenpoth M, Steiger S. Unearthing carrion beetles' microbiome: characterization of bacterial and 

fungal hindgut communities across the Silphidae. Mol Ecol. 2014; 23(6): 1251-67 

103. Wang B, Salcedo C, Lu M, Sun J. Mutual interactions between an invasive bark beetle and its 

associated fungi. Bull Entomol Res. 2012; 102(1): 71-7 

104. Freeman S, Sharon M, Maymon M, Mendel Z, Protasov A, Aoki T, et al. Fusarium euwallaceae sp. 

nov.--a symbiotic fungus of Euwallacea sp., an invasive ambrosia beetle in Israel and California. 

Mycologia. 2013; 105(6): 1595-606 

105. Kolar M, Hulcr J. Mycobiota associated with the ambrosia beetle Scolytodes unipunctatus 

(Coleoptera: Curculionidae, Scolytinae). Mycol Res. 2009; 113(Pt 1): 44-60 

106. Six DL, Stone WD, de Beer ZW, Woolfolk SW. Ambrosiella beaveri, sp. nov., associated with an 

exotic ambrosia beetle, Xylosandrus mutilatus (Coleoptera: Curculionidae, Scolytinae), in 

Mississippi, USA. Antonie Van Leeuwenhoek. 2009; 96(1): 17-29 

107. Bleiker KP, Six DL. Effects of water potential and solute on the growth and interactions of two 

fungal symbionts of the mountain pine beetle. Mycol Res. 2009; 113(Pt 1): 3-15 

108. Persson Y, Vasaitis R, Långström B, Ohrn P, Ihrmark K, Stenlid J. Fungi vectored by the bark 

beetle Ips typographus following hibernation under the bark of standing trees and in the forest litter. 

Microb Ecol. 2009; 58(3): 651-9 

109. Zanzot JW, Matusick G, Eckhardt LG. Ecology of root-feeding beetles and their associated fungi 

on longleaf pine in Georgia. Environ Entomol. 2010; 39(2): 415-23 

110. 100Tsui CK, Farfan L, Roe AD, Rice AV, Cooke JE, El-Kassaby YA, et al. Population structure of 

mountain pine beetle symbiont Leptographium longiclavatum and the implication on the 

multipartite beetle-fungi relationships. PLoS One. 2014; 9(8): e105455 

111. Toki W, Tanahashi M, Togashi K, Fukatsu T. Fungal farming in a non-social beetle. PLoS One. 

2012; 7(7): e41893 

112. Adams AS, Six DL. Temporal variation in mycophagy and prevalence of fungi associated with 

developmental stages of Dendroctonus ponderosae (Coleoptera: Curculionidae). Environ Entomol. 

2007; 36(1): 64-72 

113. Toju H, Hosokawa T, Koga R, Nikoh N, Meng XY, Kimura N, Fukatsu T. "Candidatus 

Curculioniphilus buchneri," a novel clade of bacterial endocellular symbionts from weevils of the 

genus Curculio. Appl Environ Microbiol. 2010; 76(1): 275-82 

114. Zhang X, Luckhart S, Tu Z, Pfeiffer DG. Analysis of Wolbachia strains associated with 

Conotrachelus nenuphar (Coleoptera: Curculionidae) in the Eastern United States. Environ 

Entomol. 2010; 39(2): 396-405 

115. Chen SJ, Lu F, Cheng JA, Jiang MX, Way MO. Identification and biological role of the 

endosymbionts Wolbachia in rice water weevil (Coleoptera: Curculionidae). Environ Entomol. 

2012; 41(3): 469-77 

116. Butera G, Ferraro C, Colazza S, Alonzo G, Quatrini P. The culturable bacterial community of frass 

produced by larvae of Rhynchophorus ferrugineus Olivier (Coleoptera: Curculionidae) in the 

Canary island date palm. Lett Appl Microbiol. 2012; 54(6): 530-6 

117. Femi-Ola TO, Babalola AG. Microbiology of the gut of the kola nut weevil, Balanogastris kolae. J 

Insect Sci. 2012; 12: 84 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    44 

 

118. Toju H, Tanabe AS, Notsu Y, Sota T, Fukatsu T. Diversification of endosymbiosis: replacements, 

co-speciation and promiscuity of bacteriocyte symbionts in weevils. ISME J. 2013; 7(7): 1378-90 

119. Merville A, Venner S, Henri H, Vallier A, Menu F, Vavre F, et al. Endosymbiont diversity among 

sibling weevil species competing for the same resource. BMC Evol Biol. 2013; 13: 28 

120. Carvalho GA, Vieira JL, Haro MM, Corr  AS, Ribon AO, de Oliveira LO, et al. Pleiotropic Impact 

of Endosymbiont Load and Co-Occurrence in the Maize Weevil Sitophilus zeamais. PLoS One. 

2014; 9(10): e111396 

121. Plague GR, Dunbar HE, Tran PL, Moran NA. Extensive proliferation of transposable elements in 

heritable bacterial symbionts. J Bacteriol. 2008; 190(2): 777-9 

122. Rinke R, Costa AS, Fonseca FP, Almeida LC, Delalibera J ior I, Henrique-Silva F. Microbial 

diversity in the larval gut of field and laboratory populations of the sugarcane weevil Sphenophorus 

levis (Coleoptera, Curculionidae). Genet Mol Res. 2011; 10(4): 2679-91 

123. Login FH, Heddi A. Insect immune system maintains long-term resident bacteria through a local 

response. J Insect Physiol. 2013; 59(2): 232-9 

124. Oakeson KF, Gil R, Clayton AL, Dunn DM, von Niederhausern AC, Hamil C, et al. Genome 

degeneration and adaptation in a nascent stage of symbiosis. Genome Biol Evol. 2014; 6(1): 76-93 

125. Shelef O, Helman Y, Friedman AL, Behar A, Rachmilevitch S. Tri-party underground symbiosis 

between a weevil, bacteria and a desert plant. PLoS One. 2013; 8(11): e76588 

126. Heddi A, Grenier AM, Khatchadourian C, Charles H, Nardon P. Four intracellular genomes direct 

weevil biology: nuclear, mitochondrial, principal endosymbiont, and Wolbachia. Proc Natl Acad 

Sci USA. 1999; 96(12): 6814-9 

127. Lu F, Kang X, Jiang C, Lou B, Jiang M, Way MO. Isolation and characterization of bacteria from 

midgut of the rice water weevil (coleoptera: curculionidae), Environ Entomol. 2013; 42(5): 874-81 

128. Hirsch J, Strohmeier S, Pfannkuchen M, Reineke A. Assessment of bacterial endosymbiont 

diversity in Otiorhynchus spp. (Coleoptera: Curculionidae) larvae using a multitag 454 

pyrosequencing approach. BMC Microbiol. 2012; 12(Suppl 1): S6 

129. Tagliavia M, Messina E, Manachini B, Cappello S, Quatrini P. The gut microbiota of larvae of 

Rhynchophorus ferrugineus Oliver (Coleoptera: Curculionidae). BMC Microbiol. 2014; 14: 136 

130. Jia S, Zhang X, Zhang G, Yin A, Zhang S, Li F, et al. Seasonally variable intestinal metagenomes 

of the red palm weevil (Rhynchophorus ferrugineus). Environ Microbiol. 2013 Aug 30. doi: 

10.1111/1462-2920.12262. [Epub ahead of print] 

131. Graber JR, Breznak JA. Folate cross-feeding supports symbiotic homoacetogenic spirochetes. Appl 

Environ Microbiol. 2005; 71(4): 1883-9 

132. Noda S, Iida T, Kitade O, Nakajima H, Kudo T, Ohkuma M. Endosymbiotic Bacteroidales bacteria 

of the flagellated protist Pseudotrichonympha grassii in the gut of the termite Coptotermes 

formosanus. Appl Environ Microbiol. 2005; 71(12): 8811-7 

133. Higashiguchi DT, Husseneder C, Grace JK, Berestecky JM. Pilibacter termitis gen. nov., sp. nov., a 

lactic acid bacterium from the hindgut of the Formosan subterranean termite (Coptotermes 

formosanus). Int J Syst Evol Microbiol. 2006; 56(Pt1): 15-20 

134. Warnecke F, Luginbuhl P, Ivanova N, Ghassemian M, Richardson TH, Stege JT, et al. 

Metagenomic and functional analysis of hindgut microbiota of a wood-feeding higher termite. 

Nature. 2007; 450(7169): 560-5 

135. Friedrich MW, Schmitt-Wagner D, Lueders T, Brune A. Axial differences in community structure 

of Crenarchaeota Crenarchaeota and Euryarchaeota Euryarchaeota in the highly compartmentalized 

gut of the soil-feeding termite Cubitermes orthognathus Cubitermes orthognathus. Appl Environ 

Microbiol. 2001; 67(10): 4880-90 

136. Schmitt-Wagner D, Friedrich MW, Wagner B, Brune A. Phylogenetic diversity, abundance, and 

axial distribution of bacteria in the intestinal tract of two soil-feeding termites (Cubitermes spp.). 

Appl Environ Microbiol. 2003; 69(10): 6007-17 

137. Geissinger O, Herlemann DPR, Mörschel E, Maier UG, Brune A. The ultramicrobacterium 

"Elusimicrobium minutum" gen. nov., sp. nov., the first cultivated representative of the termite 

group 1 phylum. Appl Environ Microbiol. 2009; 75(9): 2831-40 

138. Otani S, Mikaelyan A, Nobre T, Hansen LH, Kon NA, S ensen SJ, et al. Identifying the core 

microbial community in the gut of fungus-growing termites. Mol Ecol. 2014; 23(18): 4631-44 

139. Ohkuma M, Noda S, Horikoshi K, Kudo T. Phylogeny of symbiotic methanogens in the gut of the 

termite Reticulitermes speratus. FEMS Microbiol Lett. 1995; 134(1): 45-50 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    45 

 

140. Leadbetter JR, Breznak JA. Physiological ecology of Methanobrevibacter cuticularis sp. nov. and 

Methanobrevibacter curvatus sp. nov., isolated from the hindgut of the termite Reticulitermes 

flavipes. Appl Environ Microbiol. 1996; 62(10): 3620-31 

141. Shinzato N, Matsumoto T, Yamaoka I, Oshima T, Yamagishi A. Phylogenetic diversity of 

symbiotic methanogens living in the hindgut of the lower termite Reticulitermes speratus analyzed 

by PCR and in situ hybridization. Appl Environ Microbiol. 1999; 65(2): 837-40 

142. Hongoh Y. Diversity and genomes of uncultured microbial symbionts in the termite gut. Biosci 

Biotechnol Biochem. 2010; 74(6): 1145-51 

143. Paul K, Nonoh JO, Mikulski L, Brune A. "Methanoplasmatales," Thermoplasmatales-related 

archaea in termite guts and other environments, are the seventh order of methanogens. Appl 

Environ Microbiol. 2012; 78(23): 8245-53 

144. Berlanga M, Paster BJ, Guerrero R. The taxophysiological paradox: changes in the intestinal 

microbiota of the xylophagous cockroach Cryptocercus punctulatus depending on the physiological 

state of the host. Int Microbiol. 2009; 12(4): 227-36 

145. Kambhampati S, Alleman A, Park Y. Complete genome sequence of the endosymbiont 

Blattabacterium from the cockroach Nauphoeta cinerea (Blattodea: Blaberidae). Genomics. 2013; 

102(5-6): 479-83 

146. Dietrich C, Kohler T, Brune A. The cockroach origin of the termite gut microbiota: patterns in 

bacterial community structure reflect major evolutionary events. Appl Environ Microbiol. 2014; 

80(7): 2261-9 

147. Fang W, Fang Z, Liu Z, Yuan J, Zhang X, Peng H, et al. Phylogenetic analysis of bacterial 

community in the gut of American cockroach (Periplaneta americana). Wei Sheng Wu Xue Bao. 

2013; 53(9): 984-94 

148. Schauer C, Thompson CL, Brune A. The bacterial community in the gut of the Cockroach 

Shelfordella lateralis reflects the close evolutionary relatedness of cockroaches and termites. Appl 

Environ Microbiol. 2012; 78(8): 2758-67 

149. Menasria T, Moussa F, El-Hamza S, Tine S, Megri R, Chenchouni H. Bacterial load of German 

cockroach (Blattella germanica) found in hospital environment. Pathog Glob Health. 2014; 108(3): 

141-7 

150. Ottesen EA, Leadbetter JR. Diversity of formyltetrahydrofolate synthetases in the guts of the wood-

feeding cockroach Cryptocercus punctulatus and the omnivorous cockroach Periplaneta americana. 

Appl Environ Microbiol. 2010; 76(14): 4909-13 

151. Park MS, Park P, Takeda M. Roles of fat body trophocytes, mycetocytes and urocytes in the 

American cockroach, Periplaneta americana under starvation conditions: an ultrastructural study. 

Arthropod Struct Dev. 2013; 42(4): 287-95 

152. Huang CY, Sabree ZL, Moran NA. Genome sequence of Blattabacterium sp. strain BGIGA, 

endosymbiont of the Blaberus giganteus cockroach. J Bacteriol. 2012; 194(16): 4450-1 

153. Pati -Navarrete R, Piulachs MD, Belles X, Moya A, Latorre A, Peret J. The cockroach Blattella 

germanica obtains nitrogen from uric acid through a metabolic pathway shared with its bacterial 

endosymbiont. Biol Lett. 2014; 10(7). pii: 20140407 

154. Schauer C, Thompson C, Brune A. Pyrotag sequencing of the gut microbiota of the cockroach 

Shelfordella lateralis reveals a highly dynamic core but only limited effects of diet on community 

structure. PLoS One. 2014; 9(1): e85861 

155. Carpenter KJ, Horak A, Chow L, Keeling PJ. Symbiosis, morphology, and phylogeny of 

Hoplonymphidae (Parabasalia) of the wood-feeding roach Cryptocercus punctulatus. J Eukaryot 

Microbiol. 2011; 58(5): 426-36 

156. Brzuszkiewicz E, Waschkowitz T, Wiezer A, Daniel R. Complete genome sequence of the B12-

producing Shimwellia blattae strain DSM 4481, isolated from a cockroach. J Bacteriol. 2012; 

194(16): 4436 

157. Bertino-Grimaldi D, Medeiros MN, Vieira RP, Cardoso AM, Turque AS, Silveira CB, et al. 

Bacterial community composition shifts in the gut of Periplaneta americana fed on different 

lignocellulosic materials. Springerplus. 2013; 2: 609 

158. Pai HH. Multidrug resistant bacteria isolated from cockroaches in long-term care facilities and 

nursing homes. Acta Trop. 2013; 125(1): 18-22 

159. Tetteh-Quarcoo PB, Donkor ES, Attah SK, Duedu KO, Afutu E, Boamah I, et al. Microbial 

carriage of cockroaches at a tertiary care hospital in ghana. Environ Health Insights. 2013; 7: 59-66 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    46 

 

160. Saitou K, Furuhata K, Kawakami Y, Fukuyama M. Isolation of Pseudomonas aeruginosa from 

cockroaches Captured in hospitals in Japan, and their antibiotic susceptibility. Biocontrol Sci. 2009; 

14(4): 155-9 

161. Isaac C, Orue PO, Iyamu MI, Ehiaghe JI, Isaac O. Comparative analysis of pathogenic organisms 

in cockroaches from different community settings in Edo State, Nigeria. Korean J Parasitol. 2014; 

52(2): 177-81 

162. Jeffery J, Sulaiman S, Oothuman P, Vellayan S, Zainol-Ariffin P, Paramaswaran S, et al. 

Domiciliary cockroaches found in restaurants in five zones of Kuala Lumpur Federal Territory, 

peninsular Malaysia. Trop Biomed. 2012; 29(1): 180-6 

163. Garc F, Notario MJ, Caban  JM, Jordano R, Medina LM. Incidence of bacteria of public health 

interest carried by cockroaches in different food-related environments. J Med Entomol. 2012; 49(6): 

1481-4 

164. Fu X, Ye L, Ge F. Habitat influences on diversity of bacteria found on German cockroach in 

Beijing. J Environ Sci (China). 2009; 21(2): 249-54 

165. Fakoorziba MR, Eghbal F, Hassanzadeh J, Moemenbellah-Fard MD. Cockroaches (Periplaneta 

americana and Blattella germanica) as potential vectors of the pathogenic bacteria found in 

nosocomial infections. Ann Trop Med Parasitol. 2010; 104(6): 521-8 

166. Zarchi AA, Vatani H. A survey on species and prevalence rate of bacterial agents isolated from 

cockroaches in three hospitals. Vector Borne Zoonotic Dis. 2009; 9(2): 197-200 

167. Sprenger WW, van Belzen MC, Rosenberg J, Hackstein JH, Keltjens JT. Methanomicrococcus 

blatticola gen. nov., sp. nov., a methanol- and methylamine-reducing methanogen from the hindgut 

of the cockroach Periplaneta americana. Int J Syst Evol Microbiol. 2000; 50(Pt 6): 1989-99 

168. Padilla-Rodriguez M, Rosario K, Breitbart M. Novel cyclovirus discovered in the Florida woods 

cockroach Eurycotis floridana (Walker). Arch Virol. 2013; 158(6):1389-92 

169. Kapelinskaya TV, Martynova EU, Schal C, Mukha DV. Expression strategy of densonucleosis 

virus from the German cockroach, Blattella germanica. J Virol. 2011; 85(22): 11855-70 

170. Yuan ZH, Lan XQ, Yang T, Xiao J, Zhou ZY. Investigation and analysis of the bacteria community 

in silkworm intestine. Wei Sheng Wu Xue Bao. 2006; 46(2): 285-91 

171. Feng W, Wang XQ, Zhou W, Liu GY, Wan YJ. Isolation and characterization of lipase-producing 

bacteria in the intestine of the silkworm, Bombyx mori, reared on different forage. J Insect Sci. 

2011; 11: 135 

172. Liang X, Fu Y, Tong L, Liu H. Microbial shifts of the silkworm larval gut in response to lettuce 

leaf feeding. Appl Microbiol Biotechnol. 2014; 98(8): 3769-76 

173. Tanaka H, Suzuki N, Nakajima Y, Sato M, Sagisaka A, Fujita K, et al. Expression profiling of 

novel bacteria-induced genes from the silkworm, Bombyx mori. Arch Insect Biochem Physiol. 

2010; 73(3): 148-62 

174. Wang JJ, Yang L, Qiu X, Liu YG, Zhou W, Wan YJ. Diversity analysis of Beauveria bassiana 

isolated from infected silkworm in southwest China based on molecular data and morphological 

features of colony. World J Microbiol Biotechnol. 2013; 29(7): 1263-9 

175. Xu YP, Gu LZ, Lou YH, Cheng RL, Xu HJ, et al. A baculovirus isolated from wild silkworm 

encompasses the host ranges of Bombyx mori nucleopolyhedrosis virus and Autographa californica 

multiple nucleopolyhedrovirus in cultured cells. J Gen Virol. 2012; 93(Pt 11): 2480-9 

176. Wu P, Han S, Chen T, Qin G, Li L, Guo X. Involvement of microRNAs in infection of silkworm 

with bombyx mori cytoplasmic polyhedrosis virus (BmCPV). PLoS One. 2013; 8(7): e68209 

177. Ito K, Kidokoro K, Shimura S, Katsuma S, Kadono-Okuda K. Detailed investigation of the 

sequential pathological changes in silkworm larvae infected with Bombyx densovirus type 1. J 

Invertebr Pathol. 2013; 112(3): 213-8 

178. Kaufmann B, El-Far M, Plevka P, Bowman VD, Li Y, Tijssen P, et al. Structure of Bombyx mori 

densovirus 1, a silkworm pathogen. J Virol. 2011; 85(10): 4691-7 

179. Vootla SK1, Lu XM, Kari N, Gadwala M, Lu Q. Rapid detection of infectious flacherie virus of the 

silkworm, Bombyx mori, using RT-PCR and nested PCR. J Insect Sci. 2013; 13: 120 

180. Brinkmann N, Martens R, Tebbe CC. Origin and diversity of metabolically active gut bacteria from 

laboratory-bred larvae of Manduca sexta (Sphingidae, Lepidoptera, Insecta). Appl Environ 

Microbiol. 2008; 74(23): 7189-96 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    47 

 

181. Visotto LE, Oliveira MG, Ribon AO, Mares-Guia TR, Guedes RN. Characterization and 

identification of proteolytic bacteria from the gut of the velvetbean caterpillar (Lepidoptera: 

Noctuidae). Environ Entomol. 2009; 38(4): 1078-85 

182. Mason KL, Stepien TA, Blum JE, Holt JF, Labbe NH, Rush JS, et al. From commensal to pathogen: 

translocation of Enterococcus faecalis from the midgut to the hemocoel of Manduca sexta. MBio. 

2011; 2(3): e00065-11 

183. Pinto-Tomas AA, Sittenfeld A, Uribe-Lorio L, Chavarria F, Mora M, Janzen DH, et al. Comparison 

of midgut bacterial diversity in tropical caterpillars (Lepidoptera: Saturniidae) fed on different diets. 

Environ Entomol. 2011; 40(5): 1111-22 

184. Vlisidou I, Eleftherianos I, Dorus S, Yang G, ffrench-Constant RH, Reynolds SE,  et al. The 

KdpD/KdpE two-component system of Photorhabdus asymbiotica promotes bacterial survival 

within M. sexta hemocytes. J Invertebr Pathol. 2010; 105(3): 352-62 

185. van der Hoeven R, Betrabet G, Forst S. Characterization of the gut bacterial community in 

Manduca sexta and effect of antibiotics on bacterial diversity and nematode reproduction. FEMS 

Microbiol Lett. 2008; 286(2): 249-56 

186. Yu H, Wang Z, Liu L, Xia Y, Cao Y, Yin Y. Analysis of the intestinal microflora in Hepialus 

gonggaensis larvae using 16S rRNA sequences. Curr Microbiol. 2008; 56(4): 391-6 

187. Liu L, Wang Z, Yu H, Chen S, Yan G, Xia Y, et al. Analysis of the bacterial diversity in intestines 

of Hepialus gonggaensis larvae. Wei Sheng Wu Xue Bao. 2008; 48(5): 616-22. [Article in Chinese] 

188. Mu D, Wang Z, Yin Y. Changes of intestinal microflora in Hepialus gonggaensis larvae after 

feeding with Carnobacterium sp. Hg4-03 as a probiotic strain. Wei Sheng Wu Xue Bao. 2010; 

50(2): 251-5. [Article in Chinese] 

189. Yu H, Wang Z, Liu L, Xia Y, Yin Y, Yuan Q, et al. Analysis of fungal diversity in intestines of 

Hepialus gonggaensis larvae]. Wei Sheng Wu Xue Bao. 2008; 48(4): 439-45. [Article in Chinese] 

190. Wu G, Zhao Z, Liu C, Qiu L. Priming Galleria mellonella (Lepidoptera: Pyralidae) larvae with 

heat-killed bacterial cells induced an enhanced immune protection against Photorhabdus 

luminescens TT01 and the role of innate immunity in the process. J Econ Entomol. 2014; 107(2): 

559-69 

191. Wojda I, Taszłow P. Heat shock affects host-pathogen interaction in Galleria mellonella infected 

with Bacillus thuringiensis. J Insect Physiol. 2013; 59(9): 894-905 

192. Krezdorn J, Adams S, Coote PJ. A Galleria mellonella infection model reveals double and triple 

antibiotic combination therapies with enhanced efficacy versus a multidrug-resistant strain of 

Pseudomonas aeruginosa. J Med Microbiol. 2014; 63(Pt 7): 945-55 

193. Hill L, Veli N, Coote PJ. Evaluation of Galleria mellonella larvae for measuring the efficacy and 

pharmacokinetics of antibiotic therapies against Pseudomonas aeruginosa infection. Int J 

Antimicrob Agents. 2014; 43(3): 254-61 

194. Norville IH, Hartley MG, Martinez E, Cantet F, Bonazzi M, Atkins TP. Galleria mellonella as an 

alternative model of Coxiella burnetii infection. Microbiology. 2014; 160(Pt 6): 1175-81 

195. Thomas RJ, Hamblin KA, Armstrong SJ, Muller CM, Bokori-Brown M, Goldman S, et al. Galleria 

mellonella as a model system to test the pharmacokinetics and efficacy of antibiotics against 

Burkholderia pseudomallei. Int J Antimicrob Agents. 2013; 41(4): 330-6  

196. Favre-Godal Q, Dorsaz S, Queiroz EF, Conan C, Marcourt L, Wardojo BP, et al. Comprehensive 

approach for the detection of antifungal compounds using a susceptible strain of Candida albicans 

and confirmation of in vivo activity with the Galleria mellonella model. Phytochemistry. 2014; 105: 

68-78 

197. Mesa-Arango AC, Forastiero A, Bernal-Martínez L, Cuenca-Estrella M, Mellado E, Zaragoza O. 

The non-mammalian host Galleria mellonella can be used to study the virulence of the fungal 

pathogen Candida tropicalis and the efficacy of antifungal drugs during infection by this pathogenic 

yeast. Med Mycol. 2013; 51(5): 461-72 

198. Shi H, Zeng H, Yang X, Zhao J, Chen M, Qiu D. An insecticidal protein from Xenorhabdus ehlersii 

triggers prophenoloxidase activation and hemocyte decrease in Galleria mellonella. Curr Microbiol. 

2012; 64(6): 604-10 

199. Leuko S, Raivio TL. Mutations that impact the enteropathogenic Escherichia coli Cpx envelope 

stress response attenuate virulence in Galleria mellonella. Infect Immun. 2012; 80(9): 3077-85 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    48 

 

200. Alghoribi MF, Gibreel TM, Dodgson AR, Beatson SA, Upton M. Galleria mellonella infection 

model demonstrates high lethality of ST69 and ST127 uropathogenic E. coli. PLoS One. 2014; 9(7): 

e101547 

201. Giannouli M, Palatucci AT, Rubino V, Ruggiero G, Romano M, Triassi M, et al.Use of larvae of 

the wax moth Galleria mellonella as an in vivo model to study the virulence of Helicobacter pylori. 

BMC Microbiol. 2014; 14: 228 

202. Wand ME, McCowen JW, Nugent PG, Sutton JM. Complex interactions of Klebsiella pneumoniae 

with the host immune system in a Galleria mellonella infection model. J Med Microbiol. 2013; 

62(Pt 12): 1790-8 

203. Harding CR, Schroeder GN, Collins JW, Frankel G. Use of Galleria mellonella as a model 

organism to study Legionella pneumophila infection. J Vis Exp. 2013; (81): e50964 

204. Ramarao N, Nielsen-Leroux C, Lereclus D. The insect Galleria mellonella as a powerful infection 

model to investigate bacterial pathogenesis. J Vis Exp. 2012; (70): e4392 

205. Mukherjee K, Raju R, Fischer R, Vilcinskas A. Galleria mellonella as a model host to study gut 

microbe homeostasis and brain infection by the human pathogen listeria monocytogenes. Adv 

Biochem Eng Biotechnol. 2013; 135: 27-39 

206. Browne N, Kavanagh K. Developing the potential of using Galleria mellonella larvae as models for 

studying brain infection by Listeria monocytogenes. Virulence. 2013; 4(4): 271-2 

207. Mizerska-Dudka M1, Andrejko M. Galleria mellonella hemocytes destruction after infection with 

Pseudomonas aeruginosa. J Basic Microbiol. 2014; 54(3): 232-46 

208. Loh JM, Adenwalla N, Wiles S, Proft T. Galleria mellonella larvae as an infection model for group 

A streptococcus. Virulence. 2013; 4(5): 419-28 

209. Evans BA, Rozen DE. A Streptococcus pneumoniae infection model in larvae of the wax moth 

Galleria mellonella. Eur J Clin Microbiol Infect Dis. 2012; 31(10): 2653-60 

210. Gibreel TM, Upton M. Synthetic epidermicin NI01 can protect Galleria mellonella larvae from 

infection with Staphylococcus aureus. J Antimicrob Chemother. 2013; 68(10): 2269-73 

211. Correa W, Manrique-Moreno M, Patino E, Pelaez-Jaramillo C, Kaconis Y, Gutsmann T, et al. 

Galleria mellonella native and analogue peptides Gm1 and ΔGm1. I) biophysical characterization 

of the interaction mechanisms with bacterial model membranes. Biochim Biophys Acta. 

2014;1838(10): 2728-38 

212. Abbasifar R, Kropinski AM, Sabour PM, Chambers JR, MacKinnon J, Malig T,  Efficiency of 

bacteriophage therapy against Cronobacter sakazakii in Galleria mellonella (greater wax moth) 

larvae. Arch Virol. 2014; 159(9): 2253-61 

213. Perrichot V, Lacau S, Neraudeau D, Nel A. Fossil evidence for the early ant evolution. 

Naturwissenschaften. 2008; 95(2): 85-90 

214. Perrichot V, Nel A, Neraudeau D, Lacau S, Guyot T. New fossil ants in French Cretaceous amber 

(Hymenoptera: Formicidae). Naturwissenschaften. 2008; 95(2): 91-7 

215. Pie MR, Tsch MK. The macroevolutionary dynamics of ant diversification. Evolution. 2009; 

63(11): 3023-30 

216. Schroder D, Deppisch H, Obermayer M, Krohne G, Stackebrandt E, Holldobler B, Goebel W, 

Gross R. Intracellular endosymbiotic bacteria of Camponotus species (carpenter ants): systematics, 

evolution and ultrastructural characterization. Mol Microbiol. 1996; 21(3): 479-89 

217. Degnan PH, Lazarus AB, Brock CD, Wernegreen JJ. Host-symbiont stability and fast evolutionary 

rates in an ant-bacterium association: cospeciation of Camponotus species and their endosymbionts, 

Candidatus Blochmannia. Syst Biol. 2004; 53: 95-110 

218. Eilmus S, Heil M. Bacterial associates of arboreal ants and their putative functions in an obligate 

ant-plant mutualism. Appl Environ Microbiol. 2009; 75(13): 4324-32 

219. Gunawan S, Tufts DM, Bextine BR. Molecular identification of hemolymph-associated symbiotic 

bacteria in red imported fire ant larvae. Curr Microbiol. 2008; 57(6): 575-9 

220. He H, Chen Y, Zhang Y, Wei C. Bacteria associated with gut lumen of Camponotus japonicus 

Mayr. Environ Entomol. 2011; 40(6): 1405-9 

221. Li X, Nan X, Wei C, He H. The gut bacteria associated with Camponotus japonicus Mayr with 

culture-dependent and DGGE methods. Curr Microbiol. 2012; 65(5): 610-6 

222. Fan Y, Wernegreen JJ. Can't take the heat: high temperature depletes bacterial endosymbionts of 

ants. Microb Ecol. 2013; 66(3): 727-33 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    49 

 

223. Lee AH, Husseneder C, Hooper-Bui L. Culture-independent identification of gut bacteria in fourth-

instar red imported fire ant, Solenopsis invicta Buren, larvae. J Invertebr Pathol. 2008; 98(1): 20-33 

224. Currie CR. A community of ants, fungi, and bacteria: a multilateral approach to studying symbiosis. 

Annu Rev Microbiol. 2001; 55: 357-80 

225. Oliver TH, Leather SR, Cook JM. Macroevolutionary patterns in the origin of mutualisms 

involving ants. J Evol Biol. 2008; 21(6): 1597-608 

226. Kost C, Lakatos T, B tcher I, Arendholz WR, Redenbach M, Wirth R. Non-specific association 

between filamentous bacteria and fungus-growing ants. Naturwissenschaften. 2007; 94(10): 821-8 

227. Lima WR, Marques SG, Rodrigues FS, Rebelo JM. Ants in a hospital environment and their 

potential as mechanical bacterial vectors. Rev Soc Bras Med Trop. 2013; 46(5): 637-40 

228. de Vega C, Herrera CM. Microorganisms transported by ants induce changes in floral nectar 

composition of an ant-pollinated plant. Am J Bot. 2013; 100(4): 792-800 

229. Scott JJ, Budsberg KJ, Suen G, Wixon DL, Balser TC, Currie CR.  Microbial community structure 

of leaf-cutter ant fungus gardens and refuse dumps. PLoS One. 2010; 5(3): e9922 

230. Kautz S, Rubin BE, Russell JA, Moreau CS. Surveying the microbiome of ants: comparing 454 

pyrosequencing with traditional methods to uncover bacterial diversity. Appl Environ Microbiol. 

2013; 79(2): 525-34 

231. Sanders JG, Powell S, Kronauer DJ, Vasconcelos HL, Frederickson ME, Pierce NE. Stability and 

phylogenetic correlation in gut microbiota: lessons from ants and apes. Mol Ecol. 2014; 23(6): 

1268-83 

232. Johansson H, Dhaygude K, Lindstr  S, Helanter H, Sundstr  L, Trontti K. A metatranscriptomic 

approach to the identification of microbiota associated with the ant Formica exsecta. PLoS One. 

2013; 8(11): e79777 

233. Funaro CF, Kronauer DJ, Moreau CS, Goldman-Huertas B, Pierce NE, Russell JA. Army ants 

harbor a host-specific clade of Entomoplasmatales bacteria. Appl Environ Microbiol. 2011; 77(1): 

346-50 

234. Poulsen M, Cafaro M, Boomsma JJ, Currie CR. Specificity of the mutualistic association between 

actinomycete bacteria and two sympatric species of Acromyrmex leaf-cutting ants. Mol Ecol. 2005; 

14(11): 3597-604 

235. Frost CL, Fern dez-Mar  H, Smith JE, Hughes WO. Multiple gains and losses of Wolbachia 

symbionts across a tribe of fungus-growing ants. Mol Ecol. 2010; 19(18): 4077-85 

236. Russell JA, Moreau CS, Goldman-Huertas B, Fujiwara M, Lohman DJ, Pierce NE. Bacterial gut 

symbionts are tightly linked with the evolution of herbivory in ants. Proc Natl Acad Sci USA. 2009; 

106(50): 21236-41 

237. Meirelles LA, Mendes TD, Solomon SE, Bueno OC, Pagnocca FC, Rodrigues A. Broad 

Escovopsis-inhibition activity of Pseudonocardia associated with Trachymyrmex ants. Environ 

Microbiol Rep. 2014; 6(4): 339-45 

238. Mendes TD, Borges WS, Rodrigues A, Solomon SE, Vieira PC, Duarte MC, et al. Anti-Candida 

properties of urauchimycins from actinobacteria associated with trachymyrmex ants. Biomed Res 

Int. 2013; 2013: 835081 

239. Seipke RF, Barke J, Heavens D, Yu DW, Hutchings MI. Analysis of the bacterial communities 

associated with two ant-plant symbioses. Microbiologyopen. 2013; 2(2): 276-83 

240. Mattoso TC, Moreira DD, Samuels RI. Symbiotic bacteria on the cuticle of the leaf-cutting ant 

Acromyrmex subterraneus subterraneus protect workers from attack by entomopathogenic fungi. 

Biol Lett. 2012; 8(3): 461-4 

241. Caldera EJ, Currie CR. The population structure of antibiotic-producing bacterial symbionts of 

Apterostigma dentigerum ants: impacts of coevolution and multipartite symbiosis. Am Nat. 2012; 

180(5): 604-17 

242. Armitage SA, Fern dez-Mar H, Wcislo WT, Boomsma JJ. An evaluation of the possible adaptive 

function of fungal brood covering by Attine ants. Evolution. 2012; 66(6): 1966-75 

243. Seipke RF, Barke J, Ruiz-Gonzalez MX, Orivel J, Yu DW, Hutchings MI. Fungus-growing 

Allomerus ants are associated with antibiotic-producing actinobacteria. Antonie Van Leeuwenhoek. 

2012; 101(2): 443-7 

244. Woodhams DC, Brucker RM. Disease defence through generations: leaf-cutter ants and their 

symbiotic bacteria. Mol Ecol. 2013; 22(16): 4141-3 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    50 

 

245. Poulsen M, Erhardt DP, Molinaro DJ, Lin TL, Currie CR. Antagonistic bacterial interactions help 

shape host-symbiont dynamics within the fungus-growing ant-microbe mutualism. PLoS One. 2007; 

2(9): e960 

246. Pinto-Tom  AA, Anderson MA, Suen G, Stevenson DM, Chu FS, Cleland WW, et al. Symbiotic 

nitrogen fixation in the fungus gardens of leaf-cutter ants. Science. 2009; 326(5956): 1120-3 

247. Anderson KE, Russell JA, Moreau CS, Kautz S, Sullam KE, Hu Y, et al. Highly similar microbial 

communities are shared among related and trophically similar ant species. Mol Ecol. 2012; 21(9): 

2282-96 

248. Hu Y, Lukasik P, Moreau CS, Russell JA. Correlates of gut community composition across an ant 

species (Cephalotes varians) elucidate causes and consequences of symbiotic variability. Mol Ecol. 

2014; 23(6): 1284-300 

249. Nepel M, Voglmayr H, Sch enberger J, Mayer VE. High diversity and low specificity of 

chaetothyrialean fungi in carton galleries in a neotropical ant-plant association. PLoS One. 2014; 

9(11): e112756 

250. Masiulionis VE, Rabeling C, De Fine Licht HH, Schultz T, Bacci M Jr, Bezerra CM, et al. A 

Brazilian population of the asexual fungus-growing ant Mycocepurus smithii (Formicidae, 

Myrmicinae, Attini) cultivates fungal symbionts with gongylidia-like structures. PLoS One. 2014; 

9(8): e103800 

251. De Fine Licht HH, Boomsma JJ, Tunlid A. Symbiotic adaptations in the fungal cultivar of leaf-

cutting ants. Nat Commun. 2014; 5: 5675 

252. Mueller UG, Mikheyev AS, Solomon SE, Cooper M. Frontier mutualism: coevolutionary patterns 

at the northern range limit of the leaf-cutter ant-fungus symbiosis. Proc Biol Sci. 2011; 278(1721): 

3050-9 

253. Defossez E, Dji o-Lordon C, McKey D, Selosse MA, Blatrix R. Plant-ants feed their host plant, but 

above all a fungal symbiont to recycle nitrogen. Proc Biol Sci. 2011; 278(1710): 1419-26 

254. Nobre T, Eggleton P, Aanen DK. Vertical transmission as the key to the colonization of 

Madagascar by fungus-growing termites?  Proc R Soc B. 2010; 277 (1680): 359-65 

255. Aanen DK, de Fine Licht HH, Debets AJM, Kerstes NAG, Hoekstra RF, Boomsma JJ. High 

symbiont relatedness stabilizes mutualistic cooperation in fungus-growing termites. Science. 2009; 

326(5956): 1103-6 

256. Vo TL, Mueller UG, Mikheyev AS. Free-living fungal symbionts (Lepiotaceae) of fungus-growing 

ants (Attini: Formicidae). Mycologia. 2009; 101(2): 206-10 

257. Grell MN, Linde T, Nygaard S, Nielsen KL, Boomsma JJ, Lange L. The fungal symbiont of 

Acromyrmex leaf-cutting ants expresses the full spectrum of genes to degrade cellulose and other 

plant cell wall polysaccharides. BMC Genomics. 2013; 14: 928 

258. Fern dez-Mar  H, Bruner G, Gomez EB, Nash DR, Boomsma JJ, Wcislo WT. Dynamic disease 

management in Trachymyrmex fungus-growing ants (Attini: Formicidae). Am Nat. 2013; 181(4): 

571-82 

259. Aquino RS, Silveira SS, Pessoa WF, Rodrigues A, Andrioli JL, Delabie JH, et al. Filamentous 

fungi vectored by ants (Hymenoptera: Formicidae) in a public hospital in North-Eastern Brazil. J 

Hosp Infect. 2013; 83(3): 200-4 

260. Jesus MS, Rodrigues WC, Barbosa G, Trilles L, Wanke B, Laz a Mdos S, et al. Cryptococcus 

neoformans carried by Odontomachus bauri ants. Mem Inst Oswaldo Cruz. 2012; 107(4): 466-9 

261. Kellner K, Fern dez-Mar  H, Ishak HD, Sen R, Linksvayer TA, Mueller UG. Co-evoluionary 

patterns and diversification of ant-fungus associations in the asexual fungus-farming ant 

Mycocepurus smithii in Panama. J Evol Biol. 2013; 26(6): 1353-62 

262. Guedes FL, Attili-Angelis D, Pagnocca FC. Selective isolation of dematiaceous fungi from the 

workers of Atta laevigata (Formicidae: Attini). Folia Microbiol (Praha). 2012; 57(1): 21-6 

263. Bittleston LS, Brockmann F, Wcislo W, Van Bael SA. Endophytic fungi reduce leaf-cutting ant 

damage to seedlings. Biol Lett. 2011; 7(1): 30-2 

264. Rodrigues A, Mueller UG, Ishak HD, Bacci M Jr, Pagnocca FC. Ecology of microfungal 

communities in gardens of fungus-growing ants (Hymenoptera: Formicidae): a year-long survey of 

three species of attine ants in Central Texas. FEMS Microbiol Ecol. 2011; 78(2): 244-55 

265. Voglmayr H, Mayer V, Maschwitz U, Moog J, Djieto-Lordon C, Blatrix R. The diversity of ant-

associated black yeasts: insights into a newly discovered world of symbiotic interactions. Fungal 

Biol. 2011; 115(10): 1077-91 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    51 

 

266. Duarte AP, Attili-Angelis D, Baron NC, Forti LC, Pagnocca FC. Leaf-cutting ants: an unexpected 

microenvironment holding human opportunistic black fungi. Antonie Van Leeuwenhoek. 2014; 

106(3): 465-73 

267. Pantoja LD, Moreira Filho RE, Brito EH, Arag  TB, Brilhante RS, Cordeiro RA, et al. Ants 

(Hymenoptera: Formicidae) as carriers of fungi in hospital environments: an emphasis on the 

genera Tapinoma and Pheidole. J Med Entomol. 2009; 46(4): 895-9 

268. Blatrix R, Dji o-Lordon C, Mondolot L, La Fisca P, Voglmayr H, McKey D. Plant-ants use 

symbiotic fungi as a food source: new insight into the nutritional ecology of ant-plant interactions. 

Proc Biol Sci. 2012; 279(1744): 3940-7 

269. Cafaro MJ, Poulsen M, Little AE, Price SL, Gerardo NM, Wong B, et al. Specificity in the 

symbiotic association between fungus-growing ants and protective Pseudonocardia bacteria. Proc 

Biol Sci. 2011; 278(1713): 1814-22 

270. Lange L, Grell MN. The prominent role of fungi and fungal enzymes in the ant-fungus biomass 

conversion symbiosis. Appl Microbiol Biotechnol. 2014; 98(11): 4839-51 

271. Allen C, Valles SM, Strong CA. Multiple virus infections occur in individual polygyne and 

monogyne Solenopsis invicta ants. J Invertebr Pathol. 2011; 107(2): 107-11 

272. Valles SM, Allen C, Varone L, Briano J. Complete genome sequence of an Argentinean isolate of 

Solenopsis invicta virus 3. Virus Genes. 2010; 40(2): 293-7 

273. Tufts DM, Hunter WB, Bextine B. Discovery and effects of Texas Solenopsis invicta virus [SINV-

1 (TX5)] on red imported fire ant populations. J Invertebr Pathol. 2010; 104(3): 180-5 

274. Valles SM, Hashimoto Y. Isolation and characterization of Solenopsis invicta virus 3, a new 

positive-strand RNA virus infecting the red imported fire ant, Solenopsis invicta. Virology. 2009; 

388(2): 354-61 

275. Hashimoto Y, Valles SM. Detection and quantitation of Solenopsis invicta virus-2 genomic and 

intermediary replicating viral RNA in fire ant workers and larvae. J Invertebr Pathol. 2008; 98(2): 

243-5 

276. Hashimoto Y, Valles SM, Strong CA. Detection and quantitation of Solenopsis invicta virus in fire 

ants by real-time PCR. J Virol Methods. 2007; 140(1-2): 132-9 

277. Valles SM, Strong CA, Dang PM, Hunter WB, Pereira RM, Oi DH, et al. A picorna-like virus from 

the red imported fire ant, Solenopsis invicta: initial discovery, genome sequence, and 

characterization. Virology. 2004; 328(1): 151-7 

278. Valles SM, Bextine B. Examination of host genome for the presence of integrated fragments of 

Solenopsis invicta virus 1. J Invertebr Pathol. 2011; 107(3): 212-5 

279. Valles SM, Strong CA, Hashimoto Y. A new positive-strand RNA virus with unique genome 

characteristics from the red imported fire ant, Solenopsis invicta. Virology. 2007; 365(2): 457-63 

280. Valles SM, Porter SD, Firth AE. Solenopsis invicta virus 3: pathogenesis and stage specificity in 

red imported fire ants. Virology. 2014; 460-461: 66-71 

281. Valles SM, Porter SD, Choi MY, Oi DH. Successful transmission of Solenopsis invicta virus 3 to 

Solenopsis invicta fire ant colonies in oil, sugar, and cricket bait formulations. J Invertebr Pathol. 

2013; 113(3): 198-204 

282. Porter SD, Valles SM, Oi DH. Host specificity and colony impacts of the fire ant pathogen, 

Solenopsis invicta virus 3. J Invertebr Pathol. 2013; 114(1): 1-6 

283. Valles SM, Strong CA, Oi DH, Porter SD, Pereira RM, Vander Meer RK, et al. Phenology, 

distribution, and host specificity of Solenopsis invicta virus-1. J Invertebr Pathol. 2007; 96(1): 18-

27 

284. Celle O, Blanchard P, Olivier V, Schurr F, Cougoule N, Faucon JP, et al. Detection of Chronic bee 

paralysis virus (CBPV) genome and its replicative RNA form in various hosts and possible ways of 

spread. Virus Res. 2008; 133(2): 280-4. 

285. Danforth BN, Sipes S, Fang J, Brady SG. The history of early bee diversification based on five 

genes plus morphology. Proc Natl Acad Sci USA. 2006; 103(41): 15118-23 

286. Marringa WJ, Krueger MJ, Burritt NL, Burritt JB. Honey bee hemocyte profiling by flow 

cytometry. PLoS One. 2014; 9(10): e108486 

287. Lavine MD, Strand MR. Insect hemocytes and their role in immunity. Insect Biochem Mol Biol. 

2002; 32(10): 1295-309 

288. Morimoto T, Kojima Y, Toki T, Komeda Y, Yoshiyama M, Kimura K, et al. The habitat disruption 

induces immune-suppression and oxidative stress in honey bees. Ecol Evol. 2011; 1(2): 201-17 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    52 

 

289. Corby-Harris V, Maes P, Anderson KE. The bacterial communities associated with honey bee 

(Apis mellifera) foragers. PLoS One. 2014; 9(4): e95056 

290. Vojvodic S, Rehan SM, Anderson KE. Microbial gut diversity of africanized and European honey 

bee larval instars. PLoS One. 2013; 8(8): e72106 

291. Martinson VG, Danforth BN, Minckley RL, Rueppell O, Tingek S, Moran NA. A simple and 

distinctive microbiota associated with honey bees and bumble bees. Mol Ecol 2011; 20(3): 619-628 

292. Mohr KI, Tebbe CC. Diversity and phylotype consistency of bacteria in the guts of three bee 

species (Apoidea) at an oilseed rape field. Environ Microbiol. 2006; 8(2): 258-72 

293. Koch H, Abrol DP, Li J, Schmid-Hempel P. Diversity and evolutionary patterns of bacterial gut 

associates of corbiculate bees. Mol Ecol. 2013; 22(7): 2028-44 

294. Leonhardt SD, Kaltenpoth M. Microbial communities of three sympatric Australian stingless bee 

species. PLoS One. 2014; 9(8): e105718 

295. Kwong WK, Engel P, Koch H, Moran NA. Genomics and host specialization of honey bee and 

bumble bee gut symbionts. Proc Natl Acad Sci USA. 2014; 111(31): 11509-14 

296. Engel P, Stepanauskas R, Moran NA. Hidden diversity in honey bee gut symbionts detected by 

single-cell genomics. PLoS Genet. 2014; 10(9): e1004596 

297. Sabree ZL, Hansen AK, Moran NA. Independent studies using deep sequencing resolve the same 

set of core bacterial species dominating gut communities of honey bees. PLoS One. 2012; 7(7): 

e41250 

298. Ahn JH, Hong IP, Bok JI, Kim BY, Song J, Weon HY. Pyrosequencing analysis of the bacterial 

communities in the guts of honey bees Apis cerana and Apis mellifera in Korea. J Microbiol. 2012; 

50(5): 735-45 

299. Mattila HR, Rios D, Walker-Sperling VE, Roeselers G, Newton IL. Characterization of the active 

microbiotas associated with honey bees reveals healthier and broader communities when colonies 

are genetically diverse. PLoS One. 2012; 7(3): e32962 

300. Ribiere M, Olivier V, Blanchard P. Chronic bee paralysis: a disease and a virus like no other? J 

Invertebr Pathol. 2010; 103(Suppl 1): S120-31 

301. Olivier V, Blanchard P, Chaouch S, Lallemand P, Schurr F, Celle O, et al. Molecular 

characterisation and phylogenetic analysis of Chronic bee paralysis virus, a honey bee virus. Virus 

Res. 2008; 132(1-2): 59-68 

302. Chen YP, Pettis JS, Collins A, Feldlaufer MF. Prevalence and transmission of honeybee viruses. 

Appl Environ Microbiol. 2006; 72(1): 606-11 

303. Francis RM, Nielsen SL, Kryger P. Varroa-virus interaction in collapsing honey bee colonies. 

PLoS One. 2013; 8(3): e57540 

304. Martin SJ, Highfield AC, Brettell L, Villalobos EM, Budge GE, Powell M, Nikaido S, Schroeder 

DC. Global honey bee viral landscape altered by a parasitic mite. Science. 2012; 336(6086): 1304-6 

305. Li Z, Su S, Hamilton M, Yan L, Chen Y. The ability to cause infection in a pathogenic fungus 

uncovers a new biological feature of honey bee viruses. J Invertebr Pathol. 2014; 120: 18-22 

306. Chirico N, Vianelli A, Belshaw R. Why genes overlap in viruses. Proc Biol Sci. 2010; 277(1701): 

3809-17 

307. Sabath N, Price N, Graur D. A potentially novel overlapping gene in the genomes of Israeli acute 

paralysis virus and its relatives. Virol J. 2009; 6: 144 

308. Paulson AR, von Aderkas P, Perlman SJ. Bacterial associates of seed-parasitic wasps 

(Hymenoptera: Megastigmus). BMC Microbiol. 2014; 14(1): 224 

309. Weinert LA, Werren JH, Aebi A, Stone GN, Jiggins FM: Evolution and diversity of Rickettsia 

bacteria. BMC Biol. 2009, 7: 6 

310. Dedeine F, Vavre F, Fleury F, Loppin B, Hochberg ME, Bouletreau M. Removing symbiotic 

Wolbachia bacteria specifically inhibits oogenesis in a parasitic wasp. Proc Natl Acad Sci USA. 

2001; 98(11): 6247-52 

311. Dedeine F, Vavre F, Shoemaker DD, Bouletreau M. Intra-individual coexistence of a Wolbachia 

strain required for host oogenesis with two strains inducing cytoplasmic incompatibility in the wasp 

Asobara tabida. Evolution. 2004; 58(10): 2167-74 

312. Minard G, Mavingui P, Moro CV. Diversity and function of bacterial microbiota in the mosquito 

holobiont. Parasit Vectors. 2013; 6: 146 

313. Dale C, Moran NA. Molecular interactions between bacterial symbionts and their hosts. Cell. 2006; 

126: 453-65 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    53 

 

314. Chouaia B, Rossi P, Montagna M, Ricci I, Crotti E, Damiani C, et al. Molecular evidence for 

multiple infections as revealed by typing of Asaia bacterial symbionts of four mosquito species. 

Appl Environ Microbiol. 2010; 76(22): 7444-50 

315. Reegan AD, Paulraj MG, Ignacimuthu S. Isolation and characterization of halotolerant bacteria 

associated with the midgut of Culex quinquefasciatus Say (Diptera: Culicidae). Pak J Biol Sci. 

2013; 16(21): 1311-7 

316. Valiente Moro C, Tran FH, Raharimalala FN, Ravelonandro P, Mavingui P. Diversity of culturable 

bacteria including Pantoea in wild mosquito Aedes albopictus. BMC Microbiol. 2013; 13: 70 

317. Duguma D, Rugman-Jones P, Kaufman MG, Hall MW, Neufeld JD, Stouthamer R, et al. Bacterial 

communities associated with culex mosquito larvae and two emergent aquatic plants of 

bioremediation importance. PLoS One. 2013; 8(8): e72522 

318. Gaio Ade O, Rodrigues RC, do Nascimento C, Secundino NF, Lemos FJ, Pimenta PF, et al. Use of 

the checkerboard DNA-DNA hybridization technique for bacteria detection in Aedes aegypti 

(Diptera:Culicidae) (L.). Parasit Vectors. 2011; 4: 237 

319. Chen S, Kaufman MG, Korir ML, Walker ED. Ingestibility, digestibility, and engineered biological 

control potential of Flavobacterium hibernum, isolated from larval mosquito habitats. Appl Environ 

Microbiol. 2014; 80(3): 1150-8 

320. Dada N, Jumas-Bilak E, Manguin S, Seidu R, Stenström TA, Overgaard HJ. Comparative 

assessment of the bacterial communities associated with Aedes aegypti larvae and water from 

domestic water storage containers. Parasit Vectors. 2014; 7: 391 

321. Coon KL, Vogel KJ, Brown MR, Strand MR. Mosquitoes rely on their gut microbiota for 

development. Mol Ecol. 2014; 23(11): 2727-39 

322. Muturi EJ, Orindi BO, Kim CH. Effect of leaf type and pesticide exposure on abundance of 

bacterial taxa in mosquito larval habitats. PLoS One. 2013; 8(8): e71812 

323. Chouaia B, Rossi P, Epis S, Mosca M, Ricci I, Damiani C, et al. Delayed larval development in 

Anopheles mosquitoes deprived of Asaia bacterial symbionts. BMC Microbiol. 2012; 12(Suppl 1): 

S2 

324. Abdul-Ghani R, Al-Mekhlafi AM, Alabsi MS. Microbial control of malaria: biological warfare 

against the parasite and its vector. Acta Trop. 2012; 121(2): 71-84 

325. Boissiere A, Tchioffo MT, Bachar D, Abate L, Marie A, Nsango SE, et al. Midgut microbiota of 

the malaria mosquito vector Anopheles gambiae and interactions with Plasmodium falciparum 

infection. PLoS Pathog. 2012; 8(5): e1002742 

326. Kaufman MG, Chen S, Walker ED. Leaf-associated bacterial and fungal taxa shifts in response to 

larvae of the tree hole mosquito, Ochlerotatus triseriatus. Microb Ecol. 2008; 55(4): 673-84 

327. Van Bael SA, Fern dez-Mar  H, Valencia MC, Rojas EI, Wcislo WT, Herre EA. Two fungal 

symbioses collide: endophytic fungi are not welcome in leaf-cutting ant gardens. Proc Biol Sci. 

2009; 276(1666): 2419-26 

328. Estrada C, Wcislo WT, Van Bael SA. Symbiotic fungi alter plant chemistry that discourages leaf-

cutting ants. New Phytol. 2013; 198(1): 241-51 

329. Rodrigues A, Passarini MR, Ferro M, Nagamoto NS, Forti LC, Bacci M Jr, et al. Fungal 

communities in the garden chamber soils of leaf-cutting ants. J Basic Microbiol. 2014; 54(11): 

1186-96 

330. Cumberland S. Mosquito wars. Bull World Health Organ. 2009; 87(3): 167-8. 

331. Martinez NE, Dzul-Manzanilla F, Gutierrez-Castro C, Ibarra-Lopez J, Bibiano-Marin W, Lopez-

Damian L, et al. Natural vertical transmission of dengue-1 virus in Aedes aegypti populations in 

Acapulco, Mexico. J Am Mosq Control Assoc. 2014; 30(2): 143-6 

332. Coffey LL, Page BL, Greninger AL, Herring BL, Russell RC, Doggett SL, et al. Enhanced 

arbovirus surveillance with deep sequencing: Identification of novel rhabdoviruses and 

bunyaviruses in Australian mosquitoes. Virology. 2014; 448: 146-58 

333. Zuo S, Zhao Q, Guo X, Zhou H, Cao W, Zhang J. Detection of Quang Binh virus from mosquitoes 

in China. Virus Res. 2014; 180: 31-8 

334. Huhtamo E, Cook S, Moureau G, Uzcategui NY, Sironen T, Kuivanen S, et al. Novel flaviviruses 

from mosquitoes: Mosquito-specific evolutionary lineages within the phylogenetic group of 

mosquito-borne flaviviruses. Virology. 2014; 464-465: 320-9 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    54 

 

335. Isawa H, Kuwata R, Hoshino K, Tsuda Y, Sakai K, Watanabe S, et al. Identification and molecular 

characterization of a new nonsegmented double-stranded RNA virus isolated from Culex 

mosquitoes in Japan. Virus Res. 2011; 155(1): 147-55 

336. Nasar F, Palacios G, Gorchakov RV, Guzman H, Da Rosa AP, Savji N, et al. Eilat virus, a unique 

alphavirus with host range restricted to insects by RNA replication. Proc Natl Acad Sci USA. 2012; 

109(36): 14622-7 

337. Nga PT, Parquet Mdel C, Lauber C, Parida M, Nabeshima T, Yu F, Thuy NT, Inoue S, Ito T, 

Okamoto K, Ichinose A, Snijder EJ, Morita K, Gorbalenya AE. Discovery of the first insect 

nidovirus, a missing evolutionary link in the emergence of the largest RNA virus genomes. PLoS 

Pathog 2011; 7(9): e1002215 

338. Dohm DJ, Sardelis MR, Turell MJ. Experimental vertical transmission of West Nile virus by Culex 

pipiens (Diptera: Culicidae). J Med Entomol. 2002; 39(4): 640-4 

339. Ng TF, Willner DL, Lim YW, Schmieder R, Chau B, Nilsson C, et al. Broad surveys of DNA viral 

diversity obtained through viral metagenomics of mosquitoes. PLoS One. 2011; 6(6): e20579 

340. Duron O, Schneppat UE, Berthomieu A, Goodman SM, Droz B, Paupy C, et al. Origin, acquisition 

and diversification of heritable bacterial endosymbionts in louse flies and bat flies. Mol Ecol. 2014; 

23(8): 2105-17 

341. Klug MJ, Kotarski S. Bacteria associated with the gut tract of larval stages of the aquatic cranefly 

Tipula abdominalis (Diptera; Tipulidae). Appl Environ Microbiol 1980; 40(2): 408-16 

342. Cook DM, DeCrescenzo Henriksen E, Upchurch R, Peterson JB. Isolation of polymer-degrading 

bacteria and characterization of the hindgut bacterial community from the detritus-feeding larvae of 

Tipula abdominalis (Diptera: Tipulidae). Appl Environ Microbiol. 2007; 73(17): 5683-6 

343. Toth E, Kovacs G, Schumann P, Kovacs AL, Steiner U, Halbritter A, Marialigeti K. Schineria 

larvae gen. nov., sp. nov., isolated from the 1st and 2nd larval stages of Wohlfahrtia magnifica 

(Diptera: Sarcophagidae). Int J Syst Evol Microbiol. 2001; 51(Pt 2): 401-7 

344. Kadavy DR, Plantz B, Shaw CA, Myatt J, Kokjohn TA, Nickerson KW. Microbiology of the oil fly, 

Helaeomyia petrolei. Appl Environ Microbiol. 1999; 65(4): 1477-82 

345. Kadavy DR, Hornby JM, Haverkost T, Nickerson KW. Natural antibiotic resistance of bacteria 

isolated from larvae of the oil fly, Helaeomyia petrolei. Appl Environ Microbiol. 2000; 66(11): 

4615-9 

346. Toth EM, Hell E, Kovacs G, Borsodi AK, Marialigeti K. Bacteria isolated from the different 

developmental stages and larval organs of the obligate parasitic fly, Wohlfahrtia magnifica (Diptera: 

Sarcophagidae). Microb Ecol. 2006; 51(1): 13-21 

347. Geiger A, Fardeau M-L, Falsen E, Ollivier B, Cuny G. Serratia glossinae sp. nov., isolated from the 

midgut of the tsetse fly Glossina palpalis gambiensis. Int J Syst Evol Microbiol. 2010; 60(Pt 6): 

1261-5 

348. Cook DM, Henriksen ED, Rogers TE, Peterson JD. Klugiella xanthotipulae gen. nov., sp. nov., a 

novel member of the family Microbacteriaceae. Int J Syst Evol Microbiol. 2008; 58(Pt 12): 2779-

82 

349. Billeter SA, Hayman DT, Peel AJ, Baker K, Wood JL, Cunningham A, et al. Bartonella species in 

bat flies (Diptera: Nycteribiidae) from western Africa. Parasitology. 2012; 139(3): 324-9 

350. Lack JB, Nichols RD, Wilson GM, Van Den Bussche RA. Genetic signature of reproductive 

manipulation in the phylogeography of the bat fly, Trichobius major. J Hered. 2011; 102(6): 705-18 

351. Aksoy S, Chen X, Hypsa V. Phylogeny and potential transmission routes of midgut-associated 

endosymbionts of tsetse (Diptera:Glossinidae). Insect Mol Biol. 1997; 6(2): 183-90 

352. Toh H, Weiss BL, Perkin SA, Yamashita A, Oshima K, Hattori M, et al. Massive genome erosion 

and functional adaptations provide insights into the symbiotic lifestyle of Sodalis glossinidius in the 

tsetse host. Genome Res. 2006; 16(2): 149-56 

353. Rio RV, Lefevre C, Heddi A, Aksoy S. Comparative genomics of insect-symbiotic bacteria: 

influence of host environment on microbial genome composition. Appl Environ Microbiol. 2003; 

69(11): 6825-32 

354. Newell PD, Chaston JM, Wang Y, Winans NJ, Sannino DR, Wong AC, et al. In vivo function and 

comparative genomic analyses of the Drosophila gut microbiota identify candidate symbiosis 

factors. Front Microbiol. 2014; 5: 576 

355. Broderick NA, Buchon N, Lemaitre B. Microbiota-induced changes in drosophila melanogaster 

host gene expression and gut morphology. MBio. 2014; 5(3): e01117-14 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    55 

 

356. Miller WJ, Ehrman L, Schneider D. Infectious speciation revisited: impact of symbiont-depletion 

on female fitness and mating behavior of Drosophila paulistorum. PLoS Pathog. 2010; 6(12): 

e1001214 

357. Martin OY, Puniamoorthy N, Gubler A, Wimmer C, Bernasconi MV. Infections with Wolbachia, 

Spiroplasma, and Rickettsia in the Dolichopodidae and other Empidoidea. Infect Genet Evol. 2013; 

13: 317-30 

358. Doudoumis V, Alam U, Aksoy E, Abd-Alla AM, Tsiamis G, Brelsfoard C, et al. Tsetse-Wolbachia 

symbiosis: comes of age and has great potential for pest and disease control. J Invertebr Pathol. 

2013; 112(Suppl): S94-103 

359. Mateos M, Castrezana SJ, Nankivell BJ, Estes AM, Markow TA, Moran NA. Heritable 

endosymbionts of Drosophila. Genetics. 2006; 174(1): 363-76 

360. Haselkorn TS, Watts TD, Markow TA. Density dynamics of diverse Spiroplasma strains naturally 

infecting different species of Drosophila. Fly (Austin). 2013; 7(3): 204-10 

361. Duron O, Bouchon D, Boutin S, Bellamy L, Zhou L, Engelstadter J, et al. The diversity of 

reproductive parasites among arthropods: Wolbachia do not walk alone. BMC Biol. 2008; 6: 27 

362. de Sousa KB, da Silva TR, Alencar RB, Baton LA, Naveca FG, Shimabukuro PH.16S rRNA gene-

based identification of microbiota associated with the parthenogenetic troglobiont sand fly 

Deanemyia maruaga (Diptera, Psychodidae) from central Amazon, Brazil. Braz J Microbiol. 2013; 

44(1): 325-8 

363. Gouveia C, Asensi MD, Zahner V, Rangel EF, Oliveira SM. Study on the bacterial midgut 

microbiota associated to different Brazilian populations of Lutzomyia longipalpis (Lutz & Neiva) 

(Diptera, Psychodidae) Neotrop Entomol. 2008; 37(5): 597-601 

364. Hillesland H, Read A, Subhadra B, Hurwitz I, McKelvey R, Ghosh K, Das P, Durvasula R. 

Identification of aerobic gut bacteria from the Kala Azar vector, Phlebotomus argentipes: A 

platform for potential paratransgenic manipulation of sand flies. Am J Trop Med Hyg. 2008; 79(6): 

881-6 

365. Hosokawa T, Nikoh N, Koga R, Satô M, Tanahashi M, Meng XY, Fukatsu T. Reductive genome 

evolution, host-symbiont co-speciation and uterine transmission of endosymbiotic bacteria in bat 

flies. ISME J. 2012; 6(3): 577-87 

366. Morse SF, Dick CW, Patterson BD, Dittmar K. Some like it hot: evolution and ecology of novel 

endosymbionts in bat flies of cave-roosting bats (hippoboscoidea, nycterophiliinae). Appl Environ 

Microbiol. 2012; 78(24): 8639-49 

367. Morse SF, Olival KJ, Kosoy M, Billeter S, Patterson BD, Dick CW, et al. Global distribution and 

genetic diversity of Bartonella in bat flies (Hippoboscoidea, Streblidae, Nycteribiidae). Infect 

Genet Evol. 2012; 12(8): 1717-23 

368. Morse SF, Bush SE, Patterson BD, Dick CW, Gruwell ME, Dittmar K. Evolution, multiple 

acquisition, and localization of endosymbionts in bat flies (Diptera: Hippoboscoidea: Streblidae 

and Nycteribiidae). Appl Environ Microbiol. 2013; 79(9): 2952-61 

369. Kamani J, Baneth G, Mitchell M, Mumcuoglu KY, Gutierrez R, Harrus S. Bartonella species in 

bats (chiroptera) and bat flies (nycteribiidae) from Nigeria, west Africa. Vector Borne Zoonotic Dis. 

2014; 14(9): 625-32 

370. Verani P, Ciufolini MG, Caciolli S, Renzi A, Nicoletti L, Sabatinelli G, et al. Ecology of viruses 

isolated from sand flies in Italy and characterized of a new Phlebovirus (Arabia virus). Am J Trop 

Med Hyg. 1988; 38(2): 433-9 

371. Habayeb MS, Ekström JO, Hultmark D. Nora virus persistent infections are not affected by the 

RNAi machinery. PLoS One. 2009; 4(5): e5731 

372. Farajollahi A, Crans WJ, Nickerson D, Bryant P, Wolf B, Glaser A, et al. Detection of West Nile 

virus RNA from the louse fly Icosta americana (Diptera: Hippoboscidae). J Am Mosq Control 

Assoc. 2005; 21(4): 474-6 

373. Mediannikov O, Fenollar F. Looking in ticks for human bacterial pathogens. Microb Pathog. 2014 

Sep 16. pii: S0882-4010(14)00132-6 

374. Ahantarig A, Malaisri P, Hirunkanokpun S, Sumrandee C, Trinachartvanit W, Baimai V. Detection 

of rickettsia and a novel Haemaphysalis shimoga symbiont bacterium in ticks in Thailand. Curr 

Microbiol. 2011; 62(5): 1496-502 

375. Duron O, Jourdain E, McCoy KD. Diversity and global distribution of the Coxiella intracellular 

bacterium in seabird ticks. Ticks Tick Borne Dis. 2014; 5(5): 557-63 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    56 

 

376. Egyed L, Makrai L. Cultivable internal bacterial flora of ticks isolated in Hungary. Exp Appl 

Acarol. 2014; 63(1): 107-22 

377. Wilkinson DA, Dietrich M, Lebarbenchon C, Jaeger A, Le Rouzic C, Bastien M, et al. Massive 

infection of seabird ticks with bacterial species related to Coxiella burnetii. Appl Environ 

Microbiol. 2014; 80(11): 3327-33 

378. Ionita M, Mitrea IL, Pfister K, Hamel D, Silaghi C. Molecular evidence for bacterial and protozoan 

pathogens in hard ticks from Romania. Vet Parasitol. 2013; 196(1-2): 71-6 

379. Leydet BF Jr, Liang FT. Detection of human bacterial pathogens in ticks collected from Louisiana 

black bears (Ursus americanus luteolus). Ticks Tick Borne Dis. 2013; 4(3): 191-6 

380. Ahantarig A, Trinachartvanit W, Baimai V, Grubhoffer L. Hard ticks and their bacterial 

endosymbionts (or would be pathogens). Folia Microbiol (Praha). 2013; 58(5): 419-28 

381. Nakao R, Abe T, Nijhof AM, Yamamoto S, Jongejan F, Ikemura T, et al. A novel approach, based 

on BLSOMs (Batch Learning Self-Organizing Maps), to the microbiome analysis of ticks. ISME J. 

2013; 7(5): 1003-15 

382. Subramanian G, Sekeyova Z, Raoult D, Mediannikov O. Multiple tick-associated bacteria in Ixodes 

ricinus from Slovakia. Ticks Tick Borne Dis. 2012; 3(5-6): 406-10 

383. Toledo A, Olmeda AS, Escudero R, Jado I, Valcarcel F, Casado-Nistal MA, et al. Tick-borne 

zoonotic bacteria in ticks collected from central Spain. Am J Trop Med Hyg. 2009; 81(1): 67-74 

384. Spitalska E, Boldis V, Kostanova Z, Kocianova E, Stefanidesova K. Incidence of various tick-

borne microorganisms in rodents and ticks of central Slovakia. Acta Virol. 2008; 52(3): 175-9 

385. Liu LM, Liu JN, Liu Z, Yu ZJ, Xu SQ, Yang XH, et al. Microbial communities and symbionts in 

the hard tick Haemaphysalis longicornis (Acari: Ixodidae) from north China. Parasit Vectors. 2013; 

6(1): 310 

386. Movila A, Alekseev AN, Dubinina HV, Toderas I. Detection of tick-borne pathogens in ticks from 

migratory birds in the Baltic region of Russia. Med Vet Entomol. 2013; 27(1): 113-7 

387. Quiroz M, Triado-Margarit X, Casamayor EO, Gajardo G. Comparison of Artemia-bacteria 

associations in brines, laboratory cultures and the gut environment: a study based on Chilean 

hypersaline environments. Extremophiles. 2014 Sep 20. 

388. Rungrassamee W, Klanchui A, Maibunkaew S, Chaiyapechara S, Jiravanichpaisal P, 

Karoonuthaisiri N. Characterization of intestinal bacteria in wild and domesticated adult black tiger 

shrimp (Penaeus monodon). PLoS One. 2014; 9(3): e91853 

389. Maeda M, Shibata A, Biswas G, Korenaga H, Kono T, Itami T, et al. Isolation of lactic acid 

bacteria from kuruma shrimp (Marsupenaeus japonicus) intestine and assessment of 

immunomodulatory role of a selected strain as probiotic. Mar Biotechnol (NY). 2014; 16(2): 181-

92 

390. del Carmen Flores-Miranda M, Luna-Gonzalez A, Cordova AI, Fierro-Coronado JA, Partida-

Arangure BO, Pintado J, et al. Isolation and characterization of infectious Vibrio sinaloensis strains 

from the Pacific shrimp Litopenaeus vannamei (Decapoda: Penaeidae). Rev Biol Trop. 2012; 60(2): 

567-76 

391. Guri M, Durand L, Cueff-Gauchard V, Zbinden M, Crassous P, Shillito B, et al. Acquisition of 

epibiotic bacteria along the life cycle of the hydrothermal shrimp Rimicaris exoculata. ISME J. 

2012; 6(3): 597-609 

392. Beardsley C, Moss S, Malfatti F, Azam F. Quantitative role of shrimp fecal bacteria in organic 

matter fluxes in a recirculating shrimp aquaculture system. FEMS Microbiol Ecol. 2011; 77(1): 

134-45 

393. Durand L, Zbinden M, Cueff-Gauchard V, Duperron S, Roussel EG, Shillito B, et al. Microbial 

diversity associated with the hydrothermal shrimp Rimicaris exoculata gut and occurrence of a 

resident microbial community. FEMS Microbiol Ecol. 2010; 71(2): 291-303 

394. Lau WW, Jumars PA, Armbrust EV. Genetic diversity of attached bacteria in the hindgut of the 

deposit-feeding shrimp Neotrypaea (formerly Callianassa) californiensis (decapoda: thalassinidae). 

Microb Ecol. 2002; 43(4): 455-66 

395. Zbinden M, Cambon-Bonavita MA. Occurrence of Deferribacterales and Entomoplasmatales in the 

deep-sea Alvinocarid shrimp Rimicaris exoculata gut. FEMS Microbiol Ecol. 2003; 46(1): 23-30 

396. Hill JE, Baiano JC, Barnes AC. Isolation of a novel strain of Bacillus pumilus from penaeid shrimp 

that is inhibitory against marine pathogens. J Fish Dis. 2009; 32(12): 1007-16 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    57 

 

397. Rungrassamee W, Klanchui A, Chaiyapechara S, Maibunkaew S, Tangphatsornruang S, 

Jiravanichpaisal P, et al. Bacterial population in intestines of the black tiger shrimp (Penaeus 

monodon) under different growth stages. PLoS One. 2013; 8(4): e60802 

398. Luis-Villasenor IE, Castellanos-Cervantes T, Gomez-Gil B, Carrillo-Garcia AE, Campa-Cordova 

AI, Ascencio F. Probiotics in the intestinal tract of juvenile whiteleg shrimp Litopenaeus vannamei: 

modulation of the bacterial community. World J Microbiol Biotechnol. 2013; 29(2): 257-65 

399. NavinChandran M, Iyapparaj P, Moovendhan S, Ramasubburayan R, Prakash S, Immanuel G, et al. 

Influence of probiotic bacterium Bacillus cereus isolated from the gut of wild shrimp Penaeus 

monodon in turn as a potent growth promoter and immune enhancer in P. monodon. Fish Shellfish 

Immunol. 2014; 36(1): 38-45 

400. Yuan JB, Zhang XJ, Liu CZ, Wei JK, Li FH, Xiang JH. Horizontally transferred genes in the 

genome of Pacific white shrimp, Litopenaeus vannamei. BMC Evol Biol. 2013; 13: 165 

401. Dhar AK, Robles-Sikisaka R, Saksmerprome V, Lakshman DK. Biology, genome organization, 

and evolution of parvoviruses in marine shrimp. Adv Virus Res. 2014; 89: 85-139 

402. Kumar TS, Krishnan P, Makesh M, Chaudhari A, Purushothaman CS, Rajendran KV. Natural host-

range and experimental transmission of Laem-Singh virus (LSNV). Dis Aquat Organ. 2011; 96(1): 

21-7 

403. Chaivisuthangkura P, Longyant S, Sithigorngul P. Immunological-based assays for specific 

detection of shrimp viruses. World J Virol. 2014; 3(1): 1-10 

404. Ma H, Overstreet RM, Jovonovich JA. Daggerblade grass shrimp (Palaemonetes pugio): A 

reservoir host for yellow-head virus (YHV). J Invertebr Pathol. 2009; 101(2): 112-8 

405. Li K, Guan W, Wei G, Liu B, Xu J, Zhao L, et al. Phylogenetic analysis of intestinal bacteria in the 

Chinese mitten crab (Eriocheir sinensis). J Appl Microbiol. 2007; 103(3): 675-82 

406. Wang W, Gu W, Gasparich GE, Bi K, Ou J, Meng Q, et al. Spiroplasma eriocheiris sp. nov., 

associated with mortality in the Chinese mitten crab, Eriocheir sinensis. Int J Syst Evol Microbiol. 

2011; 61(Pt 4): 703-8 

407. Li S, Zhu S, Li C, Zhang Z, Zhou L, Wang S, et al. Characterization of microRNAs in mud crab 

Scylla paramamosain under Vibrio parahaemolyticus infection. PLoS One. 2013; 8(8): e73392 

408. Li S, Sun L, Wu H, Hu Z, Liu W, Li Y, et al. The intestinal microbial diversity in mud crab (Scylla 

paramamosain) as determined by PCR-DGGE and clone library analysis. J Appl Microbiol. 2012; 

113(6): 1341-51 

409. Najiah M, Nadirah M, Sakri I, Shaharom-Harrison F. Bacteria associated with wild mud crab 

(Scylla serrata) from Setiu Wetland, Malaysia with emphasis on antibiotic resistances. Pak J Biol 

Sci. 2010; 13(6): 293-7 

410. Huq A, Huq SA, Grimes DJ, O'Brien M, Chu KH, Capuzzo JM, et al. Colonization of the gut of the 

blue crab (Callinectes sapidus) by Vibrio cholerae. Appl Environ Microbiol. 1986; 52(3): 586-8 

411. Kim M, Kwon TH, Jung SM, Cho SH, Jin SY, Park NH, et al. Antibiotic resistance of bacteria 

isolated from the internal organs of edible snow crabs. PLoS One. 2013; 8(8): e70887 

412. Wang W. Bacterial diseases of crabs: a review. J Invertebr Pathol. 2011; 106(1): 18-26 

413. Wang W, Gu Z. Rickettsia-like organism associated with tremor disease and mortality of the 

Chinese mitten crab Eriocheir sinensis. Dis Aquat Organ. 2002; 48(2): 149-53 

414. Bonami JR, Zhang S. Viral diseases in commercially exploited crabs: a review. J Invertebr Pathol. 

2011; 106(1): 6-17 

415. Bowers HA, Messick GA, Hanif A, Jagus R, Carrion L, Zmora O, et al. Physicochemical properties 

of double-stranded RNA used to discover a reo-like virus from blue crab Callinectes sapidus. Dis 

Aquat Organ. 2010; 93(1): 17-29 

416. Chen J, Xiong J, Cui B, Yang J, Mao Z, Li W, et al. Rapid and sensitive detection of mud crab 

Scylla serrata reovirus by a reverse transcription loop-mediated isothermal amplification assay. J 

Virol Methods. 2011; 178(1-2): 153-60 

417. Zhang S, Shi Z, Zhang J, Bonami JR. Purification and characterization of a new reovirus from the 

Chinese mitten crab, Eriocheir sinensis. J Fish Dis. 2004; 27(12): 687-92 

418. Weng SP, Guo ZX, Sun JJ, Chan SM, He JG. A reovirus disease in cultured mud crab, Scylla 

serrata, in southern China. J Fish Dis. 2007; 30(3): 133-9 

419. Huang Z, Deng X, Li Y, Su H, Li K, Guo Z, et al. Structural insights into the classification of Mud 

Crab Reovirus. Virus Res. 2012; 166(1-2): 116-20 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    58 

 

420. Bang FB. Pathogenesis and autointerference in a virus disease of crabs. Infect Immun. 1974; 9(6): 

1057-61 

421. Liu W, Qian D, Yan XJ. Studies on pathogenicity and prevalence of white spot syndrome virus in 

mud crab, Scylla serrata (Forskal), in Zhejiang Province, China. J Fish Dis. 2011; 34(2): 131-8 

422. Shashikumar A, Desai PV. Susceptibility of testicular cell cultures of crab, Scylla serrata (Forskal) 

to white spot syndrome virus. Cytotechnology. 2013; 65(2): 253-62 

423. Deng XX, Lu L, Ou YJ, Su HJ, Li G, et al. Sequence analysis of 12 genome segments of mud crab 

reovirus (MCRV). Virology. 2012; 422(2): 185-94 

424. Zhang R, He J, Su H, Dong C, Guo Z, Weng S. Monoclonal antibodies produced against VP3 of a 

novel mud crab dicistrovirus. Hybridoma (Larchmt). 2010; 29(5): 437-40 

425. Oidtmann B, Stentiford GD. White spot syndrome virus (WSSV) concentrations in crustacean 

tissues: a review of data relevant to assess the risk associated with commodity trade. Transbound 

Emerg Dis. 2011; 58(6): 469-82 

426. Mangkalanan S, Sanguanrat P, Utairangsri T, Sritunyalucksana K, Krittanai C. Characterization of 

the circulating hemocytes in mud crab (Scylla olivacea) revealed phenoloxidase activity. Dev 

Comp Immunol. 2014; 44(1): 116-23 

427. Cavalli LS, Batista CR, Nornberg BF, Mayer FQ, Seixas FK, Romano LA, et al. Natural 

occurrence of White spot syndrome virus and Infectious hypodermal and hematopoietic necrosis 

virus in Neohelice granulata crab. J Invertebr Pathol. 2013; 114(1): 86-8 

 

428. Nathiga Nambi KS, Abdul Majeed S, Sundar Raj N, Taju G, Madan N, Vimal S, et al. In vitro 

white spot syndrome virus (WSSV) replication in explants of the heart of freshwater crab, 

Paratelphusa hydrodomous. J Virol Methods. 2012; 183(2): 186-95 

429. Somboonna N, Mangkalanan S, Udompetcharaporn A, Krittanai C, Sritunyalucksana K, Flegel T. 

Mud crab susceptibility to disease from white spot syndrome virus is species-dependent. BMC Res 

Notes. 2010; 3: 315 

430. Vicente VA, Orelis-Ribeiro R, Najafzadeh MJ, Sun J, Guerra RS, Miesch S, et al. Black yeast-like 

fungi associated with Lethargic Crab Disease (LCD) in the mangrove-land crab, Ucides cordatus 

(Ocypodidae). Vet Microbiol. 2012; 158(1-2): 109-22 

431. Barker DE, Braden LM, Coombs MP, Boyce B. Preliminary studies on the isolation of bacteria 

from sea lice, Lepeophtheirus salmonis, infecting farmed salmon in British Columbia, Canada. 

Parasitol Res. 2009; 105(4): 1173-7 

432. Freeman MA, Bell AS, Sommerville C. A hyperparasitic microsporidian infecting the salmon louse, 

Lepeophtheirus salmonis: an rDNA-based molecular phylogenetic study. J Fish Dis. 2003; 26(11-

12): 667-76 

433. Freeman MA, Sommerville C. Original observations of Desmozoon lepeophtherii, a microsporidian 

hyperparasite infecting the salmon louse Lepeophtheirus salmonis, and its subsequent detection by 

other researchers. Parasit Vectors. 2011; 4: 231 

434. Petterson E, Sandberg M, Santi N. Salmonid alphavirus associated with Lepeophtheirus salmonis 

(Copepoda: Caligidae) from Atlantic salmon, Salmo salar L. J Fish Dis. 2009; 32(5): 477-9 

435. Hammell KL, Dohoo IR. Risk factors associated with mortalities attributed to infectious salmon 

anaemia virus in New Brunswick, Canada. J Fish Dis. 2005; 28(11): 651-61 

436. Valdes-Donoso P, Mardones FO, Jarpa M, Ulloa M, Carpenter TE, Perez AM. Co-infection 

patterns of infectious salmon anaemia and sea lice in farmed Atlantic salmon, Salmo salar L., in 

southern Chile (2007-2009). J Fish Dis. 2013; 36(3): 353-60 

437. Raggi L, Schubotz F, Hinrichs KU, Dubilier N, Petersen JM. Bacterial symbionts of 

Bathymodiolus mussels and Escarpia tubeworms from Chapopote, an asphalt seep in the Southern 

Gulf of Mexico. Environ Microbiol. 2013; 15(7): 1969-87 

438. Beynon JD, MacRae IJ, Huston SL, Nelson DC, Segel IH, Fisher AJ. Crystal structure of ATP 

sulfurylase from the bacterial symbiont of the hydrothermal vent tubeworm Riftia pachyptila. 

Biochemistry. 2001; 40(48): 14509-17 

439. Duperron S, de Beer D, Zbinden M, Boetius A, Schipani V, Kahil N, et al. Molecular 

characterization of bacteria associated with the trophosome and the tube of Lamellibrachia sp., a 

siboglinid annelid from cold seeps in the eastern Mediterranean. FEMS Microbiol Ecol. 2009; 

69(3): 395-409 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    59 

 

440. Losekann T, Robador A, Niemann H, Knittel K, Boetius A, Dubilier N. Endosymbioses between 

bacteria and deep-sea siboglinid tubeworms from an Arctic Cold Seep (Haakon Mosby Mud 

Volcano, Barents Sea). Environ Microbiol. 2008; 10(12): 3237-54 

441. Minic Z, Herve G. Biochemical and enzymological aspects of the symbiosis between the deep-sea 

tubeworm Riftia pachyptila and its bacterial endosymbiont. Eur J Biochem. 2004; 271(15): 3093-

102 

442. Cavanaugh CM, Gardiner SL, Jones ML, Jannasch HW, Waterbury JB. Prokaryotic cells in the 

hydrothermal vent tube worm Riftia pachyptila: Possible chemoautotrophic symbionts. Science. 

1981; 213(4505): 340-2 

443. Boetius A. Microfauna-macrofauna interaction in the seafloor: lessons from the tubeworm. PLoS 

Biol. 2005; 3(3): e102 

444. Nussbaumer AD, Fisher CR, Bright M. Horizontal endosymbiont transmission in hydrothermal 

vent tubeworms. Nature. 2006; 441(7091): 345-8 

445. Huang Y, Callahan S, Hadfield MG. Recruitment in the sea: bacterial genes required for inducing 

larval settlement in a polychaete worm. Sci Rep. 2012; 2: 228 

446. Hadfield MG. Biofilms and marine invertebrate larvae: What bacteria produce that larvae use to 

choose settlement sites. Ann Rev Mar Sci. 2011; 3: 453-470 

447. Shikuma NJ, Pilhofer M, Weiss GL, Hadfield MG, Jensen GJ, Newman DK. Marine tubeworm 

metamorphosis induced by arrays of bacterial phage tail-like structures. Science. 2014; 343(6170): 

529-33 

448. Nagahama T, Hamamoto M, Nakase T, Horikoshi K. Rhodotorula benthica sp. nov. and 

Rhodotorula calyptogenae sp. nov., novel yeast species from animals collected from the deep-sea 

floor, and Rhodotorula lysiniphila sp. nov., which is related phylogenetically. Int J Syst Evol 

Microbiol. 2003; 53(Pt 3): 897-903 

449. Whitaker IS, Maltz M, Siddall ME, Graf J. Characterization of the digestive tract microbiota of 

Hirudo orientalis (medicinal leech) and antibiotic resistance profile. Plast Reconstr Surg. 2014; 

133(3): e408-18 

450. Mumcuoglu KY, Huberman L, Cohen R, Temper V, Adler A, Galun R, et al. Elimination of 

symbiotic Aeromonas spp. from the intestinal tract of the medicinal leech, Hirudo medicinalis, 

using ciprofloxacin feeding. Clin Microbiol Infect. 2010; 16(6): 563-7 451.  

451. Schnabl SM, Kunz C, Unglaub F, Polykandriotis E, Horch RE, Dragu A. Acute postoperative 

infection with Aeromonas hydrophila after using medical leeches for treatment of venous 

congestion. Arch Orthop Trauma Surg. 2010; 130(10): 1323-8 

452. Levine SM, Frangos SG, Hanna B, Colen K, Levine JP. Aeromonas septicemia after medicinal 

leech use following replantation of severed digits. Am J Crit Care. 2010; 19(5): 469-71 

453. Patel KM, Svestka M, Sinkin J, Ruff P 4th. Ciprofloxacin-resistant Aeromonas hydrophila 

infection following leech therapy: a case report and review of the literature. J Plast Reconstr 

Aesthet Surg. 2013; 66(1): e20-2 

454. Giltner CL, Bobenchik AM, Uslan DZ, Deville JG, Humphries RM. Ciprofloxacin-resistant 

Aeromonas hydrophila cellulitis following leech therapy. J Clin Microbiol. 2013; 51(4): 1324-6 

455. Kampfer P, Busse HJ, Longaric I, Rossello-Mora R, Galatis H, Lodders N. Pseudarcicella hirudinis 

gen. nov., sp. nov., isolated from the skin of the medical leech Hirudo medicinalis. Int J Syst Evol 

Microbiol. 2012; 62(Pt 9): 2247-51 

456. Glaeser SP, Galatis H, Martin K, Kämpfer P. Castellaniella hirudinis sp. nov., isolated from the 

skin of Hirudo verbana. Int J Syst Evol Microbiol. 2013; 63(Pt 2): 521-5 

457. Glaeser SP, Galatis H, Martin K, Kämpfer P. Flavobacterium cutihirudinis sp. nov., isolated from 

the skin of the medical leech Hirudo verbana. Int J Syst Evol Microbiol. 2013; 63(Pt 8): 2841-7 

458. Litwinowicz A, Blaszkowska J. Preventing infective complications following leech therapy: 

elimination of symbiotic Aeromonas spp. from the intestine of Hirudo verbana, using antibiotic 

feeding. Surg Infect (Larchmt). 2014 Jun 4 

459. Kvist S, Narechania A, Oceguera-Figueroa A, Fuks B, Siddall ME. Phylogenomics of Reichenowia 

parasitica, an alphaproteobacterial endosymbiont of the freshwater leech Placobdella parasitica. 

PLoS One. 2011; 6(11): e28192 

460. Maltz M, Graf J. The type II secretion system is essential for erythrocyte lysis and gut colonization 

by the leech digestive tract symbiont Aeromonas veronii. Appl Environ Microbiol. 2011; 77(2): 

597-603 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    60 

 

461. Kikuchi Y, Graf J. Spatial and temporal population dynamics of a naturally occurring two-species 

microbial community inside the digestive tract of the medicinal leech. Appl Environ Microbiol. 

2007; 73(6): 1984-91 

462. Laufer AS, Siddall ME, Graf J. Characterization of the digestive-tract microbiota of Hirudo 

orientalis, a European medicinal leech. Appl Environ Microbiol. 2008; 74(19): 6151-4 

463. Perkins SL, Budinoff RB, Siddall ME. New gammaproteobacteria associated with blood-feeding 

leeches and a broad phylogenetic analysis of leech endosymbionts. Appl Environ Microbiol. 2005; 

71(9): 5219-24 

464. Kikuchi Y, Fukatsu T. Endosymbiotic bacteria in the esophageal organ of glossiphoniid leeches. 

Appl Environ Microbiol. 2002; 68(9): 4637-41 

465. Rio RVM, Maltz M, McCormick B, Reiss A, Graf J. Symbiont succession during embryonic 

development of the European medicinal leech, Hirudo verbana. Appl Environ Microbiol. 2009; 

75(21): 6890-5 

466. Schulz C, Faisal M. The bacterial community associated with the leech Myzobdella lugubris Leidy 

1851 (Hirudinea: Piscicolidae) from Lake Erie, Michigan, USA. Parasite. 2010; 17(2): 113-21 

467. Kikuchi Y, Sameshima S, Kitade O, Kojima J, Fukatsu T. Novel clade of Rickettsia spp. from 

leeches. Appl Environ Microbiol. 2002; 68(2): 999-1004 

468. Glaeser SP, Galatis H, Martin K, Kampfer P. Niabella hirudinis and Niabella drilacis sp. nov., 

isolated from the medicinal leech Hirudo verbana. Int J Syst Evol Microbiol. 2013; 63(Pt 9): 3487-

93 

469. Galatis H, Martin K, Kämpfer P, Glaeser SP. Devosia epidermidihirudinis sp. nov. isolated from 

the surface of a medical leech. Antonie Van Leeuwenhoek. 2013; 103(5): 1165-71 

470. Siddall ME, Perkins SL, Desser SS. Leech mycetomes endosymbionts are a new lineage of 

alphaproteobacteria related to the Rhizobiaceae. Mol Phylogenet Evol. 2004; 30(1):178-86 

471. Goffredi SK, Morella NM, Pulcrano ME. Affiliations between bacteria and marine fish leeches 

(Piscicolidae), with emphasis on a deep-sea species from Monterey Canyon, CA. Environ 

Microbiol. 2012; 14(9): 2429-44 

472. Shope RE. The leech as a potential virus reservoir. J Exp Med. 1957; 105(4): 373-82 

473. Al-Khleif A, Roth M, Menge C, Heuser J, Baljer G, Herbst W. Tenacity of mammalian viruses in 

the gut of leeches fed with porcine blood. J Med Microbiol. 2011; 60(Pt 6): 787-92 

474. Boughalmi M, Pagnier I, Aherfi S, Colson P, Raoult D, La Scola B. First isolation of a giant virus 

from wild Hirudo medicinalis leech: Mimiviridae isolation in Hirudo medicinalis. Viruses. 2013; 

5(12): 2920-30 

475. Faisal M, Schulz CA. Detection of Viral Hemorrhagic Septicemia virus (VHSV) from the leech 

Myzobdella lugubris Leidy, 1851. Parasit Vectors. 2009; 2(1): 45 

476. Dvorak J, Mancikova V, Pizl V, Elhottova D, Silerova M, Roubalova R, et al. Microbial 

environment affects innate immunity in two closely related earthworm species Eisenia andrei and 

Eisenia fetida. PLoS One. 2013; 8(11): e79257 

477. Spurgeon DJ, Keith AM, Schmidt O, Lammertsma DR, Faber JH. Land-use and land-management 

change: relationships with earthworm and fungi communities and soil structural properties. BMC 

Ecol. 2013; 13: 46 

478. Ueda M, Noda K, Nakazawa M, Miyatake K, Ohki S, Sakaguchi M, et al. A novel anti-plant viral 

protein from coelomic fluid of the earthworm Eisenia foetida: purification, characterization and its 

identification as a serine protease. Comp Biochem Physiol B Biochem Mol Biol. 2008; 151(4): 

381-5 

479. Liu Z, Wang J, Zhang J, Yu B, Niu B. An extract from the earthworm Eisenia fetida non-

specifically inhibits the activity of influenza and adenoviruses. J Tradit Chin Med. 2012; 32(4): 

657-63 

480. Schuch R, Pelzek AJ, Kan S, Fischetti VA. Prevalence of Bacillus anthracis-like organisms and 

bacteriophages in the intestinal tract of the earthworm Eisenia fetida. Appl Environ Microbiol. 

2010; 76(7): 2286-94 

481. Sumathi G, Thaddeus A. Impact of organic rich diet on gut enzymes, microbes and biomass of 

earthworm, Eudrilus eugienea. J Environ Biol. 2013; 34(3): 515-20 

482. Davidson SK, Powell R, James S. A global survey of the bacteria within earthworm nephridia. Mol 

Phylogenet Evol. 2013; 67(1): 188-200 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    61 

 

483. Hong SW, Park JM, Kim SJ, Chung KS. Bacillus eiseniae sp. nov., a swarming, moderately 

halotolerant bacterium isolated from the intestinal tract of an earthworm (Eisenia fetida L.). Int J 

Syst Evol Microbiol. 2012; 62(Pt 9): 2077-83 

484. Fujii K, Ikeda K, Yoshida S. Isolation and characterization of aerobic microorganisms with 

cellulolytic activity in the gut of endogeic earthworms. Int Microbiol. 2012; 15(3): 121-30 

485. Wust PK, Horn MA, Drake HL. Clostridiaceae and Enterobacteriaceae as active fermenters in 

earthworm gut content. ISME J. 2011; 5(1): 92-106 

486. Schmidt O, Wust PK, Hellmuth S, Borst K, Horn MA, Drake HL. Novel [NiFe]- and [FeFe]-

hydrogenase gene transcripts indicative of active facultative aerobes and obligate anaerobes in 

earthworm gut contents. Appl Environ Microbiol. 2011; 77(17): 5842-50 

 

487. Pinel N, Davidson SK, Stahl DA. Verminephrobacter eiseniae gen. nov., sp. nov., a nephridial 

symbiont of the earthworm Eisenia foetida (Savigny). Int J Syst Evol Microbiol. 2008; 58: 2147-57 

488. Idowu AB, Edema MO, Adeyi AO. Distribution of bacteria and fungi in the earthworm 

Libyodrillus violaceous (Annelida: Oligochaeta), a native earthworm from Nigeria. Rev Biol Trop. 

2006; 54(1): 49-58 

489. Lund MB, Davidson SK, Holmstrup M, James S, Kjeldsen KU, Stahl DA, et al. Diversity and host 

specificity of the Verminephrobacter-earthworm symbiosis. Environ Microbiol. 2010; 12(8): 2142-

51 

490. Lund MB, Kjeldsen KU, Schramm A. The earthworm-Verminephrobacter symbiosis: an emerging 

experimental system to study extracellular symbiosis. Front Microbiol. 2014; 5: 128 

491. Zaller JG, Heigl F, Grabmaier A, Lichtenegger C, Piller K, Allabashi R, et al. Earthworm-

mycorrhiza interactions can affect the diversity, structure and functioning of establishing model 

grassland communities. PLoS One. 2011; 6(12): e29293 

492. Glauber KM, Dana CE, Steele RE. Hydra. Curr Biol. 2010; 20(22): R964-5 

493. Chapman JA, Kirkness EF, Simakov O, Hampson SE, Mitros T, Weinmaier T, et al.  The dynamic 

genome of Hydra. Nature. 2010; 464(7288): 592-6 

494. Galliot B. Hydra, a fruitful model system for 270 years. Int J Dev Biol. 2012; 56(6-8): 411-23 

495. Fraune S, Augustin R, Anton-Erxleben F, Wittlieb J, Gelhaus C, Klimovich VB, et al. In an early 

branching metazoan, bacterial colonization of the embryo is controlled by maternal antimicrobial 

peptides. Proc Natl Acad Sci USA. 2010; 107(42): 18067-72 

496. Augustin R, Fraune S, Bosch TC. How Hydra senses and destroys microbes. Semin Immunol. 2010; 

22(1): 54-8 

497. Bosch TC. Understanding complex host-microbe interactions in Hydra. Gut Microbes. 2012; 3(4): 

345-51 

498. Bevins CL, Salzman NH. The potter’s wheel: the host’s role in sculpting its microbiota. Cell Mol 

Life Sci. 2011; 68(22): 3675-85 

499. Fraune S, Bosch TCG. Long-term maintenance of species-specific bacterial microbiota in the basal 

metazoan Hydra. Proc Natl Acad Sci USA. 2007; 104(32): 13146-51 

500. Franzenburg S, Fraune S, Altrock PM, Kunzel S, Baines JF, Traulsen A, et al. Bacterial 

colonization of Hydra hatchlings follows a robust temporal pattern. ISME J. 2013; 7(4): 781-90 

501. Bosch TC. What hydra has to say about the role and origin of symbiotic interactions. Biol Bull. 

2012; 223(1): 78-84 

502. Augustin R, Fraune S, Franzenburg S, Bosch TC. Where simplicity meets complexity: hydra, a 

model for host-microbe interactions. Adv Exp Med Biol. 2012; 710: 71-81 

503. Fraune S, Augustin R, Bosch TC. Embryo protection in contemporary immunology: Why bacteria 

matter. Commun Integr Biol. 2011; 4(4): 369-72 

504. Meints RH, Van Etten JL, Kuczmarski D, Lee K, Ang B. Viral infection of the symbiotic chlorella-

like alga present in Hydra viridis. Virology. 1981; 113(2): 698-703 

505. Van Etten JL, Meints RH, Burbank DE, Kuczmarski D, Cuppels DA, Lane LC. Isolation and 

characterization of a virus from the intracellular green alga symbiotic with Hydra viridis. Virology. 

1981; 113(2): 704-11 

506. Van Etten JL, Meints RH, Kuczmarski D, Burbank DE, Lee K. Viruses of symbiotic Chlorella-like 

algae isolated from Paramecium bursaria and Hydra viridis. Proc Natl Acad Sci USA. 1982; 79(12): 

3867-71 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    62 

 

507. Grasis JA, Lachnit T, Anton-Erxleben F, Lim YW, Schmieder R, Fraune S, et al. Species-specific 

viromes in the ancestral holobiont hydra. PLoS One. 2014; 9(10): e109952 

508. Kvennefors EC, Sampayo E, Ridgway T, Barnes AC, Hoegh-Guldberg O. Bacterial communities 

of two ubiquitous Great Barrier Reef corals reveals both site- and species-specificity of common 

bacterial associates. PLoS One. 2010; 5(4): e10401 

509. Lins-de-Barros MM, Vieira RP, Cardoso AM, Monteiro VA, Turque AS, Silveira CB, et al. 

Archaea, Bacteria, and algal plastids associated with the reef-building corals Siderastrea stellata 

and Mussismilia hispida from Buzios, South Atlantic Ocean, Brazil. Microb Ecol. 2010; 59(3): 

523-32 

510. Mouchka ME, Hewson I, Harvell CD. Coral-associated bacterial assemblages: current knowledge 

and the potential for climate-driven impacts. Integr Comp Biol. 2010; 50(4): 662-74 

511. Lee OO, Yang J, Bougouffa S, Wang Y, Batang Z, Tian R, et al. Spatial and species variations in 

bacterial communities associated with corals from the Red Sea as revealed by pyrosequencing. 

Appl Environ Microbiol. 2012; 78(20): 7173-84 

512. Morrow KM, Moss AG, Chadwick NE, Liles MR. Bacterial associates of two Caribbean coral 

species reveal species-specific distribution and geographic variability. Appl Environ Microbiol. 

2012; 78(18): 6438-49 

513. La Riviere M, Roumagnac M, Garrabou J, Bally M. Transient shifts in bacterial communities 

associated with the temperate gorgonian Paramuricea clavata in the Northwestern Mediterranean 

Sea. PLoS One. 2013; 8(2): e57385 

514. Lins-de-Barros MM, Cardoso AM, Silveira CB, Lima JL, Clementino MM, Martins OB, et al. 

Microbial community compositional shifts in bleached colonies of the Brazilian reef-building coral 

Siderastrea stellata. Microb Ecol. 2013; 65(1): 205-13 

515. Sun W, Zhang F, He L, Li Z. Pyrosequencing reveals diverse microbial community associated with 

the Zoanthid Palythoa australiae from the South China Sea. Microb Ecol. 2014; 67(4): 942-50 

516. Meyer JL, Paul VJ, Teplitski M3. Community shifts in the surface microbiomes of the coral Porites 

astreoides with unusual lesions. PLoS One. 2014; 9(6): e100316 

517. Zhang XY, He F, Wang GH, Bao J, Xu XY, Qi SH. Diversity and antibacterial activity of 

culturable actinobacteria isolated from five species of the South China Sea gorgonian corals. World 

J Microbiol Biotechnol. 2013; 29(6): 1107-16 

518. Lampert Y, Kelman D, Dubinsky Z, Nitzan Y, Hill RT. Diversity of culturable bacteria in the 

mucus of the Red Sea coral Fungia scutaria. FEMS Microbiol Ecol. 2006; 58(1): 99-108 

519. Apprill A, Marlow HQ, Martindale MQ, Rappe MS. Specificity of associations between bacteria 

and the coral Pocillopora meandrina during early development. Appl Environ Microbiol. 2012; 

78(20): 7467-75 

520. Apprill A, Marlow HQ, Martindale MQ, Rappe MS. The onset of microbial associations in the 

coral Pocillopora meandrina. ISME J. 2009; 3(6): 685-99 

521. Arboleda M, Reichardt W. Epizoic communities of prokaryotes on healthy and diseased 

scleractinian corals in Lingayen Gulf, Philippines. Microb Ecol. 2009; 57(1): 117-28 

522. Li J, Chen Q, Zhang S, Huang H, Yang J, Tian XP, et al. Highly heterogeneous bacterial 

communities associated with the South China Sea reef corals Porites lutea, Galaxea fascicularis and 

Acropora millepora. PLoS One. 2013; 8(8): e71301 

523. Bayer T, Neave MJ, Alsheikh-Hussain A, Aranda M, Yum LK, Mincer T, et al. The microbiome of 

the Red Sea coral Stylophora pistillata is dominated by tissue-associated Endozoicomonas bacteria. 

Appl Environ Microbiol. 2013; 79(15): 4759-62 

524. Neave MJ, Michell CT, Apprill A, Voolstra CR. Whole-genome sequences of three symbiotic 

endozoicomonas strains. Genome Announc. 2014; 2(4). pii: e00802-14 

525. Jensen S, Duperron S, Birkeland NK, Hovland M. Intracellular Oceanospirillales bacteria inhabit 

gills of Acesta bivalves. FEMS Microbiol Ecol. 2010; 74: 523-533 

526. Zielinski FU, Pernthaler A, Duperron S, Raggi L, Giere O, Borowski C, Dubilier N. Widespread 

occurrence of an intranuclear bacterial parasite in vent and seep bathymodiolin mussels. Environ 

Microbiol. 2009; 11: 1150-67 

527. Carlos C, Torres TT, Ottoboni LM. Bacterial communities and species-specific associations with 

the mucus of Brazilian coral species. Sci Rep. 2013; 3: 1624 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    63 

 

528. Yang S, Sun W, Zhang F, Li Z. Phylogenetically diverse denitrifying and ammonia-oxidizing 

bacteria in corals Alcyonium gracillimum and Tubastraea coccinea. Mar Biotechnol (NY). 2013; 

15(5): 540-51 

529. Peng J, Zhang X, Xu X, He F, Qi S. Diversity and chemical defense role of culturable non-

actinobacterial bacteria isolated from the South China Sea gorgonians. J Microbiol Biotechnol. 

2013; 23(4): 437-43 

530. Schottner S, Wild C, Hoffmann F, Boetius A, Ramette A. Spatial scales of bacterial diversity in 

cold-water coral reef ecosystems. PLoS One. 2012; 7(3): e32093 

531. Littman RA, Willis BL, Pfeffer C, Bourne DG. Diversities of coral-associated bacteria differ with 

location, but not species, for three acroporid corals on the Great Barrier Reef. FEMS Microbiol 

Ecol. 2009; 68(2): 152-63 

532. Bourne DG, Munn CB. Diversity of bacteria associated with the coral Pocillopora damicornis from 

the Great Barrier Reef. Environ Microbiol. 2005; 7(8): 1162-74 

533. Rowher F, Breitbart M, Jara J, Azam F, Knowlton N. Diversity of bacteria associated with the 

Caribbean coral Montastrea franksi. Coral Reefs. 2001; 20: 85-95 

534. Frias-Lopez J, Zerkle AL, Bonheyo GT, Fouke BW. Partitioning of bacterial communities between 

seawater and healthy, black band diseased, and dead coral surfaces. Appl Environ Microbiol. 2002; 

68(5): 2214-28 

535. Kooperman N, Ben-Dov E, Kramarsky-Winter E, Barak Z, Kushmaro A. Coral mucus-associated 

bacterial communities from natural and aquarium environments. FEMS Microbiol Lett. 2007; 

276(1): 106-13 

536. Schottner S, Hoffmann F, Wild C, Rapp HT, Boetius A, Ramette A. Inter- and intra-habitat 

bacterial diversity associated with cold-water corals. ISME J. 2009; 3(6): 756-9 

537. Hall-Spencer JM, Pike J, Munn CB. Diseases affect cold-water corals too: Eunicella verrucosa 

(Cnidaria: Gorgonacea) necrosis in SW England. Dis Aquat Organ. 2007; 76(2): 87-9 

538. Klaus JS, Janse I, Heikoop JM, Sanford RA, Fouke BW. Coral microbial communities, 

zooxanthellae and mucus along gradients of seawater depth and coastal pollution. Environ 

Microbiol. 2007; 9(5): 1291-1305 

539. Garren M, Smriga S, Azam F. Gradients of coastal fish farm effluents and their effect on coral reef 

microbes. Environ Microbiol. 2008; 10(9): 2299-312 

540. Ceh J, Van Keulen M, Bourne DG. Coral-associated bacterial communities on Ningaloo Reef, 

Western Australia. FEMS Microbiol Ecol. 2011; 75(1): 134-44 

541. Meron D, Atias E, Iasur Kruh L, Elifantz H, Minz D, Fine M, et al. The impact of reduced pH on 

the microbial community of the coral Acropora eurystoma. ISME J. 2011; 5(1): 51-60 

542. Gray MA, Stone RP, McLaughlin MR, Kellogg CA. Microbial consortia of gorgonian corals from 

the Aleutian islands. FEMS Microbiol Ecol. 2011; 76(1): 109-20 

543. Meron D, Rodolfo-Metalpa R, Cunning R, Baker AC, Fine M, Banin E. Changes in coral microbial 

communities in response to a natural pH gradient. ISME J. 2012; 6(9): 1775-85 

544. Santos HF, Carmo FL, Leite DC, Jesus HE, Maalouf Pde C, Almeida C, et al. Comparison of 

different protocols for the extraction of microbial DNA from reef corals. Braz J Microbiol. 2012; 

43(2): 517-27 

545. Bulleri F, Couraudon-Reale M, Lison de Loma T, Claudet J. Variability in the effects of 

macroalgae on the survival and growth of corals: the consumer connection. PLoS One. 2013; 8(11): 

e79712 

546. Sweet MJ, Bythell JC, Nugues MM. Algae as reservoirs for coral pathogens. PLoS One. 2013; 8(7): 

e69717 

547. Kimes NE, Johnson WR, Torralba M, Nelson KE, Weil E, Morris PJ. The Montastraea faveolata 

microbiome: ecological and temporal influences on a Caribbean reef-building coral in decline. 

Environ Microbiol. 2013; 15(7): 2082-94 

548. Raymundo LJ, Halford AR, Maypa AP, Kerr AM. Functionally diverse reef-fish communities 

ameliorate coral disease. Proc Natl Acad Sci USA. 2009 106(40): 17067-70 

549. Page CA, Baker DM, Harvell CD, Golbuu Y, Raymundo L, Neale SJ, et al. Influence of marine 

reserves on coral disease prevalence. Dis Aquat Organ. 2009; 87(1-2): 135-50 

550. Aeby GS, Williams GJ, Franklin EC, Kenyon J, Cox EF, Coles S, Work TM. Patterns of coral 

disease across the Hawaiian archipelago: relating disease to environment. PLoS One. 2011; 6(5): 

e20370 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    64 

 

551. Hunt LR, Smith SM, Downum KR, Mydlarz LD. Microbial regulation in gorgonian corals. Mar 

Drugs. 2012; 10(6): 1225-43 

552. Kellogg CA, Piceno YM, Tom LM, DeSantis TZ, Gray MA, Zawada DG, et al. Comparing 

bacterial community composition between healthy and white plague-like disease states in Orbicella 

annularis using PhyloChip™ G3 microarrays. PLoS One. 2013; 8(11): e79801 

553. Kellogg CA, Piceno YM, Tom LM, DeSantis TZ, Gray MA, Andersen GL. Comparing bacterial 

community composition of healthy and dark spot-affected Siderastrea siderea in Florida and the 

Caribbean. PLoS One. 2014; 9(10): e108767 

554. Roder C, Arif C, Bayer T, Aranda M, Daniels C, Shibl A, et al. Bacterial profiling of White Plague 

Disease in a comparative coral species framework. ISME J. 2014; 8(1): 31-9 

555. Sweet M, Burn D, Croquer A, Leary P. Characterisation of the bacterial and fungal communities 

associated with different lesion sizes of dark spot syndrome occurring in the coral Stephanocoenia 

intersepta. PLoS One. 2013; 8(4): e62580 

556. Wilson B, Muirhead A, Bazanella M, Huete-Stauffer C, Vezzulli L, Bourne DG. An improved 

detection and quantification method for the coral pathogen Vibrio coralliilyticus. PLoS One. 2013; 

8(12): e81800 

557. Kellogg CA. Tropical Archaea: diversity associated with the surface microlayer of corals. Marine 

Ecology-Progress Series. 2004; 273: 81-8 

558. Wegley L, Yu Y, Breitbart M, Casas V, Kline DI. Forest Rohwer. Coral-associated Archaea. Mar 

Ecol Prog Ser. 2004; 273: 89-96 

559. Siboni N, Ben-Dov E, Sivan A, Kushmaro A. Global distribution and diversity of coral-associated 

Archaea and their possible role in the coral holobiont nitrogen cycle. Environ Microbiol. 2008; 

10(11): 2979-90 

560. Siboni N, Ben-Dov E, Sivan A, Kushmaro A. Geographic specific coral-associated ammonia-

oxidizing archaea in the northern Gulf of Eilat (Red Sea). Microb Ecol. 2012; 64(1): 18-24 

561. Sato Y, Willis BL, Bourne DG. Pyrosequencing-based profiling of archaeal and bacterial 16S 

rRNA genes identifies a novel archaeon associated with black band disease in corals. Environ 

Microbiol. 2013 Aug 23. 

562. Kellogg CA, Lisle JT, Galkiewicz JP. Culture-independent characterization of bacterial 

communities associated with the cold-water coral Lophelia pertusa in the northeastern gulf of 

Mexico. Appl Environ Microbiol. 2009; 75(8): 2294-303 

563. Zhang XY, Bao J, Wang GH, He F, Xu XY, Qi SH. Diversity and antimicrobial activity of 

culturable fungi isolated from six species of the South China Sea gorgonians. Microb Ecol. 2012; 

64(3):617-27 

564. Weil E, Smith G, Gil-Agudelo DL. Status and progress in coral reef disease research. Dis Aquat 

Organ. 2006; 69(1): 1-7 

565. Marhaver KL, Edwards RA, Rohwer F. Viral communities associated with healthy and bleaching 

corals. Environ Microbiol. 2008; 10(9): 2277-86 

566. Muller WE, Wiens M, Adell T, Gamulin V, Schroder HC, Muller IM. Bauplan of urmetazoa: basis 

for genetic complexity of metazoa. Int Rev Cytol. 2004; 235: 53-92 

567. Adell T, Gamulin V, Perovic-Ottstadt S, Wiens M, Korzhev M, Muller IM, Muller WE. Evolution 

of metazoan cell junction proteins: the scaffold protein MAGI and the transmembrane receptor 

tetraspanin in the demosponge Suberites domuncula. J Mol Evol. 2004; 59(1): 41-50 

568. Hedges SB, Blair JE, Venturi ML, Shoe JL. A molecular timescale of eukaryote evolution and the 

rise of complex multicellular life. BMC Evol Biol. 2004; 4: 2 

569. Taylor MW, Radax R, Steger D, Wagner M. Sponge-associated microorganisms: evolution, 

ecology, and biotechnological potential. Microbiol Mol Biol Rev. 2007; 71(2): 295-347 

570. Webster NS, Wilson KJ, Blackall LL, Hill RT. Phylogenetic diversity of bacteria associated with 

the marine sponge Rhopaloeides odorabile. Appl Environ Microbiol. 2001; 67(1): 434-44 

571. Maldonado M, Cortadellas N, Trillas MI, Rutzler K. Endosymbiotic yeast maternally transmitted in 

a marine sponge. Biol Bull. 2005; 209(2): 94-106 

572. Simister RL, Deines P, Botte ES, Webster NS, Taylor MW. Sponge-specific clusters revisited: a 

comprehensive phylogeny of sponge-associated microorganisms. Environ Microbiol. 2012; 14(2): 

517-24 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    65 

 

573. Kennedy J, Baker P, Piper C, Cotter PD, Walsh M, Mooij MJ, et al. Isolation and analysis of 

bacteria with antimicrobial activities from the marine sponge Haliclona simulans collected from 

Irish waters. Mar Biotechnol.  2009; 11(3): 384-96 

574. Lafi FF, Fuerst JA, Fieseler L, Engels C, Goh WWL, Hentschel U. Widespread distribution of 

poribacteria in demospongiae. Appl Environ Microbiol. 2009; 75(17): 5695-9 

575. Hardoim CCP, Costa R, Araujo FV, Hajdu E, Peixoto R, Lins U, et al. Diversity of bacteria in the 

marine sponge Aplysina fulva in Brazilian coastal waters. Appl Environ Microbiol. 2009; 75: 3331-

43 

576. Lee OO, Chui PY, Wong YH, Pawlik JR, Qian PY. Evidence for vertical transmission of bacterial 

symbionts from adult to embryo in the Caribbean sponge Svenzea zeai. Appl Environ Microbiol. 

2009; 75(19): 6147-56 

577. Lemloh ML, Fromont J, Brümmer F, Usher KM. Diversity and abundance of photosynthetic 

sponges in temperate Western Australia. BMC Ecol. 2009; 9: 4 

578. Lee OO, Wong YH, Qian PY. Inter- and intraspecific variations of bacterial communities 

associated with marine sponges from san juan island, washington. Appl Environ Microbiol. 2009; 

75(11): 3513-21 

579. Luter HM, Whalan S, Webster NS. Exploring the role of microorganisms in the disease-like 

syndrome affecting the sponge Ianthella basta. Appl Environ Microbiol. 2010; 76(17): 5736-44 

580. Mohamed NM, Saito K, Tal Y, Hill RT. Diversity of aerobic and anaerobic ammonia-oxidizing 

bacteria in marine sponges. ISME J. 2010; 4(1): 38-48 

581. Webster NS, Taylor MW. Marine sponges and their microbial symbionts: love and other 

relationships. Environ Microbiol. 2011 Mar 28 

582. Yang Z, Li Z. Spatial distribution of prokaryotic symbionts and ammoxidation, denitrifier bacteria 

in marine sponge Astrosclera willeyana. Sci Rep. 2012; 2: 528 

583. Enomoto M, Nakagawa S, Sawabe T. Microbial communities associated with holothurians: 

presence of unique bacteria in the coelomic fluid. Microbes Environ. 2012; 27(3): 300-5 

584. Kennedy J, Flemer B, Jackson SA, Morrissey JP, O'Gara F, Dobson AD. Evidence of a putative 

deep sea specific microbiome in marine sponges. PLoS One. 2014; 9(3): e91092 

585. Schmitt S, Tsai P, Bell J, Fromont J, Ilan M, Lindquist N, et al. Assessing the complex sponge 

microbiota: core, variable and species-specific bacterial communities in marine sponges. ISME J. 

2012; 6(3): 564-76 

586. Lee OO, Wang Y, Yang J, Lafi FF, Al-Suwailem A, Qian PY. Pyrosequencing reveals highly 

diverse and species-specific microbial communities in sponges from the Red Sea. ISME J. 2011; 

5(4): 650-64 

587. Jackson SA, Flemer B, McCann A, Kennedy J, Morrissey JP, O'Gara F, et al. Archaea appear to 

dominate the microbiome of Inflatella pellicula deep sea sponges. PLoS One. 2013; 8(12): e84438 

588. Li Z, He L, Miao X. Cultivable bacterial community from South China Sea sponge as revealed by 

DGGE fingerprinting and 16S rDNA phylogenetic analysis. Curr Microbiol. 2007; 55(6): 465-72 

589. Schmitt S, Weisz JB, Lindquist N, Hentschel U. Vertical transmission of a phylogenetically 

complex microbial consortium in the viviparous sponge Ircinia felix. Appl Environ Microbiol. 

2007; 73(7): 2067-78 

590. Wilkinson CR. Immunological evidence for the Precambrian origin of bacterial symbioses in 

marine sponges. Proc R Soc Lond B. 1984; 220(1221): 509-517 

591. Wang G, Yoon SH, Lefait E. Microbial communities associated with the invasive Hawaiian sponge 

Mycale armata. ISME J. 2009; 3(3): 374-7 

592. Alex A, Silva V, Vasconcelos V, Antunes A. Evidence of unique and generalist microbes in 

distantly related sympatric intertidal marine sponges (Porifera: Demospongiae). PLoS One. 2013; 

8(11): e80653 

593. Moitinho-Silva L, Bayer K, Cannistraci CV, Giles EC, Ryu T, Seridi L, et al. Specificity and 

transcriptional activity of microbiota associated with low and high microbial abundance sponges 

from the Red Sea. Mol Ecol. 2014; 23(6): 1348-63 

594. Zuppa A, Costantini S, Costantini M. Comparative sequence analysis of bacterial symbionts from 

the marine sponges Geodia cydonium and Ircinia muscarum. Bioinformation. 2014; 10(4): 196-200 

595. Webster NS, Taylor MW, Behnam F, Lucker S, Rattei T, Whalan S, et al. Deep sequencing reveals 

exceptional diversity and modes of transmission for bacterial sponge symbionts. Environ Microbiol. 

2010; 12(8): 2070-82 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    66 

 

596. Wilkinson CR, Garrone R, Vacelet J. Marine sponges discriminate between food bacteria and 

bacterial symbionts: electron microscope radioautography and in situ evidence. Proc R Soc Lond B. 

1984; 220(1221): 519-28 

597. Muller WEG, Muller IM. Origin of the metazoan immune system: identification of the molecules 

and their functions in sponges. Integr Comp Biol. 2003; 43: 281-292 

598. Wehrl M, Steinert M, Hentschel U. Bacterial uptake by the marine sponge Aplysina aerophoba. 

Microb Ecol. 2007; 53(2): 355-65 

599. Webster NS, Cobb RE, Negri AP. Temperature thresholds for bacterial symbiosis with a sponge. 

ISME J. 2008; 2(8): 830-42 

600. Schmitt S, Angermeier H, Schiller R, Lindquist N, Hentschel U. Molecular microbial diversity 

survey of sponge reproductive stages and mechanistic insights into vertical transmission of 

microbial symbionts. Appl Environ Microbiol. 2008; 74(24): 7694-708 

601. Levi C, Porte A. Etude au microscope electronique de l'eponge Oscarella lobularis Schmidt et de sa 

larve amphiblastula. Cah Biol Mar. 1962; 3: 307-15 

602. Enticknap JJ, Kelly M, Peraud O, Hill RT. Characterization of a culturable alphaproteobacterial 

symbiont common to many marine sponges and evidence for vertical transmission via sponge 

larvae. Appl Environ Microbiol. 2006; 72(5): 3724-32 

603. Sharp KH, Eam B, Faulkner DJ, Haygood MG. Vertical transmission of diverse microbes in the 

tropical sponge Corticium sp. Appl Environ Microbiol. 2007; 73(2): 622-9 

604. Gao Z, Li B, Zheng C, Wang G. Molecular detection of fungal communities in the Hawaiian 

marine sponges Suberites zeteki and Mycale armata. Appl Environ Microbiol. 2008; 74(19): 6091-

101 

605. Gao ZM, Wang Y, Lee OO, Tian RM, Wong YH, Bougouffa S, et al. Pyrosequencing reveals the 

microbial communities in the Red Sea sponge Carteriospongia foliascens and their impressive 

shifts in abnormal tissues. Microb Ecol. 2014; 68(3): 621-32 

606. Zhang X, He L, Zhang F, Sun W, Li Z. The different potential of sponge bacterial symbionts in N₂ 
release indicated by the phylogenetic diversity and abundance analyses of denitrification genes, 

nirK and nosZ. PLoS One. 2013; 8(6): e65142 

607. Webster NS, Watts JEM, Hill RT. Detection and phylogenetic analysis of novel crenarchaeote and 

euryarchaeote 16S ribosomal RNA gene sequences from a Great Barrier Reef sponge. Marine 

Biotechnology. 2001; 3(6): 600-8 

608. Margot H, Acebal C, Toril E, Amils R, Fernandez Puentes J. Consistent association of crenarchaeal 

Archaea with sponges of the genus Axinella. Marine Biology. 2002; 140(4): 739-45 

609. Lee E-Y, Lee HK, Lee YK, Sim CJ, Lee J-H. Diversity of symbiotic archaeal communities in 

marine sponges from Korea. Biomolecular engineering. 2003; 20(4): 299-304 

610. Steger D, Ettinger-Epstein P, Whalan S, Hentschel U, De Nys R, Wagner M, Taylor MW. 

Diversity and mode of transmission of ammonia-oxidizing archaea in marine sponges. Environ 

Microbiol. 2008; 10(4): 1087-94 

611. Polonia AR, Cleary DF, Duarte LN, de Voogd NJ, Gomes NC. Composition of Archaea in 

seawater, sediment, and sponges in the Kepulauan Seribu reef system, Indonesia. Microb Ecol. 

2014; 67(3): 553-67 

612. Baker PW, Kennedy J, Dobson ADW, Marchesi JR. Phylogenetic diversity and antimicrobial 

activities of fungi associated with Haliclona simulans isolated from Irish Coastal Waters. Mar 

Biotechnol. 2008; 11: 540-7 

613. Rozas EE, Albano RM, Lobo-Hajdu G, Muller WE, Schroder HC, Cust io MR. Isolation and 

cultivation of fungal strains from in vitro cell cultures of two marine sponges (Porifera: 

Halichondrida and Haplosclerida). Braz J Microbiol. 2011; 42(4): 1560-8 

614. Yarden O. Fungal association with sessile marine invertebrates. Front Microbiol. 2014; 5: 228 

615. Li Q, Wang G. Diversity of fungal isolates from three Hawaiian marine sponges. Microbiol Res. 

2009; 164(2): 233-41 

616. Ding B, Yin Y, Zhang F, Li Z. Recovery and phylogenetic diversity of culturable fungi associated 

with marine sponges Clathrina luteoculcitella and Holoxea sp. in the South China Sea. Mar 

Biotechnol (NY). 2011; 13(4): 713-21 

617. Baker PW, Kennedy J, Morrissey J, O'Gara F, Dobson AD, Marchesi JR. Endoglucanase activities 

and growth of marine-derived fungi isolated from the sponge Haliclona simulans. J Appl Microbiol. 

2010; 108(5): 1668-75 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    67 

 

618. McFall-Ngai MJ. Adaptive immunity: Care for the community. Nature 2007; 445(7124): 153 

619. Caryand SC, Giovannoni SJ. Transovarial inheritance of endosymbiotic bacteria in clams 

inhabiting deep-sea hydrothermal vents and cold seeps. Proc Natl Acad Sci USA. 1993; 90(12): 

5695-9 

620. Hurtado LA, Mateos M, Lutz RA, Vrijenhoek RC. Coupling of bacterial endosymbiont and host 

mitochondrial genomes in the hydrothermal vent clam Calyptogena magnifica. Appl Environ 

Microbiol. 2003; 69(4): 2058-64 

621. Caro A, Gros O, Got P, De Wit R, Troussellier M. Characterization of the population of the sulfur-

oxidizing symbiont of Codakia orbicularis (Bivalvia, Lucinidae) by single-cell analyses. Appl 

Environ Microbiol. 2007; 73(7): 2101-9 

622. Beaz-Hidalgo R, Doce A, Balboa S, Barja JL, Romalde JL. Aliivibrio finisterrensis sp. nov., 

isolated from Manila clam, Ruditapes philippinarum and emended description of the genus 

Aliivibrio. Int J Syst Evol Microbiol. 2010; 60(Pt1): 223-8 

623. Brissac T, Gros O, Mercot H. Lack of endosymbiont release by two Lucinidae (Bivalvia) of the 

genus Codakia: consequences for symbiotic relationships. FEMS Microbiol Ecol. 2009; 67(2): 261-

7 

624. Stewart FJ, Young CR, Cavanaugh CM. Lateral symbiont acquisition in a maternally transmitted 

chemosynthetic clam endosymbiosis. Mol Biol Evol. 2008; 25(4): 673-87 

625. Caro A, Got P, Bouvy M, Troussellier M, Gros O. Effects of long-term starvation on a host bivalve 

(Codakia orbicularis, Lucinidae) and its symbiont population. Appl Environ Microbiol. 2009; 

75(10): 3304-13 

626. Gros O, Elisabeth NH, Gustave SD, Caro A, Dubilier N. Plasticity of symbiont acquisition 

throughout the life cycle of the shallow-water tropical lucinid Codakia orbiculata (Mollusca: 

Bivalvia). Environ Microbiol. 2012; 14(6): 1584-95 

627. Elisabeth NH, Gustave SD, Gros O. Cell proliferation and apoptosis in gill filaments of the lucinid 

Codakia orbiculata (Montagu, 1808) (Mollusca: Bivalvia) during bacterial decolonization and 

recolonization. Microsc Res Tech. 2012; 75(8): 1136-46 

628. Hernandez-Zarate G, Olmos-Soto J. Identification of bacterial diversity in the oyster Crassostrea 

gigas by fluorescent in situ hybridization and polymerase chain reaction. J Appl Microbiol. 2006; 

100(4): 664-72 

629. Macey BM, Achilihu IO, Burnett KG, Burnett LE. Effects of hypercapnic hypoxia on inactivation 

and elimination of Vibrio campbellii in the Eastern oyster, Crassostrea virginica. Appl Environ 

Microbiol. 2008; 74(19): 6077-84 

630. Zurel D, Benayahu Y, Or A, Kovacs A, Gophna U. Composition and dynamics of the gill 

microbiota of an invasive Indo-Pacific oyster in the eastern Mediterranean Sea. Environ Microbiol. 

2011; 13(6): 1467-76 

631. King GM, Judd C, Kuske CR, Smith C. Analysis of stomach and gut microbiomes of the eastern 

oyster (Crassostrea virginica) from coastal Louisiana, USA. PLoS One. 2012; 7(12): e51475 

632. Genard B, Miner P, Nicolas JL, Moraga D, Boudry P, Pernet F, et al. Integrative study of 

physiological changes associated with bacterial infection in Pacific oyster larvae. PLoS One. 2013; 

8(5): e64534 

633. Madigan TL, Bott NJ, Torok VA, Percy NJ, Carragher JF, de Barros Lopes MA, et al. A microbial 

spoilage profile of half shell Pacific oysters (Crassostrea gigas) and Sydney rock oysters 

(Saccostrea glomerata). Food Microbiol. 2014; 38: 219-27 

634. Wang D, Zhang Q, Cui Y, Shi X. Seasonal dynamics and diversity of bacteria in retail oyster 

tissues. Int J Food Microbiol. 2014; 173: 14-20 

635. Math RK, Islam SM, Hong SJ, Cho KM, Kim JM, Yun MG, et al. Metagenomic characterization of 

oyster shell dump reveals predominance of Firmicutes bacteria. Mikrobiologiia. 2010; 79(4): 532-

42 

636. Chen YG, Zhang L, Zhang YQ, He JW, Klenk HP, Tang SK, et al. Bacillus nanhaiensis sp. nov., 

isolated from an oyster. Int J Syst Evol Microbiol. 2011; 61(Pt 4): 888-93 

637. Griffitt KJ, Grimes DJ. A novel agar formulation for isolation and direct enumeration of Vibrio 

vulnificus from oyster tissue. J Microbiol Methods. 2013; 94(2): 98-102 

638. Chauhan A, Green S, Pathak A, Thomas J, Venkatramanan R. Whole-genome sequences of five 

oyster-associated bacteria show potential for crude oil hydrocarbon degradation. Genome Announc. 

2013; 1(5). pii: e00802-13 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    68 

 

639. Yoon JH, Kang CH, Jung YT, Kang SJ. Bizionia hallyeonensis sp. nov., isolated from seawater in 

an oyster farm. Int J Syst Evol Microbiol. 2013; 63(Pt 2): 685-90 

640. Aagesen AM, Häse CC. Seasonal effects of heat shock on bacterial populations, including artificial 

Vibrio parahaemolyticus exposure, in the Pacific oyster, Crassostrea gigas. Food Microbiol. 2014; 

38: 93-103 

641. Azandegbe A, Poly F, Andrieux-Loyer F, Kerouel R, Philippon X, Nicolas JL. Influence of oyster 

culture on biogeochemistry and bacterial community structure at the sediment-water interface. 

FEMS Microbiol Ecol. 2012; 82(1): 102-17 

642. Froelich B, Oliver J. Increases in the amounts of Vibrio spp. in oysters upon addition of exogenous 

bacteria. Appl Environ Microbiol. 2013; 79(17): 5208-13 

643. Sabry RC, da Silva PM, Gesteira TCV, Pontinha VA, Magalhaes ARM. Pathological study of 

oysters Crassostrea gigas from culture and C. rhizophorae from natural stock of Santa Catarina 

Island, SC, Brazil. Aquaculture. 2011; 320(1-2): 43-50 

644. Thebault A, Teunis PF, Le Pendu J, Le Guyader FS, Denis JB. Infectivity of GI and GII 

noroviruses established from oyster related outbreaks. Epidemics. 2013; 5(2): 98-110 

645. Benabbes L, Ollivier J, Schaeffer J, Parnaudeau S, Rhaissi H, Nourlil J, et al. Norovirus and other 

human enteric viruses in moroccan shellfish. Food Environ Virol. 2013; 5(1): 35-40 

646. Baker K, Morris J, McCarthy N, Saldana L, Lowther J, Collinson A, et al. An outbreak of 

norovirus infection linked to oyster consumption at a UK restaurant, February 2010. J Public 

Health (Oxf). 2011; 33(2): 205-11 

647. Kittigul L, Pombubpa K, Sukonthalux S, Rattanatham T, Utrarachkij F. Noroviruses in oysters 

from local markets and oyster farms in southern Thailand. Southeast Asian J Trop Med Public 

Health. 2011; 42(1): 105-13 

648. Williams-Woods J, González-Escalona N, Burkhardt W 3rd. Direct sequencing of hepatitis A virus 

and norovirus RT-PCR products from environmentally contaminated oyster using M13-tailed 

primers. J Virol Methods. 2011; 178(1-2): 253-7 

649. Savin KW, Cocks BG, Wong F, Sawbridge T, Cogan N, Savage D, et al. A neurotropic herpesvirus 

infecting the gastropod, abalone, shares ancestry with oyster herpesvirus and a herpesvirus 

associated with the amphioxus genome. Virol J. 2010; 7: 308 

650. Lynch SA, Carlsson J, Reilly AO, Cotter E, Culloty SC. A previously undescribed ostreid herpes 

virus 1 (OsHV-1) genotype detected in the pacific oyster, Crassostrea gigas, in Ireland. 

Parasitology. 2012; 139(12): 1526-32 

651. Hayashi K, Moriwaki J, Sawabe T, Thompson FL, Swings J, Gudkovs N, et al. Vibrio superstes sp. 

nov., isolated from the gut of Australian abalones Haliotis laevigata and Haliotis rubra. Int J Syst 

Evol Microbiol. 2003; 53(Pt 6): 1813-7 

652. Sawabe T, Fujimura Y, Niwa K, Aono H. Vibrio comitans sp. nov., Vibrio rarus sp. nov. and 

Vibrio inusitatus sp. nov., from the gut of the abalones Haliotis discus discus, H. gigantea, H. 

madaka and H. rufescens. Int J Syst Evol Microbiol. 2007; 57(Pt 5): 916-22 

653. Kim D, Baik KS, Kim MS, Jung BM, Shin TS, Chung GH, et al. Shewanella haliotis sp. nov., 

isolated from the gut microflora of abalone, Haliotis discus hannai. Int J Syst Evol Microbiol. 2007; 

57(Pt 12): 2926-31 

654. Lee DH, Choi EK, Moon SR, Ahn S, Lee YS, Jung JS, et al. Wandonia haliotis gen. nov., sp. nov., 

a marine bacterium of the family Cryomorphaceae, phylum Bacteroidetes. Int J Syst Evol 

Microbiol. 2010; 60(Pt 3): 510-4 

655. Huddy RJ, Coyne VE. Detection and localisation of the abalone probiotic Vibrio midae SY9 and its 

extracellular protease, VmproA, within the digestive tract of the South African abalone, Haliotis 

midae. PLoS One. 2014; 9(1): e86623 

656. Sawabe T, Hayashi K, Moriwaki J, Fukui Y, Thompson FL, Swings J, et al. Vibrio neonatus sp. 

nov. and Vibrio ezurae sp. nov. isolated from the gut of Japanese abalones. Syst Appl Microbiol. 

2004; 27(5): 527-34 

657. Jiang JZ, Zhu ZN, Zhang H, Liang YY, Guo ZX, Liu GF, et al. Quantitative PCR detection for 

abalone shriveling syndrome-associated virus. J Virol Methods. 2012; 184(1-2): 15-20 

658. Jiang JZ, Liang YY, Luo LJ, Guo ZX, Zhuang J, Liu GF, et al. Nested PCR detection of abalone 

shriveling syndrome-associated virus in China. J Virol Methods. 2012; 184(1-2): 21-6 

659. McFall-Ngai M. Hawaiian bobtail squid. Curr Biol. 2008; 18(22): R1043-4 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    69 

 

660. Collins AJ, Nyholm SV. Obtaining hemocytes from the Hawaiian bobtail squid Euprymna scolopes 

and observing their adherence to symbiotic and non-symbiotic bacteria. J Vis Exp. 2010; (36). pii: 

1714 

661. Schleicher TR, Nyholm SV. Characterizing the host and symbiont proteomes in the association 

between the Bobtail squid, Euprymna scolopes, and the bacterium, Vibrio fischeri. PLoS One. 2011; 

6(10): e25649 

662. Mandel MJ, Schaefer AL, Brennan CA, Heath-Heckman EA, Deloney-Marino CR, McFall-Ngai 

MJ, et al. Squid-derived chitin oligosaccharides are a chemotactic signal during colonization by 

Vibrio fischeri. Appl Environ Microbiol. 2012; 78(13): 4620-6 

663. Koch EJ, Miyashiro T, McFall-Ngai MJ, Ruby EG. Features governing symbiont persistence in the 

squid-vibrio association. Mol Ecol. 2014; 23(6): 1624-34 

664. Peyer SM, Pankey MS, Oakley TH, McFall-Ngai MJ. Eye-specification genes in the bacterial light 

organ of the bobtail squid Euprymna scolopes, and their expression in response to symbiont cues. 

Mech Dev. 2014; 131: 111-26 

665. Foster JS, Khodadad CL, Ahrendt SR, Parrish ML. Impact of simulated microgravity on the normal 

developmental time line of an animal-bacteria symbiosis. Sci Rep. 2013; 3: 1340 

666. Soto W, Punke EB, Nishiguchi MK. Evolutionary perspectives in a mutualism of sepiolid squid 

and bioluminescent bacteria: combined usage of microbial experimental evolution and temporal 

population genetics. Evolution. 2012; 66(5): 1308-21 

667. Nyholm SV, Stabb EV, Ruby EG, McFall-Ngai MJ. Establishment of an animal-bacterial 

association: recruiting symbiotic vibrios from the environment. Proc Natl Acad Sci USA. 2000; 

97(18): 10231-5 

668. Fidopiastis PM, Rader BA, Gerling DG, Gutierrez NA, Watkins KH, Frey MW, et al. 

Characterization of a Vibrio fischeri aminopeptidase and evidence for its influence on an early 

stage of squid colonization. J Bacteriol. 2012; 194(15): 3995-4002 

669. Naughton LM, Mandel MJ. Colonization of Euprymna scolopes squid by Vibrio fischeri. J Vis Exp. 

2012; (61): e3758 

670. Guerrero-Ferreira R1, Gorman C, Chavez AA, Willie S, Nishiguchi MK. Characterization of the 

bacterial diversity in Indo-West Pacific loliginid and sepiolid squid light organs. Microb Ecol. 2013; 

65(1): 214-26 

671. Bloodgood RA. The squid accessory nidamental gland: ultrastructure and association with bacteria. 

Tissue Cell. 1977; 9(2): 197-208 

672. Collins AJ, LaBarre BA, Won BS, Shah MV, Heng S, Choudhury MH, et al. Diversity and 

partitioning of bacterial populations within the accessory nidamental gland of the squid Euprymna 

scolopes. Appl Environ Microbiol. 2012; 78(12): 4200-8 

673. Barbieri E, Paster BJ, Hughes D, Zurek L, Moser DP, Teske A, Sogin ML. Phylogenetic 

characterization of epibiotic bacteria in the accessory nidamental gland and egg capsules of the 

squid Loligo pealei (Cephalopoda: Loliginidae). Environ Microbiol. 2001; 3(3): 151-67 

674. Unkles SE. Bacterial flora of the sea urchin Echinus esculentus. Appl Environ Microbiol. 1977; 

34(4): 347-50 

675. Guerinot ML, Patriquin DG. The association of N2-fixing bacteria with sea urchins.  Marine 

Biology. 1981; 62(2-3): 197-207 

676. Sawabe T, Oda Y, Shiomi Y, Ezura Y. Alginate degradation by bacteria isolated from the gut of 

sea urchins and abalones. Microbial Ecology. 1995; 30(2): 193-202 

677. Bauer JC, Agerter CJ. Isolation of potentially pathogenic bacterial flora from tropical sea urchins in 

selected West Atlantic and East Pacific sites. Bulletin of Marine Science. 1994; 55(1): 142-50 

678. Huang K, Zhang L, Liu Z, Chen Q, Peng Q, Li W, Cui X, Chen Y. Diversity of culturable bacteria 

associated with the sea urchin Hemicentrotus pulcherrimus from Naozhou Island. Wei Sheng Wu 

Xue Bao. 2009; 49(11): 1424-9. [Article in Chinese] 

679. Nedashkovskaya OI, Stenkova AM, Zhukova NV, Van Trappen S, Lee JS, Kim SB. Echinimonas 

agarilytica gen. nov., sp. nov., a new gammaproteobacterium isolated from the sea urchin 

Strongylocentrotus intermedius. Antonie Van Leeuwenhoek. 2013; 103(1): 69-77 

680. Chen YG, Zhang YQ, He JW, Klenk HP, Xiao JQ, Zhu HY, et al. Bacillus hemicentroti sp. nov., a 

moderate halophile isolated from a sea urchin. Int J Syst Evol Microbiol. 2011; 61(Pt 12): 2950-5 



 The Journal of Theoretical Fimpology        Volume 2, Issue 4: e-20081017-2-4-14         December 28, 2014           www.fimpology.com 

 

Copyright © 2014-2023 by Cory H. E. R. & C. Inc. All Rights Reserved                                                                                    70 

 

681. Chen YG, Zhang YQ, Huang HY, Klenk HP, Tang SK, Huang K, et al. Halomonas zhanjiangensis 

sp. nov., a halophilic bacterium isolated from a sea urchin. Int J Syst Evol Microbiol. 2009; 59(Pt 

11): 2888-93 

682. Chen YG, Zhang YQ, Shi JX, Xiao HD, Tang SK, Liu ZX, et al. Jeotgalicoccus marinus sp. nov., a 

marine bacterium isolated from a sea urchin. Int J Syst Evol Microbiol. 2009; 59(Pt 7): 1625-9 

683. Kajikazawa T, Sugita T, Takashima M, Nishikawa A. Detection of pathogenic yeasts from 

processed fresh edible sea urchins sold in a fish market. Nihon Ishinkin Gakkai Zasshi. 2007; 48(4): 

169-72 

684. Gudenkauf BM, Eaglesham JB, Aragundi WM, Hewson I. Discovery of urchin-associated 

densoviruses (family Parvoviridae) in coastal waters of the Big Island, Hawaii. J Gen Virol. 2014; 

95(Pt 3): 652-8 

685. Cabreiro F, Gems D. Worms need microbes too: microbiota, health and aging in Caenorhabditis 

elegans. EMBO Mol Med. 2013; 5(9): 1300-10 

686. Ogier JC, Pages S, Bisch G, Chiapello H, Medigue C, Rouy Z, et al. Attenuated virulence and 

genomic reductive evolution in the entomopathogenic bacterial symbiont species, Xenorhabdus 

poinarii. Genome Biol Evol. 2014; 6(6): 1495-513 

687. Tambong JT. Phylogeny of bacteria isolated from Rhabditis sp. (Nematoda) and identification of 

novel entomopathogenic Serratia marcescens strains. Curr Microbiol. 2013; 66(2):138-44 

688. Wu XQ, Yuan WM, Tian XJ, Fan B, Fang X, Ye JR, et al. Specific and functional diversity of 

endophytic bacteria from pine wood nematode Bursaphelenchus xylophilus with different virulence. 

Int J Biol Sci. 2013; 9(1): 34-44 

689. Comandatore F, Sassera D, Montagna M, Kumar S, Koutsovoulos G, Thomas G, et al. 

Phylogenomics and analysis of shared genes suggest a single transition to mutualism in Wolbachia 

of nematodes. Genome Biol Evol. 2013; 5(9): 1668-74 

690. Park HW, Kim YO, Ha JS, Youn SH, Kim HH, Bilgrami AL, et al. Effects of associated bacteria 

on the pathogenicity and reproduction of the insect-parasitic nematode Rhabditis blumi (Nematoda: 

Rhabditida). Can J Microbiol. 2011; 57(9): 750-8 

691. Bright M, Bulgheresi S. A complex journey: transmission of microbial symbionts. Nat Rev 

Microbiol. 2010; 8(3): 218-30 

692. Chaston JM, Murfin KE, Heath-Heckman EA, Goodrich-Blair H. Previously unrecognized stages 

of species-specific colonization in the mutualism between Xenorhabdus bacteria and Steinernema 

nematodes. Cell Microbiol. 2013; 15(9): 1545-59 

693. Martens EC, Goodrich-Blair H. The Steinernema carpocapsae intestinal vesicle contains a 

subcellular structure with which Xenorhabdus nematophila associates during colonization initiation. 

Cell Microbiol. 2005; 7(12): 1723-35 

694. Snyder HA, Stock SP, Kim SK, Flores-Lara Y, Forst S. New insights into the colonization and 

release process of Xenorhabdus nematophila and the morphology and ultrastructure of the bacterial 

receptacle of its nematode host, Steinernema carpocapsae. Appl. Environ. Microbiol. 2007; 73(16): 

5338-46 

695. Kim SK, Flores-Lara Y, Patricia Stock S. Morphology and ultrastructure of the bacterial receptacle 

in Steinernema nematodes (Nematoda: Steinernematidae). J Invertebr Pathol. 2012; 110(3): 366-74 

696. Chaston JM, Murfin KE, Heath-Heckman EA, Goodrich-Blair H. Previously unrecognized stages 

of species-specific colonization in the mutualism between Xenorhabdus bacteria and Steinernema 

nematodes. Cell Microbiol. 2013; 15(9): 1545-59 

697. Martens EC, Heungens K, Goodrich-Blair H. Early colonization events in the mutualistic 

association between Steinernema carpocapsae nematodes and Xenorhabdus nematophila bacteria. J 

Bacteriol. 2003; 185(10): 3147-54 

698. Murfin KE, Chaston J, Goodrich-Blair H. Visualizing bacteria in nematodes using fluorescent 

microscopy. J Vis Exp. 2012; 68: pii: 4298 

 

 


