
1  

Please note that this is an author-produced PDF of an article accepted for publication following peer review. The definitive 
publisher-authenticated version is available on the publisher Web site.  

 
Environmental Microbiology 
October 2020, Volume 22, Issue 10, Pages 4323-4341  
https://doi.org/10.1111/1462-2920.15055 
https://archimer.ifremer.fr/doc/00628/74032/ 

Archimer 
https://archimer.ifremer.fr 

Vibrio ‐ bivalve interactions in health and disease 

Destoumieux‐Garzón Delphine 3, *, Canesi Laura 2, Oyanedel Daniel 4, Travers Marie-Agnes 1,  
Charrière Guillaume 4, Pruzzo Carla 2, Vezzulli Luigi 2, * 

 
1 IHPE, Université de Montpellier, CNRS, Ifremer Université de Perpignan Via Domitia. Montpellier, 
France  
2 DISTAV, Department of Earth, Environment and Life Sciences University of Genoa Genoa ,Italy  
3 IHPE, Université de Montpellier, CNRS, Ifremer Université de Perpignan Via Domitia. Montpellier, 
France  
4 IHPE, Université de Montpellier, CNRS, Ifremer Université de Perpignan Via Domitia. Montpellier, 
France 

* Corresponding authors : Delphine Destourmieux-Garzon, email address : ddestoum@ifremer.fr ; Luigi 
Vezzulli, email address : luigi.vezzulli@unige.it  
 

Abstract :   
 
In the marine environment, bivalve mollusks constitute habitats for bacteria of the Vibrionaceae family. 
Vibrios belong to the microbiota of healthy oysters and mussels, which have the ability to concentrate 
bacteria in their tissues and body fluids, including the hemolymph. Remarkably, these important 
aquaculture species respond differently to infectious diseases. While oysters are the subject of recurrent 
mass mortalities at different life stages, mussels appear rather resistant to infections. Thus, Vibrio species 
are associated to the main diseases affecting the worldwide oyster production. Here we review the current 
knowledge on Vibrio‐bivalve interaction in oysters (Crassostrea sp.) and mussels (Mytilus sp.). We 
discuss the transient versus stable associations of vibrios with these bivalves as well as technical issues 
limiting the precise monitoring of vibrios in health and disease. Based on the current knowledge of 
oyster/mussel immunity and their interactions with Vibrio species pathogenic for oyster, we discuss how 
differences in immune effectors could contribute to the higher resistance of mussels to infections. Finally, 
we review the multiple strategies evolved by pathogenic vibrios to circumvent the potent immune defenses 
of bivalves and how key virulence mechanisms could have been positively or negatively selected in the 
marine environment through interactions with predators. 
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Introduc tion 

Anima l-b a c te ria  a sso c ia tio n ha s a  lo ng  e vo lutio na ry histo ry tha t c o uld  g o  a s fa r b a c k 

a s to  the  o rig ins o f multic e llula rity (Mc Fa ll-Ng a i e t a l., 2013). The  p re se nc e  o f c o mple x 

ho st-a sso c ia te d  mic ro b ia l c o mmunitie s is a  c ha ra c te ristic  sha re d  b y mo st a nima l 

sp e c ie s (Fra une  a nd  Bo sc h, 2010) a nd  the  typ e  o f inte ra c tio ns tha t the y e sta b lish with 

the ir ho st c a n ra ng e  fro m mutua listic  to  p a tho g e nic . The  c a pa c ity fo r mic ro b e s to  

c o lo nize  a  ho st d e p e nd s o n b o th ho st a nd  mic ro b ia l d e te rmina nts. On the  o ne  ha nd , 

he a lthy me ta zo a ns c o ntro l the ir mic ro b ia l e nviro nme nt with p hysic a l a nd  c he mic a l 

b a rrie rs, whic h fro m e a rly sta g e s o f d e ve lo p me nt sha pe  the  a sse mb la g e  o f the ir 

a sso c ia te d  mic ro b io ta  (fo r re vie w se e  (Be vins a nd  Sa lzma n, 2011; Mc Fa ll-Ng a i e t a l., 

2013)). On the  o the r ha nd , mic ro b e s ha ve  e vo lve  stra te g ie s to  o ve rc o me  a  se rie s o f 

inna te  immune  me c ha nisms c o nse rve d  a c ro ss me ta zo a ns, whic h c o ntro l b o th 

infe c tio ns a nd  ho st–mic ro b io me  ho me o sta sis (Bre nna n a nd  G ilmo re , 2018). 

In ma rine  e nviro nme nts, me ta zo a ns c o nstitute  ha b ita ts fo r b a c te ria  o f the  

Vib rio nac e a e  fa mily (vib rio s). The se  γ-p ro te o b a c te ria  a re  ub iq uito us in ma rine  a nd  

b ra c kish e nviro nme nts re p re se nting  o ne  o f the  mo st a b unda nt c ultura b le  fra c tio n o f 

the  ma rine  mic ro b ia l c o mmunity (Ce c c a re lli e t a l., 2019). The y p o sse ss a  hig h 

c o lo niza tio n p o te ntia l p a rtia lly d ue  to  the ir me ta b o lic  ve rsa tility a nd  g e ne tic  

va ria b ility (Le  Ro ux e t a l., 2016). The ir a sso c ia tio ns with p la nts, a lg a e , zo o p la nkto n 

a nd  o the r a nima ls ha ve  b e e n wide ly d o c ume nte d  (Ta ke mura  e t a l., 2014; Le  Ro ux 

a nd  Blo ke sc h, 2018). In p a rtic ula r, so me  spe c ie s o f mo llusks ha ve  e sta b lishe d  ve ry 

intima te  a sso c ia tio ns with Vib rio  sp e c ie s, a s illustra te d  b y the  mutua listic  symb io sis o f 

the  sq uid  Euprymna  sc o lo p e s (Ce p ha lo p o d ) a nd  Vib rio  fisc he ri (Mc Fa ll-Ng a i, 2014). 

Biva lve s, suc h a s the  o yste r Crasso stre a  g ig as, we re  sho wn to  ho st a  d ive rsity o f Vib rio  

p o p ula tio ns, de fine d  a s me mb e rs o f a  sa me  spe c ie s sha ring  a  c o mmo n g e ne  p o o l 

a nd  ha b ita t (Le  Ro ux e t a l., 2016), in b o th he a lth a nd  d ise a se  (Bruto  e t a l., 2017). 

Vib rio  a sso c ia tio ns with b iva lve s c a n b e  a lso  ne utra l. Inde e d , a s filte r fe e de rs stra ining  

fo o d  p a rtic le s fro m the  se a wa te r, b iva lve s a c c umula te  e xo g e no us b a c te ria , o fte n 

tra nsie ntly (Fro e lic h a nd  Olive r, 2013). Mo re o ve r, Vib rio  sp e c ie s a tta c h to  the  
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c hitina c e a o us surfa c e s o f inve rte b ra te s, whic h p ro vide  a  nutrie nt-ric h ha b ita t (Da na  

E. Hunt e t a l., 2008), b ut d o  no t a lwa ys c o lo nize  the ir tissue s. Ho we ve r, intima te  

inte ra c tio ns ha ve  a lso  b e e n de sc rib e d . Re c e ntly, e vide nc e  o f c o -e vo lutio n b e twe e n 

vib rio s a nd  b iva lve s ha s b e e n a c q uire d  in na tura l o yste r b e d s (We g ne r e t a l., 2019).  

Pa ra sitic  inte ra c tio ns a re  a mo ng  the  mo re  do c ume nte d  Vib rio -b iva lve  a sso c ia tio ns, 

a s the y c a use  ma jo r d a ma g e s to  the  ho st (Go ud e nè g e  e t a l., 2015; Le mire  e t a l., 

2015; Bruto  e t a l., 2018; Dia s e t a l., 2018), with imp o rta nt c o nse q ue nc e s o n the  

susta ina b ility o f the  she llfish fa rming  industry (Tra ve rs e t a l., 2015). A ke y q ue stio n fo r 

p re d ic ting  a nd  ma na g ing  d ise a se  is whe the r Vib rio  a sso c ia tio ns with b iva lve s re sult 

fro m sp e c ific  (g e no me -e nc o de d ) a b ilitie s o r d isa b ility to  c o lo nize  the se  a nima l 

sp e c ie s a nd  ho w muc h the y d e p e nd  o n e nviro nme nta l c o nstra ints. A se rie s o f 

g e ne tic  d e te rmina nts fa vo ring  b iva lve  c o lo niza tio n a nd  d ise a se  e xp re ssio n ha ve  

b e e n id e ntifie d  in vib rio s so  fa r (Dup e rthuy e t a l., 2011; Le mire  e t a l., 2015; Bruto  e t a l., 

2017; Rub io  e t a l., 2019). The y will b e  re vie we d  he re  in d e ta ils. Amo ng  e nviro nme nta l 

fa c to rs, te mp e ra ture  is kno wn to  sig nific a ntly a ffe c t the  Vib rio  c o mmunitie s 

a sso c ia te d  with  b iva lve s (Alfa ro  e t a l., 2019). In fa c t, vib rio s a re  stro ng ly the rmo -

d e pe nd e nt a nd  ma ny spe c ie s thrive  in wa rm wa te r e xc e e d ing  17 °C (Ce c c a re lli e t 

a l., 2019). The  thre a t p o se d  b y vib rio s to  the  she llfish ind ustry c a n b e  thus 

e xa c e rb a te d  b y the  imp a c t o f c lima te  c ha ng e , in p a rtic ula r se a  surfa c e  wa rming , 

o n the ir g lo b a l spre a d  (Ve zzulli e t a l., 2016; Ba ke r-Austin e t a l., 2017). Ad d itio na l 

e ffe c ts inc lude  the  te mp e ra ture -d e pe nde nt e xpre ssio n o f virule nc e  fa c to rs a nd  the  

mo d ific a tio ns o f ho st physio lo g y (re p ro duc tive  e ffo rt, immune  sta tus, e tc .) (Tra ve rs e t 

a l., 2009), whic h in b iva lve s c a n ind ire c tly fa vo r c o lo niza tio n b y o p p o rtunistic  vib rio s 

(Le  Ro ux e t a l., 2016).  

In this re vie w, we  will fo c us o n the  o yste r Cra sso stre a  g ig a s a nd  the  musse ls Mytilus 

e dulis a nd  Mytilus g a llo pro vinc ia lis, whic h a re  b iva lve s o f e c o no mic  inte re st a nd  

e c o lo g ic a l re le va nc e  with wide ly d o c ume nte d  inte ra c tio ns with a  d ive rsity o f vib rio s. 

We  will d isc uss suc c e ssive ly Vib rio  a sso c ia tio ns with b iva lve s, the  ke y ro le  o f b iva lve  

c e llula r de fe nse s in c o ntro lling  vib rio s, the  multip le  a d a p tive  stra te g ie s o f vib rio s to  
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the ir b iva lve  ho sts, a nd  the  ro le  o f the  b io tic  e nviro nme nt in the  se le c tio n (b o th 

p o sitive  a nd  ne g a tive ) o f a d a p te d  g e no typ e s. 
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1. Vibrios a s ke y c ompone nts of biva lve  mic robiota   

Vib rio s a c c o unt fo r a  sig nific a nt p ro p o rtio n o f b a c te ria  fo und  in he a lthy a nd  

d ise a se d  b iva lve s, whe re  the y c a n re a c h c o nc e ntra tio ns a b o ut 100-fo ld  hig he r tha n 

tho se  in a mb ie nt wa te r (De Pa o la  e t a l., 1990; Šolić e t a l., 1999; She n e t a l., 2009). 

Ap p ro a c he s to  stud y Vib rio  c o mmunitie s inc lude  b o th c ulture -d e pe nd e nt pro to c o ls 

a nd  g lo b a l DNA se q ue nc ing  a p p ro a c he s. Who le  b o d y ho mo g e na te s o r sing le  tissue s 

(e .g ., he mo lymp h, g ut, he p a to p a nc re a s) a re  o fte n a na lyze d . A la rg e  fra c tio n o f 

the se  b a c te ria  mig ht g o  und e te c te d  using  c ulture -de pe nd e nt me tho d s d ue  to  

me ta b o lic  re q uire me nts a nd  c ulture  c o nd itio ns (e .g . fo o d  so urc e , te mp e ra ture , 

g e ne ra tio n time ). Se q ue nc ing -b a se d  a pp ro a c he s a llo w to  o ve rc o me  mo st o f the  

p ro b le ms re la te d  to  c ultiva tio n (Lo kme r a nd  We g ne r, 2015; Lo kme r, Go e d kne g t, e t 

a l., 2016; Lo kme r, Kue nze l, e t a l., 2016) a nd  to  a c c e ss to  the  hidde n no n c ultura b le  

vib rio s. Ho we ve r, sp e c ie s-le ve l re so lutio n a mo ng  g e ne tic a lly-re la te d  Vib rio  spe c ie s is 

o fte n p o o r using  the  mo st c o mmo nly e mplo ye d  16S rRNA ma rke r, the re b y limiting  the  

fine -sc a le  e va lua tio n o f ta xo no mic  he te ro g e ne ity within the  g e nus (Po re tsky e t a l., 

2014; King  e t a l., 2019). Ad d itio na l p hylo g e ne tic  ma rke rs suc h a s the  he a t sho c k 

p ro te in hsp 60 (Je sse r a nd  No b le , 2018; King  e t a l., 2019) we re  pro p o se d  a s 

a lte rna tive s to  16S-b a rc o d ing  to  d isc rimina te  me mb e rs o f the  Vib rio  g e nus mo re  

p re c ise ly. Still, o ne  sing le  ma rke r o fte n pro vide s insuffic ie nt re so lutio n, d ue  to  the  hig h 

g e no mic  p la stic ity o f vib rio s (Le  Ro ux a nd  Blo ke sc h, 2018), a nd  c ulture -d e p e nde nt 

me tho d s c o up le d  to  Multip le  Lo c us Se q ue nc e  Ana lyse s (MLSA) o r c o re  g e ne  

p hylo g e nie s a re  g e ne ra lly re q uire d  fo r fine st re so lutio n a na lysis (Sa wa b e  e t a l., 2013). 

 

Vibrios a ssoc iate d with biva lve s 

Ove r the  pa st 30 ye a rs, ma ny stud ie s c a rrie d  o ut in d iffe re nt g e o g ra p hic a l a re a s 

ha ve  hig hlig hte d  the  c o mple x struc ture  o f Vib rio  p o p ula tio ns c o mmo nly a sso c ia te d  

with b iva lve s (Ro ma lde  e t a l., 2014; Che n e t a l., 2016; Bruto  e t a l., 2017). Sp e c ie s 

b e lo ng ing  to  the  c la d e s Sp le nd id us a nd  Ha rve yi a re  a mo ng  the  mo st fre q ue ntly 
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fo und  in a sso c ia tio n with he a lthy o yste rs a nd  musse ls (Ro ma ld e  e t a l., 2014; Le  Ro ux 

e t a l., 2016). The ir c o nc e ntra tio n, d ive rsity a nd  d yna mic s a re  stro ng ly de p e nd e nt 

up o n e nviro nme nta l pa ra me te rs, suc h a s te mp e ra ture  a nd  sa linity (Ro ma ld e  e t a l., 

2014).   

Mo st o f o ur kno wle dg e  o n vib rio s a sso c ia te d  with b iva lve s d e rive s fro m stud ie s 

fo c using  o n p a tho lo g ic a l c o nte xts. Ind e e d , a  numb e r o f b a c te ria l sp e c ie s, whic h 

inc lud e  ma ny Vib rio  sp e c ie s, ha ve  b e e n a sso c ia te d  with mo rta lity o utb re a ks o f 

c ultiva te d  b iva lve s (o yste rs, c la ms, musse ls) (Sa ulnie r e t a l., 2010; Tra ve rs e t a l., 2015; 

Le  Ro ux e t a l., 2016; Dub e rt e t a l., 2017). The se  Vib rio  sp e c ie s c a n b e  prima ry 

p a tho g e ns, c a p a b le  o f c a using  p a tho lo g ic a l c ha ng e s a sso c ia te d  with d ise a se  in a  

he a lthy b iva lve , o r o p p o rtunistic  pa tho g e ns, whic h c a use  d ise a se  whe n b iva lve s a re  

c o mpro mise d  b y a  b re a k in p ro te c tive  b a rrie rs o r immuno supp re ssio n, 

Exp re ssio n o f Vib rio  d ise a se s d e p e nds o n ho st fa c to rs, e sse ntia lly ho st g e ne tic s 

(sp e c ie s, p o p ula tio n), life  sta g e  (la rva l, juve nile  o r a d ult fo rm) a nd  life  histo ry tra its, 

e .g . c o -infe c tio n b y o the r p a tho g e ns (viruse s a s fo r e xa mp le ), the  we a ke ning  o f 

immune  c a p a c ity d ue  to  e nviro nme nta l stre sso rs (Za nne lla  e t a l., 2017), o r immune  

p riming  fo llo wing  pre vio us e nc o unte r with vib rio s (Zha ng  e t a l., 2014; Re y-Ca mp o s e t 

a l., 2019). 

Tha nks to  hig hly d e ve lo pe d  o yste r pro d uc tio n syste ms tha t g o  fro m ha tc he rie s to  

nurse rie s a nd  g ro w-o ut fa rming , we  ha ve  a  g o o d  kno wle d g e  o f Vib rio  sp e c ie s 

infe c ting  d iffe re nt de ve lo p me nta l sta g e s o f Crasso stre a  sp .. Vib rio s a sso c ia te d  with 

d ise a se s in o yste r sp a t a nd / o r la rva e  inc lude  b a c te ria  b e lo ng ing  to  the  sp e c ie s V. 

a ng uillarum , V. a lg ino lytic us, V. tub iashii/ V. e uro pa e us, V. o stre ic ida , V. c o ra lliilytic us, 

V. ne p tunius,  V. b iva lvic ida , a nd  to  the  Sp le nd id us c la d e  (fo r re vie w se e  Ro ma lde  

a nd  Ba rja , 2010; Tra ve rs e t a l., 2015; Dub e rt e t a l., 2017). C lo se ly-re la te d  spe c ie s o f 

the  Sp le nd id us c la de  (e .g ., V. sp le ndidus, V. ta sma nie nsis, V. c yc litro p hic us, a nd  V. 

c rasso stre a e ) ha ve  b e e n re p e a te d ly iso la te d  fro m C. g ig a s juve nile s (le ss tha n 12 

mo nths o ld ) a ffe c te d  b y the  Pa c ific  Oyste r Mo rta lity Synd ro me  (POMS) trig g e re d  b y 

the  Ostre id  he rp e svirus OsHV-1 µVa r. (Le mire  e t a l., 2015; Bruto  e t a l., 2017; d e  Lo rg e ril 
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e t a l., 2018). V. a e stuarianus (Ang uilla rum c la d e ) wa s fo und  to  c a use  ma ss mo rta lity 

o f a d ult C. g ig a s in Fra nc e  sinc e  2001 a nd  sinc e  2011 in Ire la nd , Sc o tla nd  a nd  Sp a in 

(Ga rnie r e t a l., 2008; Ga rc ia  e t a l., 2014; Tra ve rs e t a l., 2017)  

Hig h ta xo no mic  re so lutio n a na lysis o f the  b iva lve  pa tho b io ta  a pp lie d  o n he a lthy a nd  

d ise a se d  C. g ig a s sa mple s using  a  ne w ta rg e t e nric hme nt ne xt-g e ne ra tio n 

se q ue nc ing  a pp ro a c h re ve a le d  d o mina nc e  o f p rima ry p a tho g e ns suc h a s V. 

a e stua ria nus o r OsHV-1 in tissue s o f d ise a se d  C. g ig a s c o lle c te d  d uring  ma ss mo rta lity 

e ve nts a ffe c ting  juve nile s a nd / o r a d ults a t d iffe re nt Euro p e a n fa rming  site s (La sa  e t 

a l., 2019). Alb e it a t lo we r re la tive  a b und a nc e , o the r b a c te ria l sp e c ie s we re  

e xc lusive ly id e ntifie d  in infe c te d  o yste rs, p a rtic ula rly Vib rio  sp . (V. a lg ino lytic us, V. 

c o ra lliilytic us, V. c rasso stre a e , V. sp le ndidus, V. tasma nie nsis) a nd  Arc o b ac te r sp . 

Tho ro ug h stud ie s o n vib rio s p a tho g e nic  fo r o yste rs ha ve  sho wn tha t the  func tio na l 

unit o f p a tho g e ne sis c a n b e  a  c lo ne  (e .g . V. a e stua rianus), a  po p ula tio n (e .g . V. 

c rasso stre a e ) o r a  c o nso rtium, a nd  this is furthe r c o mp lic a te d  b y Vib rio  inte ra c tio ns 

with the  ho st mic ro b io ta  (Le  Ro ux e t a l., 2016). Re c e ntly, d e  Lo rg e ril e t a l. (2018) 

d e mo nstra te d  tha t the  POMS is c a use d  b y multip le  infe c tio ns with a n initia l a nd  

ne c e ssa ry ste p  invo lving  OsHV-1 µVa r. The  virus le a ds the  ho st to  e nte r a n immuno -

c o mpro mise d  sta te  pre c e d ing  the  inva sio n b y o p p o rtunistic  p a tho g e nic  b a c te ria  

(inc lud ing  pa tho g e nic  vib rio s) tha t kill the  o yste r. It c a n b e  sp e c ula te d  tha t POMS-

a sso c ia te d  mo rta litie s a re  c a use d  b y multip le  sp e c ie s/ p o p ula tio ns o f p a tho g e ns 

(e .g . Vib rio , Arc o b a c te r sp .) tha t c o lla b o ra te  to  kill o yste rs (Russe ll a nd  Ca va na ug h, 

2017; d e  Lo rg e ril e t a l., 2018), b ut the  ro le  o f the  no n-virule nt mic ro b io ta  sho uld  no t 

b e  ne g le c te d  a s no n-virule nt Vib rio  stra ins ha ve  the  p o te ntia l to  d ra ma tic a lly 

inc re a se  the  ho st d a ma g e s c a use d  b y virule nt stra ins (Le mire  e t a l., 2015). The  ro le  o f 

the se  b a c te ria l c o nso rtia  sho uld  b e  d e e p ly a na lyze d  in future  func tio na l stud ie s to  

she d  lig ht o n the  me c ha nisms unde rlying  p o lymic ro b ia l infe c tio ns in b iva lve s (La sa  e t 

a l., 2019). 

In c o ntra st to  o yste r d ise a se s, le ss info rma tio n is a va ila b le  o n pa tho g e nic  Vib rio  

d ise a se s a ffe c ting  musse ls (Mytilus spp ), whic h a lso  a re  o the r imp o rta nt fa rme d  

This article is protected by copyright. All rights reserved.



 

 

b iva lve s. Ac tua lly, a ltho ug h musse ls c a n c o nc e ntra te  vib rio s in the ir tissue s (Sta b ili e t 

a l., 2005), the y a re  c o nsid e re d  p a rtic ula rly re sista nt to  mic ro b ia l infe c tio ns, in 

p a rtic ula r vib rio se s (Lup o  a nd  Le  Bo uq uin, 2019). The y ra re ly e xp e rie nc e  ma ss 

mo rta litie s (Do me ne g he tti e t a l., 2014; Ro me ro  e t a l., 2014) a ltho ug h re c e nt 

o utb re a ks o f unkno wn e tio lo g y ha ve  b e e n re p o rte d  (Cha rle s, Be rna rd , e t a l., 2020). 

Amo ng  the  ra re  re p o rte d  c a se s o f Vib rio  infe c tio n, V. sp le ndidus-re la te d  stra ins we re  

iso la te d  fro m d ise a se d  Mytilus e dulis a dults a nd  the  iso la te d  stra ins ind uc e d  

mo rta litie s whe n inje c te d  to  musse ls (Be n Che ikh e t a l., 2016, 2017). Stra ins ide ntifie d  

a s V. sp le ndidus a nd  V. c o ra lliilytic us/ne p tunius-like  c a use d  hig h mo rta lity ra te s in 

la rva e  o f the  g re e nshe ll musse l Pe rna  c a nalic ula  (Mytilida e ) (Ke sa rc o d i-Wa tso n e t a l., 

2009). Mo re o ve r, stra ins o f V. c o ra lliilytic us iso la te d  fro m b le a c he d  c o ra ls ha d  stro ng  

a nd  c o nc e ntra tio n-de p e nde nt immuno to xic ity a nd  e mb ryo to xic ity in musse l in vitro  

(Ba lb i e t a l., 2019). Inte re sting ly, the  susc e p tib ility o f musse ls to  vib rio s o f the  

Sp le nd id us c la de  (o yste r p a tho g e ns) wa s sho wn to  b e  d e pe nd e nt o n ho st 

p hysio lo g y (Cha rle s, Tra nc a rt, e t a l., 2020). Whe the r o r no t vib rio s a re  c a usa l a g e nts in 

musse l mo rta litie s o b se rve d  in the  fie ld  re ma ins unc le a r (Cha rle s, Be rna rd , e t a l., 

2020).  

A re c e nt stud y inve stig a te d  p o ssib le  links b e twe e n the  d iffe re nt susc e p tib ility to  Vib rio  

infe c tio n o f o yste rs a nd  musse ls a nd  the ir mic ro b io ta  (Ve zzulli e t a l., 2018). Using  16S 

rRNA g e ne -b a se d  a na lysis, the  a utho rs pro vid e d  the  first c o mp a riso n o f mic ro b io ta  

p ro file s a sso c ia te d  with he mo lymp h a nd  d ig e stive  g la nd  o f C. g ig a s a nd  M. 

g a llo pro vinc ia lis c o -c ulture d  a t the  sa me  a q ua c ulture  site . Vib rio s a c c o unte d  fo r a  

la rg e r fra c tio n o f the  mic ro b io ta  in C. g ig a s c o mp a re d  to  M. g a llo pro vinc ia lis, 

sug g e sting  tha t o yste rs mig ht pro vid e  b e tte r c o nd itio ns tha n musse ls fo r surviva l o f 

the se  b a c te ria . Mo re  re c e ntly, Pie rc e  a nd  Wa rd  (2019), b y c o mp a ring  the  g ut 

mic ro b io me  o f the  o yste r C. virg inic a  a nd  the  musse l M. e dulis, fo und  tha t while  the  

two  b iva lve s ha rb o r mic ro b ia l c o mmunitie s with simila r c o mp o sitio n, o n a  func tio na l 

le ve l, the  mic ro b ia l c o mmunity va rie s a c c o rd ing  to  ho st spe c ie s a nd  se a so n. The  

a utho rs sug g e ste d  tha t ho st spe c ie s intrinsic  fa c to rs a ffe c t the  c o mp o sitio n o f the  

b iva lve  mic ro b io ta  inde p e nd e ntly o f e nviro nme nta l c o nd itio ns a nd  d ie t. 
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In a d d itio n to  vib rio s p a tho g e nic  fo r b iva lve s, b o th o yste rs a nd  musse ls c a n 

c o nc e ntra te  within the ir tissue s o the r vib rio s p a tho g e nic  fo r huma ns. Sinc e  e d ib le  

b iva lve s, e spe c ia lly o yste rs, a re  o fte n e a te n ra w o r unde rc o o ke d , the y re p re se nt a n 

imp o rta nt ve hic le  fo r the  tra nsmissio n o f the se  p a tho g e ns to  huma ns. Mo st re le va nt 

Vib rio  sp e c ie s a sso c ia te d  with se a fo o d -re la te d  d ise a se s a re  V. p ara ha e mo lytic us, V. 

vulnific us a nd , to  a  le sse r e xte nt, no n-to xig e nic  V. c ho le ra e  (Jo ne s e t a l., 2014; 

Fro e lic h a nd  No b le , 2016; Willia ms e t a l., 2017; Ta c k e t a l., 2019). The se  sp e c ie s, a s fa r 

a s we  kno w, d o  no t a ffe c t b iva lve  he a lth b ut re p re se nt a  se rio us a nd  g ro wing  thre a t 

to  p ub lic  he a lth (Ta c k e t a l., 2019). 

 

Stable  ve rsus tra nsie nt a ssoc ia tions 

It ha s b e e n d e b a te d  whe the r the  pre se nc e  o f vib rio s in b iva lve s re sults fro m sta b le  

a sso c ia tio ns o r fro m the  no n-spe c ific  up ta ke  o f vib rio s fro m fo o d  o r se a wa te r. In a  

p io ne e r stud y, Po lz a nd  c o lla b o ra to rs (Da na  E Hunt e t a l., 2008) a na lyze d  Vib rio  

p o p ula tio n struc ture s in musse ls a nd  in the  wa te r c o lumn. Dive rsity a nd  fre q ue nc y o f 

p o p ula tio ns id e ntifie d  b y MLSA wa s simila r in musse ls a nd  wa te r sa mp le s, sug g e sting  

tha t musse ls d o  no t re pre se nt a  stro ng ly se le c tive  ha b ita t fo r vib rio s. Ho we ve r, 

p o p ula tio n struc ture  do e s no t imp ly a b se nc e  o f se le c tio n in musse l, b ut sug g e sts tha t 

se le c tio n is b a la nc e d  b y mig ra tio n a nd / o r a d a p ta tio n to  d iffe re nt e nviro nme nts 

(Pre he im e t a l., 2011). Mo re  re c e ntly, Le  Ro ux a nd  c o lla b o ra to rs ha ve  de e p ly 

a na lyze d  Vib rio  a sso c ia tio ns with o yste rs a nd  re la tio nships b e twe e n vib rio s in the  

wa te r c o lumn a nd  in o yste r tissue s (Le  Ro ux e t a l., 2016; Bruto  e t a l., 2017). By 

c o mpa ring  the  fre q ue nc y a nd  a b unda nc e  b e twe e n Vib rio  p o p ula tio ns in the se  two  

c o mpa rtme nts, Bruto  e t a l., (2017) sho we d  tha t se ve ra l p o pula tio ns we re  une q ua lly 

d istrib ute d . Amo ng  the m, V. c rasso stre ae  a nd  so me  V. sp le ndidus p o p ula tio ns we re  

p o sitive ly a nd  p re fe re ntia lly a sso c ia te d  with o yste r tissue s.  

Be c a use  o f ha b ita t p re fe re nc e s re la te d  to  the ir me ta b o lic  re q uire me nts, 

re sista nc e / to le ra nc e  me c ha nisms a nd  sp e c ific  c o lo niza tio n d e te rmina nts, d istinc t 

This article is protected by copyright. All rights reserved.



 

 

Vib rio  spe c ie s c a n c o lo nize  d ive rse  tissue s in b iva lve s. To ta l b a c te ria l 16S ha s pro ve n 

tha t he mo lymp h, whic h c a rrie s the  b iva lve  immune  c e lls, ha rb o rs a  mic ro b io ta  hig hly 

d istinc t fro m the  re st o f the  tissue s (Lo kme r, Kue nze l, e t a l., 2016). Striking ly, vib rio s c a n 

survive  in this immune  tissue , whic h is like ly a  c o lo niza tio n ro ute  to wa rd  d e e pe r tissue s. 

Outsid e  p a tho lo g ic a l c o nte xts, he mo lymph c o lo niza tio n is ra p id ly c o ntro lle d  b y 

he mo c yte s, the  b iva lve  immune  c e lls (Rub io  e t a l., 2019). In c o ntra st, pa tho g e nic  

vib rio s e sc a pe  fro m he mo c yte  c o ntro l a nd  c o lo nize  the  c o nne c tive  tissue , whic h 

a p pe a rs a s a  site  o f p ro life ra tio n le a d ing  to  fa ta l b a c te re mia  (Pa riza d e h e t a l., 2018; 

Rub io  e t a l., 2019) (Fig ure  1). 

Ne w te c hno lo g ie s suc h a s me ta g e no mic s-b a se d  to o ls c o mb ine d  with ma nip ula tive  

e c o lo g ic a l a nd  p hysio lo g ic a l a p p ro a c he s a re  e xpe c te d  to  sig nific a ntly inc re a se  o ur 

c urre nt kno wle d g e  o n Vib rio  a sso c ia tio n with b iva lve s a nd  the ir c o lo niza tio n 

me c ha nisms. 

 

2. Vibrios fa c ing  biva lve  c e llula r de fe nse s  

Up o n ho st c o lo niza tio n, mic ro b e s a re  re c o g nize d  b y pa tte rn-re c o g nitio n re c e p to rs 

tha t initia te  c e llula r-b a se d  sig na l tra nsd uc tio n c a sc a d e s c o nne c ting  mic ro b e  

re c o g nitio n sig na ls to  e xp re ssio n a nd  se c re tio n o f immuno mo d ula to ry c yto kine s a nd  

c he mo kine s (Re d d ic k a nd  Alto , 2014) a nd  c o ntrib ute  to  c o ntro l infe c tio ns b y 

trig g e ring  the  e xp re ssio n o f immune  e ffe c to rs tha t mo d ify the  mic ro b e  ha b ita t. 

Effe c to rs o f me ta zo a n inna te  immunity inc lud e  a ntimic ro b ia l p e p tide s (AMPs), 

re a c tive  o xyg e n spe c ie s (ROS), nitric  o xid e  (NO) a nd  he a vy me ta ls (c o p p e r, zinc ), 

p re se nt a t e p ithe lia l/ muc o sa l surfa c e s, in p ha g o c yte s a nd  b o d y fluids, whic h c re a te  

a  ho stile  e nviro nme nt fo r mic ro b e s (Ho o d  a nd  Ska a r, 2012; Fra nze nb urg  e t a l., 2013). 

The se  c o nse rve d  inna te  immune  me c ha nisms a re  ke y c o mp o ne nts o f the  d e fe nse  o f 

b iva lve s a g a inst infe c tio ns. 
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The  ke y role  of he moc yte s 

Biva lve s a re  e nd o we d  with a  p o we rful inna te  immune  syste m, ma inly b a se d  o n the  

a c tivity o f c irc ula ting  immune  c e lls, the  he mo c yte s, so lub le  p la sma  fa c to rs, a s we ll a s 

o n tissue -me d ia te d  immune  re sp o nse s (Ba c hè re  e t a l., 2015; Ca ne si a nd  Pruzzo , 2016; 

Ge rd o l e t a l., 2018), c re a ting  a  ho stile  e nviro nme nt fo r vib rio s (Sc hmitt, Ro sa , e t a l., 

2012; De sto umie ux-Ga rzó n e t a l., 2014). Due  to  the  pre se nc e  o f a n o p e n c irc ula to ry 

syste m, b iva lve  he mo c yte s a re  no t o nly c irc ula ting  in the  he mo lymp h b ut the y a lso  

infiltra te  tissue s.  

He mo c yte s o f b o th o yste rs a nd  musse ls c a n kill vib rio s thro ug h p ha g o c yto sis, 

p ro d uc tio n o f hig hly re a c tive  ROS a nd  NO, a s we ll a s a  numb e r o f a ntimic ro b ia l 

p e p tide s (AMPs) a nd  hyd ro lytic  e nzyme s (C a ne si e t a l., 2002; Ba c hè re  e t a l., 2015; 

Ca ne si a nd  Pruzzo , 2016) (Fig ure  1). He mo c yte s p o p ula tio ns (g ra nula r, se mi-g ra nula r 

o r a g ra nula r c e lls) (Ba c hè re  e t a l., 1988; Cha g o t e t a l., 1992) va ry a c c o rd ing  to  

b iva lve  sp e c ie s, p hysio lo g ic a l sta tus, a nd  e nviro nme nta l fa c to rs (Smith e t a l., 2016). In 

C. g ig as, spe c ia lize d  p o p ula tio ns o f se mi-g ra nula r a nd  g ra nula r c e lls ha rb o r stro ng  

p ha g o c ytic  c a pa c ity a nd  p ro d uc e  hig hly re a c tive  mo le c ule s (ROS a nd  NO) in 

re sp o nse  to  V. sp le ndidus; the y a lso  e xpre ss lyso zyme s a nd  AMPs in a g re e me nt with 

the ir immuno lo g ic a l ro le s (Ba c hè re  e t a l., 2015; Wa ng  e t a l., 2017). Simila rly, in M. 

g a llo pro vinc ia lis, g ra nula r a nd  se mi-g ra nula r c e lls ha rb o r pha g o c ytic  a c tivity, the y 

p ro d uc e  ROS a nd  NO; sma ll hya line  c e lls p ro d uc e  NO o nly (Ga rc ía -Ga rc ía  e t a l., 

2008). Enzyme s invo lve d  in o xid a tive  stre ss (d ua l o xid a se s, NADPH o xid a se s) a nd  

hyd ro la se s inc lud ing  lyso zyme s, whic h p a rtic ip a te  in the  killing  o f p ha g o c ytize d  

b a c te ria  b y d e g ra d ing  b a c te ria l p e p tid o g lyc a n (Co sta  e t a l., 2009; Ito h e t a l., 2010; 

Xue  e t a l., 2010) a re  e xp re sse d  b y he mo c yte s o f musse ls a nd  o yste rs (Ro sa  e t a l., 

2012; Ca mp o s e t a l., 2015; Wa ng  e t a l., 2017; d e  Lo rg e ril e t a l., 2018; Jia ng  e t a l., 

2018). The  re sp ira to ry b urst g e ne ra te d  b y he mo c yte s is a  ma jo r mic ro b ic id a l re a c tio n 

in b iva lve s, whic h a lso  trig g e rs the  fo rma tio n o f DNA Extra c e llula r tra ps (ETo sis). In 

o yste rs a nd  musse ls ETo sis c o ntrib ute s to  c o ntro l Vib rio  infe c tio ns (Altinc ic e k e t a l., 

2008; Po irie r e t a l., 2014; Ro me ro  e t a l., 2020). 
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Mo re  re c e ntly, me c ha nisms invo lve d  in he a vy me ta l ho me o sta sis ha ve  b e e n sho wn 

to  p la y a  ke y ro le  in the  a ntib a c te ria l re sp o nse  o f o yste rs (Va nho ve  e t a l., 2015; Shi e t 

a l., 2019)(Rub io  e t a l., 2019)(Shi e t a l., 2019). Co p p e r/ zinc  re d istrib utio n up o n Vib rio  

infe c tio ns is a c c o mpa nie d  in he mo c yte s b y c ha ng e s in the  e xp re ssio n le ve ls o f 

me ta llo thio ne ins a s we ll a s c o p pe r a nd  zinc  tra nsp o rte r g e ne s (Ctr1, ATP7A, ZIP1, a nd  

Znt2), whic h a c ro ss a nima l sp e c ie s me d ia te  the  up ta ke  o f he a vy me ta ls a nd  the ir 

a c c umula tio n in intra c e llula r c o mpa rtme nts fo r intra c e llula r killing  o f p ha g o c ytize d  

b a c te ria  (Ne yro lle s e t a l., 2015). It is wo rth no ting  tha t b iva lve s ha ve  wide ly d iffe ring  

c o nc e ntra tio ns o f he a vy me ta ls in the ir tissue s, with o yste rs (Cra sso stre a  sp .) sho wing  

the  hig he st b o d y b urde n o f c o pp e r a nd  zinc  (Pa n a nd  Wa ng , 2009; Shi e t a l., 2019). 

Altho ug h in musse ls the  ro le  o f he a vy me ta ls in the  immune  re sp o nse  to  vib rio s ha s 

b e e n no t inve stig a te d  in suc h d e ta il, se q ue nc e s o f ATP7A, Ctr1, ZIP1, Znt1 a nd  Znt2 

b e lo ng ing  to  e vo lutio na rily c o nse rve d  me ta l tra nsp o rt syste ms a re  pre se nt in the  

g e no me  o f M. g a llo p ro vinc ia lis (Ge rd o l M., p e rs. c o mm), whic h sug g e sts the y c o uld  

p la y a  simila r ro le  in musse l d e fe nse . So  fa r in Mytilus sp ., a va ila b le  d a ta  ind ic a te  tha t 

me ta l e xp o sure  c a n re sult in inc re a se s o r d e c re a se s in he mo c yte  immune  

p a ra me te rs, d e p e nd ing  o n the  e xp o sure  c o nd itio ns (Pa rry a nd  Pipe , 2004; Hö he r e t 

a l., 2013). In this lig ht, the  ro le  o f c o p pe r/ zinc  ho me o sta sis in musse l immune  re sp o nse  

d e se rve s furthe r inve stig a tio n. 

 

A hig h numb e r o f hig hly d ive rsifie d  AMPs ha ve  a lso  b e e n id e ntifie d  in o yste rs a nd  

musse ls, in whic h the y a re  e xpre sse d  b y he mo c yte s a nd / o r e p ithe lia . So me  o f the m, 

b ut no t a ll, ha ve  b e e n p urifie d  a nd  c ha ra c te rize d  fo r the ir va rio us immune  func tio ns. 

Re ma rka b ly, musse ls a nd  o yste rs sho w c o ntra sting  a ntimic ro b ia l re sp o nse s. Ind e e d , 

AMP e xp re ssio n is p o te nt in musse l (Pa lla vic ini e t a l., 2008) a s o pp o se d  to  mild  in 

o yste rs (Sc hmitt, Ro sa , e t a l., 2012). Bo th sp e c ie s e xpre ss hig hly d ive rsifie d  Csαβ-

d e fe nsins (Hub e rt e t a l., 1996; Mitta  e t a l., 1999; Gue g ue n e t a l., 2006; Sc hmitt e t a l., 

2010) a nd  b ig  d e fe nsins (Ro sa  e t a l., 2012; Ge rd o l e t a l., 2019,2020; Lo th e t a l., 2019) 

a s we ll a s b a c te ric id a l/ p e rme a b ility-inc re a sing  p ro te ins (Go nza le z e t a l., 2007). The se  

a ntimic ro b ia l p e p tide s/ p ro te ins a re  e xp re sse d  in he mo c yte s a nd / o r e p ithe lia  e ithe r 
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c o nstitutive ly o r in re sp o nse  to  b a c te ria l c ha lle ng e  (Sc hmitt, Ro sa , e t a l., 2012). 

Altho ug h the  multip le  me c ha nisms o f a c tio n o f b iva lve  AMPs a re  fa r fro m b e ing  

unc o ve re d , a c tivitie s a g a inst vib rio s ha ve  b e e n e vid e nc e d , ra ng ing  fro m p o te nt 

(e .g . b ig -d e fe nsins) to  we a k (e .g . d e fe nsins) (Dup e rthuy e t a l., 2010; Sc hmitt, Lo rg e ril, 

e t a l., 2012; Lo th e t a l., 2019). Re ma rka b ly, b e yo nd  the se  sha re d  p e p tide  fa milie s, the  

AMP re p e rto ire  o f o yste rs a nd  musse ls c o nta ins sp e c ie s-sp e c ific  AMP fa milie s. In M. 

g a llo pro vinc ia lis, the se  fa milie s inc lud e  mytic ins, mytilins a nd  mytimic ins, whic h a re  

a lso  the  mo st e xp re sse d  AMPs (Pa lla vic ini e t a l., 2008). Simila rly, in C. g ig as, the y 

inc lud e  p ro line -ric h pe p tide s, mo llusc id ins a nd  a  Ma c ro p ha g e  e xpre sse d  g e ne  1-like  

(fo r re vie w se e  Ba c hè re  e t a l., 2015). Ho we ve r, so me  AMP fa milie s like  musse l mytic ins 

a re  like ly no t invo lve d  in the  re sp o nse  to  vib rio s b ut o the r func tio ns suc h a s a ntivira l 

re sp o nse s (Ba lse iro  e t a l., 2011) o r wo und  he a ling  (Re y-Ca mp o s e t a l., 2020). 

Enviro nme nta l fa c to rs a re  kno wn to  sig nific a ntly a ffe c t immune  re sp o nse s. Thus, 

immune  p a ra me te rs o f musse ls a nd  o yste rs (to ta l he mo c yte  c o unts, p ro p o rtio n o f 

he mo c yte  p o p ula tio ns, immune  g e ne  e xp re ssio n) va ry with te mp e ra ture  a nd  

e xp o sure  to  p o lluta nts, inc lud ing  he a vy me ta ls a nd  na no pa rtic le s (Pa rry a nd  Pip e , 

2004; Hö he r e t a l., 2013; We nd ling  a nd  We g ne r, 2015; Ca ne si a nd  Co rsi, 2016; 

Aug uste  e t a l., 2020), whic h ma y ha ve  imp o rta nt c o nse q ue nc e s o n b iva lve  

susc e p tib ility to  pa tho g e ns. In a dd itio n, re c e nt stud ie s ha ve  re ve a le d  tha t p re vio us 

e nc o unte r with p a tho g e ns is a  life  histo ry tra it tha t de fine s the  re sista nc e / to le ra nc e  

o f b iva lve s to  infe c tio ns (i.e . immune  priming ). In the  o yste r C. g ig a s, p riming  o f the  

a ntivira l re sp o nse  c o nfe rre d  lo ng -te rm p ro te c tio n a g a inst the  OsHV-1 virus, whic h 

wa s c o ntro lle d  b y a  susta ine d  a ntivira l re sp o nse  (La fo nt e t a l., 2017, 2020); mo re o ve r 

a  p rima ry stimula tio n with V. sp le ndidus e nha nc e d  immune  sig na ling  a nd  c o nfe rre d  

hig he r p ha g o c yto sis c a p a c itie s to  o yste r he mo c yte s (Zha ng  e t a l., 2014; Wa ng  e t a l., 

2020). In the  musse l M. g a llo pro vinc ia lis p riming  with vib rio s mo d ifie d  immune  

re sp o nse s a llo wing  musse ls to  to le ra te  the  infe c tio n (Re y-Ca mpo s e t a l., 2019). 

Inte re sting ly, We nd ling  a nd  We g ne r (2015) sho we d  tha t in se le c tive  e nviro nme nts, i.e . 

a t e le va te d  te mpe ra ture s re fle c ting  p a tte rns o f d ise a se  o utb re a ks in na tura l 

p o p ula tio ns, o yste rs c a n ra p id ly a d a p t to  wid e sp re a d  c o mmunitie s o f pa tho g e nic  
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vib rio s. Oyste rs sho wing  hig he r re sista nc e  to  symp a tric  vib rio s sho we d  hig he r 

he mo c yte  c o unts a nd  p ha g o c yto sis ra te . 

 

Re sponse s to vibrios in oyste rs a nd musse ls 

Lo ng  te rm re c o rds o n musse ls (Mytilus spp ) a nd  o yste rs (Cra sso stre a  spp .) ha ve  

re ve a le d  the y e xpe rie nc e  ra re  o r fre q ue nt pa tho lo g ie s, re spe c tive ly, in p a rtic ula r in 

re la tio n to  Vib rio  d ise a se s. Altho ug h no  d a ta  o n sp e c ie s-sp e c ific  c o mp a riso n a re  

a va ila b le , the  ma in immune  me c ha nisms a nd  e ffe c to rs se e m to  b e  sha re d  b y the  

he mo c yte s o f d iffe re nt mo llusks, a s re p o rte d  in Esc o ub a s e t a l. (2016).  Exp e rime nta l 

infe c tio ns with d iffe re nt Vib rio  sp e c ie s a nd  stra ins ha ve  re ve a le d  ho w the  c o mp le x 

ma c hine ry o f immune  p a thwa ys in he mo c yte s, to g e the r with so lub le  p la sma  fa c to rs, 

is a c tiva te d  whe n fa c ing  a  Vib rio  c ha lle ng e . He re  so me  e xa mp le s o f re sp o nse s o f 

musse ls a nd  o yste rs to  c ha lle ng e  with p a tho g e nic  vib rio s a re  summa rize d . Oyste r 

p a tho g e ns ha ve  b e e n o fte n use d  to  c ha lle ng e  b o th spe c ie s o f b iva lve s. Thus, mo st 

d a ta  ha ve  b e e n c o lle c te d  o n the  re sp o nse s to  the  o yste r p a tho g e ns V. ta sma nie nsis 

LGP32, V. c rasso stre ae  J2-9 (b o th fro m the  Sp le nd id us c la d e ), a nd  V. a e stuaria nus 

01/ 032 (Ang uilla rum c la de ) (La b re uc he , La mb e rt, e t a l., 2006; Ba lb i e t a l., 2013; 

Gre e n e t a l., 2016; Va nho ve  e t a l., 2016; Rub io  e t a l., 2019).  

One  imp o rta nt q ue stio n is whe the r the  ho st c a n d isc rimina te  c o mme nsa ls fro m 

p a tho g e nic  stra ins. A re c e nt stud y in whic h vib rio s o f the  Sp le nd id us c la de  we re  

inje c te d  to  o yste rs re ve a le d  tha t a ll Vib rio  stra ins we re  re c o g nize d  b y o yste r 

he mo c yte s inde pe nde ntly o f the ir virule nc e  sta tus (Rub io  e t a l., 2019). The y ind uc e d  

thre e  ma jo r immune  sig na ling  pa thwa ys, na me ly the  inte rle ukin 17 (IL-17), tumo r 

ne c ro sis fa c to r (TNF), a nd  To ll-like  re c e p to r (TLR) p a thwa ys. The y a lso  ind uc e d  the  

p ro d uc tio n o f AMPs (b ig  d e fe nsins), ROS (d ua l o xid a se  e xp re ssio n), a nd  he a vy me ta ls 

(me ta llo thio ne ins a nd  me ta l tra nsp o rte rs). Ho we ve r, p a tho g e nic  stra ins we re  a lso  

sho wn to  ma nipula te  b iva lve  immune  re sp o nse s fo r suc c e ssful c o lo niza tio n. The se  

sp e c ie s-sp e c ific  me c ha nisms a re  d e ta ile d  b e lo w. 
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    - Re sponse s to V. tasmanie nsis. V. tasma nie nsis LGP32 wa s iso la te d  fro m mo rib und  

C. g ig a s o yste rs b y Le  Ro ux a nd  c o lla b o ra to rs (Ga y e t a l., 2004). LGP32 inte ra c tio ns 

with its na tura l ho st ha ve  b e e n wid e ly d o c ume nte d . LGP32 is a  fa c ulta tive  

intra c e llula r p a tho g e n o f o yste r immune  c e lls (Dup e rthuy e t a l., 2011). In C. g ig as, 

LGP32 use s the  ma jo r o ute r me mb ra ne  pro te in Omp U to  a tta c h to  a nd  e nte r the  

he mo c yte s; o p so niza tio n is me d ia te d  b y the  ma jo r p la sma  p ro te in Cg -Ec SOD 

re c o g nize d  b y β-inte g rins a t the  he mo c yte  surfa c e  (Fig ure  2). Co nsiste nt with a  

ma nip ula tio n o f he mo c yte  p ha g o c yto sis, LGP32 infe c tio n le a ds to  a n a lte re d  

e xp re ssio n o f o yste r g e ne s invo lve d  in c yto ske le to n d yna mic s (Rub io  e t a l., 2019). As 

LGP32 is re c o g nize d  b y the  o yste r immune  syste m, it ind uc e s a ntimic ro b ia l d e fe nse s 

b a se d  o n AMPs (b ig  de fe nsins), ROS (d ua l o xid a se ) a nd  he a vy me ta ls (Rub io  e t a l., 

2019). Ho we ve r, inside  the  p ha g o so me , it e sc a pe s fro m ho st c e llula r d e fe nse s b y 

a vo id ing  a c id ic  va c uo le  fo rma tio n a nd  b y limiting  the  p ro d uc tio n o f ROS (Dup e rthuy 

e t a l., 2011). This is a c c o mpa nie d  b y a  re pre ssio n o f the  NADPH-o xid a se  e xpre ssio n 

(Rub io  e t a l., 2019) a nd  the  a c tiva tio n o f me c ha nisms o f re sista nc e / to le ra nc e  to  

a ntimic ro b ia ls (se e  se c tio n 3). Insid e  the  he mo c yte s, LGP32 ind uc e s lyso so ma l 

d isrup tio n (Ba lb i e t a l., 2013) a nd  c a use s he mo c yte  lysis thro ug h the  intra c e llula r 

d e live ry o f typ e  6 se c re tio n syste m (T6SS) e ffe c to rs (Va nho ve  e t a l., 2016; Rub io  e t a l., 

2019) (Fig ure  2).  

In musse ls, LGP32 sho ws a  lo we r pa tho g e nic  p o te ntia l a nd  ind uc e s lo we r he mo c yte  

d a ma g e  tha n in o yste rs (Ba lb i e t a l., 2013). LGP32 is ra p id ly p ha g o c ytize d  b y M. 

g a llo pro vinc ia lis he mo c yte s, a ltho ug h p ha g o c yto sis d o e s no t re q uire  o p so niza tio n b y 

p la sma  c o mp o ne nts, a nd  it e lic its re le a se  o f he mo c yte  a ntib a c te ria l e ffe c to rs (Ba lb i 

e t a l., 2013) (Fig ure  2). Whe n inte rna lize d , LGP32 re ma ins via b le  within intra c e llula r 

va c uo le s, e sc a p ing  lyso so ma l d e g ra d a tio n. Ac c o rd ing ly, V. sp le ndidus is a b le  to  

p ro life ra te  in musse l he mo lymp h in vivo . The  o b se rve d  re sista nc e  o f LGP32 to  the  

b a c te ric ida l a c tivity o f musse l he mo c yte s wa s re la te d  to  a lte ra tio ns o f PI-3 Kina se  

sig na ling , le a d ing  to  imp a irme nt o f the  e ndo -lyso so ma l syste m, whic h sug g e sts tha t 
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LGP32 c o uld  inte rfe re  with ho st c e ll sig na ling  pa thwa ys, the re b y e sc a p ing  its 

b a c te ric ida l a c tivity. In a g re e me nt, in M. g a llo pro vinc ia llis infe c te d  with LGP32, 

he mo c yte s sho w a n a lte re d  e xpre ssio n o f g e ne s invo lve d  in inna te  immune  

re sp o nse , infla mma to ry re sp o nse , c e ll mig ra tio n a nd  d e fe nse  re spo nse s to  b a c te ria  

(Re y-Ca mp o s e t a l., 2019). Altho ug h le ss d o c ume nte d , c e llula r inte ra c tio ns o f LGP32 

with M. e dulis he mo c yte s re ve a le d  a n e ffe c t o n he mo c yte  a d he sio n, p ha g o c yto sis 

a nd  o xid a tive  b urst (Ta ng uy e t a l., 2013). In vitro , he mo c yte s o f M. e dulis e xp o se d  to  

LGP32 sho we d  a n a lte re d  e xp re ssio n o f g e ne s invo lve d  in re c o g nitio n (le c tins), 

immune  sig na ling  (TLRs, MyD88), a ntimic ro b ia l d e fe nse s (AMPs, lyso so ma l hydro la se s 

o xid a tive  stre ss) a nd  a p o p to sis (Ta ng uy e t a l., 2018). 

Ove ra ll, stud ie s o n LGP32 inte ra c tio ns with b iva lve s (b o th musse ls a nd  o yste rs) ide ntify 

this stra in a s a  fa c ulta tive  intra c e llula r p a tho g e n, whic h use s ho st immune  c e ll 

ma nip ula tio n a s a  ke y fe a ture  o f its b io lo g y. The  me c ha nisms und e rp inning  

LGP32/ o yste r he mo c yte  inte ra c tio ns a re  c o nse rve d  within the  sp e c ie s V. 

ta sma nie nsis a nd  the  d a ma g e s c a use d  to  o yste r he mo c yte s mig ht b e  a  

c o nse q ue nc e  o f V. ta sma nie nsis intra c e llula r sta g e s (Rub io  e t a l., 2019). Fro m o ur 

c urre nt kno wle d g e , the  me c ha nistic  inte ra c tio ns o f V. tasma nie nsis LGP32 with 

musse l a nd  o yste r he mo c yte s d iffe r a nd  the  d a ma g e s c a use d  b y LGP32 to  

he mo c yte s d uring  its intra c e llula r sta g e s a p pe a r hig he r in o yste r (Fig ure  2).  

 

    - Re sponse s to  V. ae stuarianus. V. a e stua ria nus sub sp . fra nc e nsis 01/ 032 wa s 

iso la te d  fro m a d ult mo rib und  o yste rs b y Nic o la s a nd  c o lla b o ra to rs d uring  a  Fre nc h 

d ise a se  o utb re a k in 2001 (Ga rnie r e t a l., 2007, 2008). This stra in pro duc e s e xtra c e llula r 

p ro d uc ts (ECPs) c o nta ining  the  ma in virule nc e  fa c to r o f V. ae stuaria nus: the  

me ta llo pro te a se  Va m (La b re uc he  e t a l., 2010). In vitro , the se  ECPs we re  sho wn to  

a lte r p ha g o c yto sis b y C. g ig a s he mo c yte s, a d he sio n a nd  ROS pro d uc tio n 

(La b re uc he , So ud a nt, e t a l., 2006). Hig h d o se s o f b a c te ria l c e lls a lso  a ffe c t he mo c yte  

a c tivitie s in vivo  a fte r a  fe w da ys (La b re uc he , La mb e rt, e t a l., 2006). It wa s the re fo re  

p ro p o se d  tha t ECPs a llo w 01/ 032 to  a vo id  pha g o c yto sis b y o yste r he mo c yte s (Fig ure  
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2), whic h like ly fa vo rs o yste r c o lo niza tio n. In c o ntra st, he mo c yte s o f M. 

g a llo pro vinc ia lis a re  a b le  to  e ffic ie ntly kill V. a e stua ria nus 01/ 032, b o th in vitro  a nd  in 

vivo  (Ba lb i e t a l., 2013). The  d iffe re nt susc e p tib ilty o f 01/ 032 to  the  a ntib a c te ria l 

a c tivity o f o yste r a nd  musse l he mo lymp h wa s de pe nd e nt o n the  p re se nc e  o f the  

e xtra p a llia l-like  pro te in (Mg EP), the  ma in p ro te in in Mytilus he mo lymp h, whic h 

inc re a se s a d he sio n a nd  killing  o f 01/ 032 b y musse l he mo c yte s (Pe zza ti e t a l., 2015) 

(Fig ure  2). Inte re sting ly, up o n a dd itio n o f p urifie d  Mg EP, o yste r he mo c yte s a c q uire d  

the  c a pa c ity to  kill V. a e stuaria nus 01/ 032. Mg EP thus c a n p la y a  ke y ro le  in 

p ro mo ting  ma nno se -se nsitive  inte ra c tio ns o f this stra in (a d he sio n a nd  killing ) with 

b o th musse l a nd  o yste r he mo c yte s, b y se rving  a s a n o pso nin (Pe zza ti e t a l., 2015; 

Ca ne si a nd  Pruzzo , 2016). The se  d a ta  furthe r hig hlig ht the  impo rta nc e  o f so lub le  

p la sma  fa c to rs in me d ia ting  he mo c yte -Vib rio  inte ra c tio ns in d iffe re nt b iva lve  sp e c ie s, 

whic h c a n p la y a  ke y ro le  in the  p a tho g e nic  o utc o me  (Pruzzo  e t a l., 2005).   

Ove ra ll d a ta  o n V. a e stua ria nus 01/ 032 inte ra c tio ns with he mo c yte s re ve a l a n 

o p p o site  o utc o me  in o yste rs a nd  musse ls. In C. g ig as, whe re  it e xpre sse s pa tho g e nic  

p o te ntia l, 01/ 032 is a b le  to  a vo id  p ha g o c yto sis, o ne  o f the  ma in c o mp o ne nt o f 

b iva lve  d e fe nse s, whe re a s in musse ls, whe re  it d o e s no t c a use  d ise a se , 01/ 032 is 

o p so nize d  b y a  ma jo r p la sma  c o mp o ne nt, Mg EP, a nd  kille d  b y the  he mo c yte s 

(Fig ure  2). 

Ho we ve r, V. a e stuaria nus 01/ 032 wa s re c e ntly de mo nstra te d  to  b e  mo de ra te ly 

virule nt, i.e . it ind uc e s mo rta litie s up o n inje c tio n o f hig h d o se s (5x107 b a c te ria / a nima l) 

(Go ud e nè g e  e t a l., 2015) c o mp a re d  to  hig hly virule nt stra ins (e .g . stra in 12_016a  

iso la te d  d uring  a n  o yste r  mo rta lity  e p iso de ) tha t kill a t lo w d o se s (102 

b a c te ria / a nima l) a s we ll a s thro ug h imme rsio n p ro c e d ure s (Pa riza d e h e t a l., 2018). 

The re fo re  stra in 01/ 032 mig ht b e  we ll a d a p te d  to  o yste r a s a  ho st b ut d o e s no t 

p o sse ss the  c o mp le te  virule nc e  re p e rto ire  tha t trig g e rs d ise a se . Only a  fe w stud ie s 

ha ve  fo c use d  o n o yste r re sp o nse s to  hig hly virule nt stra ins o f V. ae stua rianus. In 2011, 

d e  Lo rg e ril e t a l p ro vid e d  a  first c a ta lo g  o f g e ne s re la te d  to  c e llula r /  immune  

func tio ns d iffe re ntia lly e xp re sse d  in ind ivid ua ls surviving  a n infe c tio n with the  stra in 
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02/ 041. Ge ne s d iffe re ntia lly e xpre sse d  in susc e p tib le  a nd  re sista nt o yste r line a g e s 

inc lud e d  g e ne s invo lve d  in re c o g nitio n (L-rha mno se -b ind ing  le c tin), c e ll a dhe sio n (β-

Inte g rin) a nd  a ntio xida nts (Cg -Ec SOD) (Azé ma  e t a l., 2015), in a g re e me nt with a  

ma nip ula tio n o f p ha g o c yto sis. Still, a  c le a r p ic ture  o f the  me c ha nisms a llo wing  V. 

a e stua ria nus to  p ro life ra te  within o yste r he mo lymp h is still missing , a nd  we  still ig no re  if 

like  stra in 01/ 032, hig hly virule nt stra ins o f V. ae stua ria nus ma nip ula te  o yste r 

he mo c yte s to  a c hie ve  suc c e ssful infe c tio ns. 

 

    -  Re sponse s to  othe r vibrios. Altho ug h le ss d a ta  is a va ila b le  a nd  no  sp e c ific  

c o mpa riso n ha s b e e n d o c ume nte d  b e twe e n o yste r a nd  musse l re sp o nse s, the re  a re  

a t le a st two  a dd itio na l e xa mp le s tha t e vide nc e  c lo se  inte ra c tio ns b e twe e n 

p a tho g e nic  vib rio s a nd  he mo c yte s. First, V. c ra sso stre a e  J2-9, whic h is a sso c ia te d  

with o yste r juve nile  ma ss mo rta litie s (POMS) (Le mire  e t a l., 2015), te nd s to  d a mpe n 

se ve ra l immune  de fe nse s in o yste r. Like  LGP32, it re pre sse s the  NADPH-me d ia te d  

p ro d uc tio n o f ROS a nd  C -type  le c tin-me d ia te d  a ntib a c te ria l immunity (Rub io  e t a l., 

2019). It a lso  re pre sse s the  e xp re ssio n o f C1q  d o ma in-c o nta ining  (C 1q DC) p ro te ins, a  

fa mily o f c o mp le me nt-re la te d  p ro te ins, whic h, in o yste rs, c a n se rve  a s o p so nins tha t 

e nha nc e  Vib rio  p ha g o c yto sis (Lv e t a l., 2018). J2-9 re ma rka b ly a lte rs c e llula r de fe nse s 

b y ind uc ing  ma ssive  he mo c yte  lysis thro ug h a  c o nta c t-de pe nd e nt me c ha nism 

(Rub io  e t a l., 2019). Whe the r o r no t the  o b se rve d  re p re ssio n o f immune  g e ne s is 

re la te d  to  the  vib rio -trig g e re d  lysis o f spe c ific  he mo c yte  p o p ula tio ns re ma ins to  b e  

c la rifie d . Simila r to  o the r pa tho g e nic  vib rio s, V. sp le ndidus 10/ 068, whic h wa s iso la te d  

fro m mo rib und  musse ls in Fra nc e  in 2010 (Be n Che ikh e t a l., 2017), wa s sho wn to  a lte r 

d iffe re nt func tio ns o f he mo c yte s inc lud ing  mo tility, a d he sio n, ROS p ro d uc tio n, 

p ha g o so me  ma tura tio n a nd  via b ility. Mo re o ve r, its e xtra c e llula r pro d uc ts inhib ite d  

c e llula r re sp o nse s suc h a s ROS p ro d uc tio n (Be n Che ikh e t a l., 2016) thro ug h a n 

unkno wn me c ha nism.  
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Ove ra ll, c urre nt insig hts into  Vib rio -b iva lve  inte ra c tio ns sho w a  ke y ro le  o f he mo c yte s 

in c o ntro lling  infe c tio ns thro ug h p ha g o c yto sis a nd  its a sso c ia te d  a rse na l o f 

a ntimic ro b ia l c o mp o und s (ROS, he a vy me ta ls a nd  AMPs). He mo c yte  re a c tio ns a lso  

inc lud e  ETo sis whic h is trig g e re d  b y the  o xid a tive  b urst a nd  c o uld  p a rtic ip a te  in 

c o nta ining  vib rio s insid e  the  he mo lymp h c o mp a rtme nt. While  the  c e llula r d e fe nse  

a rse na l is g e ne ra lly c o mp a ra b le  in o yste r a nd  musse ls, it a p pe a rs to  ma inly d iffe r in 

the  AMPs e xp re sse d  b y immune  c e lls a nd  tissue s a nd  in the  ma jo r so lub le  

c o mp o ne nts p re se nt in the  p la sma , whic h se rve  a s o pso nins. Bo th AMPs a nd  so lub le  

p la sma  fa c to rs a nd  mig ht c o ntrib ute  to  the  d istinc t susc e p tib ility o f o yste rs a nd  

musse ls to  infe c tio ns. 

 

3. Multifa c e te d a da ptive  re sponse s of vibrios to  the ir mollusc a n hosts  

Ac c o rd ing  to  na tura l se le c tio n, mic ro b e s a d a p te d  fo r g ro wth in me ta zo a n ho sts 

ha ve  se le c te d  stra te g ie s to  e va d e , inhib it o r ma nip ula te  immune  re sp o nse s 

(Stub b e nd ie c k e t a l., 2016). Co mmo nly, c o unte r-me a sure s to  ho st inna te  immunity 

inc lud e  a c tive  da mpe ning  o f immune  d e fe nse s, i.e . immune  sup p re ssio n, e sc a pe  

fro m ho st re c o g nitio n (usua lly b y d isg uising  the ir immuno g e nic  surfa c e  c o mp o ne nts), 

o r re sista nc e / to le ra nc e  to  a ntimic ro b ia ls (Ho rne f e t a l., 2002; Re d d ic k a nd  Alto , 

2014). This e va sio n/ to le ra nc e  sc e na rio  a pp lie s to  sp e c ie s b e lo ng ing  to  the  re sid e nt 

mic ro b io ta  o f me ta zo a ns a s we ll a s to  ne w inva d e rs. In Vib rio  spe c ie s infe c ting  o r 

simp ly c o lo nizing  b iva lve s se ve ra l o f the se  stra te g ie s ha ve  b e e n re c e ntly id e ntifie d . 

The se  re c e nt d a ta  hig hlig ht the  multifa c e te d  na ture  o f immune  e va sio n in Vib rio  

p o p ula tio ns p o sitive ly a sso c ia te d  with b iva lve s. 

Re sista nc e / to le ra nc e  to  ho st a ntimic ro b ia ls ha s b e e n e vide nc e d  a s a  ke y 

d e te rmina nt o f Vib rio  infe c tivity in o yste rs. Mo st d a ta  we re  o b ta ine d  in the  fa c ulta tive  

intra c e llula r p a tho g e n V. tasma nie nsis (Dup e rthuy e t a l., 2011). In this sp e c ie s, 

re sista nc e  to  ROS a nd  to  he a vy me ta ls wa s id e ntifie d  a s e sse ntia l. Ind e e d , b o th 

a ntio xid a nts (So d A, Ahp CF, c a ta la se ) a nd  c o p pe r e fflux ma c hine rie s (Co p A, 
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CusABC) we re  hig hly ind uc e d  up o n c o nta c t with he mo c yte s a nd  the y d e te rmine d  

Vib rio  re sista nc e  to  intra c e llula r killing  (Va nho ve  e t a l., 2016). Me c ha nisms tha t c o nfe r 

inc re a se d  re sista nc e  to  o yste r AMPs we re  a lso  e vid e nc e d  (De sto umie ux-Ga rzó n e t 

a l., 2014). Inside  the  pha g o so me s o f o yste r he mo c yte s, V. ta smanie nsis LGP32 wa s 

sho wn to  re le a se  o ute r me mb ra ne  ve sic le s tha t e ntra p  AMPs a nd  inc re a se  

a ntimic ro b ia l re sista nc e  (Va nho ve  e t a l., 2015). An Omp U-me d ia te d  p ro te c tio n 

a g a inst AMPs wa s a lso  e vide nc e d  in V. tasma nie nsis LGP32 (Dup e rthuy e t a l., 2010), 

whic h like ly re sults fro m the  Omp U-me dia te d  ind uc tio n o f the  e nve lo p e  stre ss 

re sp o nse , a s d e mo nstra te d  in V. c ho le rae  (Ma thur a nd  Wa ld o r, 2004; Ma thur e t a l., 

2007). Ho we ve r, up  to  no w p o te nt me c ha nisms tha t mo d ify the  e le c tro ne g a tivity o f 

the  lip o p o lysa c c ha ride s (LPS) a nd  inc re a se  re sista nc e  to  AMPs (Ha nkins e t a l., 2011, 

2012; Culle n e t a l., 2015) ha ve  no t b e e n ide ntifie d  in Vib rio  stra ins a sso c ia te d  with 

b iva lve s. RND e fflux ma c hine rie s tha t de to xify Vib rio  c e lls fro m the  ho st a ntimic ro b ia ls 

(Bina  e t a l., 2008) a re  p re se nt in the  g e no me s o f Vib rio  stra ins c o lo nizing  b iva lve s, b ut 

the ir ro le  ha s no t b e e n stud ie d . Mo re o ve r, Vib rio  stra ins p o sitive ly a nd  ne g a tive ly 

a sso c ia te d  with o yste rs c o uld  no t b e  d isc rimina te d  o n the  b a sis o f the ir re sista nc e  to  

AMPs (Oya ne d e l e t a l., unp ub lishe d ). The re fo re , it is unc le a r ho w muc h re sista nc e  to  

AMPs c o ntrib ute s to  c o lo niza tio n suc c e ss in o yste rs. This ma y d iffe r fo r Vib rio  sp e c ie s 

a sso c ia te d  with musse ls, whic h e xp re ss AMPs in la rg e  a mo unts (Mitta  e t a l., 2000; 

Pa lla vic ini e t a l., 2008), o r with o yste rs, whic h e xp re ss AMPs in sma ll a mo unts (Sc hmitt, 

Lo rg e ril, e t a l., 2012). 

Me c ha nisms o f immune  c e ll lysis ne e de d  to  e sc a pe  fro m he mo c yte  c o ntro l we re  

id e ntifie d  in V. ta smanie nsis a nd  V. c rasso stre ae  (Va nho ve  e t a l., 2016; Pie l e t a l., 

2019; Rub io  e t a l., 2019). Suc h a n a c tive  da mp e ning  o f o yste r c e llula r d e fe nse s wa s 

sho wn to  d e p e nd  o n d istinc t mo le c ula r e ffe c to rs: a  c hro mo so me -e nc o de d  T6SS 

a c tive  a g a inst e uka ryo tic  c e lls in V. ta sma nie nsis, a nd  the  a nc e stra l R5-7 virule nc e  

fa c to r to g e the r with a  T6SS c a rrie d  b y a  p la smid  (T6SSp GV) in V. c ra sso stre a e  (Pie l e t 

a l., 2019; Rub io  e t a l., 2019). Bo th me c ha nisms e na b le  virule nt Vib rio  to  e sc a pe  

he mo c yte  c o ntro l a nd  c a use  syste mic  infe c tio ns (Fig ure  1). Re c e ntly, stra ins o f V. 

sp le ndidus a b le  to  c o lo nize  o yste r tissue s we re  a lso  fo und  to  b e  c yto to xic  to wa rd  
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he mo c yte s (Oya ne d e l e t a l., 2020). Simila r e vo lutio n to wa rd  c yto to xic  p he no typ e s 

illustra te s the  imp o rta nc e  fo r suc c e ssful c o lo nize rs to  o ve rc o me  the  ma jo r c e llula r 

d e fe nse s o f o yste rs: the y c re a te  a  le ss ho stile  ha b ita t tha t e na b le s c o lo niza tio n o f 

o yste r tissue s. Cyto to xic ity is the re fo re  a n imp o rta nt de te rmina nt o f stra in infe c tivity, 

whic h e na b le s virule nc e  e xp re ssio n whe n Vib rio  stra ins ha rb o r virule nc e  fa c to rs.  

So me  b a c te ria l sp e c ie s ha ve  a c q uire d  the  c a p a c ity to  e sc a p e  fro m ho st re c o g nitio n 

b y b e c o ming  le ss immuno g e nic  o r b y re d uc ing  the  ho st immune  re sp o nse s e lic ite d  

b y the  re le a se  o f mic ro b e -a sso c ia te d  mo le c ula r pa tte rns suc h a s LPS a nd  

p e p tid o g lyc a n (Cha rro ux e t a l., 2018). Suc h me c ha nisms o f immune  e va sio n re ma in 

p o o rly d e sc rib e d  in Vib rio  sp e c ie s. Ho we ve r, in a  re c e nt stud y o f a  V. sp le ndidus 

p o p ula tio n a sso c ia te d  with o yste rs, d istinc t struc ture s o f LPS O -a ntig e n we re  

id e ntifie d . Ma nip ula tio ns o f the  wb e  hyp e rva ria b le  g e no mic  re g io n, whic h 

d e te rmine s the  O-a ntig e n struc ture  in V. sp le ndidus (Wild sc hutte  e t a l., 2010) le a d  to  

le ss immuno g e nic  struc ture s tha t fa vo re d  o yste r c o lo niza tio n (Oya ne d e l e t a l., 2020). 

This id e ntifie s immune  e va sio n a s a  no ve l a d a p tive  me c ha nism und e rp inning  

c o lo niza tio n in Vib rio  a sso c ia te d  with b iva lve s.    

Within me ta zo a n ho sts, mic ro b e s a re  a lso  e ng a g e d  in inte rb a c te ria l c o mp e titio n fo r 

surviva l a mo ng  the  d ive rse  re side nt mic ro b ia l c o mmunitie s a nd  a g a inst ne w 

c o lo nize rs (Fra une  e t a l., 2015). Ba c te ria  ha ve  a da p te d  to  g ro wth with ne ig hb o rs 

(Stub b e nd ie c k a nd  Stra ig ht, 2016). To o ls fo r c o mp e titio n b e twe e n b a c te ria  c a n p o int 

to  the  fig ht fo r vita l re so urc e s, g ro wth inhib itio n o r d ire c t killing  o f riva ls b y the  de live ry 

o f to xins a nd  AMPs suc h a s b a c te rio c ins (Stub b e nd ie c k a nd  Stra ig ht, 2016). The  fig ht 

fo r iro n, p re se nt in limiting  c o nc e ntra tio ns within me ta zo a n ho sts, wa s e vid e nc e d  in 

the  tra nsc rip to mic  a c tivity o f vib rio s c o lo nizing  b iva lve s with a  ma jo r ind uc tio n o f 

side ro p ho re  b io synthe sis a nd  iro n-up ta ke  ma c hine rie s (Va nho ve  e t a l., 2016; Rub io  e t 

a l., 2019). This like ly ha s ma jo r impa c t o n c o lo niza tio n suc c e ss, a s e a rlie r sho wn in V. 

vulnific us infe c ting  mic e  (Are ze s e t a l., 2015). While  se ve ra l stud ie s ha ve  e vid e nc e d  

b a c te ria  ha rb o ring  a ntimic ro b ia l a c tivity in the  he mo lymp h o f b iva lve s (De fe r e t a l., 

2013; De sria c  e t a l., 2014), the  p ro d uc tio n o f b a c te rio c ins a nd  re sista nc e  to  suc h no n-
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ho st-de rive d  immune  e ffe c to rs re ma ins a  p o o rly e xp lo re d  a spe c t o f Vib rio  infe c tivity. 

Ho we ve r, it wa s sug g e ste d  tha t c o o pe ra tio n e xists within Vib rio  p o pula tio ns b a se d  o n 

b a c te rio c in p ro duc tio n a nd  up ta ke  (Co rd e ro  e t a l., 2012). Simila rly, re c e nt stud ie s 

ha ve  re ve a le d  the  b ro a d  d istrib utio n o f inte rb a c te ria l T6SS in Vib rio  sp e c ie s, a  killing  

me c ha nism tha t use s c o nta c t-d e p e nd e nt to xin de live ry a nd  to xin-re sista nc e  

me c ha nism to  inhib it c o mpe tito rs (Ho  e t a l., 2015). In Vib rio  spe c ie s p a tho g e nic  fo r 

o yste rs suc h T6SS syste ms a re  ind uc e d  up o n ho st c o lo niza tio n a ltho ug h a  fo rma l ro le  

in inte rb a c te ria l c o mpe titio n ha s no t b e  d e mo nstra te d  (Rub io  e t a l., 2019). Suc h a  

d e mo nstra tio n wa s a c hie ve d  in V. vulnific us, in whic h two  T6SS a re  invo lve d  in inte r-

/ intra -sp e c ie s c o mp e titio n within o yste r ho sts (Hub e rt, 2019), a nd  in V. fisc he ri, in 

whic h a  T6SS c o ntro ls c o mp e titio ns d uring  sq uid  c o lo niza tio n (Sp e a re  e t a l., 2018). 

Alto g e the r, re c e nt a dva nc e s in Vib rio -b iva lve  inte ra c tio ns hig hlig ht the  a d a p tive  

p o te ntia l o f b iva lve  c o lo nize rs, whic h ha ve  no t o nly d e ve lo pe d  stra te g ie s to  

c irc umve nt the  p o te nt c e llula r d e fe nse s o f the ir na tura l ho sts b ut a lso  to o ls fo r 

c o mpe titio n with the  a b und a nt mic ro b ia l c o mmunitie s ho ste d  b y b iva lve s. 

 

4. The  se le c tion of adapte d g e notype s in biva lve s a nd the  aquatic  e nvironme nt 

As fre e -living  a nd  no n-o b lig a to ry p a ra site s, vib rio s e ng a g e  in d ive rse  b io tic  

inte ra c tio ns in the  e nviro nme nt o utsid e  o f the ir b iva lve  ho sts. Amo ng  the se  b io tic  

inte ra c tio ns the y e nc o unte r two  ma jo r g ro up s o f b a c te ria l p re d a to rs, i.e . 

b a c te rio p ha g e s a nd  b a c te rivo ro us pro tists (g ra ze rs), i.e . c ilia te s, fla g e lla te s a nd  

a mo e b o zo a e  (Pe rntha le r, 2005). As p re d a to r-pre y inte ra c tio ns a re  so me  o f the  

stro ng e st fo rc e s d riving  ra p id  c o -e vo lutio n o f b o th p a rtne rs, o fte n re fe rre d  to  a s a n 

a rm-ra c e  (Da wkins e t a l., 1979), p re d a to r-p re y inte ra c tio ns in b a c te ria l c o mmunitie s 

sig nific a ntly influe nc e  a nd  sha p e  b a c te ria l a da p tive  stra te g ie s a nd  fa vo r the  

se le c tio n o f p re da tio n re sista nc e  tra its.  

 Gra ze rs c a n b e  fo und  in mo st e c o lo g ic a l nic he s inha b ite d  b y b a c te ria l 

c o mmunitie s, a nd  the ir p re d a tio n a c tivity sha re s simila r c e llula r a nd  mo le c ula r 
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p ro c e sse s with the ir me ta zo a n immune  c e lls c o unte rp a rts, the  p ha g o c yte s, i.e . the  

he mo c yte s in the  c a se  o f b iva lve s. Pha g o c yto sis a nd  intra c e llula r a ntimic ro b ia l 

p ro c e sse s a re  inde e d  hig hly c o nse rve d  fro m p ro to zo a ns to  ma mma ls (Bo ula is e t a l., 

2010). He nc e , b a c te ria l p re d a tio n b y g ra ze rs ha s o fte n b e e n sug g e ste d  to  fa vo r c o -

inc ide nta l se le c tio n o f b a c te ria l virule nc e  fa c to rs, inc lud ing  in Vib rio na c e a e  (Erke n e t 

a l., 2013). A d ive rsity o f surviva l a d a p ta tio ns a g a inst p re d a tio n b y g ra ze rs c a n b e  

fo und  in b a c te ria  a nd  c la ssifie d  in two  ma in g ro up s: e ithe r pre - inge stiona l o r post-

ing e stiona l a d a p ta tio ns (Ma tz a nd  Kje lle b e rg , 2005). Pre -ing e stio na l a da p tio ns 

inc lud ing  hig h mo tility, fila me nta tio n, surfa c e  ma sking  o r to xin re le a se  a re  c o mmo nly 

fo und  in e xtra c e llula r p a tho g e ns; whe re a s p o st-ing e stio na l a d a p ta tio ns inc lud ing  

d ig e stio n re sista nc e  thro ug h va c uo la r tra ffic king  inhib itio n o r va c uo la r e sc a p e , a nd  

intra c e llula r to xin re le a se  a re  c o mmo nly fo und  fo r intra c e llula r p a tho g e ns a nd  te nd  

to  fa vo r b a c te ria l g ro wth (Ma tz a nd  Kje lle b e rg , 2005).  

Esc a pe  from pha goc ytosis.  Amo ng  p re -ing e stio na l a d a p ta tio ns so me  a re  wid e ly 

sha re d  b y Vib rio nac e a e  a s the y a re  fla g e lla te d  a nd  hig hly mo tile . In a d d itio n so me  

o f the m c a n fo rm b io films, a s e .g . V. c ho le rae  tha t p ro duc e s Vib rio  Po lysa c c ha rid e s 

(VPS) fa vo ring  re sista nc e  to  g ra zing  (He nst e t a l.; Sun e t a l., 2013). Inte re sting ly the  

o yste r V. tasma nie nsis LGP32 ha s b e e n sug g e ste d  to  fo rm b io films (Ve zzulli e t a l., 

2015), a ltho ug h a  p o te ntia l ro le  o f this p ro c e ss in re sista nc e  to  g ra ze rs re ma ins to  b e  

inve stig a te d .  

Cytotoxic  a c tivitie s. To xin/ pro te a se  re le a se  a nd  c yto to xic  a c tivitie s c a n b o th p la y a  

ro le  a s p re -ing e stio na l o r p o st-ing e stio na l a d a p ta tio ns to  g ra ze rs (Ma tz a nd  

Kje lle b e rg , 2005). Prote a se  se c re tion is wide sp re a d  a mo ng  vib rio s a nd  it ha s b e e n 

d e sc rib e d  fo r mo st stra ins p a tho g e nic  to wa rd  b iva lve s (Bine sse  e t a l., 2008; 

La b re uc he  e t a l., 2010). So me  o f the se  p ro te a se s fa vo r re sista nc e  to  g ra zing  b y 

a mo e b a  a nd  c ilia te s a s sho wn fo r the  me ta llo pro te a se  Vsm se c re te d  b y V. 

ta sma nie nsis LGP32 (Ro b ino  e t a l., 2019) a nd  the  pro te a se  PrtV se c re te d  b y V. 

c ho le ra e  (Va itke vic ius e t a l., 2006). To  d a te  in vib rio s, the y re p re se nt so me  o f the  b e st 

e xa mple s o f fa c to rs und e r e nviro nme nta l se le c tive  pre ssure  tha t c o ntrib ute  to  
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virule nc e / to xic ity in a  me ta zo a n ho st. V. ta sma nie nsis a nd  V. c rasso stre a e  a lso  

ha rb o r c yto to xic  c a pa c itie s tha t a re  ne c e ssa ry fo r the ir p a tho g e nic ity (Rub io  e t a l., 

2019), a mo ng  the m MARTX to xins a nd  T6SS c o mp o ne nts (Bruto  e t a l., 2017; Pie l e t a l., 

2019; Rub io  e t a l., 2019). Ho we ve r, up  to  no w, no ne  o f the se  syste ms we re  sho wn to  

p ro te c t b iva lve  p a tho g e ns a g a inst g ra zing . The  ro le  o f MARTX toxins in re sista nc e  to  

g ra zing  wa s sho wn fo r V. vulnific us, in whic h a  MARTX invo lve d  in e e l infe c tio n c o nfe rs 

p ro te c tio n a g a inst a mo e b a  g ra zing  (Le e  e t a l., 2013). Ho we ve r, suc h a  ro le  ha s no t 

ye t b e e n inve stig a te d  in b iva lve  pa tho g e ns. Simila rly, the  T6SS o f V. c ho le ra e  ha s 

sho wn c yto to xic  a c tivity o n the  slime  mo ld  Dic tyo ste lium disc o ide um  d uring  its 

a c tive ly g ra zing  unic e llula r life  sta g e  (Puka tzki e t a l., 2006). Ho we ve r, in the  o yste r 

p a tho g e n V. tasma nie nsis LGP32, whe re  a  T6SS d e te rmine s c yto to xic ity to wa rds 

o yste r he mo c yte s (Rub io  e t a l., 2019), no  e ffe c t wa s fo und  in the  inte ra c tio n with the  

a mo e b a e  Vanne lla  sp . 1411 (Ro b ino  e t a l., 2019). He nc e  the  ro le  o f T6SS in b io tic  

inte ra c tio ns o utsid e  b iva lve s re ma ins to  b e  d e te rmine d . 

Re sista nc e  to  he avy me ta ls. Evid e nc e  o f po st-ing e stio na l a d a p ta tio ns in vib rio s a re  

limite d  to  a  numb e r o f p a tho g e nic  stra ins tha t a d o p t intra c e llula r sta g e s a nd  survive  

intra c e llula r d ig e stio n (Ro se nb e rg  a nd  Fa lko vitz, 2004; Ma  e t a l., 2009; Vid a l-Dup io l e t 

a l., 2011; Ritc hie  e t a l., 2012; d e  So uza  Sa nto s a nd  Orth, 2014; Va n d e r He nst e t a l., 

2016), a s sho wn fo r V. ta sma nie nsis LGP32 in he mo c yte s o f b iva lve s (Dup e rthuy e t a l., 

2011; Ba lb i e t a l., 2013; Va nho ve  e t a l., 2016; Rub io  e t a l., 2019). Suc h pro pe rtie s a re  

ra the r unusua l fo r p a tho g e nic  vib rio s a nd  po te ntia lly re minisc e nt o f p o st-ing e stio na l 

a d a p ta tio n to  g ra ze rs p re d a tio n. Ind e e d , LGP32 wa s fo und  re sista nt to  g ra zing  b y 

the  fre e -living  a mo e b a  Va nne lla  a nd  so me  virule nc e  fa c to rs, suc h a s the  p -ATPa se  

c o pp e r e fflux pump Co p A, we re  fo und  to  p la y a  ro le  in this re sista nc e  (Ro b ino  e t a l., 

2019). Inte re sting ly the  Co p A-me d ia te d  re sista nc e  to  c o pp e r is a lso  ne c e ssa ry fo r V. 

fisc he ri c o lo niza tio n in the  b o b ta il sq uid  (Bro o ks e t a l., 2014). The re fo re , c o pp e r 

re sista nc e  fa vo ring  re sista nc e  to  a mo e b a  p re d a tio n is a lso  a  ke y d e te rmina nt o f 

Vib rio  a sso c ia tio ns with mo llusc a n ho sts, b o th in p a ra sitic  a nd  mutua listic  inte ra c tio ns.  
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Adsorption inhibition. In a d d itio n to  g ra ze rs, b a c te rio p ha g e s a re  a n imp o rta nt c la ss 

o f p re d a to rs whic h a re  a b und a nt a nd  hig hly d ive rse  in ma rine  e nviro nme nts; the y 

c o ntrib ute  to  the  e vo lutio n o f b a c te ria  b y me d ia ting  ho rizo nta l g e ne  tra nsfe r a nd  

g e no mic  re a rra ng e me nts, a s we ll a s b y b a c te ric id a l se le c tio n (Dy e t a l., 2014). A 

c ritic a l ste p  in the ir inte ra c tio n with b a c te ria  is the  a tta c hme nt to  c e ll wa ll 

c o mp o ne nts (me mb ra ne  re c e p to rs, p o rins, LPS, fla g e lla , p ili) thus e xe rting  a n 

imp o rta nt se le c tive  pre ssure  o n c e ll wa ll c o mp o sitio n a nd  c e ll wa ll p la stic ity. He nc e  

b a c te ria  a da p ta tio n to  p ha g e  p re d a tio n c a n sha re  simila ritie s with p re -ing e stio na l 

ma sking  stra te g ie s to  a vo id  re c o g nitio n b y g ra ze rs. Amo ng  a d a pta tio ns to  pha g e s 

tha t ha ve  b e e n de sc rib e d  fo r vib rio s, LPS mo d ific a tio ns (Se e d  e t a l., 2012) p la y a  ke y 

ro le  a nd  OMVs re le a se  c a n b e  use d  a s d e c o y stra te g y (Ma nning  a nd  Kue hn, 2011) in 

a  simila r ma nne r tha n OMVs p la y a  ro le  a s d e c o y a g a inst AMPs d uring  b iva lve  

immune  re sp o nse  (Va nho ve  e t a l., 2015). Inte re sting ly OMVs a re  invo lve d  in V. 

c ho le ra e  re sista nc e  to  p ha g e s (Re ye s-Ro b le s e t a l., 2018) a s we ll a s in re sista nc e  

a g a inst the  a mo e b a  Ac a ntha mo e b a e  c a ste lla nii (Va le ru e t a l., 2014) 

The  LPS struc ture  unde r multiple  se le c tive  pre ssure s. So me  virule nc e  tra its c a n b e  

und e r a dve rse  se le c tio n in d iffe re nt b io tic  inte ra c tio ns a nd  g e ne ra te  a  tra de o ff 

e q uilib rium. In a  re c e nt stud y o f a  V. sp le ndidus p o p ula tio n a sso c ia te d  with o yste rs, 

we  ide ntifie d  d istinc t struc ture s o f LPS O-a ntig e n e nc o d e d  b y the  wb e  hype rva ria b le  

g e no mic  re g io n, whic h d e te rmine s the  O-a ntig e n struc ture  in V. sp le ndidus 

(Wild sc hutte  e t a l., 2010). Inte re sting ly le ss immuno g e nic  struc ture s o f LPS O-a ntig e n 

tha t fa vo re d  o yste r c o lo niza tio n le d  to  a tte nua te d  re sista nc e  to  g ra zing  b y the  

Va nne lla  sp . AP1411 fre e -living  ma rine  a mo e b a e , sug g e sting  a  tra d e o ff b e twe e n 

g ra zing  re sista nc e  a nd  o yste r c o lo niza tio n (Oya ne de l e t a l., 2020). Suc h a  tra de o ff 

b e twe e n virule nc e  a nd  re sista nc e  to  p re d a to rs wa s a lso  re p o rte d  fo r V. c ho le ra e  O-

a ntig e n struc ture , whic h is unde r e p ig e ne tic  c o ntro l: p ha se  va ria nts o f the  wb e  

re g io n d e fe c tive  in p ro d uc ing  O -a ntig e n a re  inde e d  hig hly re sista nt to  p ha g e  

infe c tio n, b ut se ve re ly a tte nua te d  in te rms o f virule nc e  (Se e d  e t a l., 2012). Alto g e the r 

the se  stud ie s hig hlig ht the  c ritic a l ro le  o f LPS O-a ntig e n in b io tic  inte ra c tio ns invo lving  

vib rio s, stra ins pa tho g e nic  fo r b iva lve  b e ing  no  e xc e p tio n. The  e xtre me  va ria b ility o f 
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this ma jo r me mb ra ne  struc ture  is c o ntro lle d  b y g e ne tic  o r e p ig e ne tic  de te rmina nts 

fa vo ring  e nviro nme nta l p e rsiste nc e  b ut le a d ing  to  a tte nua te d  virule nc e  in b iva lve s. 

Alto g e the r the se  re c e nt stud ie s sho w tha t the  multip le  b io tic  inte ra c tio ns o f vib rio s in 

the  e nviro nme nt c a n le a d  to  e ithe r p o sitive  (c o inc id e nta l se le c tio n), ne utra l (re la xe d  

se le c tio n), o r ne g a tive  (c o nflic ting  se le c tio n) e ffe c ts o n the  se le c tio n o f Vib rio  tra its 

re q uire d  fo r virule nc e  e xp re ssio n in b iva lve s (Miko nra nta  e t a l., 2012) (Fig ure  1). 

Pre d a tio n c o uld  fa vo r the  se le c tio n o f so me  virule nc e  fa c to rs tha t p a rtic ip a te  to  

p a tho g e nic ity in b iva lve  ho st (Ad ib a  e t a l., 2010). Ho we ve r, a s illustra te d  in the  we ll-

kno wn intra c e llula r pa tho g e n L. p ne umo phila , hundre ds o f virule nc e  fa c to rs c a n 

inte ra c t with a  d ive rsity o f ho sts, witho ut ha ving  a  simila r impo rta nc e  in e a c h 

inte ra c tio n (Bo a ma h e t a l., 2017; Gho sh a nd  O ’ Co nno r, 2017; Pa rk e t a l., 2020). Thus, 

in V. c ho le ra e , so me  virule nc e  fa c to rs invo lve d  in the  re sista nc e  to  g ra zing  b y A. 

c a ste lla nii ha ve  a  mino r ro le  in p a tho g e ne sis in huma n (Va n d e r He nst e t a l., 2018). 

The y c a n a lso  ha ve  a dve rse  e ffe c ts a s re c e ntly illustra te d  in a  V. sp le ndidus 

mo d e ra te ly virule nt fo r o yste rs (Oya ne d e l e t a l., 2020) Vib rio s b e ing  mo stly 

o p p o rtunistic  p a tho g e ns, the y a p pe a r to  ha ve  a c q uire d , o n the  o ne  ha nd , 

“ g e ne ra list”  virule nc e  fa c to rs invo lve d  in multip le  b io tic  inte ra c tio ns, a nd  o n the  o the r 

ha nd , “ sp e c ia list”  virule nc e  fa c to rs invo lve d  in inte ra c tio ns with a  pa rtic ula r ho st, with 

p o ssib le  tra d e -o ffs o n o the r inte ra c tio ns.  

 

Conc luding  Re ma rks 

This re vie w hig hlig hts the  multifa c e te d  na ture  o f Vib rio  inte ra c tio ns with musse ls a nd  

o yste rs, a q ua c ulture  sp e c ie s sho wing  c o ntra sting  re sista nc e  to  infe c tio ns. While  o nly 

a  limite d  numb e r o f vib rio s p a tho g e nic  fo r musse ls ha ve  b e e n de sc rib e d , the  c urre nt 

lite ra ture  sho ws tha t o yste r p a tho g e ns te nd  to  inte ra c t d iffe re ntly with ma jo r 

c o mp o ne nts o f o yste r/ musse l p la sma  a nd  with the ir ke y immune  c e lls, the  

he mo c yte s, whic h p e rfo rm p ha g o c yto sis a nd  p ro d uc e  hig hly mic ro b ic id a l re a c tive  

o xyg e n/ nitro g e n spe c ie s a nd  a c c umula te  he a vy me ta ls. The  p o te nt p ro d uc tio n o f 

This article is protected by copyright. All rights reserved.



 

 

AMPs in musse ls a s o p p o se d  to  o yste rs c o uld  b e  a n imp o rta nt fa c to r c o ntro lling  

d ise a se  o utc o me s. Pla sma -so lub le  re c o g nitio n p ro te ins spe c ific  o f the  b iva lve  

sp e c ie s a lso  a pp e a r to  ha ve  c ritic a l ro le . Ho we ve r, unde rsta nd ing  the  hig he r 

susc e p tib ility o f o yste rs to  infe c tio ns re q uire s a  mo re  syste ma tic  c o mp a riso n o f Vib rio  

inte ra c tio ns with musse ls a nd  o yste rs. Tha nks to  the ir suc c e ssful c o lo niza tio n o f 

o yste rs, d iffe re nt stra te g ie s o f immune  e va sio n a nd  to le ra nc e / re sista nc e  ha ve  b e e n 

e vide nc e d  in vib rio s pa tho g e nic  fo r o yste rs. The se  me c ha nisms inc lud e  to le ra nc e  to  

the  ma in c e llula r de fe nse s o f o yste rs (ROS, AMPs, he a vy me ta ls), a c tive  da mpe ning  

o f c e llula r immunity thro ug h c yto lytic  me c ha nisms (to xins, T6SS) a s we ll a s re d uc e d  

a ntig e nic  p ro pe rtie s thro ug h mo d ific a tio ns o f LPS, a  ma jo r a nd  hyp e rva ria b le  

c o mp o ne nt o f Vib rio  o ute r me mb ra ne . Re c e nt kno wle d g e  o n the  inte ra c tio ns o f 

vib rio s with e nviro nme nta l pre da to rs (p ha g e s, g ra ze rs) hig hlig ht p o ssib le  me c ha nisms 

o f c o inc id e nta l se le c tio n a s we ll a s tra d e o ffs a c ting  o n the se  imp o rta nt d e te rmina nts 

o f Vib rio  virule nc e  (Fig ure  1). 
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Fig ure  le g e nd. 

Fig ure  1. Vibrio- biva lve  inte ra c tions a nd the  biotic  e nvironme nt. Vib rio s b e lo ng  to  the  

na tura l mic ro b io ta  o f o yste rs a nd  musse ls, e sta b lishing  b o th tra nsie nt a nd  sta b le  

inte ra c tio ns. Outside  pa tho g e nic  c o nte xts, vib rio  c o mmunitie s a re  c o ntro lle d  in the  

he mo lymph b y ke y he mo c yte  re sp o nse s tha t inc lude  p ha g o c yto sis, ETo sis a nd  the  

p ro d uc tio n/ a c c umula tio n o f mic ro b ic id a l c o mp o und s (ROS, NOS, AMPs, c o p p e r, 

zinc ). Ho we ve r vib rio s c a n o ve rc o me  the se  p o te nt a ntimic ro b ia l d e fe nse s b y 

ind uc ing  the  lysis o f b iva lve  he mo c yte s. Diffe re nt me c ha nisms ha ve  b e e n e vo lve d  b y 

vib rio  sp e c ie s le a d ing  to  this c o mmo n e nd . The  re q uire d  e ffe c to rs c a n b e  d e live re d  

e xtra c e llula rly b y c o nta c t with the  he mo c yte  me mb ra ne  o r intra c e llula rly insid e  the  

p ha g o so me . This e na b le s vib rio s to  c o lo nize  d e e p e r tissue s a nd  c a use  syste mic  

infe c tio ns. Inte ra c tio ns with pre da to rs (p ha g e s a nd  a mo e b a ) c o uld  fa vo r the  

se le c tio n o f me c ha nisms o f virule nc e  (c yto to xic ity, re sista nc e  to  b iva lve  a ntimic ro b ia l 

d e fe nse s) in the  e nviro nme nt a s the y c o nfe r re sista nc e  to  g ra zing ; in c o ntra st so me  

surfa c e  d e te rmina nts c o uld  b e  c o unte r-se le c te d  a s the y c o nfe r a n a dva nta g e  in 

c o lo nizing  o yste rs b ut a n inc re a se d  susc e p tib ility to  p re d a to rs. 

 

Fig ure  2. A simplifie d vie w of he moc yte -vibrio  inte ra c tions. The  inte ra c tio n o f the  

o yste r pa tho g e ns V. tasma nie nsis LGP32 a nd  V. ae stua ria nus 01/ 032 with he mo c yte s 

o f C. g ig a s a nd  M. g a llo pro vinc ia lis ha ve  b e e n c ha ra c te rize d  in inde pe nd e nt 

stud ie s. Da ta  hig hlig ht d iffe re nt inte ra c tio ns in b o th spe c ie s. Le ft p a ne l: V. 

ta sma nie nsis LGP32 is re a d ily p ha g o c ytize d  b y b o th o yste r a nd  musse l he mo c yte s, 
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b ut e ntry p a thwa ys d iffe r. Opso nisa tio n b y the  ma jo r p la sma  pro te in Cg -Ec SOD is 

o nly re q uire d  in o yste r, in whic h it me d ia te s up ta ke  thro ug h β-inte g rin re c o g nitio n. 

LGP32 survive s intra c e llula rly in b o th spe c ie s (se e  se c tio n 3 fo r me c ha nisms o f 

re sista nc e ) a nd  c a use s he mo c yte  d a ma g e s. He mo c yte  lysis da mp e ns c e llula r 

d e fe nse s a nd  is a sso c ia te d  to  p a tho g e nic ity in o yste r o nly. He mo c yte s sho w le ss 

d a ma g e s lo we r in musse l a nd  re sp o nd  to  LGP32 infe c tio n b y the  re le a se  o f 

a ntib a c te ria l e ffe c to rs in the  p la sma . The  po te nt AMPs o f musse l he mo c yte s ma y 

p la y a  ke y ro le  in the  c o ntro l o f LGP32 infe c tio n. Rig ht pa ne l: V. ae stuaria nus 01/ 032 

se c re te s e xtra c e llula r p ro d uc ts tha t inhib it p ha g o c yto sis b y o yste r he mo c yte s a nd  

e na b le  b a c te ria l p ro life ra tio n. In c o ntra st, in musse ls, the  p la sma  p ro te in Mg EP 

re c o g nize s 01/ 032 a nd  p ro mo te s its p ha g o c yto sis; 01/ 032 is the n d e g ra de d  

intra c e llua rly. Op so nisa tio n with Mg EP is suffic ie nt to  re sto re  up ta ke  a nd  killing  o f 

01/ 032 b y o yste r he mo c yte s. Mg EP a p pe a rs a s a  ke y fa c to r in the  re sista nc e  o f 

musse ls to  01/ 032 infe c tio ns.  
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