
 

 
  

Florida 2017 

Ecological investigation of coral 
disease 

Greta Smith Aeby, PhD 
University of Hawaii 



  

Disease Ecology 
Genetic susceptibility 

Host behavior immune system Host 

Climate change 
Stressors 

Virulence Pathogen Environment 
Pathogenesis 

Habitat fragmentation 
Source Infectious dose 

Anthropogenic changes Mode of transmission 



 Ecology of Montipora white syndrome 



Windward side of Oahu in Kaneohe Bay 



 Kaneohe Bay 
Oahu, Hawaii 

Coconut Island 
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 Aeby et al. 2010 



 

Kaneohe Bay 

Human population 

Terrestrial run-off 

Water circulation  



 

 

No seasonality in chronic Montipora white syndrome 

Aeby et al. 2010 



 
 

 
  

 
  

  

 

Virulence of MWS 
2006 

2007 

Sept 2006 
57 colonies tagged 

Sept 2007 
53 colonies (93%) suffered 
partial to total mortality 

Rate of tissue lost: 
~3% of colony/month 

Case fatality rate: 
2006-2007=7% 
2006-2008=28% 

Aeby et al. 2010 



  

 

  

 

Transmission of MWS 

Diseased Control 

T = 0 

T = 28 days 

Aeby et al. 2010 
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Montipora capitata 
red morph-clade C  orange morph-clade D 

LaJeunesse et. al. 2004 





  

 

Coral Host Defenses 

Mucus production/sloughing 
Phagocytosis of foreign material 

Antimicrobial production 
Resident bacterial flora 

Photo: National Coral Reef Institute 

Presenter
Presentation Notes
Corals employ a suite of defense mechanisms to rid themselves of sediment, settling organisms and potential pathogens, including the production, release and biochemical properties of mucus, phagocytic cells that can engulf and destroy microorganisms, and antimicrobial chemical defenses In addition, the natural mucus-associated bacterial community may also play a role in disease resistance in corals.  These indigenous bacteria may help prevent infection by occupying niches on the coral surface and tissues, and/or by producing antibacterial compounds. These hypotheses are supported by studies in which mucus-associated bacteria were found to display antimicrobial activity. In addition, indigenous bacterial communities have also been shown to change in response to environmental stress.  For example,  Ritchie (2006) found a shift in the mucus-associated bacterial community on Acropora palmata following bleaching; there was a decline in  the natural complement of bacteria, many of which exhibited antibacterial activity, and an increase in  Vibrio spp. She concludes that this could indicate an environment-induced shift away from beneficial  bacteria in the healthy host, and that variability in the protective qualities of coral mucus, could allow the emergence of disease. 



     

 

Bacterial Contribution to Coral Disease 
Defense 

Physical barrier to entry 

Occupy metabolic niches 

Antimicrobial production 

Presenter
Presentation Notes
Analgous to human gut microflora



 
  

                                                      
      

Host: 
Normal microbial community: red vs. orange morphs 

Amanda Shore-Maggio 

CTGAACTGGGCT… 
CTGAATTGGGTT… 
AGCTACTGGGTT… 
AGAGATTGGGTT… 
AGCTACTGGGTG… 
AGCTACTGGGCG… 
CTGAATTGGGCG… 
AGAGATTGGGT… 
AGAGACTGGGC… 

Sample 1 

Sample 2 

Sample 
3 

Sample   DNA PCR Product  454 GS Flex Sample Data  Sort 
by key 



 
  

    

Host: 
Normal microbial community: red vs. orange morphs 

*(Kruskall-Wallis test, p < 0.05, n=20) 



 
  

      
  

Host: 
Normal microbial community: red vs. orange morphs 

Complete linkage clustering dendogram representing percent similarity between samples 
Shore-Maggio et al. 2015 
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Isolation of Putative Pathogens 
Blake Ushijima 

1) Bacteria from 
diseased coral 
isolated 

2) Pools of five 
isolates tested 
simultaneously 

3) Determine 
which pools 
cause disease 

Blake Ushijima 



 

 
 

 

 

 

   Isolation of Putative Pathogens 
Blake Ushijima 

4) Test 
individual 
cultures from 
disease-causing 
pool 

5) Culture that 
causes disease 
may be 
pathogen 



  

Infection trials 

• Further testing on 3 isolates 
– OCN001 
– OCN002 
– OCN003 

1 Run 

Control Bact. control Potential Path. 



   

 
 
 

Infection trials 

1 Run 

Control Bact. control Potential Path. 

• 3 isolates showed signs of tissue loss 

OCN001 – 23% 
OCN002 – 54% 
OCN003 – 31% 



 
 

    

Infection trials 
chronic tissue loss (OCN002) 

At Time of Inoculation 26 Days Post Inoculation 
(Disease Progression) 

25 

Presenter
Presentation Notes
Here are photos of chronic MWS disease progressing. It took on average 28 days before any disease signs were visible with coral exposed to the pathogen. The fragment on right shows the first signs of disease and you can see the white skeletal elements protruding from the tissue. If this fragment was left in the tank this fragment would continue to progress for several days exposing more and more of the skeleton until it eventually dies.



  
Infection trials 

acute tissue loss (OCN001, OCN003) 

Week 0 

Week 3 

Control Bacterial control Potential pathogen 



   
Pathogen: 

Differential infectivity of red vs. orange morphs 

Red=19% 
Orange=41.7% 

(n=12) 



   

 
 

 
  

Pathogen: 
Differential infectivity of red vs. orange morphs 

Phylogenetic tree 
showing relatedness of 
the three potential 
pathogens based on 
similarity of their rrsH 
gene sequence 



 
 

 

 
  

  

  

Koch’s postulates of disease causation 
OCN002-Vibrio sp. 

•The microorganism must be isolated from a diseased 
organism and grown in pure culture. 

•The cultured microorganism should cause disease 
when introduced into a healthy organism. 

•The microorganism must be reisolated from the 
inoculated, diseased experimental host and identified as 
being identical to the original specific causative agent. 

Ushijima et al. 2012 



  
 
   

MLSA with concatamerized regions 
of the pyrH, gapA, mreB, ftsZ, gyrB, 
and topA genes. 

OCN002=V. owensii 
100 

100 

98 

 Vibrio sp. str. OCN002

 V. owensii str. DY05

78  V. campbellii str. CAIM3
77  V. campbellii str. LMG 11216T

92  V. campbellii str. CAIM372

 V. communis str. R-40496T

100 100 

69 

 V. harveyi str. 720WT44

 V. harveyi str. 4036100 

92  V. harveyi str. 1847

 V. parahaemolyticus str. RIMD 2210633

 V. tubiashii str. LMG 10936T

 V. neptunius str. LMG 20536T

 V. coralliilyticus str. P1100 
100  V. coralliilyticus str. BAA 450

100  Vibrio sp. str. OCN018

 Vibrio sp. str. OCN01991 

94  Vibrio sp. str. OCN008

 V. vulnificus str. MO6-24/O

 V. cholerae O1 biovar El Torr str. N16961 

0.05 Ushijima et al. 2012 



    

               

 

  

    

      

Coral bacterial pathogens in Hawaii 

Bacterial strain infectivity time to infection 

OCN001 (Vibrio sp.) 23% 21-28 days 

OCN002 (V. owensii) 54% 21-28 days 

OCN003 (P. piratica) 31% 21-28 days 

OCN008 (V. coralliilyticus) 85% 12hrs-4 days 

(Koch’s postulates fulfilled for V. owensii, V. coralliilyticus & P. piratica) 

(Ushijima et al. 2012, 2014: Beurmann et al. 2017) 



 

 

    

 

  

 

  

 
   
   

  
   

Known Bacterial Pathogens of Coral 

1. 

2. Vibrio coralliilyticus OCN008 – acute Montipora white syndrome 

3. 

Vibrio owensii - Chronic Montipora white syndrome 

Pseudoalteromonas piratica – acute Montipora white syndrome 

4. Vibrio coralliilyticus OCN014 –acute Acropora white syndrome 

5. Thalassamonas loyana -White Plague Disease 

6. Aurantimonas coralicida -White Plague Disease 

7. Serratia marcescens - Acroporid serratiosis (White Pox) 

8. Vibrio shiloi - Bacterial bleaching 
9. Vibrio coralliilyticus BAA450- Tissue loss/bleaching 
10. Vibrio coralliilyticus P1-P7 – acute tissue loss 
11. Bacterial consortium: Phormidium corallyticum/Ocillatoria spp., 

Trichodesmium spp., Desulfovibrio spp., Beggiatoa spp. - Black Band Disease 
12. Bacterial consortium: Vibrio rotiferianus, V. harveyi, V. alginolyticus, V. 

proteolyticus - Yellow Band Disease 
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Where in Kaneohe Bay do these pathogens occur? 

Amanda Shore-Maggio 



 

 

 

  

 

Sources screened for coral pathogens 

Seawater Coral host 

Critters 
Streams 



  

 

Pseudoalteromonas sp. Coral OCN003 
pathogens 

Vibrio coralliilyticus strain detected in….. OCN008 



 

  

 

Disease Ecology 
Spatial & temporal patterns of infection 

Host Host defense 

Stressors 
Virulence Pathogen Environment 
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2010 Acute MWS Outbreak 

NB 
area # 

aMWS 
SB 313 

CB 0 

CB 

Winter months-cold, rainy 
NB 39temperature stress 

salinity stress 
run-off 

Southern end of Kaneohe Bay 
reduced circulation 
urban development 
freshwater input 

SB 

Presenter
Presentation Notes
A total of 388 colonies were found with the majority of cases being seen in the South Bay. But to better understand this distribution the stage of infection for each of the colonies found was evaluated and given a number between 1 and 3



  
 

 

  
 
 

 
 

NB 

CB 

S 
B 

Will a salinity 
stress on coral 

affect...? 

A) time to 
infection 

B) Dosage of 
pathogen 
needed to 

cause 
infection 



 

                                                       

                                        

                        

     

Testing salinity stress on infection with MWS pathogens 

Pathogen Dosage Time 

Vibrio coralliilyticus OCN008 108 5 days 

Vibrio owensii OCN002 108 28 days 

E = 24hr salinity stress at 20ppt 



 

 

 
 

Testing salinity stress on infection with 
Vibrio coralliilyticus OCN008 

Salinity Stress 
did…. 

A) NOT change 
time to 
infection with 
normal 
dosage 

B) allow 
infection at 
lower dosage 



 

 

 

Testing salinity stress on infection with 
Vibrio owensii OCN002 

Salinity Stress 
did…. 

A) change time 
to infection 
with normal 
dosage 

B) allow 
infection at a 
lower dose 

Normally takes 
~28 days! 



  

  

 

 

   

   

 

Disease Ecology 
Spatial & temporal patterns of infection 

acute MWS Chronic MWS Host Host defense 

Resident bacterial flora 

Chemical defense 

Stressors 
Virulence Pathogen Environment 

Anthropogenic influence Bacterial pathogens 
Source 

Winter conditions 
Salinity stress Direct transmission 

lower infectious dose pathogens endemic in environment 
decrease time to infection 
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