
1Frontiers in Marine Science | www.frontiersin.org July 2022 | Volume   | Article 921451

Edited by: 
Shan He,  

Ningbo University, China

Reviewed by: 
Jenny R. Hillman,  

The University of Auckland,  
New Zealand 

Lydia Jeanne Baker,  
University of Miami, United States 

Yanchen Sun,  
The University of Tennessee, 

Knoxville, United States

*Correspondence: 
C. A. Klohmann 

cak268@uw.edu 
 

†These authors have contributed 
equally to this work and share  

first authorship

Specialty section: 
This article was submitted to  

Aquatic Microbiology,  
a section of the journal  

Frontiers in Marine Science

Received: 15 April 2022 
Accepted: 14 June 2022 
Published: 11 July 2022

Citation: 
Klohmann CA and Padilla-Gamiño JL 

(2022) Pathogen Filtration: An 
Untapped Ecosystem Service. 

Front. Mar. Sci. 9:921451. 
doi: 10.3389/fmars.2022.921451

Pathogen Filtration: An Untapped 
Ecosystem Service
 C. A. Klohmann *† and J. L. Padilla-Gamiño †

School of Aquatic and Fishery Sciences, University of Washington, Seattle, WA, United States 

Marine pathogens present serious challenges to aquaculture, fisheries productivity, 
and marine conservation requiring novel solutions to identify, control, and mitigate their 
effects. Several ecological habitats, such as mangroves and wetlands can recycle waste 
and serve as aquatic filtration systems. While nutrient cycling and other ecosystem 
services of these habitats have been well-studied, their potential to remove pathogens 
and mechanisms of filtration remain largely unstudied. Here, we review how mangroves, 
shellfish beds, seagrasses, and constructed wetlands can reduce pathogen pressure in 
coastal ecosystems. Mangroves may inhibit bacterial growth through phytochemicals in 
their leaves and remove viruses through desalination in their roots. Some bivalves remove 
pathogens by excreting pathogens through their pseudofeces and others concentrate 
pathogens within their tissues. Seagrasses slow flow rates, increase sedimentation 
rates and may reduce pathogens through allelopathy. Constructed wetlands decrease 
pathogens through a combination of mechanical, biological, and chemical filtration 
mechanisms. Protecting and restoring coastal ecosystems is key to maintaining pathogen 
filtration capacity, benefiting conservation efforts of threatened host populations, and 
mitigating large disease outbreaks.

Keywords: parasite, disease ecology, coastal ecosystems and habitats, health, water quality, zoonotic

INTRODUCTION

Diseases, ubiquitous in the marine environment, are vital for healthy ecosystems but can be damaging 
when they impact fisheries, aquaculture, and ecosystem engineers (Burge and Hershberger, 2020). 
Pathogens can influence the structure, function, and stability of food webs (Selakovic et al., 2014) 
and they are critical to ecosystem dynamics as they play an important role in controlling host 
population densities and nutrient cycling (Lafferty et al., 2008; Carlson et al., 2020). At the Channel 
Islands National Park in California, sea urchin pathogens drove a community shift from desolate 
urchin-barrens toward biodiverse kelp forest assemblages (Behrens and Lafferty, 2004). Pathogens 
can have a positive role in mitigating and controlling algal blooms (Bigalke et al., 2019). Algicidal 
bacteria limited the growth of three phytoplankton species, allowing other species to increase in 
abundance and thus have the potential to shift phytoplankton community structure (Bigalke et al., 
2019). In New Zealand, nematode, trematode, and acanthocephalan parasites increased biodiversity 
on mudflats (Thompson et al., 2005).

High pathogen abundance can cause host population declines with implications for community 
structure, ecosystem dynamics, and fisheries and aquaculture production (Groner et al., 2016). This 
can be especially damaging in keystone and economically important species such as the long-spined 
sea urchin (Diadema antillarum) that declined by almost 98% in the 1980’s in the Caribbean (Behrens 
and Lafferty, 2004). The decline of this ecologically important grazer decreased herbivory of algae, 
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contributing to coral reef deterioration in the region (Onufryk 
et al., 2018). Pathogens have the potential to severely compromise 
fisheries. Epizootic shell disease, caused by bacterial dysbiosis 
(Groner et  al., 2016) (Figure  1A) substantially contributed to 
the decline of one of the most profitable fisheries in the United 
States (US): the Southern New England lobster stock (Castro 
et  al., 2012; Hoenig et  al., 2017). The disease impact was two-
fold in that it reduced the abundance of lobsters, with ovigerous 
females having somewhat higher mortality rates, and rendered 
the surviving lobsters unappealing for market sale (Lafferty et al., 
2015). Another fishery impacted by disease is the black abalone 
(Haliotis cracherodii) along the West coast of the US (Raimondi 
et  al., 2002). This population suffered major die-offs since the 
1980’s, accounting for total population losses of over 90%. These 
die-offs were caused by abalone withering syndrome, a chronic 
condition caused by a Rickettsiales-like organism (WS-RLO) that 
shrinks the mollusk’s foot, preventing the animal from attaching 
to substrates (Raimondi et al., 2002) (Figure 1A). While efforts 
were made to rebuild the population, disease remains a hurdle to 
restoration and conservation efforts. Similarly, sea star wasting 
disease, hypothesized to be caused by a densovirus (SSaDV), 
caused a continental collapse of the sunflower star (Pycnopodia 
helianthoides), a keystone species, and impacted the abundance 
of 20 asteroid species along the West coast of the US (Lamb 
et al., 2017; Harvell et al., 2019). Warming ocean temperatures 
put additional physiological stress on sea stars, decimating wild 
populations and leading to unprecedented sea star mortality 

from Alaska to California (Figure  1A) (Harvell et  al., 2019). 
Warming events, especially El Niño can trigger disease outbreaks 
such as the novel ulcerative skin disease that reduced ring-tailed 
damselfish (Stegastees beebei) and king angelfish (Holacanthus 
passer) populations by 78% and 86%, respectively in the 
Galapagos (Lamb et al., 2018).

Large die-offs of seagrass species over the last hundred years 
have also been attributed to pathogens. Eelgrass wasting disease, 
likely caused by the etiological agent Labyrinthula zosterae, 
created a large-scale blight in the Eelgrass (Zostera marina) 
population along the Atlantic coast of the US in the 1930s that 
has still not fully recovered (Figure 1A) (Rasmussen, 1977). L. 
zosterae is causing outbreaks of disease in eelgrass from Europe 
to western North America (Bockelmann et  al., 2013; Groner 
et al., 2021).

Pathogen pressure is an issue for human health. Humans can 
experience infections, gastrointestinal and respiratory diseases, 
and other health effects when exposed to viral and bacterial 
pathogens in the ocean (Griffin et al., 2003; Graciaa et al., 2018). 
We must look to innovative, sustainable, and creative solutions 
to manage ocean pathogens to limit their spread and effects. 
Filtration is an important ecosystem service to consider for 
removing and containing pathogens in the coastal environment. 
Filtration is defined as the reduction of pathogens in the water 
column by a variety of means including the reduction of 
water speed (i.e., flow rate), particle interception, biochemical 
transformation of nutrients and contaminants, absorption of 

FIGURE 1 | (A) Marine diseases known to severely impact host species including keystone species and ecosystem engineers. (Pictures courtesy of C. Harvell, 
NOAA Fisheries, AccessScience, O Graham and C Klohmann). Marine ecosystems with pathogen filtration capacity (B). Mangroves (left), seagrasses (middle), and 
shellfish beds (right). Pictures courtesy of Vecteezy, NOAA Photo Library, and Wikimedia commons.
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water and nutrients, and sedimentation (Kuehn and Mueller, 
2000; “Constructed Treatment Wetlands”, 2004; Brauman et al., 
2007; Wu et al., 2016).

Natural filtration in coastal environments can occur by 
vegetation (i.e., via seagrass, salt marshes and mangroves) and 
shellfish beds (Burge et al., 2016; J. Lamb et al., 2017). However, 
these natural filtration services may be in danger as coastal 
ecosystems are threatened by habitat loss (Halpern et al., 2008), 
climate change (Harley et  al., 2006), and disease (Rasmussen, 
1977). The planet has lost about 50% of its wetlands since 1900 
(Davidson, 2014) and seagrasses, salt marshes and mangroves 
are all declining globally (Halpern et al., 2008). Recent estimates 
indicate that mangroves and seagrass beds are declining annually 
by 0.13% and 7%, respectively (Evans et al., 2018; Goldberg et al., 
2020). Bivalve populations tend to be more intensely managed 
since they are important source of protein; however, it was 
estimated that globally, 85% of oysters reefs have been lost (Beck 
et al., 2011). Since the 1970’s mussel (Mytilus edulis) populations 
declined by more than 60% in the gulf of Maine, USA (Sorte 
et  al., 2017) and mussel bed communities declined by 58.9% 
along the West coast of the United States (Smith et  al., 2006). 
Bivalve populations have declined in Europe but are increasing 
in Asia (Wijsman et al., 2019).

New research seeks to bolster natural filtration systems to 
decrease pathogen pressure and improve human health. Investing 
in natural filtration systems is an affordable and low-maintenance 
option when compared to wastewater treatment facilities, which 
cost between $250,000-$10,000,000 USD for installation in the 
United States (“How Much Does an Industrial Water Treatment 
System Cost?”, 2017). Restoring and protecting wetlands can 
sustainably reduce pathogen pressure in coastal ecosystems 
by supplementing existing wastewater treatment strategies. In 
terrestrial systems, forest cover and proximity to forested areas 
can decrease childhood diarrheal infections (Herrera et al., 2017), 
suggesting that conserving forests and riparian vegetation has the 
potential to limit disease. In Germany, riverbank filtration (water 
passed through the bank of the river) has been used for over 100 
years to purify drinking water, providing approximately 16% of 
all German drinking water (Kuehn and Mueller, 2000).

Despite recent efforts to better understand pathogen pressure 
in the ocean (Tracy et al., 2019; Harvell and Lamb, 2020) we still 
have an incomplete understanding of how these pathogens are 
controlled in marine systems, and how they will impact marine 
and human health. So far studies suggest that disease is increasing 
in certain systems like corals reefs but may be declining in fishes 
and elasmobranchs (Tracy et al., 2019). It is also unclear whether 
the systems severely impacted by disease outbreak are lacking 
a filtration system or have one that has been impaired in some 
way. Here, we examine the role that coastal marine species, 
namely (1) mangroves, (2) shellfish beds (mussels and oysters), 
(3) seagrasses, and (4) constructed wetlands, play in pathogen 
filtration and the mechanisms that decrease pathogen loads.

MANGROVES
Mangrove forests are coastal ecosystems widespread in the 
intertidal zone in tropical and subtropical areas, covering 

136,000 km2 globally (Figure 1B) (Spalding and Maricé, 2021). 
These forests provide key ecosystem services such as carbon 
sequestration, nursery habitat for fish, and coastal protection. 
Mangroves reduce excess nutrients in coastal waters, including 
nitrogen and phosphorous (Lin and Dushoff, 2004), and are 
resilient plants capable of exuding and expelling salts, enabling 
them to thrive in highly saline environments (Spalding and 
Maricé, 2021). Tropical shrimp farms utilize mangroves’ natural 
biofiltration properties to efficiently remove excess nutrients 
(Buhmann and Papenbrock, 2013). They are also the largest store 
of carbon in the coastal zone and can reduce ocean acidification 
(Lin and Dushoff, 2004; Sippo et  al., 2016). Mangrove trees 
buffer against acidic water using their roots by metabolizing 
organic matter from their carbon-rich and oxygen-poor soils and 
releasing alkaline water in return (Sippo et al., 2016). Mangroves 
are so efficient at this process that waters within mangrove forests 
can have a pH as high as 8.1, whereas the seawater measured 
outside of the forest usually has a pH of 7.3 (Sippo et al., 2016).

Human and fish pathogens are filtered by mangroves. The 
phytochemicals within mangrove leaves and fungi found in 
their root sediments may assist in killing bacterial pathogens 
(Sahoo et al., 2012; Thatoi et al., 2013). Organic solvent extracts 
of leaves from five mangrove species in the Philippines inhibited 
growth of pathogenic fish bacteria (Choudhury et  al., 2005). 
These extracts could be used in aquaculture facilities to reduce 
disease in fish (Choudhury et al., 2005). Mangrove leaf extracts 
inhibit the growth of human pathogens such as Staphylococcus 
and Salmonella (Sahoo et  al., 2012). Another study inoculated 
compost with fungi isolated from mangrove sediments and 
found that plants grown in the fungal mangrove soil had higher 
disease defenses than plants without the fungi (Ameen and 
Ali, 2021). Mangroves have also been referred to as “natural 
wastewater wetlands” (Wu et  al., 2008) and considered as 
secondary wastewater treatment systems in China due to their 
filtration capabilities (Palacios et al., 2021)

Mangrove roots, may reduce viral pathogens as they are 
efficient desalinators, removing up to 90% of sodium ions 
from seawater (Kim et al., 2016). The outermost root layer has 
a negative surface potential, attracting the positively charged 
sodium ions and repelling the negatively charged chlorine ions. 
These root potentials trap sodium ions in the first (outer) root 
layer, enabling fresh water to enter the inner roots (Kim et al., 
2016) (Figure 2C). Mangrove desalination may be an important 
mechanism for pathogen filtration, as salts promote viral 
absorption due to the their negative charge (Lukasik et al., 2000). 
This charge is hypothesized to increase hydrophobic interactions 
between viruses and the roots, which may lead to viral absorption 
by the mangroves (Lukasik et al., 2000).

For centuries, mangrove extracts were used to treat a variety 
of human health issues, and microbial compounds found in 
mangrove leaves and roots can kill antibiotic-resistant bacteria 
(Abeysinghe, 2010; Saad et al., 2011; Durai and Radhakrishnan, 
2016; Alizadeh Behbahani et  al., 2018; Audah, 2020). These 
services could make mangrove forests very efficient pathogen 
filtration systems; however, more research is needed to better 
understand how we can best utilize mangroves to remove 
pathogens from coastal waters.

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


Klohmann and Padilla-Gamiño Pathogen Filtration: An Untapped Ecosystem Service

4Frontiers in Marine Science | www.frontiersin.org July 2022 | Volume   | Article 921451

SHELLFISH BEDS

Bivalves (Phylum Mollusca) are favorable pathogen filtration 
specialists due to their high filtration capacity, ubiquity in many 
ecosystems, tolerance for poor water quality, and abundance. 
An individual filter-feeding bivalve can filter 10-100 gallons of 
water a day using their gills (Burge et  al., 2016). Bivalves feed 
by capturing particles from the water column, primarily phyto- 
and zooplankton, but they can also consume bacteria, viruses, 
and other organic matter in the process. Bivalves are selective 
feeders and particle capture depends on size, density and surface 
chemical compounds (Burge et al., 2016). Some pathogens may 
be killed within bivalve gills and gut tissue during ingestion and 
digestion, but most are likely expelled as feces or pseudofeces 
(Figure  2). These feces and pseudofeces remove pathogens 
through sedimentation, sinking out of the water column along 
with attached bacteria and viruses (Burge et  al., 2016). For 
example, eelgrass plants had fewer lesions from wasting disease 
(Labyrinthula zosterae) when cocultured with oysters (Groner 
et al., 2018). Bivalves may also inhibit microbial growth through 
the production of peptides and polypeptides (Zannella et  al., 
2017). Additionally, mussels are used at aquaculture facilities 
to reduce bacterial and eukaryotic pathogen abundance in fish 
farms (Voudanta et al., 2016).

While bivalves may remove pathogens due to their filtration 
efficiency, they could also store them in their tissues. Some 
studies found concentrated pathogens within filter-feeder gill 
tissues, implicating bivalves as reservoirs for pathogens, and in 
some cases, amplification (Ben-Horin et  al., 2015; Harvell and 
Lamb, 2020). Accumulation occurs when pathogens do not 
degrade and instead build up inside the bivalve and can lead to 
transmission to species that consume the filter feeder (Burge 
et al., 2016). Specifically, clams and mussels can accumulate and 
transmit Vibrio haemolyticus to humans (Harvell and Lamb, 
2020). Mussels off the coast of California have tested positive 
for Toxoplasma gondii, the causative agent of toxoplasmosis, 
the same strain known to infect sea otters in the region (Miller 
et al., 2008). This potential transmission renders bivalves a less 
sustainable option for natural filtration, as shellfish beds present 
an infection risk to their predators. However, recent research has 
shown that oyster aquaculture may reduce pathogens for wild 
oyster populations as long as aquaculture stocks are harvested 
before they can spread disease (Ben-Horin et al., 2018).

Bivalves grow in very dense clusters, potentially increasing 
their filtration ability (Figure  1B). Mussels (Mytilus trossulus) 
can reach densities of 35 individuals per 100 cm2 in the intertidal 
zone and up to 90 individuals per 100 cm2 at aquaculture facilities 
(Kirk et al., 2007). Given the large distribution of bivalves, their 

A B C

FIGURE 2 | Mechanisms involved in natural pathogen filtration. (A) Sedimentation - The removal of pathogens from suspension. This mechanism does not 
neutralize pathogens but removes them from the environment, it is utilized in seagrasses, bivalves, and constructed wetlands. (B) Biological/Chemical filtration - 
the removal of pathogens through adhesion, consumption, and inhibition (allelopathy). Neutralizes pathogens and/or removes them from the environment. Utilized in 
seagrasses, bivalves, constructed wetlands, and mangroves. (C) Desalination- The removal of sodium ions from salt water. Salts may promote viral absorption due 
to their negative charge, potentially removing viruses from the seawater. This mechanism is utilized by mangrove roots.
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filtration efficiency, and high densities, shellfish beds have the 
potential to reduce pathogen loads in coastal waters (Ben-Horin 
et al., 2015). Bivalves could also be used to monitor pathogens and 
have been used to monitor pollutants. In Poznan, Poland, clams 
are used as bioindicators to assess water quality: In the presence 
of even small concentrations of pollutants, the clams will close 
their shells as a defense mechanism to prevent ingesting harmful 
or lethal items. Sensors glued to clams are triggered when the 
bivalves close, which initiates a shutoff of the water supply. 
This biological sensor system provides a remarkable means of 
monitoring environmental pollutants at very little cost (Micu, 
2020). The National Oceanic and Atmospheric Administration 
(NOAA) used bivalves as environmental indicators by 
establishing oysters in the Chesapeake Bay, Maryland to monitor 
environmental contamination. Scientists tested oyster tissues for 
pharmaceutical products, pesticides, and other contaminants, 
detecting 98 different contaminants using this ecosystem-based 
monitoring approach (Apeti et  al., 2018). Complementary 
monitoring methods can be developed with bivalves to filter, 
monitor and detect pathogens in the natural environment. One 
example is an oyster fishery in Myanmar that detected pathogenic 
bacterial in bivalve tissues, illustrating the impacts of agricultural 
runoff on coastal ecosystems (Littman et al., 2020)

SEAGRASS BEDS

Seagrass beds are another ecosystem hypothesized to remove 
pathogens and are one of the most important coastal ecosystems, 
providing $1.9 trillion USD in nutrient cycling services annually 
(Waycott et  al., 2009) (Figure  1B). Additionally, seagrasses act 
as a “nutrient pump” by absorbing nutrients from the soil and 
releasing these nutrients through their leaves (Fourqurean, 2002). 
Seagrasses are estimated to cover 600,000 km2 of the coastal floor 
from the Arctic circle to the tropics, and some beds are large 
enough to be seen from space, earning them the name “forests of 
the sea” (Cullen-Unsworth and Unsworth, 2013).

While seagrasses are well studied, their ability to filter 
pathogens from the water column was only recently identified. 
In the tropics, researchers found that seagrass beds are associated 
with reduced abundances of human, fish, and invertebrate 
pathogens (Lamb et al., 2017). This reduction of pathogens not 
only improves human health but also benefits corals that have 
fewer diseases in seagrass beds (Lamb et  al., 2017). To date, 
little is known about the underlying mechanisms involved in 
the reduction of these pathogens. However, it is likely that a 
combination of sedimentation, a decrease in water flow rate, 
and mechanical and chemical filtration contribute to seagrasses’ 
reduction of pathogens (S. Wu et  al., 2016) (Figures  2A, B). 
Ocean flow rates are reduced by up to 40% within seagrass 
meadows, which may lead to pathogen particles dropping 
out of suspension (Lamb et  al., 2017). In the South China Sea 
researchers found that one seagrass species, Enhalus acroides, 
trapped pathogens within its beds thus removing bacteria from 
the water (Deng et al., 2021). Phytochemicals within the seagrass 
plants may also kill pathogens, but this mechanism is still unclear 
(Babuselvam et al., 2017). Thalassia hemprichii, likely inhibited 

pathogens using antimicrobial chemical compounds such as 
phenol, flavonoid, and tannins (Deng et al., 2021).

Eelgrass (Zostera marina), a temperate seagrass that provides 
$87,000 of ecosystem services per hectare annually (Babuselvam 
et al., 2017), has been shown to exclude harmful dinoflagellates 
(Jacobs-Palmer et al., 2020). Researchers discovered significantly 
lower dinoflagellate abundances inside and around the Z. marina 
bed, such that Z. marina can form a ‘halo’ of dinoflagellate 
exclusion, up to 16 meters beyond the extent of the meadow 
(Jacobs-Palmer et al., 2020). Other studies found reduced algal 
growth due to seagrass phenolic compounds (DellaGreca et al., 
2000) and antilarval and antibacterial properties from ethanol 
extract from a seagrass species in the South China Sea (Qi et al., 
2008). Allelopathic activity in seagrasses, the defensive release of 
chemicals, and biological interactions of the micro and macro 
epibionts may also play a role in pathogen filtration services 
in this important ecosystem (Jacobs-Palmer et  al., 2020). The 
outbreaks of the unicellular protist L. zosterae (Sullivan et  al., 
2018) in eelgrass beds (M. Bockelmann et  al., 2013; Groner 
et al., 2021) suggest that seagrass pathogens may also accumulate 
within the beds and that biological filtration may not only apply 
to pathogens that are non-infectious to seagrass. It is important 
to note that the decline of seagrass beds worldwide is attributed 
to both pathogens and anthropogenic factors such as ocean 
warming and eutrophication. More research is needed to fully 
understand the vulnerability and potential of these filtration 
mechanisms (Jacobs-Palmer et al., 2020) (Figure 2).

PATHOGEN REDUCTION USING 
CONSTRUCTED WETLANDS

Constructed wetlands are defined as treatment systems that 
improve water quality through natural processes involving 
wetland vegetation, soils, and associated microbial assemblages 
(“Constructed Treatment Wetlands”, 2004). In the 1950s, 
constructed wetlands were developed to expand on the services 
that naturally-occurring wetlands provided, such as improving 
water quality from stormwater runoff, greywater, and wastewater 
(Wu et al., 2016). Constructed wetlands can vary in their design 
but are meant to remove heavy metals, nitrogen, phosphorous, 
and chemical pollutants from runoff and remove harmful 
pathogens (Wu et al., 2016).

Constructed wetlands are utilized in a wide variety of industries 
to filter wastes, such as in textiles, paper milling, agriculture, and 
mining (Buhmann and Papenbrock, 2013). Recently, constructed 
wetlands were integrated into the aquaculture industry and have 
successfully been used to remove nutrients from catfish and 
rainbow trout aquaculture facilities (Buhmann and Papenbrock, 
2013). Vegetation in the constructed wetland removes excess 
nutrients and also reduce water flow, allowing solids to be taken 
up by their root systems (Buhmann and Papenbrock, 2013). 
Constructed wetlands are excellent effluent removal options 
for land-locked aquaculture facilities because they can be 
implemented in both fresh and saline environments (Buhmann 
and Papenbrock, 2013). Additionally, constructed wetlands 
decrease human pathogens from wastewater without the use of 
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chlorine, which is a more sustainable and less damaging process 
than traditional chemical practices (Wu et  al., 2016). Some 
constructed wetlands reduce water flow, allowing viruses in 
suspension to be killed by UV radiation (Wu et al., 2016).

Pathogens are removed from constructed wetlands by multiple 
mechanisms. The reduction of nutrients and pathogens depends 
on wetland type, size, and design and a combination of physical, 
chemical, and biological mechanisms (Wu et  al., 2016). Some 
physical factors include mechanical filtration, sedimentation, and 
absorption of organic matter as well as CW design. Sedimentation, 
the removal of particles from suspension, is most effective against 
bacteria and coliforms such as fecal streptococcus due to these 
pathogens’ larger size and faster settling rate (Wu et al., 2016). 
Mechanical filtration (i.e., passing the water through a filter), 
included in some constructed wetlands, can effectively remove 
pathogenic microorganisms, particularly protozoans (Wu et al., 
2016). One study in a constructed wetland (Redder et al., 2010) 
noted a 100-fold reduction in protozoan pathogens when using 
mechanical filtration. Mechanical filtration is also effective at 
removing fecal indicator bacteria such as Enterococcus and E. 
coli (Wu et al., 2016). Predation activity of nematodes, rotifers, 
protozoa, bacterivorous bacteria, and phages is also an important 
factor affecting the bacterial removal in CWs (Wu et al., 2016). 
Artificial and vegetative oxygenation increase dissolved oxygen 
in CWs and are correlated with pathogen die-offs, especially 
bacteria (Wu et al., 2016).

The need for sustainable and affordable wastewater treatment 
systems, such as CWs, will only continue to grow along with the 
global population and wastewater discharge (Wu et  al., 2016). 
CWs are an excellent example of a sustainable investment that 
will lower the abundance and risk of pathogens. These systems 
may also provide some insight into the mechanisms associated 
with pathogen removal in natural ecosystems.

DISCUSSION

Marine diseases are challenging to manage because pathogen 
transmission is impacted by water chemistry, currents, and 
ecological dynamics. We need creative solutions to reduce 
pathogen pressure to limit catastrophic host population die-
offs and other negative downstream impacts. Natural filtration 
systems are an appealing solution to reduce pathogen loads and 
supplement wastewater treatment due to (1) their cost compared 
to artificial filtration systems and/or water treatment plants and 
(2) because pathogen reduction is not contingent upon pathogen 
isolation. These benefits make natural filtration systems an 
excellent investment to reduce novel, zoonotic diseases in marine 
environments with important consequences for human health 
(Sutton-Grier and Sandifer, 2019).

Natural pathogen filtration has several inherent limitations. 
Natural filtration only has the potential to reduce infectious 
disease when transmission is a rate-limiting step for the 
epidemiology. Some marine pathogens are so ubiquitous that 

exposure and transmission are almost guaranteed. In other cases, 
such as epizootic shell disease in lobsters, many of the bacteria 
associated with this disease are found on the shell of healthy 
lobsters, but their role switches from commensal to pathogenic. 
Natural filtration may be unable to prevent or mitigate the effects 
of such pathogens on an ecologically significant scale.

In mangroves and seagrasses, filtration mechanisms are not 
fully understood; likewise, in shellfish beds, it is not clear which 
pathogens are removed and which pathogens concentrate within 
bivalve tissues. Similarly, the extent of pathogen removal is still 
being explored in constructed wetlands. Important aspects of 
each system need to be explored to take full advantage of their 
filtration properties, including optimal densities in filtering 
bivalve populations, the role of microbiomes and epiphytes on 
seagrasses and mangroves, allelopathic interactions, and climate 
change on filtration capability. Additionally, it is unclear what 
the impact of filtration is on the host organism and if it can 
affect its productivity, physiological performance and/or quality. 
Future work is needed to examine the interactions between 
pathogen and host in ecosystems with filtration potential and 
to answer the following questions: Can natural filters fail due 
to pathogen overload? How can we test and monitor filtration 
performance? How often do we need to replace natural filtration 
systems to maintain pathogen filtration efficiency? What are the 
impacts of extracellular and intracellular pathogens in filtration 
performance? These are important questions as we consider 
the use of natural filtration systems to reduce pathogens in the 
coastal zone.

Coastal wetland ecosystems create habitats that facilitate high 
biodiversity, which may lead to lower pathogen pressure (Johnson 
et  al., 2013; Duffy et  al., 2015; Rahman et  al., 2021). Despite 
the critical roles these ecosystems play, they are increasingly 
threatened by climate change, pollution, and anthropogenic 
activities. It is essential to protect them to maintain the services 
they provide. Conserving these natural areas may decrease 
pathogen transmission between wildlife and humans, leading to 
fewer zoonotic events (Keesing and Ostfeld, 2021). We require 
further understanding of the mechanisms involved in pathogen 
filtration, its relation to other ecosystem services, and the role 
that other ecological factors play in pathogen reduction to 
implement these systems at their full potential.
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