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ABSTRACT 

 

As aquaculture has become a significant provider of the human diet, the interest to 

have better quality of sea and fresh products has been increasing.  However the 

potential hazards associated with pathogenic agents resulting in losses to the 

industry are major concerns that provided the motivation for this study. 

 

The use of ultraviolet irradiation is an alternative to disinfect water in inlet and 

outlet water sources.  However the ultraviolet disinfection method has some 

drawbacks including no disinfectant residuals and high cost of lamp fouling and 

replacement.  The ultraviolet system needs to be calibrated according with the life 

time of the ultraviolet lamps. 

 

The MS-2 coliphage in this study is an approach to determine a good indicator for 

determining if an ultraviolet system can be effective in an aquaculture recirculation 

system.  The susceptibility of this system can provide an indication if WSSV can be 

inactivated and possible other pathogenic agents.  

 

The WSSV experiment was successful in reducing mortality.  Further studies have 

to be completed and analyzed before recommending for control of other 

pathogens. 
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INTRODUCTION 

 

Problem definition: 

 

 In the activities that deal with living organisms the environment to grow out 

a specific species is always a critical issue.  In Aquaculture several potential 

hazards are been identified as important.  In this study we consider as important 

factors the water quality and the pathogenic agents in order to keep the 

aquaculture system in good standing.   

 

 The water in the aquaculture systems are continuously contaminated mainly 

by organism secretions and feed leftovers causing detrimental conditions for the 

cultured organisms (Timmons et al., 2001).  Bad water quality can lead to the 

flourishing of opportunistic pathogens and eventually could cause a disease 

outbreak in the system (Lightner & Redman, 1998).  In some of the cases is 

detected too late and resulting in economical losses for the industry. 

 

 In order to minimize the problems caused by pathogens in aquaculture 

specific water treatments have been suggested.  The use of ultraviolet has been 

more common in the recirculation aquaculture systems and it is widely used as 

preventive measure against the aquatic pathogens either to be introduced in the 
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system or to be released in the environment (Liltved et al., 1995; Liltved & 

Landfald, 2000; Liltved et al., 2006) 

 

 Nothing being perfect, the ultraviolet systems have several important 

drawbacks to be solved in order to increase the efficiency since most of the 

systems are different and need mechanical and biological calibration as water flow 

dynamics and the amount of ultraviolet needed for specific pathogens.  The 

ultraviolet dose required for inactivation is different for each organism and is 

difficult to calculate within the ultraviolet system (USEPA, 1986).  The flow through 

ultraviolet systems complicates the estimation of the dose since water contact time 

and irradiated volume are involved (Qualls & Johnson, 1983) 

 

 The Bacteriophage MS-2 has been used to calibrate ultraviolet systems in 

the drinking water industry (Havelaar et al., 1990).  The MS-2 can be used to 

assess the water dynamics in a recirculating aquaculture system and improve the 

ultraviolet system (Qualls & Johnson, 1985) 

 

 Most of the studies on aquatic organism inactivation is done using a bench 

irradiation system in static water and a collimated beam apparatus (Thurman & 

Gerba, 1988; Havelaar et al., 1990).  The MS-2 can be used as indicator of efficacy 

of flow through ultraviolet systems (Qualls et al., 1989).  Moreover, once the 

mechanic efficiency of the system is calibrated the ultraviolet dose can be adjusted 
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to the dose needed to inactivate aquatic pathogens can be estimated by using the 

information reported in previous bench type ultraviolet irradiation studies (Roessler 

& Severin, 1996). 

 

Although the conditions used in this MS-2 study were ideal for assessing the 

transmittance of the ultraviolet light through the water, the second experiment 

included shrimp and the shrimp pathogen White Spot Syndrome Virus (WSSV) and 

similar characteristics to those reported when outbreaks occurred in a recirculation 

aquaculture system (Lightner et al., 1998).  The shrimp were exposed to 

waterborne and per os infection (Peng et al., 1998; Supamattaya et al., 1998; 

Gitterle et al., 2006).  The ultraviolet system at dose of 25 miliwatts per second 

over square meter (mW s/m2) was successful in maintaining survival up to 100% 

when challenged with WSSV by waterborne expose, and it was also successful in 

increasing the survival up to 30% when per os exposed.  
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Literature review: 

 

Aquaculture practices 

 

Most of the aquaculture practices include social, economic and institutional 

issues with the same level of importance.  This multifunctional influence on the 

aquaculture practices requires multidirectional solutions to the different problems 

that affect it.  Some of these issues affect direct or indirectly to the production.  

However, the main activities with most important impact on the production are the 

management practices used in the process of production (New, 1993).  The 

application of disinfectants to reduce the pathogens is a common practice used in 

aquaculture probably with the highest impact in producing stress to the cultured 

organisms since most of these techniques imply to move the organisms to other 

tank (Timmons et al., 2001; Nga et al., 2005).  The application of therapeutics as 

prophylactic routine is widely used and sometimes uncontrolled and resulting in 

therapeutics-resistant pathogens that are difficult to control by the available 

methods (Pérez et al., 2005).  Feed additives, algaecides, pesticides and fertilizers 

are other practices that should be used as indicated by the best management 

practices in order to avoid or reduce the negative impacts in the production or the 

environment  (Boyd, 2003). 
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Some other factors that also affects the aquaculture are the stressors type 

environmental (Bainy, 2000).  As described previously, disease is the result of the 

interaction between the organism, the pathogen and the environment (Lightner et 

al., 1998), in this case the environment can represent changes in the water 

temperature (Jiravanichpaisal et al., 2004) that can affect host-pathogen 

interaction in different ways (Aguirre-Guzmán et al., 2001).  The profound effect 

that hyperthermia has on disease in shrimp infected with WSSV provides an 

excellent example of interaction of host, pathogen and environment (Rahman et 

al., 2006). 
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The ultraviolet light 

 

Ultraviolet irradiation is a common disinfection method used to prevent 

diseases in aquaculture production systems.  It has becoming more common 

practice since new pathogen agents are known that can potentially affect the 

culture systems and a reliable method to avoid pathogens introduction in the 

systems and also avoid to be released to the environment.   

 

There are numerous studies on pathogen inactivation by UV irradiation. 

Most of these studies are focused on wastewater treatment, drinking water and 

human health concerns (Roessler & Severin, 1996).  One limitation of the 

application of UV to aquaculture disinfection is that UV irradiation can not be 

applied to the culture organisms directly (Bolton & Linden, 2003), the lamps 

normally used are called germicidal lamps that emits nearly monochromatic 

ultraviolet light at 253.7 nm.  Ultraviolet light at this wave length can be absorbed 

by the DNA of the skin and is the primary cause of skin cancer.  This range is also 

absorbed by the DNA and RNA of microorganisms and can lead to their inactivation 

by interrupting the replication of the organism (Masschelein, 2002). 

 

There are several methods widely used to successfully remove fish 

pathogens from water and equipment (Liltved et al., 1995; Liltved & Landfald, 

2000; Liltved et al., 2006).  The different types of volumes of water to be 
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disinfected and different target pathogens may influence in the method chosen.  

The ultraviolet light (UV-C) in the range 190-280 nm and ozone are effective in 

inactivating a variety of microorganisms (Chang et al., 1998)  The ultraviolet 

irradiation does not produce toxic by-products to fish compared with ozone that 

have residual toxic effects.  However ozone residues need to be removed from 

water by using UV and activated charcoal increasing the cost of the disinfection 

treatment (Liltved et al., 1995; Liltved et al., 2006).   

 

Some advantages of using ultraviolet light are that no storage of toxic 

materials or handling of toxic materials is required in contrast with the use of 

halogens that special care and disposal are needed to use (IJpelaar et al., 2005).  

Also ultraviolet light does not produce odors or taste in drinking water (Bitton, 

1980).  However, some weak issues of the UV compared with other disinfection 

methods like chemical disinfectants such as chlorine include that no disinfectant 

residual is produced.  Moreover; the determination the UV dose is difficult (USEPA, 

1986) and in studies of ultraviolet inactivation of microorganisms it is necessary to 

determine the ultraviolet effect in the environment that the microorganisms is 

found and at different ultraviolet doses (Bolton & Linden, 2003).  

 

The replacement of ultraviolet lamps represents a high cost and habitually 

need to be changed every year approximately (USEPA, 1986).  For inactivation of 

microorganisms in food and medical industry UV irradiation between 253 nm and 
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265 nm is commonly used (Thurman & Gerba, 1988), at wavelengths greater of 

1200 nm not enough energy is produced to provoke biochemical changes on 

microorganisms (USEPA, 1986).   

 

The UV intensity is a measure of the energy or radiation in terms of incident 

exposure a upon unit area and is measured in micro-watt per square centimeter 

(mWs/cm2).  Dose is measure of the product of intensity and time measured in 

(mWs/cm2).  In ultraviolet disinfection, batch inactivation is the process of 

exposing microbial suspensions to a range of UV doses and is commonly carried 

using a collimated beam apparatus (Masschelein, 2002).  This process is carried on 

in a bench scale apparatus also referred as collimated beam apparatus in which 

the ultraviolet light is directed to a surface by using a cylindrical tube.  In this 

surface the microorganism to be irradiated is placed in water suspension and 

irradiated at different times at uniform intensity (Bolton & Linden, 2003).  By using 

a uniform intensity and changing exposure time, the ultraviolet irradiation dose 

needed to inactivate the microorganism can be assessed. 

 

Several factors can influence in the ultraviolet intensity, the lamp life, 

temperature, fouling, distance of the radiation from microbes and water quality 

parameters (Bitton, 1980).  Also in continuous flow-through aquaculture ultraviolet 

systems the intensity is complex to measure (Qualls & Johnson, 1983) the dose is 
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measured as the product of the intensity and mean hydraulic detention time within 

the irradiated area (Masschelein, 2002). 

 

Low pressure UV disinfection systems treat water at a wavelength of 254 

nm, this wavelength has a microbicide that causes photodescomposition of 

nucleotide bases pyrimidines, thymine, cytosine, and uracil.  The most important 

product of the photodescomposition is the 5, 6 cyclobutyl dipyrimidines also called 

pyrimidine dimmers (Bern et al., 1999).  This formation of dimmers inactivates 

microorganisms by blocking the DNA replication (Bitton, 1980).  The two areas 

that UV target in viral particles are the capcid proteins and the nucleic acids 

(Thurman & Gerba, 1988). 

 

Photodimerizacion is a mechanism that some microorganisms can develop 

after ultraviolet damage occurs in the nucleic acids as repair method.  This is 

described as the inverted photodimerization caused by the microorganism 

enzymatic activity (Jagger, 1967).  Photoodimerizacion is only presented in some 

bacteria.  However, fortunately there are other methods to inactivate bacteria like 

therapeutants that are not effective with viruses.  Viruses do not have any repair 

mechanisms to reverse the damage caused by UV light so ultraviolet irradiation is a 

viable alternative.  Bacteria that have the ability of photoreactivation can 

accomplish the reparation depending of the degree of damage caused, the 
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exposure to light at 300 and 500 nm and to the pH and temperature of the water 

are some of the factors involved in this mechanism (Thurman & Gerba, 1988).   

 

The UV susceptibility of waterborne pathogens have been widely discussed 

and reported since the first study (Downes & Blount, 1877) that based by 

describing the bactericidal effects of the radiant energy from sun light.  Nowadays, 

the UV susceptibility of several indicator and pathogenic waterborne 

microorganisms has been determined as has the UV dose required for an adequate 

disinfection.   

 

In order to effectively inactivate a specific aquatic pathogen a study using 

the bench scale (collimated beam) has to be carried on.  Develop the ultraviolet 

dose, know the response of the microorganism to the dose and asses the possible 

factors that are known to affect the UV dose , include cell clumping and 

shadowing, suspended solids, turbidity and UV absorption.  Most of the informative 

experiments are based in the use of indicators microorganisms under controlled 

conditions, uniform cell suspensions and water with low turbidity, and high 

transmittance at 254 nm.  However this experiments may not reflect the 

information from actual field conditions (Roessler & Severin, 1996). 

 

Researchers have estimated the ultraviolet dose by using bioassays.  The 

efficiency and capacity of UV disinfection systems can be assessed by analyzing 
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the intensity, residence time distribution and size of the chamber so each factor 

can be monitored by separate (Qualls et al., 1989).  The hydraulic flow probably is 

the factor that most difficulty to accurate measure and often results in a range of 

residence times (Qualls & Johnson, 1985).  Unfortunately there is no standard 

design approach by which the disinfection efficiency of any UV system can be 

predicted  (Thampi & Sorber, 1987). 

 

The growing awareness of viruses and other pathogens in the environment 

within different industries and the potential risk factors of having an outbreak have 

resulted in the demand for efficient disinfection systems to avoid the pathogen 

introduction and discharge to the environment.  In aquaculture industry, especially 

in recirculation systems the use of UV is determinant to keep the cultured 

organisms safe of and healthy. 

 

Recent studies have demonstrated that a shrimp virus named White Spot 

Syndrome that has been causing economical losses to the shrimp industry (US 8 

billion to 2005 (Lightner, 1996)) is sensitive to the ultraviolet irradiation, making 

the ultraviolet disinfection method a feasible alternative to the physical and 

chemical treatments that sometimes are time consuming, ineffective and develop 

by- products in water that result in toxic compounds (Chang et al., 1998; 

Balasubramanian et al., 2006; Oseko et al., 2006). 
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For other aquaculture pathogens, the lethal effects of ultraviolet are also 

demonstrated and feasible to be used to prevent diseases outbreaks.  However the 

response to the ultraviolet irradiation varies between the microorganisms.  

Different cumulative UV doses are reported, (LeBlanc & Overstreet, 1991; Liltved 

et al., 1995; Chang et al., 1998; Balasubramanian et al., 2006). 
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The Bacteriophage MS-2 

 

The use of ultraviolet to reduce pathogens has been studied since the last 

century.  The primary concern of these studies is the susceptibility of waterborne 

pathogens to ultraviolet light and has been widely discussed and reported since 

the first study (Downes & Blount, 1877).  Nowadays, the susceptibility of several 

pathogenic waterborne microorganisms to ultraviolet is estimated by the use of 

microbial indicators of ultraviolet disinfection (Roessler & Severin, 1996).  The 

flow-through ultraviolet reactors used for waterborne pathogens disinfection utilize 

F-specific RNA coliphage such as MS2, f2 and Qβ, as bioassay indicator organisms 

for estimating the ultraviolet dose (Havelaar et al., 1990) 

 

The main reason why the coliphages have been recommended as indicator 

of ultraviolet disinfection is because of their natural ecological and biological 

similarity to the enteric virus and their response to the ultraviolet irradiation is 

similar (Roessler & Severin, 1996).  However some other characteristics are 

favorable for the use of MS-2 as an indicator organism in aquaculture.  The MS-2 

have a linear logarithmic inactivation response to the ultraviolet irradiation.  MS-2 

is easy to recover and count, large concentrations can be easily produced and 

survive in water prior to disinfection.  It is safe to handle since it is not pathogenic 

to humans and the most important is that it has low susceptibility to ultraviolet 

irradiation (Roessler & Severin, 1996). 
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Other authors (Havelaar et al., 1990)found that the inactivation rate for MS-

2 is constant after several repetitions, this suggests that standard reduction curves 

can be developed.  Also most of the authors report similar ultraviolet doses used to 

obtain 3 log reductions of (Havelaar et al., 1990; Roessler & Severin, 1996; Bolton 

& Linden, 2003) 

 

The MS2 can be applied to evaluate the flow-through ultraviolet systems 

used in aquaculture as bioassay indicator organisms.  The characteristics of the 

MS-2 described by Havelaar et al. (1990) for waste water disinfection are also 

useful for aquaculture.  The determination of ultraviolet dose is required in 

aquaculture systems for specific pathogens for an adequate disinfection.   

 

It has been described that ultraviolet output continually deteriorates over 

time, and a reliable method to evaluate efficacy is needed.  The MS-2 can provides 

information about the dose emitted in order to avoid output decreases that 

normally are 3% per month (Timmons et al., 2001).  
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The White Spot Syndrome Virus 

 

Previous studies have shown the lethal effects of ultraviolet irradiation and 

how it varies for different pathogens and also the cumulative doses that are 

required to inactivate them.  For several aquatic pathogens the doses are reported  

(LeBlanc & Overstreet, 1991; Liltved et al., 1995; Chang et al., 1998; 

Balasubramanian et al., 2006).  In the case of White Spot Syndrome Virus (WSSV), 

that inactivation dose has been reported as approximated 30 mWs/cm2 aprox. 

(Chang et al., 1998; Balasubramanian et al., 2006) 

 

 The WSSV is a disease characterized as a is lethal infection that affects 

penaeid shrimp aquaculture worldwide.  This enveloped virus belongs to the 

Nimaviridae family, has a circular, supercoiled double-stranded DNA that comprises 

305 kb and is the largest penaeid shrimp virus in size (130 x 350 nm).  WSSV 

causes up to 100% cumulative mortalities within 3-10 days under farming 

conditions.  It has been estimated that from 1992 to 2005 economic losses of US$ 

8 billion, from several fresh and marine water species in Asia and America, could 

be attributed to WSSV (Lightner, 1996). 

 

The WSSV is directly transmitted by cohabitation with living infected shrimp 

and from ingestion of an infected cadaver.  However, several studies suggested 

that it is more effectively transmitted by ingestion of infected tissue (per os) like 
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cadavers or shrimp wastes than by cohabitation or contaminated water 

(waterborne) (Soto & Lotz, 2001) and that WSSV is transmitted more effectively 

through ingestion of infected cadavers (per os) than through contact with infected 

hosts that are actively shedding virus.  Other authors (Supamattaya et al., 1998) 

confirmed that WSSV could be also effectively transmitted via contaminated water 

and infect the shrimp and many other crustaceans (Chou et al., 1995; 

Kanchanaphum et al., 1998).   

 

It is advisable and very important to exclude contaminated organisms and 

water from the culture system when possible to avoid WSSV outbreaks throughout 

the cultivation cycle.  Previous studies have shown that feeding on infected tissue 

resulted in severe infections and 100% mortality of the population for some 

species (Lightner et al., 1998).  Differences in susceptibility between penaeid 

species have been observed (Aguirre-Guzmán et al., 2001).  Other authors (Pérez 

et al., 2005) demonstrated differences in susceptibility, depending on size and 

physiological state of the organism.  The susceptibility to WSSV increases with the 

postlarval age (Venegas, 1998).  However, Aguirre-Guzman et al., (2005) reported 

contrasting results in Litoenaeus vannamei to those reported by Venegas (1998), 

specifically, early larval stages were more sensitive than later stages when infected 

with bacteria.  We concur with Perez et al., 2005 in their conclusion that 

susceptibility might be related to genetic, physiological or ethological 

characteristics. 
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Some external factors can influence the susceptibility of shrimp to diseases; 

management practices like disinfection, the use of therapeutics, feed additives, 

algaecides, pesticides and fertilizers can be potential stressors and cause problems 

during shrimp production (Bainy, 2000).  However, physicochemical factors 

produced by the environment are more commonly involved in WSSV outbreaks 

(Nga et al., 2005).  Water temperature is considered to be the most important of 

these factors since it has been demonstrated to have direct effects over all 

biological process (Spanopoulos-Hernández et al., 2005).  By increasing the water 

temperature (hyperthermia) it is possible to reduce the expression of WSSV and 

result in a decrease of viral replication (Jiravanichpaisal et al., 2004; 

Jiravanichpaisal et al., 2006; Rahman et al., 2006; Reyes et al., 2007).  Previous 

studies demonstrated that increasing the temperature from 26 to 33 ºC completely 

inhibited the mortality of WSSV infected shrimp (Vidal et al., 2001), also that the 

WSSV replication was affected (Jiravanichpaisal et al., 2006).  Subsequent studies 

found that increasing temperature improves the immune response by producing an 

increased number of apoptotic cells and has a direct effect on WSSV by reducing 

the viral load (Granja et al., 2003; Granja et al., 2006).  Reyes et al., (2007) 

demonstrated that the inhibited mortality effects of hyperthermia are due to 

decreased viral replication more than improving the immune response.  Additional 

studies are needed to understand the mechanisms of how temperature interferes 

with WSSV infection are needed to better understand this host-virus relationship.   
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Lightner and Redman (1998) described that disease is the end result of a 

complex interaction between the shrimp, its environment and the pathogen itself 

(Lightner & Redman, 1998).  Salinity is a fundamental environmental factor in 

marine shrimp culture and frequently found to be related in WSSV outbreaks.  

Abrupt fluctuations in salinity are often provoked by rain and seem correlated with 

the increase of WSSV load within the shrimp populations (Peinado-Guevara & 

López-Meyer, 2006).  Moreover, (Bray et al., 1994) reported a relationship 

between salinity and infectious hypothermal and haematopoietic necrosis virus 

(IHHNV) in Litopenaeus vanammei,  in that changes in salinity can trigger disease 

outbreaks as also described by Peinado-Guevara, (2006) and Spanopoulos-

Hernández et al., (2005).  Bacterial infections are also correlated with mortality of 

shrimp by WSSV (Mohan et al., 2002; Selvin et al., 2004), as primary infections or 

opportunistic in diseased shrimp (Lightner, 1996).  The water quality affects 

virulence of WSSV as described by (Jiang et al., 2004) reporting that ammonia-N 

decreases the virulence of WSSV by reducing the immunocompentence in 

Litopeaues japonicus without even affecting the shrimp appetite, contrasting the 

patterns of the negative effects of most of the other environmental parameters 

when they fluctuate in abnormal ways.  The influence of the environmental 

parameters normally considered to relate to disease outbreaks have to be studied 

in order to assess how they affect the health and defense mechanisms of the host 

and how they affect the virulence and density of WSSV. 
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The WSSV success as a pathogen can be attributed to several factors; 

transmission mechanisms including infected or mechanical carriers (Peng et al., 

1998); and the different routes to infect the host that WSSV uses (Supamattaya et 

al., 1998).  Experimental studies have been demonstrated that WSSV can easy 

develop in shrimp culture conditions and keep successfully infecting shrimp during 

long periods.  However, the optimal conditions of the experimental challenges can 

be distant of what can really happen under farming conditions due to the complex 

biodiversity of organisms and organic matter that pond water have and the 

influence in the mechanisms of infection can have.  Moreover, the density of viral 

particles in water volume is usually greater; this raises more questions regarding 

how much the infection is altered by all these factors. 

 

As mentioned before, there are two ways that WSSV can infect shrimp, oral 

infection and waterborne infection.  In experimental infections both ways are used, 

either by feeding using minced infected muscle tissue (sometimes introduced into 

the oral cavity using a catheter) or by inoculating the water with viral preparation.  

It is important that all the organisms are exposed equally, at the same time and 

achieve a uniform dosage (Gitterle et al., 2006). 

 

Ultraviolet irradiation is a common disinfection method used to prevent 

diseases in aquaculture production systems.    Recent studies have demonstrated 
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that WSSV is sensitive to UV light irradiation, making the UV disinfection method a 

feasible alternative to the physical and chemical treatments that sometimes are 

time consuming, ineffective and develop by- products in water that result in toxic 

compounds (Chang et al., 1998; Balasubramanian et al., 2006; Oseko et al., 

2006). 

 

Although WSSV can be inactivated from water by UV irradiation, some studies 

have shown tolerance when compared with other shrimp diseases (Momoyama, 

1989; LeBlanc & Overstreet, 1991).  The sensitivity of WSSV to the UV light 

irradiation is dependent on the UV irradiation time and the dosage (µW s cm2) 

(Balasubramanian et al., 2006; Oseko et al., 2006).  Most of the challenges of UV 

light and shrimp diseases are conducted in vitro (petri dish) with direct UV 

irradiation using the collimated beam (bench) apparatus in a static water. 
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Dissertation format 

 

The methods, results and conclusions of this study are presented by the 

candidate in two separate trials:    1) THE USE OF COLIPHAGE MS2: IN AN 

AQUACULTURE SYSTEM AS INDICATOR OF ULTRAVIOLET FILTER EFFICIENCY.  2) 

CONTROL OF HORIZONTAL TRANSMISSION OF WHITE SPOT SYNDROME VIRUS 

(WSSV) BY ULTRAVIOLET LIGHT.  Preliminary trials were conducted and support 

the techniques and methods used in this study.  Literature review related to this 

research is also appended, and explains most of the reasons and objectives of this 

study.  UV irradiation is a practical alternative for the aquaculture industry to 

disinfect water and inactivate pathogens.  This dissertation format is intended to 

provide specific information to the scientific readers and address the shrimp 

industry problems.  The format of this dissertation provides material ready for 

submission to peer- reviewed journals (Appendices A and B).  The dissertation 

author was responsible for all the research and the writing presented in the 

appendices A and B.  
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PRESENT STUDY 

 

 The objective of the present study was to evaluate the ultraviolet light 

system by using the Coliphage MS-2 and evaluate the efficacy of increasing 

survivorship of shrimp in a WSSV contaminated raceway system.  These include 

mechanical and biological observations as: water flow dynamics, ultraviolet dose 

calculation, the reduction of the Coliphague MS-2 and the increased of shrimp 

survivorship when exposed to WSSV contaminated water. 

 

 The methods, results and conclusions of this study are presented and 

discussed in the two appendages included in this dissertation.  However a brief 

summary of the most important findings is included next. 

 

 The Coliphage MS-2 has been used to calibrate ultraviolet systems and can 

be successfully used to evaluate the efficacy of ultraviolet systems in aquaculture, 

it can assist to evaluate the water dynamics and improve the function with in the 

system.  Also can be used in flow through systems to know the effective dose 

used. 

 

 The importance of evaluate the dynamics of the water affect directly to the 

efficacy of the ultraviolet system, it is important to be sure that the tanks have no 
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dead points where the pathogens, carcasses, and other wastes that can shield the 

ultraviolet irradiation and incorporate pathogens to the system. 

 

Ultraviolet irradiation to the WSSV contaminated water increased up to 100% 

survivorship and 30 % when infected per os.  It can be assumed after this study 

that once the aquaculture ultraviolet system is evaluated by using Bacteriophage 

MS-2 and 1.5 Log -10 is reduced the ultraviolet dose will be enough to keep high 

survival if WSSV occurs. 
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DISCUSSION OF THE DISSERTATION 

 

It is defined that virus are easier to be inactivated by ultraviolet than 

bacteria and also bacteria can rely on photo-reactivation.  Bacteria can be 

successfully removed by using therapeutants that are easy to apply and in some 

countries no regulated.  Moreover, most of the therapeutics need close 

professional supervision to apply because they can be toxic for the cultured 

organisms and to the handler and sometimes can even result in acquired 

resistance if not used properly.  However, most of the therapeutics used are not 

effective in inactivated virus, so, the ultraviolet system represents a viable source 

to treat water especially in recirculation systems. 

 

In order to keep a constant disinfection by ultraviolet in flow-through 

recirculation aquaculture system it is necessary to have constant ultraviolet dose 

(LeBlanc & Overstreet, 1991; Liltved et al., 1995; Chang et al., 1998; Liltved & 

Landfald, 2000; Balasubramanian et al., 2006; Liltved et al., 2006), and water 

contact time enough to inactivate the target pathogen faster than it can replicate 

or repair from ultraviolet damaged nucleic acids (Qualls & Johnson, 1983).  In the 

study of the Bacteriphage MS-2 (Appendix A) one row of tanks resulted in the 

higher concentrations of MS-2 constantly during the experiment, that suggest that 

the dynamics of the water in that row of tanks was not efficient in revolving the 

water and exchanging to the ultraviolet system, hence not being treated by 
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ultraviolet as previously described by (Qualls et al., 1989).  Moreover, it can be 

possible in an aquaculture facility that a tank with poor drainage will keep dead or 

sick organisms that will be cannibalized by others and propagate the infection 

faster.  Good water dynamics can help the ultraviolet system to irradiate more 

efficiently more water in the system, and also to remove organism carcasses and 

pathological agents before healthy organisms consume them. 

 

Although the initial water turbidity was low (100% transmittance) in both 

experiments, the MS-2 study and the WSSV study, after 12 days the water in the 

WSSV experiment increased in turbidity due to the nutrients produced by feed and 

shrimp wastes that resulted in an algae bloom.  By day 12 the turbidity in the 

control group was higher than in the ultraviolet treated tanks. 

 

The chosen term to run the WSSV experiment (Feb-Mar) was intended to 

have low temperatures in order to induce the WSSV to infect faster and eventually 

kill more shrimp in a shorter period as recommended (Lightner, 1996).  The 

average temperature during this experiment was 27°C.  However, mortality in the 

control group was significantly higher than the group treated with ultraviolet where 

the survivorship was 100%.  Moreover, it is described that the ideal temperature of 

the ultraviolet light is 37°C (Timmons et al., 2001), in this study the ultraviolet 

system was 10°C less than the optimal, hence, less efficient than its capacity, 

however, the results were satisfactory. 
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The use of the ultraviolet system to irradiate WSSV contaminated water 

resulted in increased shrimp survivorship up to 100% and up to 30 when exposed 

to contaminated water plus per os.  This suggests that ultraviolet system can 

successfully increase survivorship if WSSV is present.  In conclusion, based on the 

results of both studies, it appears that an ultraviolet system is capable of producing 

a reduction of 1.5 log of MS-2 in the flow-through water system, and that will 

warranty that the dose emitted by the system is sufficient to increase the 

survivorship up to 100% in the recirculation aquaculture system with typical 

turbidity and flow. 

 

Future studies suggested: 

 

After concluding that MS-2 is a potential indicator organism that can be 

used to assess the efficacy of an ultraviolet system in a recirculation aquaculture 

system and that WSSV can be efficiently controlled if the systems reduces 1.5 Log 

-10 of MS-2, I would like to propose the future studies: 

-Continue the present study to calculate the range of effective dose to 

reduce WSSV and also for other single stranded DNA or RNA viruses that are 

described to be more resistant to ultraviolet irradiation (Momoyama, 1989; LeBlanc 

& Overstreet, 1991). 
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-Study the survival of MS-2 at different temperatures to evaluate the 

feasibility of use in different aquaculture systems (cold water aquaculture). 
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INTRODUCTION 

 

In aquaculture activities the most important factor is good quality water.  

Water treatment is integral to recirculation systems and necessary to reduce 

operating costs.  Effective water treatment can prevent pathogenic organisms and 

diseases from spreading into the system with devastating financial costs.  Viral and 

bacterial diseases are increasingly a problem in aquaculture causing big losses to 

the industry.  However, in order to keep the cultured aquatic organisms free of 

deadly diseases the incorporation of ultraviolet in the aquaculture systems is a 

promising alternative. 

 

Advantages of using ultraviolet (UV) are that no known toxic by-products 

are produced and no storage of toxic materials or handling of toxic materials is 

required.  Also no odors or taste are produced in drinking water (Bitton, 1980).  On 

other hand, ultraviolet disinfection have some disadvantages, no disinfectant 

residual is produced and the determination of the ultraviolet dose is difficult and 

the cost are high due to lamp fouling and replacement (USEPA, 1986).  For 

inactivation of microorganisms in food and medical industries,  UV irradiation 

between 253 nm and 265 nm is commonly used (Thurman & Gerba, 1988).  At 

wavelengths greater than 1200 nm, not enough energy is produced to provoke 

biochemical changes in microorganisms (USEPA, 1986).  UV intensity is a measure 

of the energy or radiation in terms of incident light upon exposed unit area and is 

measured in micro-watt per square centimeter (mWs/cm2).  Dose is a measure of 
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the product of intensity and time measured in (mWs/cm2/sec).  In ultraviolet 

disinfection, batch inactivation is the process of exposing microbial suspensions to 

a range of UV doses and is commonly conducted using a collimated beam 

apparatus (Masschelein, 2002).  By using a uniform intensity and changing 

exposure time, the ultraviolet irradiation efficacy can be assessed. 

 

Several factors can influence the ultraviolet intensity, the lamp life, 

temperature, fouling, distance of the radiation from microbes and water quality 

parameters (Bitton, 1980).  The intensity in continuous flow systems is difficult and 

complex to measure (Qualls & Johnson, 1983).  The dose is determined as the 

product of the intensity and mean hydraulic detention time within the irradiated 

area (Masschelein, 2002). 

 

Low pressure UV disinfection systems treat water at a wavelength of 254 

nm, which has the microbicide effect for inactivation of microorganisms.  This 

wavelength causes photodecomposition of the nucleotide bases pyrimidines 

specifically the thymine, cytosine, and uracil.  The most important product of the 

photodecomposition is the 5, 6 cyclobutyl dipyrimidines also called pyrimidine 

dimmers (Bern et al., 1999).  This formation of dimmers that inactivates 

microorganisms by blocking the DNA replication (Bitton, 1980).  The two areas 

that UV target in viral particles are the capcid proteins and the nucleic acids 

(Thurman & Gerba, 1988). 
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Some microorganisms can develop a mechanism of uv-damaged nucleic acid 

repair called photoreactivation.  This is described as the inverted photodimerization 

caused by the microorganism enzymatic activity (Jagger, 1967).  Viruses do not 

have any repair mechanisms to reverse the damage caused by UV light.  However, 

bacteria and some other microorganisms have the ability of photoreactivation that 

is directly related with degree of damage caused, the exposure to the light at 300 

and 500 nm and to the pH and temperature of the water. 

 

The UV susceptibility of waterborne pathogens have been widely discussed 

and reported since the first study (Downes & Blount, 1877) describing the 

bactericidal effects of the radiant energy from sun light.  The UV susceptibility of 

several indicator and pathogenic waterborne microorganisms has been determined 

and the UV dose required for an adequate disinfection.  Moreover, the 

characteristics that affect the UV dose are also known, including cell clumping and 

shadowing, suspended solids, turbidity and UV absortion.  Most of the informative 

experiments are based on the use of indicator microorganisms under controlled 

conditions, uniform cell suspensions and water with low turbidity, and high 

transmittance at 254 nm.  However these experiments may not reflect the 

information from actual field conditions (Roessler & Severin, 1996). 

 



 47 

The F specific RNA bacteriophage MS2 is commonly used to calibrate UV 

disinfection systems.  The reason why this phage is used is because its properties 

include: 

It is a single-strand RNA virus and susceptible to UV. 

1. The size and structure is similar to some human enteroviruses. 

2. It has a relatively high UV resistance similar to those that bacterial spores have. 

3. It is not pathogenic to a human so it can be safety used for UV system 

calibration. 

4. Can be cultivable to high numbers (10 12 pfu/ml) (Havelaar et al., 1990). 

 

One of the problems about using UV disinfection systems is the difficulty of 

measuring the UV dose.  Therefore immediate control and monitoring of the 

system is complicated.  Researchers have been estimating the UV dose by using 

bioassays.  The efficiency and capacity of UV disinfection systems can be assessed 

by analyzing the intensity, residence time distribution and size of the chamber so 

each factor can be monitored by separately (Qualls et al., 1989).  Hydraulic flow 

probably is the factor that is most difficulty to accurately measure and often results 

in a range of residence times (Qualls & Johnson, 1985).  Unfortunately there is no 

standard design approach by which the disinfection efficiency of any UV system 

can be predicted  (Thampi & Sorber, 1987). 
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The growing awareness of viruses and other pathogens in the environment 

within different industries and the potential risk factors of having an outbreak have 

resulted in the demand for efficient disinfection systems to avoid pathogen 

introduction.  In the aquaculture industry, especially in recirculation systems the 

use of UV is recommended to keep cultured organisms safe and healthy. 

 

Previous studies have shown the lethal effects of UV light and how it varies 

among different organisms (Table 1).  Different cummulative UV doses are 

reported (LeBlanc & Overstreet, 1991; Liltved et al., 1995; Chang et al., 1998; 

Balasubramanian et al., 2006).  In the case of WSSV different cumulative doses 

and times of exposure are reported.  It also reported that bacteria are more 

resistant than viruses except in the case of IPNV Liltved et al. (1995).  The UV light 

output continually deteriorates from the time first start of new bulbs  and a good 

method to evaluate the efficiency is needed.  It is estimated that 3% per month of 

the UV output decreases (Timmons et al., 2001).  In the present study we intend 

to bioassay the bacteriophage MS2 as an indicator of UV unit efficiency.  We 

understand that by using similar conditions to the farming conditions, we can 

estimate accurately the effects of the UV on recirculating system flow-through and 

test several of the common pathogens.  

 

MATERIALS AND METHODS 

 

Coliphage propagation 



 49 

 

 F-specific coliphague MS-2 (ATCC 15597-B1) obtained from the American 

type Culture Collection (ATCC; Manassas, VA), was grown to high titres in 18 hr 

cultures of Escherichia coli (ATCC 15597) grown in triptic soy broth (Difco, Detroit, 

MI).  The MS-2 was propagated by the double agar layer technique (Adams, 1959)  

The MS-2 was serially diluted in Tris-buffered saline to a concentration of 105 

PFU/ml.  The E. coli suspension was mixed with the MS-2 (1ml to 0.1ml) in 3 ml of 

the overlay agar and poured over tryptic soy agar Petri dishes.  The phage was 

incubated to 37° C for 24 hr and harvested and centrifuged at 15,300 x g for 10 

min.  The liquid was filtered using a 22 µm pore size acridisk syringue treated with 

0.3 % beef extract at pH 7 (Pall, Ann Arbor, MI)  The solution was stored at 4° C 

and used as stock, and diluted to approximately 1.5 x 108  PFU / ml. 

 

Tank set-up 

 

 This study was conducted in the Environmental Research Laboratory of the 

University of Arizona.  The goal of this particular trial is to determine the efficacy of 

UV radiation to reduce incidence of the bacteriophage MS-2 in the recirculation 

aquaculture system.  A constructed water system was used in this experiment.  

This system consists of a UV light unit, a PVC pipe frame.  For this experiment only 

the UV light was used. However, diagram of the system is shown in Figure 3 

heaters, pumps and biofilters to keep the water quality under controlled 
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conditions.  Each unit (4 in total) was set as one individual treatment consisting of 

3 tanks in a line (raceway system) a pump, heater and biofilter (see Fig. 3).  The 

water flow was pumped from the lower tanks (Row 3) to the unit situated above 

the upper tanks (Row 1) for each treatment system.  Row 3 was exclusively for the 

pumps, heaters, and biofilters (Fig 6).  The system was designed to pump water to 

the unit, which would then flow by gravity to Row 1 and then Row 2 and back to 

Row 3 to recirculation.     

 

Preparation of the tanks and UV light system 

 

Each lamp 15 w, 254 nm wavelength, was previously measured with a 

research radiometer (International Light IL 1700, Newburyport, MA 01950) to 

ensure that all the lamps were in the same radiation condition.  The Uv dose was 

calculated by comparing the log reduction of the standard graph MS-2 reduction 

(Roessler & Severin, 1996).  

 

Data analysis 

 

Data were reported as logarithmic reduction -log10  Nt/ No  where Nt  is the 

concentration of microorganisms at time t and No is the concentration of 

microorganisms at time zero (Rohr et al., 2000).  A Student`s t-test was used for 

analysis of variance to determine significant differences between treatments. 
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Differences were considered significant if P value was ≤ 0.05.  

 

RESULTS 

 

Significant differences were found when the water was irradiated with 

ultraviolet compared with the control group (not irradiated with ultraviolet).  After 

90 min of irradiation light the Bacteriophage MS-2 was reduced by 3.15 – log10.  

This was the highest reduction between 0 and 90 min (Table 2).  After 24 hrs both 

groups, the treated with ultraviolet and the control group did not survive.  

However after 15 min of ultraviolet irradiation reductions were observed, an 

average of 1.41 – log10 of reduction for the irradiated group and 0.16 – log10 for 

the control group (Table 2 and Figure 2).  At 15 min the system had almost turn 

100% of the system water (aprox 70% of the 180 L) had been treated at 22 min 

100% of the water was treated with ultraviolet.  The approximate ultraviolet dose 

calculated was 25 mW s/cm2 at 15 min (Figure 1). 

 

At 30 min of irradiation the log reduction was 1.67 – log10 and compared 

with the minimum reduction of the control group 0.30 – log10 .  A this time the 

water was mixed almost 2 times and the reductions between the treated tanks 

were similar, although the dynamics in the water suggest that more mixed still 

being needed at this time to insure that all the water is being treated. 
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Between minute 30 and minute 45 a reduction of 2.44 – log10 was observed, 

and this was the major difference in reduction observed in this experiment, 

approximately 0.77 – log10 of difference between minute 30 and 45.  In contrast 

for the control group at minute 45 the reduction maintained at the same rate, in 

this case was 0.14 – log10 .   

 

At time 60 min the reduction observed was 3.01 – log10 . with a difference 

of 0.12 – log10 compared with the previous taken sample at 45 min.  In contrast, 

the control group resulted in the highest reduction compared the other 0 to 45 min 

samples and 75 to 90 min.   

 

At times 75 min and 90 min resulted in the minor reduction in the ultraviolet 

system and also in the control group during the course of this study.  At time 75 

the reduction in the ultraviolet system was 3.13 – log10, a minor difference 

compared with the previous samples at 60 min.  Even less difference were 

observed at time 90 were the reduction was 3.15  – log10  were only 0.02  – log10 

was observed comparing with the previous reduction of 60 minutes. 

 

The maximum reduction observed in this 90 minutes ultraviolet irradiation 

study was 3.15 – log10 .  However, after 45 minutes of ultraviolet irradiation the 

logaritimic reduction of the Bacteriophage MS-2 started to decline and the 
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reductions between 60 minutes and 90 minutes samples were minimum  compared 

with the observed during the first 45 minutes (Figure 2). 

 

The maximum reduction between each sample was at minute 45 (2.44 – 

log10) were 0.77 – log10 of MS-2 were removed (Figure 2).  At 45 minutes the 

water in each system turned over 2 times already (180 L at 8 L/ min).  At 45 

minutes the control group did not shown at major reduction of MS-2 concentration.  

The major reduction in the control group was at 60 minutes (0.53 – log10).  

However reductions observed in the control group did not represent logarithmic 

reductions in MS-2 counts compared with those observed in the ultraviolet 

irradiated water. 

 

The differences between the treatments were analyzed using Student`s t-

test for analysis of variance.  Significant differences between treatments were 

determined.  Differences were considered significant if P value was ≤ 0.05. 

 

DISCUSSION   

 

 Quality of water and the avoidance of pathogenic agents are subject of 

many research projects, especially for the recirculation systems where the water is 

treated and reused.  With drinking water a popular method to disinfect the water is 

the use of ultraviolet irradiation because there are no toxic materials used or 
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storage requirements, no odors or taste are produced, and, presumably ultraviolet 

light does not generate harmful byproducts (Bitton, 1980).  Some disadvantages of 

using ultraviolet irradiation is that no disinfectant residual is produced and the 

determination of the ultraviolet dose is difficult and high cost (USEPA, 1986).  In 

the present study two different methods were compared to calculate the dose 

used.  The main obstacle to calculate the dose was that this study was carried on 

using a flow through system.  The mathematical model suggested by (Zhu et al., 

2002) included water flow rates through the ultraviolet system and a formula that 

includes measures of the unit internal volume, on the other hand, the complexity 

of the calculation does not warranty that the result is accurate.  On the other 

hand, the method used to calculate the dose for this study was based in the 

standard curve reported by (Roessler & Severin, 1996).  The calculation was based 

on the fact that 1.5 log – log 10 was reduced when the water of the system was 

exposed once without recirculation (180 L).  The UV dose used in this study was 

25 mW s/cm2  

 

 Most of the ultraviolet-microbial studies are carried out using batch 

inactivation exposure through the time at uniform intensity.  In flow through 

systems like the one used in the present study several factors like water residence 

time, transmittance and irradiated area affect the final ultraviolet cumulative dose 

calculation (Qualls & Johnson, 1983; Masschelein, 2002).  Consequently, since the 

bacteriophage is widely known and used for ultraviolet calibration, the effective log 
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survival was used in this experiment (Table 2 and Figure 2) (Havelaar et al., 1990; 

Roessler & Severin, 1996).   

 

The hydraulic flow is probably the factor most important and difficult to 

accurately measure and often results in a wide range of residence time (Qualls & 

Johnson, 1985).  During this study fluctuation between the concentrations of the 

Bacteriophage MS-2 in both, treatments and control group were observed (Table 

2).  During the first 45 minutes of the study the total volume of water from each 

system turned over two times.  However, the tanks in Row 2 shown the higher 

concentration of MS-2 in the ultraviolet irradiated column probably due to the 

water dynamics of the system (Table 3).  The control group shown similar results 

during the all the study, minor differences in concentration and reduction.  It can 

be presumed that the water dynamics in this system held some MS-2 within the 

tanks and were not treated with the ultraviolet light (Qualls & Johnson, 1985; 

Thampi & Sorber, 1987; Qualls et al., 1989).  However, after 24 hours there no 

MS-2 remained in both systems. 

 

 Another factor that affects the ultraviolet efficacy is the different cumulative 

ultraviolet doses that varies from one pathogenic organisms to another (Table 1).  

It has been described that by knowing the ultraviolet dose it can be possible to 

target the pathogenic organism, however it is important to know the turbidity 

conditions used to measure the ultraviolet dose (Timmons et al., 2001). 
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The effective cumulative dose reported by Roessler et al. (1996) was 18.6 

mW s/cm2 to remove 1 Log 10 .  According with the standard curve for the MS-2 

the dose used in this study was 25 mW s/cm2 approximately.  However since is 

suggested that constant ultraviolet no necessary yields to constant inactivation, it 

is not accurate to extrapolate the cumulative dose further than the calculation we 

did.  Besides not all the organisms are comparable due to the individual properties 

(Havelaar et al., 1990). 

 

Parallel to this study, a preliminary WSSV study was conducted using the 

flow through ultraviolet system and same dose.  The shrimp were exposed to 

WSSV contaminated water treated with ultraviolet and resulted in 100% of shrimp 

survival.  This suggest that the cumulative dose reported, 30 mW s/cm2 at 20 

minutes of exposure and 90 mW s/cm2 at 60 min reported by 

Balasubramanian,(2006) and Chang, (1998) respectively is useful in reducing 

mortality of Litopenaeus vannamei by WSSV. 

 

 By using filtered water the possible suspended solids where removed 

avoiding cell clumping, shadowing and turbidity.  The chlorine from tap water was 

removed by activated carbon.  However, this experiment may not represent the 

field conditions that the farming industry is exposed.  The present study evaluate 

the effects of the ultraviolet in a flow through system in order to observe if the 
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coliphage MS-2 can be effective used to calibrate ultraviolet disinfection systems in 

aquaculture         

 

In conclusion, the flow rate through ultraviolet systems in aquaculture in 

general complicates the ultraviolet dose estimation representing a risk for the 

culture organisms.  In addition the hydraulics of each system is different and 

depends on the design and installation of each particular unit.  This also represents 

a problem for aquaculture activities since the lack of dynamic exposition of the 

100% of the water can harbor pathogenic organisms resulting in a disease 

outbreak.  Although there was no constant inactivation shown in this experiment, 

we can conclude that the minimal fluctuations observed were merely due to the 

hydraulics of the system.  Hence, MS-2 can be effectively used for monitoring 

ultraviolet systems  
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Table 1.  Previous studies on aquaculture using bioassays in ideal conditions, using 
UV intensity constant at 254 nm, collimated beam apparatus and Petri dish with 1 
cm water depth. 
 

Pathogen 
Tipe of 
expositi

on 

Cummulative UV 
Dose mW s/cm2 

Time 
(min) 

Author 

WSSV Bench 31 20  
(Balasubramanian et al., 

2006) 
WSSV Bench 90 60 (Chang et al., 1998) 

Baculovirus penaei Bench 700 40 
(LeBlanc & Overstreet, 

1991) 
V. anguillarum Bench 2000 NA (Liltved et al., 1995) 
V. salmonicida Bench 2000 NA (Liltved et al., 1995) 

Y. ruckeri Bench 2000 NA (Liltved et al., 1995) 
       IPNV      NA 122000 NA (Liltved et al., 1995) 

Bacteriophage MS-2 Bench 18.6 (1 Log) NA 
(Roessler & Severin, 

1996) 
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Table 2.  Reduction of Bacteriophage MS2 at 8 L. per minute after exposure of 
ultraviolet radiation.  Columns from left to right; Time in minutes, Concentration / 
liter, Logarithmic Reduction, Logarithmic Reduction Average, Approximately 
ultraviolet Dose 
 
 Control   UV exposure    

Time 
(min) Conc. (/L) 

Log  
Red 

Log  
Red  
Aver Conc. (/L) 

Log  
Red 

Log  
Red  
Aver 

Approx UV 
Dose  

(mW s/cm2) 

0 0  0 0 0 0 0 

15 

1.61 x 10 7 

4.55 x 10 7 

1.86 x 10 7 

0.07 
0.33 
0.10 

 
 

0.16 

2.37 x 10 5 

2.40 x 10 7 

2.27 x 10 6 

0.85 
1.37 
2.01 

 
 

1.41 25 

30 

1.38 x 10 7 

2.11 x 10 7 
1.46 x 10 7 

0.19 
0.46 
0.26 

 
 

0.30 

3.35 x 10 4 

1.03 x 10 6 
2.20 x 10 4 

1.47 
2.05 
1.49 

 
 

1.67 50 

  45 

 1.04 x 10 7 

 1.55 x 10 7 
 1.00 x 10 7 

0.46 
0.61 
0.38 

 
 

0.48 

   8.0 x 10 3 

   2.13 x 10 5 
   2.20 x 10 4 

1.75 
3.05 
2.53 

 
 

2.44 75 
            5.50 x 10 6       0.34 
                 1.12 x 10 7        0.92 
  60      7.75 x 10 6        0.60 0.62 

4.25 x 10 3  
2.13 x 10 4 

   7.28 x 104 

  1.90 
  4.19 
  3.00    3.01 

 
 

100 

  75 

 7.40 x 10 6 

 5.40 x 10 6 
 4.60 x 10 6 

1.11 
0.96 
1.38 

 
 

0.04 

   3.0 x 10 3 

   1.75 x 10 3 
   2.25 x 10 3 

2.07 
4.14 
3.18 

 
3.13 

125 

  90 

 1.25 x 10 6 

 5.00 x 10 6 
 7.75 x 10 6 

1.11 
1.08 
1.38 

 
 

1.19 

   2.0 x 10 3 

  1.50 x 10 3 
  1.50 x 10 3 

2.07 
4.20 
3.18 

 
3.15 

150 

1440       0.00 NA        0.00  NA NA 2400 
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Figure 1.  Graphic of MS-2 reduction using UV light.  The effective 
cumulative dose is reducing the MS-2 concentration every time that is 
exposed to the UV irradiation.  Note that the average UV dose was 
approximately 25 mW s/cm2.   
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Figure 2.  Graphic of MS-2 reduction using UV light Comparison of the UV treated 
water and the control group over Time.  The effective cumulative dose is reducing 
the MS-2 concentration every time that is exposed to the UV irradiation at 25 mW 
s/cm2.  Observe that the UV have a reduction effect over the MS-2 over time. 
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Figure 3.  Water is pumped from the lower tanks (Row 3) to the
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UV light (columns A) and non-irradiated with UV light (columns B).
Water from Row 1 overflows to tanks in Row 2 and then
to Row 3. 
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ABSTRACT 

 
Bacterial and viral diseases are common problems in aquaculture.  The use of flow-

through systems frequently represents a risk of contamination by introducing pathogenic 

microorganisms resulting in diseases that economically damage the industry.  Currently, 

the use of disinfection methods in water is a common practice to avoid the introduction 

of pathogens and to reduce pathogens from contaminated systems.  White spot 

syndrome virus (WSSV) causes a shrimp disease responsible for substantial economic 

losses in many countries.  Several studies on the inactivation of WSSV by UV light have 

assessed the efficacy of various types of units by either exposing infected tissue or virus 

stock solution directly to a static UV light irradiation for different periods of time.  None 

of these studies had tested the effects of ultraviolet  on WSSV in running water.  A viral 

challenge is necessary to determine the virucidal efficacy of the ultraviolet system at 8 

l/min flow rate.  A challenge model was developed in order to observe the inactivation of 

the WSSV at this specific flow rate.  The present study was conducted to determine if 

the specific pathogen free (SPF) indicator shrimp might take WSSV from infected water 

flow after treatment with UV light. 

 

Specific Pathogen Free L. vannamei shrimp, 2.5-gr avg. wt., were acclimated to 25 ppt. 

artificial seawater.  Once acclimated, they were distributed in four pairs of tanks 

(20/tank).  Each pair of tanks had one tank infected by per os and one exposed to water 

from the infected tank.  Water flow from the per os infected tank was pumped to the 

non-infected, and returned to the per os infected tank by gravity.  Two pairs of tanks had 

UV light (G15T8) to irradiate the flow water before passing to the non-infected tank.  
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The other two pairs of tanks (control group) had no UV light irradiation to the 

recirculating water.  Moribund and dead shrimp were collected and frozen to determine 

if infected with WSSV by using PCR.  After 12 days shrimp in, the tanks exposed to 

water contaminated with WSSV and treated with UV did not have any mortality.  The 

water contaminated with WSSV and not treated with UV resulted in significant numbers 

of WSSV infected and dead shrimp.  This study demonstrated that it is possible to 

eliminate the transmission of WSSV by treating the water with UV.  
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INTRODUCTION 

 

 The white spot syndrome virus (WSSV) is a lethal and highly 

contagious virus that affects penaeid shrimp aquaculture worldwide.  This 

enveloped virus belongs to the Nimaviridae family, has a circular, supercoiled 

double-stranded DNA that comprises 305 kb and is the largest penaeid shrimp 

virus in size (130 x 350 nm) (OIE, 2007).  WSSV causes up to 100% cumulative 

mortalities within 3-10 days under farming conditions.  It has been estimated that 

from 1992 to 2005 economic losses of US$ 8 billion, to several fresh and marine 

water species in Asia and America, could be attributed to WSSV (Lightner, 1996). 

 

WSSV is a pathogen that is directly transmitted by cohabitation with living 

infected shrimp and from ingestion of an infected cadaver.  It has been suggested 

(Soto & Lotz, 2001) that WSSV is transmitted more effectively through ingestion of 

infected cadavers (per os) than through contact with infected hosts that are 

actively shedding virus.  Other authors (Supamattaya et al., 1998) confirmed that 

WSSV could be also effectively transmitted via contaminated water and infect the 

shrimp and many other crustaceans (Chou et al., 1995; Kanchanaphum et al., 

1998).   

 

It is advisable and very important to exclude contaminated organisms and 

water from the culture system when possible to avoid WSSV outbreaks throughout 
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the cultivation cycle.  Previous studies have shown that feeding on infected tissue 

resulted in severe infections and 100% mortality of the population for some 

species (Lightner et al., 1998).  Differences in susceptibility between species have 

been observed (Aguirre-Guzmán et al., 2001).  Other authors (Pérez et al., 2005) 

demonstrated differences in susceptibility, depending on size and physiological 

state of the organism.  The susceptibility to WSSV increases as young shrimp pass 

the postlarval stage (Venegas, 1998).  However, Aguirre-Guzman et al., (2005) 

reported contrasting results in Litopenaeus vannamei to those reported by 

Venegas (1998), specifically, early larval stages were more sensitive than later 

stages when infected with bacteria.  We concur with Perez et al., 2005 in their 

conclusion that susceptibility might be related to genetic, physiological or 

etiological characteristics. 

 

Some external factors can influence the susceptibility of shrimp to diseases; 

management practices like disinfection, the use of therapeutics, feed additives, 

algaecides, pesticides and fertilizers can be potential stressors and cause problems 

during shrimp production (Bainy, 2000).  However, physicochemical factors 

produced by the environment are more common involved in WSSV outbreaks (Nga 

et al., 2005).  Water temperature is considered to be the most important of these 

factors since it has been demonstrated to have direct effects over all biological 

process (Spanopoulos-Hernández et al., 2005).  By increasing the water 

temperature (hyperthermia) it is possible to reduce the expression of WSSV and 
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result in a decrease of viral replication (Jiravanichpaisal et al., 2004; 

Jiravanichpaisal et al., 2006; Rahman et al., 2006; Reyes et al., 2007).  Previous 

studies demonstrated that increasing the temperature from 26 to 33 ºC completely 

inhibited mortality of shrimp infected with WSSV (Vidal et al., 2001), and that the 

WSSV replication was affected (Jiravanichpaisal et al., 2006).  Subsequent studies 

found that increasing temperature improves the immune response by producing an 

increased number of apoptotic cells and has a direct effect on WSSV by reducing 

the viral load (Granja et al., 2003; Granja et al., 2006).  Reyes et al., (2007) 

demonstrated that the inhibited mortality effects of hyperthermia are due to 

decreased viral replication more than improving the immune response.  Aditional 

studies to elucidate the mechanisms of how temperature interferes with WSSV 

infection are needed to better understand this host-virus relationship.   

 

Lightner and Redman (1998) wrote that disease is the end result of a 

complex interaction between the shrimp, its environment and the pathogen itself 

(Lightner et al., 1998).  Salinity is a fundamental environmental factor in marine 

shrimp culture and frequently found to be related in WSSV outbreaks.  Abrupt 

fluctuations in salinity are often provoked by rain and seem correlated with the 

increase of WSSV load within the shrimp populations (Peinado-Guevara & López-

Meyer, 2006).  Moreover, (Bray et al., 1994) reported a relationship between 

salinity and infectious hypothermal and haematopoietic necrosis virus (IHHNV) in 

L. vanammei,  in that changes in salinity can trigger disease outbreaks as also 
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described by Peinado-Guevara, (2006) and Spanopoulos-Hernández et al., (2005).  

Bacterial infections are also correlated with mortality of shrimp as a consequence 

of WSSV infection (Mohan et al., 2002; Selvin et al., 2004), as primary infections or 

opportunistic in diseased shrimp (Lightner, 1996).  The water quality affects 

virulence of WSSV as described by Guojian et al.(2004) reporting that ammonia-N 

decreases the virulence of WSSV by reducing the immunocompentence in 

Farfantepenaeus japonicus without even affecting the shrimp is appetite, 

contrasting the patterns of the negative effects of most of the other environmental 

parameters when they fluctuate in abnormal ways.  The influence of the 

environmental parameters, normally considered to relate to disease outbreaks, 

have to be studied in order to assess how they affect the health and defense 

mechanisms of the host and how they affect the virulence of WSSV. 

 

The success of WSSV as a pathogen can be attributed to several factors: 

transmission mechanisms including infected or mechanical carriers (Peng et al., 

1998); and the different routes to infect the host that WSSV uses (Supamattaya et 

al., 1998).  Experimental studies have demonstrated that WSSV can easy develop 

in shrimp culture conditions and successful infect shrimp for long periods.  

However, the optimal conditions of the experimental challenges can be distant of 

what can really happen under farming conditions due to the complex biodiversity 

of organisms and organic matter that pond water have and for consequence, the 

influence in the mechanisms of infection.  Moreover, the concentration of viral 
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particles in a volume of water is usually greater; this raises more questions 

regarding how much the infection is altered by all these factors. 

 

As mentioned before, there are two ways that WSSV can infect shrimp; by 

oral infection and waterborne routes.  In experimental infections both ways are 

used, either by feeding using minced infected muscle tissue (sometimes introduced 

into the oral cavity using a catheter) or by inoculating the water with viral 

preparation.  It is important that all the experimental shrimp are exposed equally, 

at the same time and with a uniform dosage (Gitterle et al., 2006).  In the present 

work oral and waterborne exposure was used in a raceway type system. 

 

Ultraviolet irradiation is a common disinfection method used to prevent 

diseases in aquaculture production systems.  There are numerous studies on 

pathogen inactivation by UV irradiation. Most of these studies are focused on 

wastewater treatment, drinking water and human health concerns.  One limitation 

of the application of UV to aquaculture disinfection is that UV irradiation no can be 

applied to the cultured organisms directly.  However, there are several methods 

widely used to successfully inactivate fish pathogens from water and equipment 

(Liltved et al., 1995; Liltved & Landfald, 2000; Liltved et al., 2006).  Recent studies 

have demonstrated that WSSV is sensitive to UV light irradiation, making the UV 

disinfection method a feasible alternative to the physical and chemical treatments 

that sometimes are time consuming, ineffective and develop by-products in water 



 74 

that result in toxic compounds (Chang et al., 1998; Balasubramanian et al., 2006; 

Oseko et al., 2006). 

 

Although WSSV can be inactivated in water by UV irradiation, some studies 

have shown tolerance when compared with other shrimp diseases (Momoyama, 

1989; LeBlanc & Overstreet, 1991).  The sensitivity of WSSV to UV light irradiation 

is dependent on the UV irradiation time and the dosage (µW s cm2) 

(Balasubramanian et al., 2006; Oseko et al., 2006).  Most of the experimental work 

with UV light and shrimp diseases have been conducted in vitro (petri dish) with 

direct UV irradiation using the collimated beam apparatus in a dynamic running 

water system type raceway.  The objective of the present work was to determine if 

the Specific Pathogen Free indicator (SPF) shrimp may become infected with WSSV 

from infected water flow after treatment with UV light. 

 

MATERIALS AND METHODS 

 

Outline of the experiment   

 

The research design for this experiment is a joint effort of the University of 

Tamaulipas and the University of Arizona.  The study was conducted at the 

Environmental Research Laboratory of the University of Arizona, Tucson AZ.  The 

goal of this particular trial is to determine the efficacy of UV radiation to reduce 
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incidence of WSSV transmission in a recirculating aquaculture system. An 

Integrated Water Filter System (IWFS) was used in this experiment. This system 

consists of a UV light unit and biofilter in a PVC pipe frame.  For this experiment 

only the UV light was used.  The substrate and the activated carbon shown in Figs. 

1 to 4 were omitted for this test.  However, Figs. 5 and 6 show the experimental 

tanks distribution, including the IWFS, heaters, pumps and biofilters to keep the 

water quality within predetermined conditions.  The test shrimp were distributed in 

the tanks (20 shrimp in each tank).  Each IWFS (4 in total) was set to treat 

waterborne and per os infected shrimp tanks, 3 tanks in total in a line (raceway 

system) a pump, heater and biofilter (see Fig. 5).  The water flow was pumped 

from the lower tanks (Row 3) to the IWFS unit situated above the upper tanks 

(Row 1) for each treatment system.  Row 3 was exclusively for the pumps, 

heaters, and biofilters and contained no shrimp (Fig 6).  The system was designed 

to pump water to the IWFS unit, which would then flow by gravity to Row 1 and 

then Row 2 and back to Row 3 to recirculate.     

 

As shown in Figure 5, systems A and B were irradiated with UV light and 

systems C and D were not.  Shrimp in Row 2 were infected with WSSV by oral 

route (per os), feeding minced infected tissue at a rate of 10% of the biomass 

(White et al., 2002).  Moribund and dead shrimp were collected and frozen for 

analysis to determine if they were infected with WSSV.   
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Test shrimp  

 

A total of 160 SPF juvenile shrimp L. vannamei  (2.5 g mean body weight) 

were used in this trial.    Shrimp were provided by commercial hatcheries and were 

randomly distributed among the tanks.  Shrimp were acclimated to a salinity of 25 

ppt and 27 ºC and fed twice a day with 1 pellet / shrimp.  Each tank had individual 

nets and hoses for handling the moribund and dead shrimp.  Each tank was 

stocked with 20 shrimp.  Dead and moribund animals were collected and analyzed 

for WSSV by PCR and fixed for histopathology (Chou et al., 1998). 

 

Preparation of the tanks and UV light system 

 

Each tank contained 60 L of 25 ppt artificial seawater.  The water from the 

infected group of shrimp tanks (Row 2) was pumped and treated with UV light to 

the non-infected tanks (Row 1).  A fine mesh (60 µm) screen was used to ensure 

that only water was pumped to the non-infected tanks and infected tissue was 

excluded.  For the irradiated tanks, two UV lamps (two units) were set in the 

recirculation line.  Each lamp 15 w, 254 nm wavelength, was previously measured 

with a research radiometer (International Light IL 1700, Newburyport, MA 01950) 

to ensure that all the lamps were in the same radiation condition.  In order to 

maintain good water quality, a separate biofilter with crushed oyster shell and 

activated charcoal was set in each system in  Row 3. 
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Preparation of infected tissue and induced infection   

 

Shrimp were starved before being fed infected tissue to ensure consumption 

of the infected tissue and a proper infection in the consuming shrimp.  Frozen 

WSSV infected shrimp were prepared by removing and discarding eyestalks, 

carapace and telson.  Minced tissue at 2-5 mm in size was homogenized, weighed 

and stored in whirl-pack bags (1, 5 and 10 grams / bag) and frozen at -70 ºC.    

Infected tissue with WSSV was fed once to shrimp (10 % of each tank biomass).  

After exposure the shrimp were kept under observation.  Mortalities were recorded 

daily.  All tanks, nets and materials used to handle the shrimp were disinfected 

with chlorine, rinsing with tap water and left to air dry. 

 

Data analysis 

 

To evaluate the effects of UV irradiation on recirculation water and the 

virulence of WSSV for each treatment, a Survival Analysis Test was use (Kaplan & 

Meier, 1958).  An event was defined as “time to individual mortality, with time 

measured in “Days”.  Censored observations were survivors after all 16 days, the 

time that the trial ended.  The number for individuals at risk was the same at the 

beginning of the trials (40) and decreased as mortalities occurred. 

 



 78 

The Kaplan-Meier estimator was used to calculate and plot the survivor 

function of each treatment.  The survival time was denoted as d (days), and 

defined as the day of each mortality or 16 in the case of survivors (censored 

observations).  The Hazard function plot was used to depict each survival curve 

and compare the survival time among the groups. 

 

The Gehan-Wilcoxon Test was used to compare the survivor curves.  

Differences were considered significant if the resultant P value was ≤ 0.05.  All 

survival analyses were conducted with the analytical software package 

STATISTIXS® 8 (Statistix 8., Analytical Software.  Tallahassee FL) 

 

RESULTS 

 

Overall effects 

 

Significant differences between all the treatments were observed when 

recirculation water was irradiated with UV light compared to shrimp in systems 

without the UV irradiation.  Treatment 1 resulted in 100% survival at the end of 

the 16 day trial (Table 1).  However, for the other 3 treatments (2, 3 and 4), over 

70% of the experimental shrimp developed characteristic symptoms of infection by 

WSSV and survival was less than 30% (Table 1). 
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The different survival values for each of the treatments are shown in Tables 

3 through 6.  Survival values were: Treatment 2 = 25%, Treatment 3 = 30% and 

Treatment 4 = 2.4%.   Although similar survival values were observed between 

treatments 2 and 3, they were, nevertheless statistically significantly different 

(Table 2). 

  

Differences between treatments were analyzed using Multi-Sample Survival 

Tests; Treatment 1 was excluded from these statistical tests as there were no 

mortalities.  Table 2 shows the compared survival distributions for Treatments 2, 3 

and 4.   The calculated p-values were less than 0.05 for each of the three tests 

(Gehan-Wilcoxon, Logrank and Peto-Wilcoxon) indicating significant differences 

between each of the 3 treatments. 

 

The onset of mortalities for treatments 2, 3 and 4 were days 5, 4 and 4 

respectively and the total of dead shrimp on those days were 2, 1, and 6 (Table 8).  

This is a similar pattern if compared with the survival values where the treatments 

resulted in the same numeric order (Table 6 and 5).  After the onset, mortalities 

were recorded daily until the end of the trial at day 16, and were statistically 

compared using the Kaplan Meier Survivorship Percentiles. The survivorship was 

compared when each treatment reached  50% mortality (50% median survival 

time). We found that treatment 2 ( 50% of it’s population) survived longer 

compared with the 50% of tanks 6, 8, 2 and 4 (Table 7).  The 50% median 
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survival time indicates the survivorship pattern in a middle point between the onset 

and the total mortality at the end of the trial at day 16.  

  

Survivor curves 

 

The Kaplan-Meier survivor curves are designed for censored data (Cox, 

1984; Hine et al. 2002) and were plotted for the 4 treatments (Figure 8) where the 

highest percent survival value was tanks 5 and 7 = 100% follow by tanks 6, 8, 1, 

3, 2 and 4 (Table 1).  The risk of death at a point in time is depicted using the 

Hazard Function Plot and indicates the highest risk at day 15 was in tanks 2, 4, 1, 

3, 6 and 8.  These values correspond with the values from the Product-Limit 

Survival distribution with the maximum value 4 and the minimum 0.  

 

Methods of exposure 

 

Waterborne 

 

In tanks 5 and 7 the source shrimp were waterborne exposed and water 

was treated with ultraviolet irradiation (UV irradiated) and the system resulted in 

100% survival (Tables 1, 3 and 8).   Tanks 5 and 7 were distinct from tanks 1, 3, 

6, 8, 2 and 4 and excluded from the statistical comparison as there were no 

mortalities.  Tanks 5 and 7 were considered the most successful treatment 
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regarding survivorship.  Tanks 1 and 3 were also WB infected but was not UV 

irradiated.  The lack of UV irradiation adversely affected this treatment and 

resulted in mortalities.  The percent survival for tanks 1 and 3 were 25%, and the 

Hazard function was 1.38.  Tanks 6 and 8, with waterborne and per os exposure to 

WSSV and UV irradiation resulted in higher survival (30%) and lower hazard 

probability (1.20) at the end of the trial.  This indicates that tanks 6 and 8 were 

more successful treatment than in tanks 1 and 3 in survival and hazard through 

time (Table 8).   Tanks 1 and 3 onset started one day after tanks 6, 8, 2 and 4 

suggesting that the infection was manifest earlier in tanks 6, 8, 2 and 4.  The 50% 

median survivor time was also better for tanks 1 and 3 compared with tanks 6, 8, 

2 and 4 at 12 days, contrasted with 10 days and 7.5 for tanks 6 and 8, 2 and 4 

respectively.  It can be inferred that the effect of the UV irradiation on the 

waterborne infection method was the factor that caused the difference between 

these treatments. 

 

 Waterborne + Per os  

 

Tanks 6 and 8, 2 and 4 were fed WSSV infected tissue and at the same time 

received the WSSV contaminated flow, so they were exposed to both methods of 

infection at the same time (Table 1).  The onset observed for tanks 6 and 8, 2 and 

4 were the same at day 4.  This suggests that the contact and cohabitation with 

the infection started at the same time those tanks.  Tanks 6 and 8, 2 and 4 had 
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the same infection methods but different water sources.  Water received from the 

UV irradiated treatment (tanks 5 and 7) had different effects than the water 

received from the not UV irradiated (tanks 1 and 3).  Tanks 6 and 8 received flow 

from tanks 5 and 7 and resulted in higher survival (St) than tanks 2 and 4 that 

received flow from tanks 1 and 3 (30% and 2.4% respectively).  Moreover the 

onset mortalities were 1 for tanks 6 and 8 and 6 for tanks 2 and 4, the Median 

Survivor Time was also higher at day 10 for tanks 6, 8.  And the Hazard Function 

at day 7 for tanks 2, 4.  The method of infection WB + Per os affected negatively 

the tanks 6 and 8, 2 and 4 in less time than only WB.  However, the UV irradiated 

water flow increased the survivorship in the tanks 6 and 8 compared with the non 

irradiated water flow coming into tanks 2 and 4. 

 

DISCUSSION 

 

WSSV causes a highly contagious lethal disease characterized by massive 

mortalities during the first 10 days post infection (Lightner, 1996; Lightner et al., 

1998).  Throughout the present study, the characteristics observed for the disease 

were similar to those previous described since massive mortalities were observed 

from day 3 to day 15 post infection confirming that the followed protocol of 

infection is well standardized and proper for this study.  Since it is suggested that 

both temperature and salinity have direct effects over the WSSV infection, and we 

were looking for a uniform infection with constant mortalities in all the tanks, 
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which were monitored and controlled in order to have a proper infection for this 

experimental transmission.   

 

The mortality of WSSV infected shrimp can be reduced by increasing water 

temperature approximately 32 °C (Vidal et al., 2001).  This is described as a result 

of the reduction of the virus expression and replication (Jiravanichpaisal et al., 

2004/9; Rahman et al., 2006/12/1; Jiravanichpaisal et al., 2006; Reyes et al., 

2007) or the enhanced immune response as consequence of increased number of 

apoptotic cells that reduces the viral load (Granja et al., 2003; Granja et al., 2006).  

To avoid the reduction of infection from increased temperature, the experiment 

was conducted during a temperate climate season in March when the ambient 

temperatures are low and water temperature and can be easily controlled indoors 

with immersed heaters. 

 

Salinity was monitored using a refractmeter and controlled by replenishing 

evaporated water, avoiding the salinity fluctuations that have been suggested to 

increase WSSV load in a shrimp population (Peinado-Guevara & López-Meyer, 

2006).  In contrast to salinity the ammonia-N decreases the virulence of WSSV 

(Jiang et al., 2004).  Ammonia-N was controlled by means of a biofilter system 

using crushed oyster shell as substrate.  In the present study potential affect of 

the environmental parameters like temperature, salinity and ammonia were 
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mechanically controlled to safe levels and none of these parameters interfered with 

the susceptibility of the tested shrimp or the pathogenesis of the WSSV disease. 

 

Cohabitation with living infected shrimp and ingestion of infected cadaver 

tissue (per os ) are the successful means of transmission of WSSV (Supamattaya 

et al., 1998; Soto & Lotz, 2001).  Transmission of WSSV via water (waterborne) 

has been confirmed with shrimp and many other crustaceans as well 

(Kanchanaphum et al., 1998).  

 

Differences between these two methods of infection were observed in the 

present study.  It was evident in this experiment that the dosage can be better 

controlled using per os than waterborne infection method as other authors 

previously described (Gitterle et al., 2006).  By using per os, it can be guaranteed 

that all the treatments (tanks) are fed with the same amount of infected minced 

tissue.  But that does not guarantee that all the individuals in each tank will intake 

the same amount of tissue since this could depend on differences of size and 

feeding pattern between each individual shrimp.  

 

In the present study the per os treatment replicates were observed to have 

a similar onset of white spot disease between them.  The onset for both 

treatments started at day 4 and was constant throughout day 6 when the non UV 

treated tanks increased the shrimp mortality.  This suggests that the UV light was 
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the factor that caused the difference between them and not the method of 

infection. 

 

By using the waterborne infection method it is not very clear if all the 

shrimp will have the same virus intake and at the same time in the tank.  These 

gaps in the method leave room to question whether the method could establish a 

WSSV infection homogeneously distributed between the experimental populations 

(Gitterle et al., 2006).  A proportion of waterborne infected shrimp (non UV light 

irradiated) resulted in cumulative mortalities of 70%, this suggest that waterborne 

infection is possible to occur and represents a potential hazard for shrimp culture 

as  previously suggested several authors (Kanchanaphum et al., 1998; 

Supamattaya et al., 1998). 

 

Disregarding the method used in this experiment, we conclude that a 

complete WSSV infection was achieved as needed to test the effect of UV light 

irradiation on WSSV contaminated water.  The system used was constructed to 

keep the water in recirculation and a constant flow from Row 1 to Row 2 and Row 

3 subsequently (Figure 5) in order to keep the Row 1 exposed to WSSV 

waterborne, and Row 2 to per os.  Since infected shrimp ware actively shedding 

virusin the water system, we can assume that Row 2 was exposed to per os and 

also waterborne as effect of the recirculation.  However, as mentioned before Row 

2 (per os + waterborne) resulted in the lowest survival compared with Row 1 (only 
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waterborne) that also was treated with ultraviolet irradiation.  In summary, the 

shrimp infected with by per os + waterborne resulted in the lowest survival (30 

and 2.4%), then the infected only waterborne without ultraviolet irradiation (25%), 

and the highest survival (100%) was the exposed to waterborne and treated with 

ultraviolet irradiation.    

 

The use of ultraviolet irradiation has been increasing in aquaculture 

activities.  Potential uses against different aquatic diseases have been described to 

elucidate the time of exposure to ultraviolet irradiation, the dose and wavelength 

(LeBlanc & Overstreet, 1991; Liltved et al., 1995; Chang et al., 1998; Liltved & 

Landfald, 2000/2; Liltved et al., 2006/3; Balasubramanian et al., 2006).  However, 

these studies have been carried out in still water using Petri dishes and collimated 

beam apparatus (Qualls & Johnson, 1983), which protocol can provide specific 

information on inactivation rate of the pathogen and reduction in viability at 

specific doses.  Using this protocol (Qualls & Johnson, 1983) for aquatic diseases 

research can result in misleading information from the point of view of functioning 

systems, since all the ultraviolet systems are applied on running water.  The 

information generated in this study provides clear information on inactivation of 

WSSV in running water.   

 

Previous studies (Chang et al., 1998) have shown that WSSV can be 

completely inactivated after 60 minutes of UV irradiation using 15 W, 254 nm 
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wavelenght UV lamp in flat dishes and static water.  The results of the present 

study show that WSSV had no lethal effects on test shrimp when recirculation 

water is irradiated with UV light.  In contrast with Chang et al. (1998), in the 

present experiment, the recirculation system exposed running water to UV 

irradiation, this means lower UV dose to the pathogens.  The UV dose has been 

defined as the product of the average intensity across the Petri dish and the 

exposure time (Liltved et al., 2006).  In the present experiment the exposure time 

was the time that water was along the ultraviolet bulb enclosed by the PVC pipe 

(Figure 1).  Apparently the dose calculated for this study was 25 mW/cm2 sec and 

seems to be sufficient, either to inactivate, attenuate the virus and increase to 

100% the survivorship of the test shrimp.        

 

Significant differences between the treatments were observed after using 

UV light.  The combination of waterborne + per os used in treatments 3 and 4 

(Row 2) was considered the most efficient method of infection in this experiment  

while the use of ultraviolet between treatments resulted in a considerable 

difference in survivorship.  Treatment 4 was not irradiated with UV light and 

resulted in 2.4% of survival.  This treatment was exposed to the maximum WSSV 

viral load since it was fed with infected minced tissue and also exposed to the 

recirculation waterborne infected water.  Treatment 3 had the same exposure to 

infection as treatment 4 but was treated with UV light irradiation and resulted in 

higher survival (30%).  Moreover treatment 3 also resulted in better survival than 
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treatment 2.  Treatment 2 was exposed only to waterborne infection 

corresponding to a minor WSSV viral load without UV, this supports that UV light 

was the difference between treatments even when treatment 3 was infected by 

per os method. 

  

Treatments 1 and 3 resulted in highest survival percentages presumably due 

to the ultraviolet irradiation, regardless whether shrimp were exposed to WSSV by 

waterborne or per os + waterborne.  Hence, the dose used in this study iappear to 

be sufficient to reduce the lethal effects of WSSV on shrimp.  Further studies on 

ultraviolet irradiation on waterborne WSSV contaminated flow are necessary to 

elucidate in a dynamic system the dose required to successfully inactivate WSSV.  

It would be useful to develop a standard method to validate WSSV concentration 

needed in order to have a uniform infection and be sure that all the tested shrimp 

receive the same viral challege.  Based on our results, the ultraviolet irradiation 

appears to be a feasible alternative to control the WSSV in water flows by 

interfering with the virus replication and viral load reduction, thereby minimizing 

the opportunity for the shrimp to be infected.  

 

Findings of the present study will form the basis for future studies on 

ultraviolet irradiation on water flow contaminated with WSSV.  
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Table 1.  Distribution of treatments (Tx) and tanks (Tk) included in each 
treatment.  The two methods of infection are indicated, waterborne (WB) and per 
os.  Percent of survival (St) at 16 days after infection.  Treatment (Tx), Tank (Tk).  

 

Tx Tk 
Methods of 
infection 

UV Irradiated St (%) 

1 5, 7 WB Yes 100 
2 1, 3 WB No 25 
3 6, 8 WB + per os Yes 30 
4 2, 4 WB + per os No 2.4 
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Table 2.  Multi-Sample Survival Tests.  Summary of the compared survival 
distributions.  The p-values for all the three tests are smaller than 0.05 and 
indicate highly significant differences among the 3 treatments. The Tx 1 was 
excluded from this statistical comparison as there were no mortalities. 
 
  Gehan-Wilcoxon  Logrank  Peto-Wilcoxon 

Tx N Sum Mean   Sum Mean   Sum Mean 

2 40 1010.00 25.250   -9.4503 -0.2363   -8.1488 -0.2037 

3 40 412.00 10.300  -7.2240 -0.1806  -3.7355 -0.0934 

4 41 -1422.00 -34.683   16.6740 0.4067   11.8840 0.2899 

                    

Chi-Square 16.26     14.55     16.34 

DF   2   2   2 

p     0.0003     0.0007     0.0003 
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Table 3.  Treatment 1.  Kaplan-Meier Product-Limit Survival Distribution.  Summary 
of the survivorship presented for the UV irradiated and waterborne infected 
treatment.  The values for the last 4 columns of the table were marked as NA and 
excluded from the statistical comparison as there were no mortalities.  Percent 
survival St(%), Standard Error (SE), Hazard Function (H(t)). 
 
Day Died Censored At 

Risk 
Lower 
95% 
C.I. 

St (%) Upper 
95% 
C.I. 

SE St H (t) 

16 0 40 40 NA 100         NA NA NA 
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Table 4.  Treatment 2.  Kaplan-Meier Product-Limit Survival Distribution.  Summary 
of the survivorship presented for the waterborne exposed treatment without UV.  
Percent survival St(%), Standard Error (SE), Hazard Function (H(t)). 
 
Day Died Censored At 

Risk 
Lower 
95% 
C.I. 

St( %) Upper 
95% 
C.I. 

SE St H (t) 

5 2 0 40 83.9 95 98.5 0.0345 0.0513 
7 3 0 38 74.5 87.5 94.3 0.0523 0.1335 
8 2 0 35 68.5 82.5 91.0 0.0601 0.1924 
9 5 0 33 55.8 70.0 81.1 0.0725 0.3567 
10 5 0 28 43.5 57.5 70.3 0.0782 0.5534 
11 1 0 23 40.1 55.0 69.0 0.0787 0.5978 
12 4 0 22 31.9 45.0 58.8 0.0787 0.7985 
13 3 0 18 25.2 37.5 51.6 0.0765 0.9808 
14 4 0 15 17.4 27.5 40.5 0.0706 1.2910 
15 1 0 11 14.5 25.0 39.4 0.0685 1.3863 
16 0 10 10 - - - - - 
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Table 5.  Treatment 3.  Kaplan-Meier Product-Limit Survival Distribution.  Summary 
of the survivorship presented for the UV treated, waterborne and per os exposed 
treatment.  Percent survival St(%), Standard Error (SE), Hazard Function (H(t)). 
 
Day Died Censored At 

Risk 
Lower 
95% 
C.I. 

St % Upper 
95% 
C.I. 

SE St H (t) 

4 1 0 40 87.3 97.0 99.5 0.0247 0.0253 
5 2 0 39 80.5 92.5 97.3 0.0416 0.0780 
6 2 0 37 74.3 87.5 94.4 0.0523 0.1335 
7 5 0 35 61.0 75.0 85.1 0.0685 0.2877 
8 5 0 30 48.3 62.5 74.7 0.0765 0.4700 
9 4 0 25 38.6 52.5 65.9 0.0790 0.6444 
10 2 0 21 33.5 47.5 61.8 0.0790 0.7444 
11 2 0 19 29.1 42.5 57.0 0.0782 0.8557 
12 2 0 17 24.9 37.5 52.0 0.0765 0.9808 
15 3 0 15 19.1 30.0 43.7 0.0725 1.2040 
16 0 12 12 - - - - - 
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Table 6.  Treatment 4.  Kaplan-Meier Product-Limit Survival Distribution.  Summary 
of the survivorship presented for the WB and per os exposed treatment without 
UV.  Percent survival St(%), Standard Error (SE), Hazard Function (H(t)). 
 
Day Died Censored At 

Risk 
Lower 
95% 
C.I. 

St(%) Upper 
95% 
C.I. 

SE St H (t) 

4 6 0 40 72.7 85.3 92.7 0.0552 0.1582 
5 5 0 35 59.2 73.1 83.6 0.0692 0.3124 
6 4 0 30 49.1 63.4 75.6 0.0752 0.4555 
7 5 0 26 37.8 51.2 64.3 0.0781 0.6690 
8 4 0 21 28.9 41.4 55.1 0.0769 0.8804 
9 1 0 17 26.0 39.0 53.8 0.0762 0.9410 
10 4 0 16 18.8 29.2 42.3 0.0711 1.2287 
11 2 0 12 14.5 24.3 37.9 0.0671 1.4110 
12 3 0 10 09.5 17.0 28.6 0.0588 1.7677 
13 3 0 7 04.8 09.7 18.8 0.0463 2.3273 
15 3 0 4 00.9 02.4 06.1 0.0241 3.7136 
16 0 1 1 - - - - - 

 



 102 

Table 7.  Kaplan-Meier Survivorship Percentiles.  Summary of the survival time for 
treatments 2, 3 and 4.  The Tx 1 was excluded from this statistical comparison as 
there were no mortalities.  The highest 50% Median Survival time is Tx 2 (12 days) 
then Tx 3 (8 days) and the lowest Tx 4 (7.5 days). 
 

Treatment Percentile Lower 
95% 
C.I. 

Time Upper 
95% 
C.I. 

2 90 5.000 7.000 9.000 
2 75 7.000 9.000 10.000 
2 50 10.000 12.000 14.000 
2 25 13.000 15.000 NA 
2 10 NA NA NA 
3 90 4.000 6.000 7.000 
3 75 6.000 7.000 9.000 
3 50 8.000 10.000 15.000 
3 25 NA NA NA 
3 10 NA NA NA 
4 90 4.000 4.000 5.000 
4 75 4.000 5.000 7.000 
4 50 6.000 7.500 10.000 
4 25 10.000 11.000 13.000 
4 10 12.000 13.000 NA 
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Table 8.  Summary of the survival results for treatments 1, 2, 3 and 4.  The four 
treatments results are compared using Product-Limit Survival distribution for 
Percent survival, Onset and Hazard function.  To calculate Median survival time the 
test Survivorship Percentiles were utilized.  Note that Tx 1 had St = 100% and not 
applicable (NA) for the other measures.  The mortality for Tx 2 started later and 
reached the 50% Median survival at later time compared with Tx 3 and Tx 4.  In 
contrast, Tx 3 resulted in higher St and lower H (t) compared with Tx 2 and Tx 4.  
In all measures Tx 4 had the weakest results.  Treatment (Tx), Percent survival St 
(%), Hazard Function (H(t)). 
   

Treatment 
Percent 
survival           Onset 

50%Median 
survival 
time 

Hazard                                                    
function  

Tx St (%) Day Mortalities (#) Day Day H(t) 

1 100 NA NA NA NA NA 

2 25 5 2 12 15 1.38 

3 30 4 1 10 15 1.2 

4 2.4 4 6 7.5 15 3.71 

 



 104 

 
 
Figure 1.  Frontal view of the ultra violet light system with biofilter for aquaculture 
tanks.  Unit water inlet (WI), Synthetic fiber substrate (SF), Synthetic Mesh 
substrate (SM), Activated carbon (AC), Water inlet to the ultraviolet bulb (IUV), 
Ultra violet bulb enclosed by a PVC pipe (UV), Water outlet from the ultraviolet 
bulb (OUV), Power cord protected by aluminum conduict (PC). 
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WI

OUV

 
Figure 2.  Horizontal view of the ultraviolet light system with biofilter for 
aquaculture.  In this view the unit water inlet (WI) and the water outlet from the 
ultra violet bulb (OUV) are observed.  The water after exposure to the ultraviolet 
irradiation is returned to the tank. 
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Figure 3.  Frontal view of the 15 watt ultraviolet light bulb.  Double arrowhead 
indicate the route of the water exposed to the ultraviolet irradiation from the unit 
water inlet (WI) along the ultra violet bulb (UV).  
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Figure 4.  Frontal view of the 15 watt ultraviolet light bulb.  Double arrowheads 
indicate the route of the water after exposure to the ultra violet irradiation.  The 
water after being exposed to the ultraviolet irradiation is returned to the tank 
trough the OUV.  
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Figure 5.  Water is pumped from the lower tanks (Row 3) to the upper tanks (Row 
1).  The water flow in Row 1 is irradiated with UV light (columns A and B) and 
non-irradiated with UV light (columns C and D).  Water from Row 1 (tanks 5, 7, 1 
and 3) overflows to tanks in Row 2 (tanks 6, 8, 2 and 4) and then to Row 3.  Row 
3 was not stocked with shrimp.  The shrimp in Row 2 were infected with WSSV per 
os.  Tanks in Row 1 and 2 were stocked with 20 shrimp each. 
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UV Light Unit 

Row # 1 tanks with 
non infected shrimp 

Row #3 tanks with 
Pump, heater and 

biofilter. 

Figure 6. The water flow is pumped from the lower tanks (Row 
3) to the UV light unit, after the water is treated. Water 
overflows from the first tanks (Row 1) where the non-infected 
shrimp are, and goes to Row 2 with the WSSV infected shrimp. 
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Figure 7.  Kaplan-Meier survivor curves for Litopenaeus vannamei exposed WSSV.  
Tx 1 = UV exposed and infected via WB, Tx 2 = non exposed to UV and infected 
via WB, Tx 3 = UV exposed and infected via WB and per os, Tx 4 = non exposed 
to UV and infected via WB and per os.  Tx (treatment), WB (waterborne), per os 
(via oral by infected tissue), d (days). 
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Hazard Function Plot
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Figure 8.  Kaplan-Meier hazard function curves for Litopenaeus vannamei exposed 
WSSV.  Tx 2 = no exposed to UV and infected via WB, Tx 3 = UV exposed and 
infected via WB and per os, Tx 4 = non exposed to UV and infected via WB and 
per os.  Tx (treatment), WB (waterborne), per os (via oral by infected tissue), d 
(days).  Tx 1 is omitted in this plot since there was no hazard function calculable. 
 


