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ABSTRACT 

The prevalence of Penaeus monodon baculovirus (MBV) in black tiger prawn (Penaeus 

monodon Fabricus) was investigated based on 372 diagnostic cases examined from October 

1989, to December, 1990. Laboratory transmission of MBV to the different life stages of .E. 

monodon and tolerance of MBV in infected hepatopancreatic tissues to chemicals and extreme 

environmental conditions were studied. A comparative assessment of the growth performance, 

survival and food conversion ratio between MBV-infected and non-infected populations of .E. 

monodon was investigated and a new technology called Strategic Egg Prophylaxis (SEP) in the 

production of MBV-free E. monodon postlarvae was developed and tested. 

MBV was the most prevalent viral disease of .E. monodon accounting for 67.1 % of all 

diseases diagnosed in this species, and was widely distributed in all 12 major shrimp farming 

provinces in the Philippines throughout the year. 

The nauplii and zoea larval stages were refractory to MBV infection within 12 days post 

inoculation, but the mysis larval and the postlarval stages were susceptible to MBV infection 

within 6 and 2 days post inoculation, respectively. Cumulative mortality was significantly 

different (a = 0.05) between the MBV-infected and unexposed control groups of mysis larval 

and postlarval test shrimps. No significant growth rate differences were observed between the 

MBV-infected and unexposed control groups of larvae and postlarvae. 

MBV was resistant to 150 ppm iodine, 1: 1 00 dilution of peroxygen/organic acid 

compounds and 10 ppm calcium hypochlorite at 240, 240 and 480 min of exposure, 

respectively, and to freshwater and at 37 ·C for 240 min. Direct exposure to sunlight for 240 

min inactivated MBV in the hepatopancreatic tissues. 



14 

In pond cultured f. monodon populations, the MBV negative stocks grew by as much 

as 43.4%, 20.8%, 13.7% and 13.7% more than the MBV-infected stocks at densities of 

301m2 , 201m2 , 181m2
, and 101m2 , respectively over a 126 day growing period. Mortality was 

significant in MBV positive stocks affected with protozoan and bacterial shell disease. Food 

conversion ratio (FeR) was not a significant factor among MBV negative and the MBV infected 

populations. 

MBV negative f. monodon postlarvae were successfully produced using the Strategic 

Egg Prophylaxis (SEP) by washing and rinsing f. monodon eggs with iodine, benzalkonium 

chloride, calcium hypochlorite or ozone-treated seawater. The eggs washed with ozonized and 

benzalkonium chloride-treated seawater gave higher hatching rates of 72.4% and 60.3%, 

respectively. Postlarval survival at PL-7 was 67.6% in eggs washed with ozonized seawater 

and 42.3% in benzalkonium chloride-treated sewater. The unwashed control groups developed 

MBV infections starting at PL-7 stage. 
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CHAPTER I 

INTRODUCTION 

Status of Prawn Culture in the Philippines. Prawn culture is a multi-million dollar 

aquaculture industry in the Philippines that significantly contributes to the dietary protein 

requirements of the Filipinos. In addition, the industry is boosting the country's foreign 

exchange in terms of exports. There are seven thousand hectares of productive shrimp farms 

all over the country which are broken down into about 3,000 farms and 60 hatcheries. 

Overall, there are about 20 hatcheries in Panay Island, 21 in Luzon and 5 in Mindanao. In the 

Western Visayas alone, there are about 3,235 hectares of productive shrimp farms. The 

species of choice in the Philippines is the giant tiger prawn Peneaus monodon (Fabricius), 

which accounts for about 95% of the species being cultured. It is a fast-growing species 

which can reach about 100 g in total body weight in a 4 to 5 month culture period. In 

1975, .e. monodon production was 1,700 metric tons with a market value of 50 million pesos 

(US$ 2.5 M). Production reached 7,627 metric tons in 1986 with a market value of 2.0 billion 

pesos (US$ 100 M) (BFAR, unpublished data). At present, the Philippines' share in the world 

market is about 7% of the total world production of penaeid shrimps. 

When the Taiwanese high density stocking method was introduced in the Philippines, 

the problem of producing enough fry for the industry was overlooked. This situation has 

resulted in massive importation of shrimp larvae and broodstocks from all over the world, 

especially from Southeast Asia. Between 1980 and 1985, the Philippines imported about 2.7 

million shrimp broodstocks from Taiwan, Thailand, Singapore, Japan, Hong Kong, United 

States (Hawaii), and Israel (Natividad, 1987). Considering that quarantine facilities in the 
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Philippines are virtually non-existent and are at best ill-equipped, it was not ascertained 

whether these imported shrimp postlarvae and broodstocks were disease-free. 

In the middle 1980's, the industry began to suffer high mortalities resulting from 

unknown diseases. This problem has been compounded by the indiscriminate use of drugs 

and chemicals in a desperate attempt by the farmers to save their stocks without first 

establishing proper diagnostic methods. 

Today, the shrimp industry is barely surviving due to these parasitic, bacterial, fungal 

and viral diseases. Viral diseases of penaeid shrimps are among the most important problems 

of the prawn industry in the Philippines at present. Penaeus monodon baculovirus (MBV) is 

regarded as the most serious problem in the country at present. Disease epizootics due to MBV 

infections are very common problem in the Philippines, especially in hatchery-reared black tiger 

prawn postlarvae where it causes high cumulative mortalities starting at the early mysis stage. 

In pond-cultured .e. monodon populations, the MBV-infected animals are gradually weakened 

by this virus which makes them more susceptible to secondary bacterial and protozoan 

infections, resulting to high cumulative mortalities (Lightner et aI., 1983a; Sindermann and 

Lightner, 1988) . .e. monodon can normally tolerate low to moderate MBV infections under 

optimal culture conditions (Lightner et aI., 1987). However, it is a common observation in 

grow-out ponds that those animals with MBV infections exhibit poor growth, leading to a 

condition called stunted growth. In the Philippines, this growth condition is commonly called 

"rainbow growth" because majority of the shrimps (about 50% to 70%) are relatively smaller 

than normal at the time of harvest. This results in decreased production tonnage and low 

market value. 

Research Objectives. This work is an integrated summation of all laboratory research 

and field investigations conducted by this author for one and u half years. It consists of 372 

prawn diagnostic cases, as well as two laboratory experiments and two field studies conducted 
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in an attempt to answer some questions surrounding the disease significance of Penaeus 

monodon baculovirus (MBV) with the end goal of providing a comprehensive understanding 

of its epizootiology, prevention and control in hatcheries and grow-out ponds. Specifically, the 

objectives of this work were: 1) to determine the prevalence and geographical distribution of 

MBV and other diseases in f. monodon in the Philippines; 2) to determine the susceptibility of 

the different larval and postlarval stages of f. monodon to MBV; 3) to determine the tolerance 

of MBV in infected hepatopancreatic tissues of f. monodon to various chemical compounds 

and environmental parameters; 4) to assess the growth performance of MBV infected e. 

monodon populations in grow-out ponds at different stocking density levels; and 5) to develop 

a modified hatchery production technique that will ensure the production of MBV-free e. 

monodon postlarvae. 

For purposes of systematic presentation of these inter-related studies, this work is 

divided into seven chapters. Chapter I provides an introduction that discusses the status of 

the prawn industry in the Philippines, states the research objectives, and gives a brief general 

review of the different diseases of penaeid shrimps. Chapter " deals with the general 

assessment regarding the prevalence and geographical distribution of MBV and other diseases 

of hatchery-reared and pond-cultured f. monodon in the Philippines based on recorded 

diagnostic cases. Most of these diagnostic cases presented in this study came from e. 

monodon samples submitted to our laboratory in Quezon City in Metro Manila by the prawn 

farmers and hatchery operators, in addition to samples obtained at pre-determined hatcheries 

and grow-out farms before the start of this study. MBV diagnosis was principally done by 

routine histopathology (H&E stain) using histological methods as described by Bell and Lightner 

(1988) and Humason (1967) and by the wet mount method developed by Lightner et al. 

(1983a). A portion of this study has been presented at the Fifth International Development 

Research Centre (lDRC) Projects Network Meeting in Malang, Indonesia, November 20-25, 
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1990. Chapter III presents an experimental study which seeks to determine the susceptibility 

of the different larval and postlarval stages of f. monodon to MBV infection. This study was 

done by means of an MBV infection method using both the feeding and waterborne inoculation 

techniques of artificial infection. This work was presented at the First Symposium on Diseases 

in Asian Aquaculture in Bali, Indonesia, November 26-29, 1990. A similar laboratory infection 

experiment is presented in Chapter IV in order to study the tolerance of MBV in infected 

hepatopancreatic tissues of f. monodon postlarvae exposed to different chemical compounds 

and environmental parameters. The selection of the chemical compounds used in this 

experiment was principally based on their common usage in different shrimp farms/hatcheries 

and their availability at the local market. The environmental parameters selected include 

temperature, low salinity and sunlight. The selection of these chemical compounds and 

environmental parameters tested as MBV inactivators was based on their potential practical 

applications towards MBV prevention and control in hatchery facilities and grow-out ponds. In 

Chapter V, the results of a field experiment are presented wherein the growth performance 

between MBV-infected and non-infected populations of f. monodon at different stocking 

density levels were determined. This study involved production trials (126 days of culturel 

where MBV-infected f. monodon postlarvae were stocked in ponds and their growth rates, 

survival rates and food conversion ratios were compared with MBV negative postlarvae stocks. 

Due to the extreme degree of risk taken by the volunteer farm owners by deliberately stocking 

MBV infected postlarvae and the logistical problems in conducting this study, the author did 

not have complete control in synchronizing all the sampling periods in each farm. Chapter VI 

presents the ultimate goal of this total research project---the development of a modified 

hatchery production technique for the production of MBV-free f. monodon postlarvae. All the 

general principles and observations generated from the first four studies were integrated and 

applied in actual larval and postlarval production of f. monodon. As a result, a technique called 
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"Strategic Egg Prophylaxis" (SEP) was developed and was applied successfully in four out of 

five larval production trials. Chapter VII summarizes the conclusions, remarks and 

recommendations based on the first six chapters. 

Review of the Common Diseases of Penaeid Shrimps. f. monodon is affected by 

various forms of parasitic, bacterial, fungal and viral diseases. Viruses are among the most 

important disease-causing agents in the species, in terms of the degree of severity of losses 

in hatchery and grow-out farming operations. At present, there are approximately 30 viruses 

which are known to affect crustaceans (Bonami, 1984). Six of these viruses have been 

documented to affect cultured species of penaeid shrimps (Lightner et aI., 1985; Sinderman 

and Lightner, 1988; Lightner et aI., 1989a). These six viruses are Baculovirus penaei (BP), 

Monodon Baculovirus (MBV), Baculoviral Midgut Gland Necrosis virus (BMN), Hepatopancreatic 

Parvo-like Virus (HPV), Infectious Hypodermal and Hematopoietic Necrosis virus (lHHN) and the 

REO-like virus (REO). The pathology, host preference and geographical distribution of these 

viruses were presented by Lightner (1985); Lightner et al. (1985); and Sindermann and 

Lightner (1988). 

Viruses belonging to family Baculoviridae generally infect arthropods, mostly insects 

and crustaceans (Aizawa, 1963; Bergold, 1963; Overstreet et aI., 1988). These viruses are 

DNA containing, rod shaped, enveloped necleocapsids, which are identified on the basis of 

their enveloped nucleocapsid morphology and whether or not they produce a proteinic 

crystalline occlusion body (Summers, 1977a; Johnson and Lightner, 1988). Of the six 

crustacean viruses that are known to infect penaeid shrimps as described by Johnson and 

Lightner (1988), three belong to the family Baculoviridae, namely: Baculovirus penaei (BP), 

Baculoviral Midgut-gland Necrosis Virus (BMNV) and Monodon Baculovirus (MBV). These three 

are considered to be gut-infecting viruses. BP infects the hepatopancreas and anterior midgut 

of its host shrimp (Couch, 1974; Lightner et aI., 1983; Johnson and Lightner, 1988; Overstreet 
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et aI., 1988), while BMNV infects only the hepatopancreas (Sano et al., 1981 and 1984; 

Momoyama, 1989a; Momoyama and Sano, 1989). MBV infects the host shrimp's 

hepatopancreas and the anterior midgllt (Lightner et aI., 1983a). 

MBV was first reported from a population of laboratory reared adult .e. monodon in 

Mexico in which the postlarvae originally came from Taiwan (Lightner and Redman, 1981; 

Lightner at aI., 1983). The first documented case of MBV in Philippine-derived shrimp was in 

1 981 from an imported postlarval population of .e. monodon examined at the University of 

Arizona facility at Kahuku, Oahu, Hawaii (Lightner et ai, 1983). 

Gross signs of MBV infection in susceptible hosts include anorexia, lethargy and 

unusually dark body color (Sindermann and Lightner, 1988). Acute MBV infection will lead to 

the destruction of the hepatopancreatic and anterior midgut epithelial cells which will ultimately 

result in the physiological malfunction of these target organs. Histologically, this form of viral 

disease is characterized by the presence of prominent, multiple eosinophilic (H&E stain) 

occlusion bodies within hypertrophied nuclei of the hepatopancreatic tubule and midgut 

epithelial cells. When examined by transmission electron microscopy (TEM), the virions, which 

measure about 75 nm x 246 nm, can be seen occuring freely in the nucleus and/or within the 

occlusion bodies (Johnson and Lightner, 1988). 

MBV has been known to occur in most hatcheries and grow-out ponds in Southeast 

Asian countries such as Malaysia (Lightner et aI., 1985; Anderson, 1988; Johnson and 

Lightner, 1988), Singapore (Brock et aI., 1983; Lightner et aI., 1985)' Taiwan (Lightner, 1983; 

Lightner et al., 1987a; Johnson and Lightner, 1988; Lightner and Redman, 1991; Chen et aI., 

1989a), Indonesia (Lightner et aI., 1990), Thailand (Natividad, BFAR diagnostic data from 

imported postlarvae) and the Philippines (Lightner, 1983; Johnson and Lightner, 1988). These 

records show that MBV is enzootic and widely distributed in Southeast Asia. Other locations 

with documented cases of MBV occurences include Australia, Hawaii, Tahiti, Kuwait, Sri 
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Lanka, Kenya, Israel, Italy, Mexico, Ecuador and Brazil (Lightner, 1985; Lightner et al., 1985; 

Johnson and Lightner, 1988; Lightner et aI., 1989a). 

The most common host of MBV is f. monodon, although this virus has been 

documented in other penaeid shrimps, such as f. penicillatus (Lightner and Redman, 1991; 

Chen et al., 1989a; Liu, 1989), f. esculentus (Lightner and Redman, 1991), f. semisulcatus 

(Lightner, 1985; Lightner and Redman, 1991; Johnson and Lightner, 1988), f. merguiensis 

and f. kerathurus (Lightner, 1985; Lightner et aI., 1985; Lightner and Redman, 1991; 

Johnson and Lightner, 1988), and f. plebejus (Lightner and Redman, 1991). 

A new MBV host record was reported in Taiwan by Chen et al. (1989b) from a cultured 

population of sand shrimp (Metapeneaus ~). MBV has also been documented in the 

Philippines in 1 989 by Natividad (unpublished diagnostic case) from a wild population of M. 

ensis in the province of Pangasinan, Luzon Island. 

Transmission of MBV is strictly "per os" --- that is, by ingestion of the free virus and/or 

the occlusion bodies and by cannibalism (Lightner, 1983; Johnson and Lightner, 1988). Early 

works on the transmission mechanism of baculoviruses indicated lack of transovarial or vertical 

transmission. At present, there are no known treatments to "cure" MBV-infected shrimp 

populations. However, it is worth mentioning that in Japan, BMN virus (a non-occluded 

baculovirus) can be successfully eliminated in mass-produced postlarvae by washing or rinsing 

the eggs/nauplii with clean seawater before transferring them to the larval rearing tanks 

(Momoyama and Sa no, 1989). As is the case of other penaeid virus diseases, quarantine of 

imported stocks and disinfection of MBV-contaminated production facilities are the most 

common ways of controlling or minimizing the occurence of MBV infections. 

Several excellent research and review papers dealing on the different bacterial diseases 

of penaeid shrimps are presented by Johnson (1978); Lewis (1973); Lewis and Lawrence 

(1983); Lightner (1975; 1983,); Lightner et al. (1977); Lightner et al. (1984a); Lightner and 
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Lewis (1975); Mckee and Lightner (1982); Overstreet (1978) and Sindermann and Lightner 

(1988). Some common fungal diseases of penaeid shrimps have been reviewed by Baticados 

et al,.(1977); Lightner (1981); Lightner et al. (1975 and 1984a); Lightner and Fontaine 

(1973); Lio Po et al. (1982 and 1985) and Sindermann and Lightner (1988). Non-infectious 

diseases which are commonly caused by environmental pertubations or nutritional factors are 

presented in the works of Lightner (1978 and 1982); Lightner et al. (1974); Nimmo et al. 

(1977); Sindermann and Lightner (1988); Suplee and Lightner (1976) and Wiseman et al. 

(1982). 

The author would like to emphasize that the use and/or mention of the chemicals and 

other products bearing company trademarks in this dissertation does not imply any form of 

direct or indirect endorsement whatsoever. These materials were used primarily on the basis 

of their routine usage in most hatcheries/ponds and market availability. 



CHAPTER 1/ 

PREVALENCE AND GEOGRAPHICAL DISTRIBUTION OF PENAEUS MONODON 

BACULOVIRUS (MBV) AND OTHER DISEASES IN HATCHERY-REARED AND 

POND CULTURED GIANT TIGER PRAWN (PENAEUS MONODON FABRICIUS) 

IN THE PHILIPPINES 

I. INTRODUCTION 
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The husbandry and management practices involved in maintaining a healthy shrimp 

population in a culture system require a basic understanding of the etiology of the diseases 

that occur in the system. Unfortunately, information available on shrimp diseases in the 

Philippines and Asia as a whole, is limited. This lack of technical information has frequently 

resulted in cases of misdiagnosis and subsequent mistreatment and rampant abuse of 

antibiotics and other therapeutants. The indiscriminate use of antibacterial drugs has resulted 

in the development of highly resistant strains of bacteria, making the problems even worse. 

The classical example of this problem is the emergence of some resistant strains of luminous 

bacteria (Vibrio harveyi) in some parts of the Philippines where chloramphenicol, penicillin, 

erythromycin, kanamycin, oxytetracycline, and sulfa drugs are used regularly. 

Penaeus monodon baculovirus (MBV) causes a prawn disease of considerable 

importance in the Philippines because of its high degree of occurence in hatcheries and grow

out ponds. Histologically, the disease is characterized by the presence of prominent multiple 

eosinophillic (H&E stain) occlusion bodies within hypertrophied nuclei of the midgut or 

hepatopancreatic tubule epithelial cells. MBV has been shown to cause about 70% cumulative 
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mortality among the juvenile and adult populations; hence, infection by this virus is 

non-selective as far as the life stages of the hosts are concerned (Lightner et aI., 1983a; 

Sindermann and Lightner (1988). 

MBV was originally diagnosed in 1977 by Lightner and Redman (1981) from a 

population of laboratory-reared juvenile .E. monodon stocks. Ironically, these MBV-infected .E. 

monodon were obtained from a quarantined population in Mexico, but the postlarvae originally 

came from Taiwan (Lightner and Redman, 1981; Lightner et aI., 1983a). The first case record 

of MBV in the Philippines was reported in 1981 by Lightner et al. (1983a) from a population 

of postlarval (PL-05) .E. monodon. Prior to 1981, there were no other adequate case records 

available regarding the occurrence of MBV in the Philippines. 

Some of the most important diseases of both cultured and wild penaid shrimps are 

presented in the works of Johnson (1978); Overstreet (1978) and Lightner (1983; 1985). 

Thorough reviews of important viral, bacterial, fungal, parasitic and other disease problems 

of cultured penaeid shrimps are presented by Lightner (1975); Lightner et al. (1984a; 1984b); 

Sindermann and Lightner (1988); and Lightner et al (1989a). Overstreet (1978) has made 

extensive studies on the parasitic and microbial diseases of wild shrimp in the Gulf of Mexico, 

while Fontaine (1985) did similar studies in the West Galveston Bay, Texas. Lightner and 

Redman (1985a) and Lightner et al. (1987a) have identified several important viral and 

microbial shrimp diseases in Southeast Asia. Similar studies were also conducted in Malaysia 

by Anderson (1988) and Nash et al. (1988). 

Research Objectives. The identification of the host and geographical distibutions of 

various diseases of cultured and hatchery-reared penaeid shrimp is a very important parameter 

in terms of the inter-regional movement of shrimp stocks. The Philippines is composed of 

about 7,200 islands where inter-island movement of penaeid shrimp from one production 

facility to another occurs regularly. Mapping the geographical distribution of these various 
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penaeid shrimp diseases in the Philippines will provide useful information for disease control 

which can be used as a conceptual model in predicting the occurence and/or prevention of a 

particular type of shrimp disease in a given geographic location or locations. 

This study was designed to document the incidence and geographical distribution of 

MBV and other diseases of hatchery-reared and pond-cultured ,e. monodon populations in the 

Philippines and to generate baseline information in the study of their epizootiology. This 

epizootiological data will be a valuable tool in which rational measures for the prevention and 

control of MBV and other prawn diseases can be formulated. 

Specifically, the objectives of this study were: a) to determine the seasonal occurence 

of MBV in ,e. monodon in the Philippines; b) to assess the geographical distribution of MBV and 

other ,e. monodon diseases in the Philippines; c) to determine the relationship of age as a host 

factor in the prevalence of MBV; and d) to identify other diseases of .e. monodon and analyze 

their association with MBV-infected populations. 

All data presented in this study came from diagnostic cases received at the BFAR-IDCR 

Fish Health Laboratory in Quezon City, Metro Manila or from samples collected during routine 

field trips. Currently, there are three methods of diagnosing MBV infection in .e. monodon, 

namely, 1) direct examination; 2) enhancement of infection and 3) bio-assay method. The 

latest technique in the diagnosis of MBV by direct examination is by the use of an 

epiflourescent light microscope to examine phloxine-stained materials (Thurman et a/., 1990). 

The routine examination by histological (Bell and Lightner, 1988) and wet mount methods 

(Lightner et aI., 1983a; Sindermann and Lightner, 1988) were used throughout the study 

because of their simplicity and quickness. 

Review of Literature. The occurrence of most diseases of cultured penaeid shrimp in 

the Philippines is associated with culturing shrimps at high densities ranging from 100,000 

to 450,000 postlarvae per hectare. Under these crowded rearing conditions, disease has 
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become one of the major problems of the industry. 

Generally, there are three factors that affect penaeid shrimp health, namely: physical 

(e.g. mechanical injuries), chemical (e.g. toxins) and biological (e.g. viruses, protozoans, 

bacteria, and fungi). These three factors can cause two major categories of disease ---a) 

non-infectious diseases, which can be caused by physical, nutritional and chemical agents, and 

b) infectious diseases which are caused by biological disease agents. 

Out of the six penaeid shrimp viruses, three are known to infect .e. monodon 

populations in the Philippines, namely MBV, Hepatopancreatic Parvo-like Virus (HPV) and 

Infectious Hypodermal and Hemotopoietic Necrosis virus (lHHN). MBV is widely distributed in 

.e. monodon hatcheries where it causes moderate to high cumulative mortalities in postlarval 

populations and poor growth in pond cultured .e. monodon stocks. 

Another important penaeid virus is HPV. Its target organ is the shrimp's 

hepatopancreas. This virus was first described by Lightner and Redman (1985b) from infected 

.e. orienta lis (postlarvae),.e. marguensis (juveniles)'.e. semiculcatus (juveniles), and.e. monodon 

from the People's Republic of China, Singapore, Kuwait, and the Philippines. Microscopically, 

pathognomonic signs of HPV infection are single basophillic (H&E stain), Feulgen positive 

inclusion bodies in hypertrophied nuclei of epithelial cells of hepatopancreatic tubules. 

IHHN virus is probably the most investigated shrimp virus. It was most recently 

reported in the Philippines in 1989 from a population of .e. monodon stocks from Asturias, 

Cebu by Lightner (unpublished diagnostic case). IHHN disease was first recognized as virus

caused in a population of blue shrimp, .e. stylirostris, and white shrimp, .e. vannamei (Lightner 

et aI., 1984a) at the University of Arizona's shrimp culture facility in Oahu, Hawaii. 

Infectivity and pathogenicity studies (Bell and Lightner, 1984; 1987) showed that the 

target organs for IHHN virus are tissues of ectodermal origin (e.g. epidermis, hypodermal 

epithelium of the foregut and midgut, nerve cord and the nerve cord ganglia) and tissues of 
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mesodermal origin (e.g. hematopoietic organs, antennal gland tubule epithelium, mandibular 

organ, connective tissue and striated muscles). Microscopically, IHHN virus can be 

demonstrated by the presence of prominenteosinophillic (H&E stain), usually Feulgen-negative 

inclusion bodies in hypertrophied nuclei with marginated chromatin (following fixation in 

Davidson's AFA or Bouin's). IHHN virus is known to infect postlarvae and juveniles and may 

cause 80 to 90% cumulative mortality. 

REO is the most recent addition to the penaeid viruses which was discovered from a 

population of juvenile f. japQnicus in France by Tsing and Bonami in 1984 (Lightner et ar., 

1989). This virus is best diagnosed by transmission electron microscopy because such 

procedure can distinctly demonstrate the eosinophilic to magenta staining (H&E) cytoplasmic 

inclusion bodies, which cannot be seen well by light microscopy (Sindermann and Lightner, 

1988). A cytoplasmic reo-like virus was also described in an infected population of f. 

monodon with rickettsia-associated disease, although histologically, the virus did not appear 

to cause any tissue damage (Anderson, 1988). 

Bacterial diseases of penaeid shrimp are also considered to be major problems in both 

cultured, hatchery-reared, and imported stocks. Bacterial infections in penaeid shrimp can 

manifest themselves as pits in the cuticle, sometimes called "shell disease," or as localized 

infections within the body, which may lead to septicemia (Lightner, 1983). In the Philippines, 

the most serious bacterial disease at present is the "luminous bacterial disease" (Pitogo et ar., 

1990). Although the etiologic agents of this disease are known to be Vibrio harveyi and y. 

splendicus, the exact epizootiology and pathology and this disease remain unknown. These 

bacteria have been isolated from shrimp eggs and larvae, from seawater and pond sediments, 

and they show a characteristic luminous glow in the dark. Studies on other penaeid Vibrio 

infections were done by Lewis (1973); Lewis and Lawrence (1983); Takahashi et al. (1985); 

Egusa et ar. (1988); and Itami et ar. (1989). A septicemic form of bacterial disease was 
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described by Lightner and Lewis (1975) from a hatchery-reared white shrimp f. satiferus. It 

has been observed that most bacterial infections known to occur in penaeid populations 

involve motile, Gram-negative and oxidase positive bacteria such as y. alginolyticus, y. 

parahaemolyticus, Pseudomonas sp., Aeromonas sp. and Flavobacterium sp. (Lewis, 1973; 

Lightner, 1975; Lightner, 1983; and Lightner et aL, 1985). 

Bacterial epicommensals are also very common in the estuarine environment and have 

been known to be problems in pond-reared penaeid shrimps (Mckee and Lightner, 1982). An 

example is Leucothrix mucor, which normally attaches to the gills of the host shrimp, 

impairing the host's respiratory functions resulting in mortalities (Lightner et aL, 1975). Other 

bacterial epicommensals have been described (Johnson, 1978; Lightner, 1983, 1985; 

Sindermann and Lightner, 1988). 

Fungi are normally not considered a disease threat until they become adapted to their 

host and become true parasitic forms (Lightner, 1981). The most important fungal pathogens 

causing mortalities in penaeid shrimp are Fusarium solani and Lagenidium sp.(Lightner and 

Fontaine, 1975; Hose et aL, 1984; and Bland et aL, 1976). 

In the Philippines, Lagenidium sp. was isolated from a larval population of f. monodon 

(Lio Po et aL, 1982). Other fungi which have been isolated in the Philippines include 

Halipthoros philippinensis (Lio Po et aL, 1985) and Sirolpidium sp. Most fungal diseases affect 

the eggs, larval and postlarval penaeids. The ability of Lagenidium sp. and Sirolpidium sp. to 

exist as free-living saprophytes and their wide host distribution suggest that they may have 

a worldwide distribution (Lightner, 1985). 

Non-infectious diseases of penaeid shrimp are also common problems in pond reared 

shrimp and in hatcheries. Examples of non-infectious diseases include gas-bubble disease 

(Lightner et aL, 1974; Suplee and Lightner, 1976), and intoxication by pollutants such as 

cadmium (Nimmo et aL, 1977) and aflatoxin (Wiseman et al., 1982). Substances toxic for 
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shrimp are also produced by some marine organisms, such as blue-green algae (Lightner, 

1978; 1982). 

II. MATERIALS AND METHODS 

A. Sample Sources. AII.e. monodon samples examined came from two major sources. 

One group was obtained from regular sampling sites including pre-selected hatcheries and 

grow-out ponds from eleven locations in the Philippines (Figure 1). The second source were 

samples submitted by the hatchery and grow-out pond operators to the BFAR-IDRC Fish 

Health Laboratory in Quezon City, Metro Manila. 

When shrimp in a particular sampling area were experiencing mortalities or any form 

of disease at the time of the sampling, selective sampling was done to include abnormal 

animals such as those exhibiting discoloration or other types of moribidity. No dead shrimp 

were collected if the time of death could not be ascertained. Farm history record was obtained 

using the Farm History Sheet (Figure 2). 

B. Processesing of Samples. The samples coming from both sources were immediately 

fixed in Davidson's fixative (Bell and Lightner, 1988) either by direct immersion (in case of 

postlarvae) or by both intrahepatopancreatic and intramuscular injection of the fixative (in the 

case of juveniles and adults). For larger shrimp, a slit was made in the cuticle, extending from 

the sixth abdominal segment to the base of the rostrum, enhancing the entry of the fixative 

into the specimen. 

Postlarvae were fixed for 24 hrs while juveniles and adults were fixed for 48 hrs and 

stored in 50% alcohol until processed for routine histology (Bell and Lightner, 1988; Humason, 
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Figure 1. Map of the Philippines showing the sources of Penaeus monodon samples. (1 = 
Pangasinan; 2 = Zambales; 3 = Bataan; 4 = Bulacan; 5 = Metro Manila; 6 = 
Cavite; 7 = Batangas; 8 = Quezon; 9 = Iloilo; 10 = Cebu; 11 = Cotabato; 12 
= Other provinces which include Camarines Norte, Pampanga, Mindoro) 



Figure 2. Farm history record sheet used to collect background information from the 
hatchery/farm where Penaeus monodon samples were collected. 

CASE NO: DATE: FARM AREA: 

FARM LOCATION AND ADDRESS: 

TYPE OF OPERATION: HATCHERY GROW-OUT 

CULTURE METHOD: INTENSIVE EXTENSIVE 

SPECIES CULTURED: 

STOCKING DENSITY: CULTURE PERIOD: 

WATER MANAGEMENT: TIDAL: PUMP: 

AERATION: NO AERATION: 

FREQUENCY OF WATER CHANGES: 

SOURCE OF PL: HATCHERY-REARED WILD 

SOURCE OF BROODSTOCK WILD IMPORTED 

POND REARED COUNTRY 

FEED TYPE: NATURAL FERTILIZATION 

COMMERCIAL FEEDS 

OTHERS 

FEEDING FREQUENCY: TIME: %BODY WEIGHT: 

NAME/BRAND OF CHEMICAL USED ROUTINELY: 

HISTORY OF DISEASE YES: NONE: 

WHEN: 

LIFE STAGES AFFECTED 

MORTALITY: ACUTE CHRONIC 

GROSS SIGNS OBSERVED: 

REMARKS: 

· 31 



32 

1967) and examined using light microscopy. The "gut-gill panorama" technique developed by 

Bell and Lightner (1988) was adopted in the preparation for embedding the tissue samples. 

The tissues were prepared for light microscopy using the routine paraffin technique (Luna, 

1968; Humason, 1967) and stained with modified Mayer's Hematoxylin and Phloxine/Eosine 

stain (H & E) (Bell and Lightner, 1988). In some cases where the farmers wanted immediate 

results, the samples were examined for MBV infections using a "wet mount" technique 

(Lightner, et. al. 1983) which is locally called "MBV Rapid Test". 

C. Method of MBV Diagnosis. Diagnosis of MBV infection was accomplished by 

histological demonstration of prominently hypertrophied nuclei, with spherical eosinophilic 

occlusion bodies in the hepatopancreatic cells and anterior midgut of the shrimp as described 

by Lightner and Redman (1981) and Lightner et aI., (1983a). In some samples where the "wet 

mount" technique was used, MBV was detected by the presence of intensely greenish (due to 

the 0.1% aquaeous malachite green stain) occlusion bodies which were distinct from the 

secretory granules and lipid droplets present in the hepatopancreatic tissue squash. 

Diagnosis of other diseases was done also by routine histopathology. In some cases, 

some protozoan cmd fungal infections were diagnosed using the wet mount method. Each 

diagnostic case is recorded in the Histopathology Data Sheet shown in Figure 3. 

D. Statistical Analysis. The statistical methods used in this study were mainly 

correlation analysis such as the correlation of MBV prevalence with several variables such as 

age, geographical distribution and monthly distribution, and correlation analysis between the 

occurrence of MBV and other diseases. All analysis were done using NeSS (Version 4.1 

developed by Dr. Jerry L. Hintze, Kaysville, UTI. 

Estimation of MBV prevalence was computed using the formula below: 



Figure 3. Diagnostic data sheet used to record histopathological findings in Penaeus 
monodon samples examined. 

CASE NO: SPECIES: DATE: 

FARM LOCATION/ADDRESS: 

AGE OF SAMPLES: POSTLARVAE JUVENILES 

DATE OF COLLECTION DATE PROCESSED: 

FIXATIVE USED: 

I PATHOLOGICAL NOTES/OBSERVATIONS 

HEPATOPANCREAS: 

MIDGUT EPITHELIUM: 

NERVE CORD: 

ANTENNAL GLAND: 

STRAITED MUSCLES: 

HEART: 

GONAD/OVARY 

HEMATOPOIETIC TISSUE 

CONNECTIVE TISSUE 

GILLS 

EPIDERMIS 

REMARKS: 
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where: 

MEV 
P =--PxlOO 

r n 

P, = Prevalence 

MBVp = No. of MBV positive samples 

n = Total number of samples 

III. RESULTS. 
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There were 11 major types of organisms/diseases diagnosed from October, 1989 to 

December, 1990 in E. monodon. MBV was the most prevalent disease agent, accounting for 

249 cases (67.1 %) out of the total of 372 cases (Table 1). 

Prevalence of MBV Based on the Number of Cases Examined: From a total of 372 

diagnostic cases coming from 12 major prawn-farming provinces in the Philippines between 

October, 1989 to December, 1990, 249 were diagnosed to be positive for MBV infections, 

while only 123 cases were MBV negative. Overall, the prevalence of MBV was 67.1 %. 

However, there was a very low correlation (r = 0.4) between the MBV cases and provinces 

where the cases were documented (Table 2). 

In terms of the total number of E. monodon samples examined, 5,085 were found to 

be MBV positive, while 4,025 samples were MBV negative. The overall prevalence of MBV 

infections in terms of the total number of shrimps examined was 55.8%, indicating that 6 out 
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Table 1. Incidence of Penaeus monodon diseases and other disease-causing organisms 
diagnosed from October, 1989 to December, 1990. 

I DIASEASE I NO. OF CASES I PERCENTAGE 

Monodon Baculovirus 249 67.1 

Type C. Bacu/ovirus 7 1.9 

Zoothamnium 43 11.6 

Vorticella 14 3.8 

Larval mycosis 18 4.9 

Blue shrimp syndrome 3 0.8 

Gill necrosis 14 3.8 

Filamentous bacteria 2 0.5 

Bacterial enteritis 6 1.6 

HP Vibriosis 11 3.0 

Red disease 4 1.1 

I 372 I 100.0 
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Table 2. Overall incidence of MBV in Penaeus monodon based on the total number of 
cases examined from October, 1989 to December, 1990. 

, PROVINCE 

Pangasinan 

Zambales 

Bataan 

Bulacan 

Metro Manila 

Cavite 

Batangas 

Quezon 

Iloilo 

Cebu 

Cotabato 

Others· 

, 

, NO.CASES' MBV+ , (C)b) I MBV-

60 35 58.3 25 

110 67 60.9 43 

15 12 80.0 3 

4 4 100.0 0 

10 3 30.0 7 

6 5 83.3 1 

96 65 67.8 31 

31 25 80.6 6 

9 7 77.8 2 

14 9 64.3 5 

5 5 100.0 0 

12 12 100.0 0 

, 372 , 249 , 67.1 , 123 

• Includes the provinces of Camarines Norte, Negros, 
Pampanga, Mindoro and some unknown sources 

, (C)b) 

41.7 

39.1 

20.0 

0.0 

70.0 

16.7 

32.2 

19.4 

22.2 

35.7 

0.0 

0.0 

, 32.9 
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10 animals were MBV-infected. A low correlation (r = 0.3) was observed between the number 

of MBV infected animals and the location of occurence (Figure 4). 

Prevalence of MBV in Different PostLarval Stages. There was a high degree of 

correlation (r=0.92) between the host age and occurence of MBV. The occurence of MBV in 

the different life stages of ,E. monodon in terms of the total number of cases received is shown 

in Table 3. Except for PL-03 cases which had a prevalence of 33% (3/1), a" cases composed 

of PL-01 to PL-06 samples were negative for MBV at 0/1, 0/1, 0/2, 0/5 and 0/5, respectively. 

In terms of the number of animals examined, a" PL-01 to PL-06 samples were negative for 

MBV, except in one case composed of PL-03 samples which were positively diagnosed for 

MBV, indicating a relatively high correlation (r = 0.9) between these two parameters (Figure 5). 

Geographical Distribution of MBV. A" the diagnostic cases received came from 1 2 

major provinces in the Philippines. Nine (9) of these provinces were from Luzon Islands, two 

(2) were from the Visayan Islands and one (1) from Mindanao Island. 

Among the provinces having less than 10 documented cases of MBV, the cases from 

the provinces of Bulacan and Cotabato had 100% MBV prevalence at 4/4 and 5/5, 

respectively. Among the provinces with more than 10 documented cases of MBV, the province 

of Quezon showed the highest MBV incidence rate of 80.6% (25/31). The provinces of Bataan 

and Batangas were second and third, respectively at 80% (12/15) and 67.8% (65/96). 

In terms of the provincial (geographical) distribution of MBV based on the number of 

animals examined, the highest incidence rate was recorded in the province of "oilo at 84.2% 

(176/209), followed by the provinces of Bulacan and Cavite with incidence rates of 83.6% 

(51/61) and 78.7% (122/155), respectively. Metro Manila had the lowest MBV incidence rate 

of 14.7% (36/245). 

Monthly Incidence of MBV. Correlation analysis between the occurrence of MBV cases 
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Figure 4. Overall incidence of MBV from September, 1989 to December, 1990, based on the 
total number of Penaeus monodon samples from 12 provinces. Note the low 
correlation between the incidence and the provinces where the samples 
were collected, indicating that MBV was distributed all throughout the country. 
(1 = Pangasinan; 2 = Zambales; 3 = Bataan; 4 = Bulacan; 5 = Metro Manila; 6 = Cavite; 
7 = Batangas; 8 = Quezon; 9 = Iloilo; 10 = Cebu; 11-Cotabato; 12 = Others (Camarines 
Norte, Negros, Pampanga, Mindoro) 
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Table 3. Prevalence of MBV in different postlarval stages of Penaeus monodon based 
on the total number of cases from October, 1989 to December, 1990. 

I PL STAGE I No. of Cases I MBV+ I (%1 I MBV- I (%) 

01 1 0 0.0 1 100.0 

02 2 0 0.0 2 100.0 

03 3 1 33.3 2 66.7 

04 4 0 0.0 4 100.0 

05 6 0 0.0 6 100.0 

06 6 0 0.0 6 100.0 

07 11 2 18.2 9 81.8 

08 17 8 47.1 9 52.9 

09 18 6 33.3 12 66.7 

10 26 14 53.8 12 46.2 

11 26 17 65.4 8 30.8 

12 23 18 78.3 5 21.7 

13 10 6 60.0 4 40.0 

14 20 14 70.0 6 30.0 

15 38 30 78.9 6 15.8 

16 32 27 84.4 5 15.6 

17 19 14 73.7 5 26.3 

18 28 24 85.7 4 14.3 

19 14 12 85.7 2 14.3 

20 22 16 72.7 6 27.3 

21 2 2 100.0 0 0.0 

22 9 7 77.8 2 22.2 

23 2 2 100.0 0 0.0 

24 3 3 100.0 0 0.0 

25-35 12 10 83.3 2 16.7 

42-45 7 6 85.7 1 14.3 

50-60 7 7 100.0 0 0.0 

62-180 4 3 75.0 1 25.0 

I 372 I 249 I 66.9 I 120 I ~2.2 
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Figure 5. Prevalence of MBV in the different postlarval stages of Penaeus monodon based on 
the total number of samples examined from September, 1989 to December, 1990. 
Note the high correlation (r = .92) between the age of the samples and the 
prevalence of MBV. Furthermore, note that the 41.5% incidence of MBV in Pl-3 
constituted only one case received. 
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and time (month) was very low (r = 0.3). In terms of the total number of cases received, the 

month of September had the highest occurence of MBV at 82.9% (34/41) while the month of 

May was second with 78.3% (18/23). The month of November had the lowest MBV 

prevalence at 44.8% (13/29) (Table 4). The month of October had actually registered the 

highest prevalence rate at 100%, however, only one case was documented during this 

period. 

Based on the total number of animals examined, the prevalence of MBV was high 

during the month of September at 71.1 % (587/826), while the month of July was second with 

a prevalence rate of 61 % (431/706). MBV appeared to be lowest in the month of November, 

being only 34.7% (167/481). However, there was a very low correlation (r = 0.2) between 

the number of MBV-infected shrimps and their monthly prevalence (Figure 6). 

Other diseases diagnosed. Ten major organisms/diseases were diagnosed from 122 

cases (Figure 7; Figure 8). There was a high degree of correlation (r=0.99) between the 

occurence of these diseases and MBV in f. monodon populations (Table 5). One of the most 

significant findings is the occurence of a Type C baculovirus (a non-occluded baculovirus) from 

a population of postlarval f. monodon. This type of baculovirus was diagnosed as mixed 

infection with MBV in postlarvae. The discovery of Type C baculovirus in f. monodon is the 

first case recorded in the Philippines. 
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Table 4. Monthly prevalence of MBV in Penaeus mQnodon based on the total number of cases 
examined from October, 1989 to December, 1990. 

I 
MONTH 

I 
NO. CASES 

I 
MBV+ 

I 
(%) 

I 
MBV-

I 
(%) 

I 
October 1 1 100.0 0 0.0 

November 19 11 57.9 8 42.1 

December 16 12 75.0 4 25.0 

January 34 24 70.6 10 29.4 

February 12 7 58.3 5 41.7 

March 12 9 75.0 3 25.0 

April 22 17 77.3 5 22.7 

May 23 18 78.3 5 21.7 

June 45 29 64.4 16 35.6 

July 24 18 75.0 6 25.0 

August 27 13 48.1 14 51.9 

September 41 34 82.9 7 17.1 

October 21 11 52.4 10 47.6 

November 29 13 44.8 16 55.2 

December 46 32 69.6 14 30.4 

372 249 66.9 123 33.1 
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Figure 6. Monthly incidence of MBV based on the total number of Penaeus monodon samples 
examined from October, 1989 to December, 1990. Note the low correlation (r = 
0.25) between the incidence of MBV and the months. This low correlation between 
these two variables indicate that MBV was prevalent in any month of the year. 
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Figure 7. Incidence of other Penaeus monodon diseases diagnosed from October, 1989 to 
December, 1990 based on the total number of samples examined. Note that these 
values do not include MBV. (BVe = Type e Baculovirus; Zoo = Zoothamnium; 
Vor = Vorticdlla; LM = Larval mycosis; BSS = Blue shrimp syndrome; GN = gill necrosis; 
FB = Filamentous bacteria; BE = Bacterial enteritis; HV = Hepatopancreatic vibriosis; 
RD = Red disease). 
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Figure 8. Photomicrograph of the different pathological conditions and disease-causing 
organisms in Penaeus monodon populations. 

1. Penaeus monodon baculovirus (MBV). The pathognomonic signs of MBV 
infection are the multiple intranuclear spherical occlusion bodies 
(arrows) within the hepertrophied nuclei of the hepatopancreatic tissues 
of Penaeus monodon postlarva. H&E staining. (Bar = 20 pm). 

2. Type C Baculovirus. Histological section of the hepatopancreas of Penaeus 
monodon postlarva showing the hepertrophied nuclei (arrow) of the 
hepatopancreatic tubule epithelial cells. Note the absence of viral 
occlusions which is the main chatacteristics of this type of baculovirus. 
H&E staining (Bar = 20 pm). 

3. HP Necrosis. Histological section of the hepatopancreatic tissue of Penaeus 
monodon postlarva showing large masses of necrotic areas surrounded 
by hernocytes (arrow). This pathological condition is probably similar 
to Vibriosis. H&E staining. Bar = 100 pm). 

4. Red Disease. Histological section of the hepatopancreas of juvenile Penaeus 
monodon with advanced red disease. Note the extensive hemocytic 
encapsulation and melanized areas which contain masses of necrotic 
tissue debris (arrows). H&E staining. (Bar = 200 pm). 

5. Bacterial enteritis. Histological section of the anterior midgut of an infected 
Penaeus monodon postlarva showing the necrotic areas and hemocytic 
infiltration in the affected area (arrow). This pathological condition is 
believed to be caused by bacterial organisms. H&E staining. (Bar = 50 
pm). 

6. Filamentous bacterial disease. Histological section of the gill filaments of 
Penaeus monodon juvonile showing heavy infection of filamentous 
bacteria, possibly Leucothrix!!l!!QQr (arrows). H&E staining. (Bar = 20 
pm). 

7. Gill Necrosis. Histological section of a necrotic and melanized gill from a 
Penaeus monodon postlarvae (arrow). H&E staining. (Bar = 50 pm). 

8. Zoothamnium sp. This protozoan causes extensive damage to the gills and 
appendages in infected Penaeus monodon postlarva, juvenile or adult 
populations. H&E staining. (Bar = 20 pm). 
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Table 5. Other diseases of Penaeus monodon diagnosed based on the total number of 
cases received from October, 1989 to December, 1990. 

DISEASE DIAGNOSED NO. OF CASES MBV+ CASES PERCENTAGE 

Type C baculovirus 7 7 100.0 

Zoothamnium sp. 43 39 90.7 

Vorticella sp. 14 13 92.9 

Larval mycosis 18 16 88.9 

Blue shrimp syndrome 3 2 66.7 

Gill necrosis 14 11 78.6 

Filamentous bacteria 2 0 0.0 

Bacterial enteritis 6 5 83.3 

H.P. Vibriosis 11 8 72.7 

Red disease 4 4 100.0 

I I 122 I 105 I 
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IV. DISCUSSION 

MBV was the most prevalent disease of f. monodon accounting for 249 cases or 

67.1 %. This means that for every 10 cases examined, 7 cases may likely be an MBV disease. 

By analysis of the MBV prevalence record alone, these 249 cases of MBV infection constitute 

66.9% of the total number of MBV-infected cases. These figures are very 6llarming to both the 

shrimp hatchery and grow-out farmers. 

The prevalence and distribution studies of MBV in f. monodon populations involve a 

complex interaction of several host variables such as age, feeding habits from the larval, 

postlarval and adult stages, spawning habits and the extent of its cannibalistic tendencies. On 

the other hand, understanding MBV and factors such as its mode of transmission, virulence, 

persistence in the environment and ultrastructure are very important aspects in the 

conceptualization of this particular host-pathogen relationships. 

Host age is one of the most important variables in the study of baculoviruses (Martin 

et aI., 1987; Watanabe, 1987). Based on the case records presented in this study, the 

prevalence of MBV was higher among the older stages of postlarval f. monodon, while younger 

populations (e.g.- Pls 01 to 07) were not as highly susceptible to MBV infections. This finding 

is consistent with the results presented in Chapter III of this work where a susceptibility study 

to MBV was made on the different larval and postlarval stages of f. monodon. However, these 

findings are in complete contrast to the findings of Momoyama and Sano (1989) in the case 

of BMNV infection in Kuruma shrimp (f. japonicus) where there was a high negative correlation 

between BMNV infection and host age, thus indicating that BMNV infection in f. japonicus 

decreases with age. 

Another important finding of this study was the association of other viral, protozoan, 

bacterial and fungal infections with MBV in f. monodon postlarval populations. It is possible 
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that these co-infecting microorganisms might have exerted synergistic effects with MBV, 

acting as biological stressors and enhancing the overall susceptibility to infection of the host 

shrimp. In fact, surface and gill fouling by epicommensals such as Leucothrix .!!l..!.!.QQ[ and 

Zoothamnium sp. are implicated in compromising the respiratory system of MBV-infected ,e. 

monodon population, causing significant mortalities (Lightner et a/., 1983a). This kind of 

relationship has also been demonstrated in silkworm larvae exposed to Pseudomonas sp. and 

demonstrating increased susceptibility to viral infections (Watanabe, 1987). 

Analysis showed that there was a very low correlation between the prevalence of MBV 

and the geographical origin of the samples. In addition, there was no significant statistical 

correlation between the occurence of MBV and time of year. This is in contrast to the findings 

that the distribution of several insect baculoviruses is influenced by geogrC1phy and season. 

(Tanada and Fuxa, 1987; Weiser, 1987) due to the migration patterns of insects. Hatchery-

reared or pond cultured tropical aquatic animals such as ,e. monodon are confined in culture 

tanks and in ponds and are subjected to very limited seasonal variation. 

In Australia, Lester and Pynter (1989) have reported an MBV-like virus from populations 

of ,e. plebejus, ,e. monodon and,e. merguiensis, Until comparative serological studies have been 

made on this type of baculovirus and MBV, it can not be ascertained whether this represents 

a new strain of MBV viruses or a separate distinct species (Lightner ot a/., 1989a). It is 

therefore imperative to examine the problems underlying the prevalence of MBV at the 

hatchery and pond level relative to existing hatchery and pond management practices and 

biotic factors. Lightner et a/. (1983a) concluded that MBV is enzootic in Southeast Asia and 

cited as proof the high prevalence of MBV in the regions where farms use wild-caught ,e. 

monodon broodstock in the mass production of postlarvae. This theory is based on the fact 

that MBV has been known to occur in most hatcheries and grow-out ponds in Southeast Asian 

countries such as Malaysia (Lightner et a/., 1985; Anderson, 1988; Johnson and Lightner, 

, 
~---
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1988), Singapore (Brock et al., 1983; Lightner et aL, 1985), Taiwan (Lightner et ai, 1983a; 

Lightner et al., 1987a; Johnson and Lightner, 1988; Lightner and Redman, 1991; Chen et aL, 

1989a) Indonesia (Nash et aL, 1988; Lightner et aI., 1990), Thailand (Natividad, BFAR 

diagnostic data from imported postlarvae) and the Philippines (Lightner, 1983; Johnson and 

Lightner, 1988; Lightner et aL, 1990). The traditional practice of mass spawning of wild f. 

monodon is the initial step in introducing MBV into hatchery facility. MBV-infected spawners 

may continuously excrete feces contaminated with free MBV virions and occlusion bodies 

during spawning. These virions and occlusion bodies could easily remain associated with the 

shrimp larvae and infect them later when they begin feeding. 

In hatchery-reared f. monodon postlarval populations, MBV acts as a density

dependent disease which infects more hosts as host density is increased. The rate of MBV 

infection in postlarval f. monodon populations have been suggested to be related to crowding 

stress (Lightner et aI., 1983a; Sindermann and Lightner, 1988). In high density stocking, MBV 

infection is easily enhanced through cannibalism. Engineering designs of most hatcheries in the 

Philippines should also be reviewed. The fine mist generated by vigorous aeration systems in 

most hatcheries maybe a factor in aerosol spread of MBV among larval and post larval rearing 

tanks. Aerosol contamination in aquaria by an experimentally introduced spore-forming 

bacterium, Bacillus sphaericus, has been demonstrated to infect other aquaria several meters 

apart (Lightner, personal communication). 

At present, there are no known treatments to "cure" MBV-infected shrimp populations, 

nor to eliminate MBV in the culture system environment. It has been the practice of most 

farmers in the Visayan region to incorporate 1000 mg vitamin C per kilogram of feed given to 

pond-cultured f. monodon suffering from chronic MBV infections and the farmers have claimed 

some degree of success. Although there have been no studies conducted to substantiate this 

claim, it is possible that increased dietary vitamin C might increase hemocyte count and 
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activity and collagen integrity of the animals, thus improving their general resistance to 

diseases such as MBV. Support for this theory was demonstrated by Pristavko and Dovzhenok 

(1974) in larvae of the codling moth (Lasoeyresia oomonella), which were fed with different 

concentrations of vitamin C. When vitamin C was decreased, the hemocyte count of the larvae 

decreased and its susceptibility to Beauveria bassiana was increased. 

Among the groups of other .E. monodon diseases diagnosed, the most important was 

the occurence of a non-occluded (Type C) baculovirus, which was documented in 7 cases 

(1.9%), mostly from the province of Zambales, Pangasinan and Quezon. Pathologically, the 

presumed Type C baculovirus was diagnosed by the presence of hepertrophied nuclei, with 

marginated chromatin, a laterally displaced or disassociated nucleolus within infected 

hepatopancreatic tubule epithelial cells, but without occlusion bodies (Lightner et al., 1989a; 

Momoyama and Sano, 1989; Sano et aI., 1985). This presumed Type C baculovirus is the first 

to be reported in .E. J!!Qnodon in the Philippines. It is possible that Type C baculovirus maybe 

present also in.E. monodon from Australia and Indonesia (Lightner, unpublished data). The only 

well documented and extensively studied type C baculovirus in penaeid shrimps is the 

Bacoluviral Midgut Gland Necrosis Virus (BMNV) which is very common in .E. japonicus 

hatcheries and ponds in Japan (Lightner, 1985; Sano et aI., 1981; Sano et aI., 1985; 

Sindermann and Lightner, 1988; Lightner et aI., 1989a; Momoyama and Sano, 1989). 

Some of the frequently diagnosed diseases in this study include gill and body surface 

fouling caused by two protozoans, Zoothamnium sp. and Vorticella sp., and by an unidentified 

form of filamentous bacteria. However, the occurence of these organisms at an elevated level 

is related to water management problems and they are usually regarded as non-infectious 

epicommensal organisms. These organisms are very common in hatcheries and ponds and are 

apparently ubiquitous in the shrimp culture facilities (Lightner, 1985; Anderson, 1988). The 

host data in this study showed that postlarvae, juveniles and adults are all potential targets of 
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these epicommensal organisms. The effects of these apicommensal organisms on shrimp 

include gill obstruction, leading to impaired respiration; in severe cases, the infection results 

in heavy mortalities due to hypoxia, impaired locomotion, and molting (Sindermann and 

Lightner, 1988; Anderson, 1988). One filamentous bacteria, Leucothrix mucor, has been 

known to cause extensive fouling of host shrimp gills, blocking gas diffusion across the gill 

cuticle (Lightner et aI., 1975; Couch, 1978). 

Larval mycosis was diagnosed (via wet mount method) in 18 cases (4.9%) in this 

study. Although the genera of the organisms were not identified, diagnosis of mycosis in 

infected postlarvae was based on the characteristic branching fungal hyphae protruding from 

the shrimp's body surfaces, especially on the appendages, cephalothorax and abdominal 

regions. Penaeid diseases of fungal aetiology are very common in the Philippines (Hatai et aI., 

1980; Lio Po et aI., 1978, 1982, 1985). Although the fungal diseases of penaeids are believed 

to be ubiquitous in shrimp facilities around the world (Lightner, 1985), fungal infections 

associated with Haliphthoros philippinensis have been reported to cause serious mortalities in 

hatcheries only in the Philippines (Hatai et aI., 1980). Anderson (1988) claimed that there is 

a close association between antibiotic use and the occurence of larval mycosis in Malaysia due 

to the effects of antibiotics in removing bacterial epibiont competitors and thereby producing 

an increase in fungal infections. Although Anderson's theory has not been proven 

experimentally, it is supported by the the observations of one hatchery operator in Batangas 

province (Mr. Willy Espejo of SS Marine Resources Corp.) where the use of oxytetracycline in 

the treatment of luminous bacterial disease in f. monodon mysis had ironically produced a 

high incidence of serious larval mycosis infections within the population. 

Gill necrosis consituted 14 cases (3.8%) of f. monodon diseases diagnosed. It is 

believed that this disease is of bacterial aetiology, and it is characterized grossly by brownish 

discoloration of the gills and disintegration of the carapace. In histological slides, the disease 
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is characterised by the presence of multifocal melanized cuticular lesions in the gill filaments. 

Bacterial enteritis was diagnosed in 6 cases (1.6%). It is characterised by septic lesions 

of the midgut epithelial cells and is normally accompanied by mild to severe necrosis and 

sloughing of the midgut epithelial lining. This disease is similar to hemocytic enteritis described 

by Lightner (1983) and Sindermann and Lightner (1988). Because hemocytic enteritis is often 

associated with certain types of filamentous blue green algae, midgut lesions are believed to 

be due to endotoxins derived from the blue-green algae (Lightner, et aL, 1987a). 

Septic, multifocal necrosis and massive hemocytic inflammation of the 

hepatopancreatic tissues and similar to HP vibriosis was another disease, which is believed to 

be of bacterial aetiology (14 cases). Vibrio sp. is the aetiologic agent of vibriosis and this 

disease syndrome is one of the most studied of the penaeid shrimp diseases (Lewis and 

Lawrence, 1983; Takahashi et al., 1985; Takahashi et aI., 1985; Sindermann and Lightner, 

1988; Itami et aL, 1989). Similar types of lesions were also described by Egusa et aL (1988) 

from Kuruma prawn (e. japonicus). 

The pathological signs described in vibriosis in e. japonicus (Egusa et aL, 1988) did not 

include the associated hepatopancreatic atrophy and gross signs of red coloration which are 

characteristics of red disease as described by Lightner and Redman (1985). Four cases of red 

disease were diagnosed in all samples which were infected with MBV. This type of disease is 

characterized by the presence of multifocal necrosis, ohen accompanied by massive hemocytic 

inflammation and marked atrophy of the hepatopancreas. Although red disease is very common 

in pond cultured e. monodon populations in Taiwan and Philippines, its aetiology remains 

unknown. The red coloration of affected e. monodon has been suggested by Lightner and 

Redman (1985) as being caused by the deposition of beta carotine and other carotenoids into 

the hemolymph, thus producing red coloration of the affected host. However, this author has 

observed in some isolated cases where reddish coloration were evident in the samples but 
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pathologically negative for red disease, and interestingly, exhibited normal integrity of the 

hepatopancreatic tissue with no apparent morphological signs of hepatopancreatic atrophy. 

Under these circumstances, it is possible that the red discoloration exhibited by the affected 

shrimp could be attributed to several factors including season (Liao et aI., 1977 and 1985, as 

cited by Lightner et aI., 1985a), the type of feed, nutritional deficiency, and stressful 

environmental parameters such as highly acidic water. The later has been demonstrated in 

samples from a farm in Bin maley, Pangasinan and in Calatagan, Batangas, where the pH values 

of pond water in both farms were pH 4.5 and 4.9, respectively. Although these observations 

may have been circumstantial, it would be worth studying the relationship of environmental 

parameters to occurrences of red disease. 

Three cases (0.8%) of blue shrimp syndrome were observed in this study. Since this 

is a relatively new disease syndrome in e. monodon populations, several theories have been 

suggested including nutritional deficiency and/or viral infection (Baticados, 1987) and poor 

water quality and poor pond bottom. Two out of 3 cases in this study were associated with 

MBV infection, an observation which fits some of gross signs associated with MBV disease 

(Sindermann and Lightner 1988). 

It is interesting to note that IHHN and HPV, which were previously reported from e. 

monodon populations in the Philippines by Lightner (1985) and Lightner et ai, (1989a), were 

not documented in this study. This indicates that IHHN and HPV are not widely distributed in 

the Philippines, or that routine histological diagnostic procedures are not sufficiently sensitive 

to diagnose infections by these agents in subacute cases. 
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CHAPTER III 

SUSCEPTIBILITY OF THE DIFFERENT LARVAL AND POSTLARVAL STAGES OF GIANT 

TIGER PRAWN (PENAEUS MONODON FABRICIUS) TO MONODON BACULOVIRUS (MBV) 

INTRODUCTION 

The virulence of MBV for the different life stages of f. monodon is not yet fully 

understood. To date, there have been only six studies on the laboratory transmission of four 

penaeid viruses involving five penaeid hosts (Couch, 1974; Lightner et aL, 1983a; Bell and 

Lightner, 1984; Sa no et aL, 1985; Overstreet et aL, 1988; Momoyama and Sa no, 1989; 

Pynter and Lester, 1990; Leblanc and Overstreet, 1990). The pathogenicity of baculovirus is 

not yet well studied among the penaeids, in contrast to the numerous studies conducted in 

insect baculoviruses (Ignoffo, 1975; Jacques, 1975; Mazzone, 1975; Mcintosh, 1975; 

Summers, 1975; Volkman et al. (1976); and Smith et al. (1983). In fact, several excellent 

review papers on insect baculoviruses are have been published (Bergold, 1963; Aizawa, 1963; 

Summers and Smith, 1978; and Evans and Entwistle 1987). 

Mortalities due to MBV infections in f. monodon larval, postlarval and juvenile 

populations have not been described quantitatively and are mostly based on population 

estimates, without any due reference to the effects of secondary infections by bacteria, fungi, 

parasites, or even other viral agents. Lightner et al. (1983a) believed that these mortality losses 

might be caused by other potential pathogens present in MBV infected f. monodon. However, 
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it is not yet confirmed experimentally that an MBV infection alone can cause significant 

mortalities. Secondly, the effect of MBV on the growth rate patterns of infected f. monodon 

has not been demonstrated experimentally in larval and postlarval populations to determine 

whether there is a significant difference in growth rate compared with the non-infected (MBV 

negative) populations. 

Objectives of the Study. No experimental study has been made on the laboratory 

transmission of MBV and its effects on f. monodon larvae and postlarvae in the Philippines. 

Hence, its transmission and pathogenicity are not yet fully described. This study documents 

the susceptibility of different life stages of f. monodon to MBV by means of laboratory 

infection methods using both waterborne and oral inoculation techniques. Specifically, the 

goals of this study were a) to determine the susceptible life stages of f. monodon to MBV; b) 

to describe the rate of MBV infection (ROil in laboratory inoculated larvae and postlarvae based 

on histopathology; c) to determine the severity of infection (SOl) in the different life stages of 

f. monodon; d) to correlate the pathological effects of MBV in relation to the host mortality 

rates; and e) to describe the growth rate patterns of both the laboratory-infected and the 

unexposed control groups of f. monodon larvae and postlarvae. It is believed that the data to 

be generated from this study will provide very important baseline information that can be 

translated into a production model with potential use in the prevention and control of MBV. 

At present, there is no known treatment for MBV, nor for any other penaeid viruses 

(Bell and Lightner, 1987; Sindermann and Lightner, 1988). However, in a related work of this 

author, it was demonstrated that MBV can be eliminated in the larval production facilities by 

means of "strategic egg prophylaxis", a technique that involves washing and rinsing the 

fertilized penaeid eggs with chemically-treated seawater. This new larval production method 

is presented in detail in Chapter VI of this work. 

Review of Literature. One of the most fundamental areas of information in the 
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epizootiological study of penaeid viruses is a clear understanding of the different life cycles of 

these pathogens outside and inside their hosts. The known hosts of MBV are f. monodon, .E. 

merguiensis, f. semisulcatus, f. kerathurus (Lightner and Sindermann, 1988; Johnson and 

Lightner 1988), and MetaDenaeus ~ (Chen et al., 1989b; Natividad, unpublished data). 

The susceptibility of the different life stages of f. monodon to MBV has not been 

demonstrated experimentally, although similar studies have been made on other penaeid viruses 

and hosts. These studies include the susceptibility of Kuruma shrimp (f.japonicus) to 

Bacoluviral Midgut Gland Necrosis virus (BMNV) (Sano et aI., 1985; Momoyama and Sano, 

1989); f. stylirostris and f. vannamei to Infectious Hypodermal and Hematopoietic Necrosis 

virus (lHHN) (Lightner et al., 1983c; Bell and Lightner, 1984); and f. vannamei and f. 

duorarum to Baculovirus Penaei (BP) (Couch, 1974; Overstreet et aI., 1988; Leblanc and 

Overstreet, 1990). Recently. Paynter and Lester (1990) made an experimental infection of f. 

monodon in Australia with an "MBV-like baculovirus". This MBV-like baculovirus may be shown 

to be a new strain of MBV, pending further ultrastructural and serological studies. 

In order to conceptualize the typical mode of infection of a baculovirus, a diagrammatic 

illustration is shown in Figure 9, which was modified from the work of Couch, (1989). 

Generally, the free baculovirus virion is the most infective viral particle, while the virus 

containing occlusion bodies have to be degraded inside the host's gut in order to release the 

infective virions. Several review papers on baculovirus-host interactions are presented by 

Delgarno and Davey (1973); Harrap (1973); and Knudson and Harrap (1976). 

The susceptibility of f. monodon to MBV, and insects to other baculoviruses in general, 

are affected by several common factors. One of these factors is age, which was discussed 

earlier. In insects, host age has been shown to be a vital factor in determining their 

susceptibility to certain baculoviruses (Watanabe, 1987). Environmental stressors such as 

crowding and handling (Couch et al., 1975; Lightner, 1983a; Chen et aI., 1989a) and biological 
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Figure 9. Infection cycle of Penaeus monodon baculovirus (M8V). A. Free MBV virion attaches 
to the cytoplasmic membrane of a normal hepatopanceatic or midgut cell. B. Penetrates the 
cell, leaving its viral membrane fused with cell membrane. C. The MBV nucleocapsid releases 
its nucleoprotein in the nucleus through the nuclear pore. D. Following viral genome integration, 
the appearance of granular and fibrillar virogenic stroma occurs. E. Developing and complete 
nucleocapsids and membrane fragments are present in infected cell nuclei. The occlusion body 
formation is beginning. F. The MBV occlusion bodies are fully formed in their characteristic 
spherical shapes, and the hypertrophied, infected nuclei contains many enveloped free and 
occluded virions. G. The infected cell undergoes lysis and the occlusion bodies (OB) and free 
virions are released and may infect the adjacent normal cells. 
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stressors like the effects of other pathogens (e.g., gill and surface fouling epicommensals) 

(Lightner et al., 1983a; Johnson and Lightner, 1988) have been demonstrated to enhance the 

severity of MBV infections in f. monodon. It is also believed that there may be several strains 

of MBV that exert different degrees of virulence in f,. monodon. Bonami (1991, Laboratoire de 

Pathologie Comparee, Universite des Sciences et Techniques du Languedoc, Montpellier, 

France; personal communication) has observed that the Tahiti MBV strain was not virulent for 

f. monodon, causing no adverse effects on the survival and growth of infected populations. 

MATERIALS AND METHODS 

Source of Test Shrimps. The different stages of f. monodon larvae and postlarvae 

used as test animals in this study were obtained from a hatchery in the town of Iba, Zambales 

province. The test shrimps were hatched from a single batch of eggs washed with ozone

treated seawater for 60 sec, followed by continuous flow-through rinsing in ozonized seawater 

for 3 min. Upon hatching, the test shrimps were reared in circular 500-liter fiberglass larval 

rearing tanks at a denisty of 50 animals per liter in ozone-treated seawater. Larval rearing was 

done under a strictly isolated conditions, away from other rearing tanks in order to prevent 

possible contamination. The zoea larval stages were fed with laboratory cultured Chaetoceros 

calcitrans at a rate of 75 liters per day and supplemented with a commercial artificial diet 

(Fripak®) at a rate of 2.5 g per 2.0 liters of water. Upon reaching the mysis larval stage, the 

shrimps were fed 50 liters per tank of ~. calcitrans, but the artificial diet was increased by 

25%. The later stages of mysis (M-2 and M-3) were fed with newly hatched brine shrimp 

(Artemia salina) nauplii twice daily. The main diet of the postlarvae consisted of A. salina 
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naupJii with daily supplement of 10 to 15 liters of .c.. calcitrans and 100 g homogenized egg 

custard. About 25% to 30% of the total water volume per tank was replenished with new 

ozonized seawater daily. 

Except for nauplii-6 stage, all the test shrimps were examined for MBV infections prior 

to the inoculation experiment, by random collection of 60 samples in the tank and examination 

by the wet mount method (Lightner et aI., 1983) with confirmation by routine histopathology 

(Luna, 1968; Bell and Lightner, 1988) by light microscopy. The test shrimps were classified 

as MBV negative when they had undetectable infections. 

The MBV-free test shrimps were transported in oxygenated plastic bags and brought 

to the BFAR-IDRC Fish Health Laboratory in Quezon City, Metro Manila. The animals were 

conditioned in glass aquaria containing ozone-treated seawater for 6 hr prior to inoculation. The 

larval stages used in this experiment were nauplii (N-6), zoe a (Z-2) and mysis (M-2); while the 

post-larval groups consisted of PL-3, PL-6, PL-9, and PL-11. 

Source of MBV virus. A single population of MBV-infected hatchery-reared f. monodon 

postlarvae (PL 15) was used as the source of MBV. This MBV-infected postlarval population 

was obtained from a hatchery in Matabungkay, Batangas province and were transported live 

to the laboratory, where they were maintained in crowded conditions (100 PLslliter) in glass 

aquaria for one day before the experiment. Assessment of MBV infection was made by wet 

mount method (Lightner et aI., 1983a; Sindermann and Lightner, 1988) and histopathology 

(Luna 1968; and Bell and Lightner, 1988). 

Infection Procedures. The test larval groups were inoculated with MBV by means of 

waterborne inoculation (for nauplii and zoea) and by a feeding inoculation method using 8-hour 

old A. salina nauplii as MBV carrier (for mysis). For the postlarval population, finely ground 

MBV-infected postlarvae were fed directly to the test shrimps. The specific procedures used 

in infecting the larval and postlarval stages are discussed below and the general schematic 



61 

infection procedure is presented in Figure 10. 

Nauplii Stage. One hundred nauplius-6 larvae were placed in a 10-liter plastic basin 

containing ozone-treated seawater. Two hundred MBV-infected hepatopancreata were 

homogenized, centrifuged, filtered, and introduced into the water for 8 hr. The nauplii were 

removed from the basin after the inoculation process (8 hr post-exposure) and were rinsed 

with free flowing ozone-treated seawater for 10 min. Fifty nauplii were randomly collected 

from the infected population and were transferred in a 2-liter plastic jar with clean 

ozone-treated seawater for further rearing. Water temperature was maintained at 29 to 30 DC 

in order to ensure molting. Three replicates were made for this stage. 

Protozoea Stage. One hundred zoea stage (Z-2) were kept in a 10-liter plastic basin 

containing ozone-treated seawater as described' above. A similar inoculation procedure was 

carried out as described for the nauplii experiment. After 8 hr of exposure to MBV 

contaminated seawater, the test animals were rinsed in clean ozone-treated seawater for 10 

min prior to the random collection of a sample of 50 larvae. The test animals were then 

transferred into another container with ozone-treated seawater for further rearing. Water 

temperature was maintained at 29-30 DC to ensure optimal rearing conditions. A schematic 

representation on the method of inoculum preparation for the nauplii and zoea experiments is 

shown in Figure 11. Three replicates were done for testing this larval stage. 

Mysis Stage. One hundred mysis (M-2) were held in a similar manner as described 

above. However, the MBV carrier used in introducing the virus to the test shrimps was a 

population of 8-hour old Artemia nauplii. The MBV inoculum was prepared from the 

hepatopancreata taken from 200 MBV-infected post larvae (PL-15) and homogenized in 60 ml 

of ozone-treated seawater. Sixty ml of ozone-treated seawater was added to the homogenate 

and the Artemia nauplii were allowed to feed on the homogenized shrimp tissues for 30 min 

prior to feeding them to the mysis larvae in a manner similar to that used by Overstreet et al. 
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Figure 10. General schematic diagram of MBV infection procedures in Penaeus mQnodQn 
larvae and postlarvae showing the type of treatment and food in each group. 
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Precipitant re-suspended in 30 ml 
ozone-treated seawater; 

centrifuged at 3.4 x 103 rpm for 10 
min 

Supernatant # 2 filtered in 5 J.lm 
disposable membrane filter disc 

, r 

Figure 11. Detailed diagram showing the preparation of MBV inoculum used in the infection 
of nauplii-6 and zoea-2 larval stages of Penaeus monodon. 
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(1988) for BP transmission studies. In addition, the MBV-inoculated seawater was centrifuged, 

filtered and applied to the culture jars. Feeding duration of the test shrimps with MBV-fed 

Artemia was 8 hr. After feeding, the unconsumed Artemia were discarded and the mysis stage 

larvae were rinsed in ozone-treated seawater for 10 min prior to transferring the animals to 

another container with ozone-treated seawater for further rearing. The inoculum preparation 

and infection procedure made on the mysis stage larvae is shown in Figure 12. Three replicates 

were made in this group. 

Postlarval stages. Forty individual postlarvae for each PL .'>tage tested were placed in 

separate 1-liter glass jars and directly fed finely ground MBV-infected postlarval tissues at a 

rate of 20 MBV-infected PLs/jar using the same cultural conditions as has been described 

above. Feeding duration lasted for 10 hr, after which the animals were removed from the glass 

jars and rinsed in ozone-treated seawater for 10 min prior to transferring them into another 

container with clean ozone-treated seawater for further culture. The test animals were fed 

newly hatched A. salina nauplii. 

Rearing of the Test Animals. After inoculation, each group of the test animals was 

reared in a 1-liter glass jar (for postlarvae) or a 2-liter plastic jars (for larvae) for 12 days. Water 

was replaced daily in all culture jars. The postlarvae were fed once a day with newly-hatched 

Artemia nauplii at a rate of approximately 500 Artemia per jar. The nauplius and zoea larvae 

were fed the diatom, Chaetoceros calcitrans, at rates normal for these stages during their 

entire zoeal stages. Then, these shrimps were fed newly hatched Artemia nauplii upon reaching 

their mysis stages and subsequently up to the postlarval stages. The mysis stage larvae were 

likewise fed newly hatched Artemia nauplii up to their postlarval stages. 

Oxytetracycline was added on the first day of inoculation to all experimental jars at a 

rate of 5.0 ppm in order to reduce bacterial growth. The initial average size of all the test 

animals per stage (except the nauplii and zoea) was recorded. 



200 MBV-infected hepatopancreata from P. monodon 
postlarvae (PL-15) were excised individually 

Hepatopancreata were homogenized In 60 mt ozone
treated seawater using glass tissue macerator· 

60 ml ozone-treated seawater added to homogenate; 
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Figure 12. Detailed diagram showing the preparation of MBV inoculum used 
in the infection of Penaeus monodon mysis-2 test shrimps. 
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Unexposed Controls. Unexposed control groups (3 replicates each) were maintained 

for the nauplius, zoea, mysis stages and postlarval stages (PL-3 and PL-11). These unexposed 

control groups were kept in a separate room in order to avoid the possibility of aerosol 

contamination. 

Sampling Schedule. Sample collection of the test animals was made in all larval and 

postlarval rearing jars on a daily basis, commencing on the second day post inoculation (PO, 

and continuing until the sixth day PI. Five shrimps were collected from each larval/postlarval 

rearing jar and each animal (except for the nauplii and zoea stages) was individually measured 

(total length in mm). All remaining animals were sampled on the last day of the culture period. 

Cummulative mortalities in all culture jars were recorded at the end of the rearing period. 

Diagnosis of MBV Infections. All samples were fixed in Davidson's fixative for 24 hr 

and processed by routine histopathology using Hematoxylin-Eosin/Phloxine stains (Bell and 

Lightner, 1988). Diagnosis of MBV infections in the test shrimps was made on the basis of the 

presence of slight nuclear hypertrophy and a peripherally displaced nucleolus (Stage 1), 

prominent nucleolar hypertrophy with one or more weakly eosinophilic intranuclear occlusion 

bodies (Stage 2)' or by the presence of greatly hypertrophied nuclei with several prominently 

eosinophilic intranuclear occlusion bodies (Stage 3) (Lightner, et aI., 1983a). 

Analvsis of the Data. Analysis of Variance (ANOVA) using NCSS Statistical software 

(Version 4.1 developed by Dr. Jerry L. Hintze, Kaysville, UTI was used in the analysis of the 

cummulative mortality and growth rate differences among the MBV inoculated and control 

groups. Correlation analysis was employed in the analysis of the relationships between 

cummulative mortality and age of MBV inoculated and control groups. 
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RESULTS 

Rate of Infection (ROI) of MBV-infected Test Shrimps. Larvae exposed to MBV as 

nauplius-6 and zoea-2 larval stages did not develop diagnosable MBV infections within 12 days 

of PI, while larvae exposed at the mysis-2 stage manifested typical MBV infection on the 6th 

day of PI with 13.3% rate of infection (ROI) and 100.0% ROlon the 12th day of PI (Table 6). 

The low ROI over a longer incubation period observed from the larval stages was in direct 

contrast to that observed from the postlarval test shrimps. The younger MBV-inoculated 

postlarval stages (PL-3 and PL-6) exhibited a relatively lower ROlon the second day of PI 

(20.0% and 33.3%, respectively) while the older MBV-inoculated postlarval stages (PL-9 and 

PL-l1) showed 100% ROlon the second day of PI. One hundred percent ROI values for the 

PL-3 and PL-6 test shrimps were obtained only after the fifth and fourth day PI, respectively 

(Table 7). Histologically, the MBV-infected groups showed prominent eosinophillic intranuclear 

occlusion bodies (OB's) pathognomonic for MBV infections, while the unexposed control 

groups showed no pathological changes and the hepatopancreas exhibited intact cellular 

integrity. 

Severity of Infection (SOl). The SOl was described based on the numerical value 

system of 0 to 4 developed by Lightner, et a!. (1983a). Under this system, Grade 0 denotes 

no pathologically diagnosable MBV infection, while Grade 4 denotes maximum MBV infection 

where 40%-80% of the hepatopancreatocytes are affected and the nuclei are all in Stage 3 

type. The average SOl values exhibited by the MBV-inoculated mysis-2 test shrimps was low 

at 1.5 on the 6th day of PI but went up to 3.1 on the 12th day PI. The inoculated and control 

groups of nauplii and zoea stages did not show pathological MBV infection (Table 8). 

In the case of the postlarvae, the youngest MBV-inoculated postlarval stage (PL-3) 

showed an average SOl of 1.0 on the second day and 1.2 on the third day PI with a final SOl 
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Table 6. Rate of Infection in laboratory-infected and unexposed control groups of Penaeus 
mono don larvae. 

I RATE OF INFECTION (%) I 
DAY Nuplii-6 Nauplii-6* Zoea-2 Zoea-2* Mysis-2 Mysis-2· 

1-01 -- -- -- -- 0.0 0.0 

2-PI -- -- 0.0 -- 0.0 --
3-PI 0.0 0.0 0.0 .- 0.0 --
4-PI 0.0 0.0 0.0 -- 0.0 .-

5-PI 0.0 0.0 0.0 0.0 0.0 0.0 

6-PI 0.0 0.0 0.0 0.0 13.3 0.0 

FINAL 0.0 0.0 0.0 0.0 100.0 0.0 

I NO. DAYS I 12 I 12 I 12 I 12 I 12 I 12 I 

0.1. = Day of Inoculation 

P.I. = Post Inoculation 

* = Unexposed Control Groups 

. = Not examined 
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Table 7. Rate of infection in laboratory-infected and unexposed control groups of Penaeus 
monodon postlarvae. 

I RATE OF INFECTION (%) I 
DAY PL-3 PL-3* PL-6 PL-9 PL-11 PL-11 * 

1-01 0.0 0.0 0.0 0.0 0.0 0.0 

2-PI 20.0 0.0 33.3 100.0 100.0 0.0 

3-PI 66.6 0.0 93.3 100.0 100.0 0.0 

4-PI 93.3 - 100.0 100.0 100.0 -
5-PI 100.0 - 100.0 100.0 100.0 -
6-PL 100.0 - 100.0 100.0 100.0 -
FINAL - 0.0 100.0 100.0 100.0 0.0 

I NO. DAYS I 5.0 I 12.0 I 12.0 I 12.0 I 12.0 I 12.0 I 

0.1. = Day of Inoculation 

P .1. = Post Inoculation 

• = Unexposed Control Groups 

- = Not examined 
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Table 8. Severity of Infection In MBV·lnfoctod ond unoxposod control groups of Ponaeus 
monodon larvae. 

SEVERITY OF INFECTION (%) 

N·6· N·6- Z·2 Z·2* M·2 M·2* 

1·01 . . . · 0.0 0.0 

2·PI . . 0.0 · 0,0 · 
3·PI 0,0 0,0 0,0 · 0,0 · 
4·PI 0,0 0,0 0,0 · 0,0 · 
5·PI 0,0 0,0 0,0 0,0 0,0 0,0 

6·PI 0,0 0,0 0,0 0,0 1.5 0,0 

FINAL 0,0 0,0 0,0 0,0 3,1 0,0 

NO, 12 12 12 12 12 12 

01 IU Day of Inoculation 

PI ... Post Inoculation 

• .. Unoxposod control groupo 

. ... Not oxamlnod 
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of 3.4 on the 6th day PI. The PL-6 showed an average SOl of 3.9 on the 12th day PI. On the 

other hand, the older groups (PL-9 and PL-11) exhibited higher SOlon the second day PI at 1.5 

and 2.3, respectively and 2.5 and 2.3 on the third day PI. The control groups did not show 

diagnosable MBV infection during the entire period of the experiment (Table 9). A sequential 

pathological development of MBV in an infected PL-3 is shown in Figure 13. All groups of MBV 

infected postlarvae showed a generally increasing SOl, reaching their peak level on the fifth 

day PI and a distinctly amplified SOlon the final day of post inoculation (Figure 14). 

Cumulative Mortality. Differences in acumulative mortality between the inoculated and 

control groups were not statistically significant (a = .05) among naup/ii-6 and zoea-2, but were 

significant between the infected and unexposed groups of mysis-2 (Figure 15). Statistically 

significant mortality differences were observed among the control and infected groups of post 

larvae where cumulative mortality was high among the infected PL-3 (43.3% within 5 days PI). 

The lowest cumulative mortality rate was observed among the PL-11 at 21 .7% within 12 days 

PI. The unexposed control groups of PL-3 showed a mortality rate of 22.5%. The infected 

group of PL-11 exhibited 21.7% mortality rate compared with 17.5% mortality rate shown 

by the unexposed control group of PL-11 test shrimps (Figure 16). 

Growth Rate Pattern. The overall growth rate patterns of the infected and the 

unexposed control groups of larval and post larval test animals is shown in Tables 10 and 11. 

The MBV inoculated and control groups of all the larval stages showed no statistically 

significant growth differences. Similarly, no statistically significant growth rates were observed 

between the MBV inoculated and control groups of postlarval test shrimps (Figure 17). 
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Table 9. Severity of Infection in MBV-infected and unexposed control groups of Penaeus 
monodon postlarvae. 

I 
SEVERITY OF INFECTION (%) 

I DAY PI I PL-3 I PL-3· I PL-6 I PL-9 I PL-l1 I PL-"· 

1-01 0.0 0.0 0.0 0.0 0.0 0.0 

2-PI 1.0 0.0 1.0 1.5 2.3 0.0 

3-PI 1.2 0.0 1.2 2.5 2.1 0.0 

4-PI 2.1 - 2.6 2.2 3.1 -
5-PI 3.3 - 2.6 3.3 3.1 -
6-PI 3.4 - 2.1 2.7 2.3 -

FINAL 0.0 3.9 4.0 3.B 0.0 

NO. DAYS 5 12 12 12 12 12 

01 = Day of Inoculation 

PI = Post Inoculation 

• = Unexposed control groups 

- = Not examined 
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Figure 13. Sequential histopathology showing the different stages of MBV infection in 
laboratory-infected Penaeus monodon postlarva. 

1. Photomicrograph of a midsagittal section of the hepatopancreas of a PL-3 
Peneaus monodon showing early development (Grade 1) of MBV infection 
on the second day of post inoculation. Note the signet ring-like appearance 
of the hyperthrophied nuclei (arrows) typical of Stage 1 cells as compared 
with the normal hepatopancreatic cell (N) at the upper right side. H&E 
staining. (Bar = 50 pm). 

2. Midsagittal section of the hepatopancreas of PL-3 Penaeus monodon on the 
fourth day of post inoculation with MBV. Note the polymorphic appearance 
of MBV the infected hepatopancreatic cells showing Stage 1 (small arrow) 
and Stage 3 cells (big arrow) which is typical of Grade 2 MBV infection. 
H&E staining. (Bar = 50 pm). 

3. Advanced stage of MBV infection (Grade 3) in the hepatopancreatic cells of 
PL-3 Penaeus monodon on the sixth day of post inoculation with MBV. Note 
the multiple prominent occlusion bodies (OB) within the hypertrophied nuclei 
(big arrows) in comparison with a normal cell above (small arrow). H&E 
staining. (Bar = 50 pm). 

4. Photomicrograph of the midsagittal portion of the midgut showing numerous 
MBV occlusion bodies (arrow) scattered freely in the midgut lumen. H&E 
staining. (Bar = 50 pm). 
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Figure 14. Graphical representation of the severity of infections (SOl) in MBV-infected 
and unexposed control groups of Penaeus monodon postlarval populations. 
Note the distinct amplified SOl pattern of the older postlarvae which indicate 
paroxysmal MBV infections. 
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Figure 15. Cumulative mortality in the different larval stages of MBV-infected and 
unexposed control groups of Penaeus monodon. Those with asterisk (.) 
indicate the control groups. A,B & C are replicate numbers. 
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Figure 16. Cumulative mortality in the different postlarval stages of MBV-infected and 
unexposed control groups of Penaeus monodon. Note the decreasing 
accumulative pattern as the age of the postlarvae increased. Those with 
asterisk (*) indicate the control groups. 



Table 10. Overall growth rate profile of MBV-infected and unexposed control groups of 
Penaeus monodon larval populations. 

G R 0 W T H R A T E (mm) 

DAY PI Nuplii-6 Nuplii-6* Zoea-2 Zoea-2* Mysis-2 Mysis-2* 

1-01 - - - - - -
2-PI - - - - 3.7 3.6 

3-PI - - 2.9 2.9 4.1 4.1 

4-PI - - 3.4 3.6 4.4 4.5 

5-PI 2.7 2.7 3.8 4.1 4.5 5.1 

6-PI 3.4 3.5 4.3 4.7 5.0 5.8 

FINAL 6.4 6.9 6.9 6.9 8.4 9.6 

NO.OAY 12 12 12 12 12 12 

01 = Day of Inoculation 

* = Control Groups 

PI = Post Inoculation 
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Table 11. Overall growth rate profile of MBV-infected and unexposed control groups of 
Penaeus mQnodon postlarval populations. 

G R 0 W T H R A T E (mm) 

DAY PI PL-3 PL-3· PL-6 ·PL-9. PL-11 PL-11· 

-
1-01 4.0 3.7 5.4 7.5 7.7 7.6 

2-PI 5.1 5.1 6.7 8.4 8.3 8.4 

3-PI 5.3 5.4 7.4 8.7 8.7 8.8 

4-PI 5.7 5.7 7.5 8.8 9.1 10.0 

5-PI 5.9 6.0 8.1 9.0 9.3 10.8 

6-PI 6.1 6.6 8.3 9.2 9.6 11.9 

FINAL 11.7 9.6 11.9 12.3 15.1 

NO. DAYS 5 12 12 12 12 12 

01 = Day of Inoculation 

• = Control Groups 

PI = Post Inoculation 
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Figure 17. General growth rate profile exhibited by the MBV-infected and unexposed 
control groups of different Penaeus monodon postlarval stages. 
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DISCUSSION 

Peneaus monodon baculovirus belongs to the Type A (occluded group) baculoviruses 

(Matthews, 1982). Its mode of infection is "per os" and is absolutely tissue specific, infecting 

only the host's hepatopancreatic tissues and the midgut epithelial cells (Lightner and Redman, 

1981; Lightner et aI., 1 983a). 

The results from this experiment showed that the larval stages of f. monodon nauplii-6 

and zoea-2 appeared to be refractory to MBV infection and did not show pathological signs of 

MBV infections within 12 days PI. However, the mysis-2 larval stage developed MBV infections 

on the 6th day PI, suggesting that MBV infection in the mysis stage is diagnosable in later life 

stages of the animal and indicating a longer incubation period. The findings in this study are 

consistent with those of Pynter and Lester (1990) in their experimental transmission study of 

MBV-like virus to a population of f. monodon postlarvae. The ROI and SOl patterns were 

almost identical with my findings. However, the incubation period of the Australian MBV-like 

virus was relatively longer (48 hr) compared with the findings in this study (24 hr). The 

incubation period in larval white shrimp (f. vanname;) artificially infected with Baclliovirus 

penaei (BP) showed a similarly shorter period. The zoea-3 f. vannamei developed acute 

infections and the polyhedra became apparent in some individuals within 24 hr after 

inoculation. Momoyama and Sano (1989) have also observed similarly short incubation periods 

for Baculoviral Midgut Gland Necrosis Virus (BMNV) in artificially infected Kuruma shrimp (f. 

japonicus) larvae. In this study, the zoea-2 and mysis-' test shrimps developed' 00% infection 

rate on the second day of post inoculation. 

It is interesting to note that the rate of infection in younger f. monodon postlarvae (PL-

3 and PL-6) during the first two days of post inoculation was lower compared with that of the 

older postlarval stages (PL-9 and PL-'1), which showed paroxysmal MBV infections. This 
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observed rate of infection pattern is in direct contrast to Momoyama and Sano's findings in 

experimentally-infected postlarvae of f. japonicus. where there was high rate of infection 

among the younger postlarvae (PL-2 and PL-6) on the second day of post inoculation with 

BMNV, which gradually decreased with increasing age. In fact, the older groups (PL-8 and 

PL-10) of BMNV-infected f. japonicus postlarvae exhibited a zero ROlon the second day of 

post inoculation, and interestingly, a rate of zero mortality at the end of the 8th and 6th days 

of culture, respectively. 

What is equally remarkable about MBV infections in f. monodon is its ability to cause 

significant mortalities, but did not significantly affect the growth of those animals that survived 

the infection. The MBV-inoculated and control groups of nauplii-6 and zoea-2 did not show 

any pathological signs of MBV infection, which could explain why no significant accumulative 

mortality was observed in these groups. On the contrary, the mysis-2, PL-3 and PL-11 MBV

inoculated groups were diagnosed with MBV infection and showed accompanying significant 

cummulative mortalities compared with their respective un infected control groups. These 

findings differ in part from the observations of Chen et aI., (1989a) that MBV infection in the 

early larval stages of f. monodon significantly increased mortality rate. In other experimental 

transmission experiments, BMNV and BP infections also caused significant mortalities in f. 

japonicus and f. vannamei, respectively (Momoyama and Sano, 1989; Overstreet et aI., 1988). 

In MBV-infected mysis-2 test shrimps, a slight growth deviation was observed on the 

6th day of post inoculation when the animals were in their PL-4 stage. Likewise, the MBV

infected postlarval group (PL-") exhibited slight growth deviation on the 3rd day of post 

inoculation from the unexposed control groups. However, all these growth deviations between 

the infected and control groups did not show statistically significant (a = .05) growth 

differences, indicating that MBV infection was not a significant factor in these observed slight 

growth differences. 
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One of the most important aspects in the pathogenicity and virulence of MBV which 

has not been explained comprehensively is its possible occurence as a latent infection in larval 

stages, especially when the animals are in the naupliar and zoeal stages. In this study, MBV 

was not demonstrated, at least histologically, among the MBV-inoculated nauplii and zoea. 

Similarly, Chen et al., (1989a) were not able to detect MBV in f. monodon zoe a stages using 

transmission electron microscopy ITEM). Examined by TEM, MBV virions are rod-shaped, singly 

enveloped particles with a dense nucleocapsid. The whole virion has a dimension of about 75 

nm in diameter by 324 nm in length, while its nucleocapsid is about 42 nm in diameter and 

about 246 nm in length (Lightner et ai, 1983a; Johnson and Lightner, 1988). On the other 

hand, the average size of MBV occlusion bodies is about 4.8 Jim. 

Under natural hatchery and production conditions, the susceptibility of the host f. 

monodon to MBV infections are greatly affected by three factors: age, feeding habits of the 

animals and the concentration of MBV particles present in the environment. In this study, a 

waterborne inoculation method was used in an attempt to infect the nauplii, since they are 

dependent on yolk as the source of their nutrient requirements and because of their inability 

to ingest natural food from their environment. Although MBV virions and occlusion bodies were 

present in the water during the inoculation period, it is believed that any virus that became 

attached to the outer surfaces of the nauplii was incapable of initiating MBV infection because 

of its tissue specificity. Secondly, a nauplius has to undergo 6 molts in just 1.5 days under 

normal conditions (Motoh, 1985). These progressive cuticular shedding activities of a nauplius 

may serve as a natural way of removing any microorganisms or viruses from their body 

surfaces. 

Feeding habit may also be an important aspect of the susceptibility of the zoeal stages 

to MBV. The zoea were fed brown algae (~. calcitrans) throughout the experiment. Zoea stage 

larvae consume large amounts of the algae and continuously excrete large quantities of fecal 
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material, as evidenced by the long strands of feces which trail the animals. Assuming that the 

algae were contaminated with MBV virions and/or occlusion bodies during the inoculation 

period, it was then possible that the virions and/or the occlusion bodies could have entered the 

animals "per os". Interestingly however, Pitogo et al. (1990) in a related study, inoculated 

population of $;.. calcitrans with the bacterium Vibrio harveyi. She found out that $;.. calcitrans 

did not harbor this bacterium in all phases of the algae's growth. If this lack of bacterial loading 

in $;.. calcitrans were also true for MBV virions and occlusion bodies, MBV particles may not 

have entered the hosts via MBV-contaminated ~. calcitrans, explaining the absence of 

diagnosable MBV infections in the zoeal stages in this study. However, this has to be 

demonstrated experimentally, and a study on the viral loads of algae, especially!;.. calcitrans, 

is vital in understanding the epizootiology of MBV in the larval stages of e. monodon. 

Overstreet et aI., (1988) demonstrated that a substitute feed for zoea, a rotifer (Brachiunus 

platicalis) can be a potential carrier of Baculovirus penaei (BP) and the rotifer was used 

successfully in infecting the zoeal stages of e. vannamei with BP. 

The quantity of MBV virions and/or occlusion bodies present in the environment is also 

a critical factor an experimental transmission of a virus to a target host. This is admittedly the 

main drawback of the method used in infecting the larvae in this study since the quantity of 

the viral particles inoculated into the water was not determined due to the lack of appropriate 

equipment. 

The results generated in this study could provide prawn aquaculturists with valuable 

information for the prevention of MBV in larval production facilities. One significant finding in 

this study is the potential role of Artemia nauplii as carriers of MBV. This author has observed 

in several hatcheries during the course of this study possible MBV contamination of Artemia. 

While ensuring all necessary sanitary care in larval production, some hatchery technicians do 

not give much regard in the hatching practices of the Artemia stocks, using potentially MBV-
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contaminated water or containers for Artemia nauplii production. In addition, it should be 

emphasized that there are several natural conditions under which MBV can be transmitted to 

a f. monodon population. Among these are cannibalism, horizontal transfer from MBV-infected 

stocks to other stocks, aerosol transfer between larval rearing tanks in hatcheries, and possible 

mechanical transfer of MBV-infected shrimp by birds between shrimp culture ponds or between 

adjacent farms. 
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CHAPTER IV 

TOLERANCE OF PENAEUS MONODON BA CULO VIRUS (MBV) IN INFECTED 

HEPATOPANCREATIC TISSUES OF POSTLARVAL GIANT TIGER PRAWN (PENAEUS 

MONODON FABRICIUS) TO DIFFERENT CHEMICAL COMPOUNDS AND ENVIRONMENTAL 

PARAMETERS 

INTRODUCTION 

One of the most important characteristics of baculoviruses in general and in aquaculture 

sanitation in particular is their unique resistance to adverse environmental conditions. Allowing 

baculovirus contaminated shrimp production facilities to lie idle, on the assumption that these 

viruses will naturally lose their infectivity over time, is economically unacceptable. Hence, 

penaeid shrimp hatcheries and grow-out ponds in the Philippines are disinfected to eradicate 

MBV and other pathogens before the start of each production cycle. Prawn farmers routinely 

use several chemical agents in the disinfection of hatching tanks, larval/postlarval rearing tanks 

and all hatchery paraphernalia in an attempt to destroy and inactivate MBV. 

To date, no studies have been made on the tolerance of MBV to: a) different chemical 

agents that are routinely used in penaeid shrimp hatcheries and grow-out ponds and b) of 

certain environmental parameters. In Japan, Momoyama (1989a) tested the infectivity of 

baculoviral mid-gut gland necrosis virus (BMNV) in infected tissues of Karuma shrimp (Penaeus 

japonicus) after storage at different temperatures. A similar study was also made by 

Momoyama (1989b) on the tolerance of BMN virus to ether, sodium chloride and different pH 

levels. 
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Research Objectives. One of the most important phases in penaeid shrimp production 

is facility disinfection and pond preparation. In this production phase, chemicals are routinely 

applied in order to eradicate potential parasitic, bacterial, fungal and viral pathogens that may 

contaminate the production facility. Although the anti-protozoal, anti-bacterial and anti-fungal 

efficacies of different chemoprophylactic agents are already well established, it is not yet 

known whether these chemicals are also effective as anti-viral agents. 

The main objective of this study was to determine the tolerance of MBV in infected 

hepatopancreatic tissues of f. monodon postlarvae for different chemical agents such as 

iodine, calcium hypochlorite and peroxygen/organic acid compounds and environmental factors 

such as extreme temperature, low salinity and direct sunlight. Specifically, this study aimed 

to a) determine the effects of iodine, calcium hypochlorite, peroxygen/organic acid compounds, 

extreme temperature, low salinity and direct sunlight in inactivating MBV; and b) to determine 

the effects of chemically exposed hepatopancreatic tissues fed to f. monodon postlarvae on 

mortalities. 

Review of Literature. Penaeus monodon baculovirus (MBV) belongs to the type A 

baculovirus (occluded baculovirus) as per classification of the International Committee on 

Taxonomy of Viruses (Matthews, 1982). Ultrastructurally, MBV is a rod-shaped enveloped 

virus. The envelope is about 17 nm in thickness, while the nucleocapsid has a mean diameter 

of 42 nm and mean length of 246 nm. A single MBV virion has a mean diameter of 75 nm and 

a mean length of 324 nm (Lightner et aI., 1983a; Johnson and Lightner, 1988; Sindermann 

and Lightner, 1988). In f. monodon and other susceptible penaeids, MBV infection is 

histologically diagnosed by the presence of multiple, spherical, eosinophillic occlusion bodies 

within the hypertrophied nuclei of hepatopancreatic cells (Lightner and Redman, 1981; Lightner 

et aI., 1983a). Occluded viral particles are contained within a proteinaceous material, which 

is also called polyhedrin (Summers and Egawa, 1973; Summers, 1977b; Rohrmann, 1986; 
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Summers and Smith, 1987). This polyhedrin protein has a molecular weight of about 29,000 

daltons (Summers and Smith, 1987). The general structure of typical baculoviruses has been 

reviewed by several authors (Harrap, 1972; Egawa and Summers, 1972; Kawanishi et aI., 

1972; Summers and Egawa, 1973; Eppstein et al., 1975 and Summers and Smith, 1975). 

An important factor in the inactivation of MBV by disinfection procedures is the role 

of the viral occlusion bodies. Under normal conditions, free or occluded MBV virions are 

released into the shrimp gut by lysis of the infected cells and are excreted with the feces. 

Alternatively, virus and occlusion bodies may be released when an MBV-infected shrimp dies. 

The occlusion body protects the MBV virions from being inactivated by adverse environmental 

factors and chemotherapeutic agents, unlike the free virions which may remain infective for 

only a few hours at room temperature (Aizawa, 1963). Technically, a virus is considered 

inactivated when its nucliec acid core is sufficiently altered in order to prevent replication and 

cause infection in susceptible hosts. 

The tolerance of several insect baculoviruses to numerous environmental conditions and 

chemicals has been well investigated (Aizawa, 1963; Guadaskas and Cannerday, 1968; 

Jaques, 1964, 1975; Evans and Harrap, 1982; Fuxa and Tanada, 1987). Well studied also is 

the stability and/or inactivation of several human, insect and fish viruses following exposure 

to different environmental factors such as temperature, pH, ultraviolet radiation, and sunlight; 

to different chemicals such as ether, formalin, iodine, chlorine and phenol; and to enzymes 

such as lipase, trypsin and diastase (Aizawa, 1963; Jawets et aI., 1974; Wolf, 1988). 

Temperature is an important factor in virus inactivation. In general, human icosahedral 

viruses are stable at 37 °C, but are readily destroyed at 50 to 60 °C. In marked contrast, most 

occluded insect baculoviruses can resist up to 70 °C for 20 to 30 min in aqueous suspension 

(Aizawa, 1963; Huger, 1963). At room temperature, an occluded insect baculovirus in aqueous 

suspension can remain infective for several years and could remain viable for up to 20 years 
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if kept at 4 ·C in aqueous suspension (Steinhaus, 1963). Guduaskas and Cannerday (1968) 

have demonstrated that the insect baculoviruses I. ni nuclear polyhedrosis virus (NPV) and 

Heliothis NPV were inactivated at 82-88 ·C after 10 min and 75-80 ·C, respectively. 

Hydrogen ion concentration (pH) affects the infectivity of baculoviruses. The polyhedral 

proteins of insect baculoviruses are readily destroyed by weak alkali, but are resistant to strong 

acids (Jaques, 1975). In penaeid viruses, Momoyama (1989b) found out that BMN virus had 

a very low tolerance to low pH and was inactivated at pH 1.0 in 10 min and pH 3 or 4 within 

3 hr. In soil inoculated with I. ni NPV occlusion bodies, 15% of the original viral activity 

remained in samples up to 2.5 em for 318 weeks (6.6 yrs) of post application (Jacques, 1964). 

Thomas et al. (1973) have demonstrated that I. ni NPV was inactivated in low soil pH than 

near neutral. 

Ultraviolet radiation has been known to inactivate baculoviruses. In a study done by 

David (1969), UV light of 280 nm wavelength which is similar to sunlight, has inactivated ,e. 

brassicae granulosis virus (GV). Morris (1971) reported that Lambdina fiscel/aria somma ria NPV 

was inactivated by direct sunlight. 

Various chemical agents are reported to inactivate viruses. Ethyl ether was reported 

by Momoyama (1989b) to inactivate BMN virus within 18 hr at 4 ·C, while 12.5% salt solution 

inactivated BMN virus within 24 hr. AI/ enveloped viruses are inactivated by ether. Aizawa 

(1963) reported that a silkworm NPV was inactivated by potassium permanganate, mercuric 

chloride and phenol, and enzymes such as lipase, trypsin and diastase. 
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MATERIALS AND METHODS 

Source of Test Shrimps. The postlarval test shrimps that were used in this experiment 

came from a population of MBV-free PL-15 f. monodon which were obtained from a 

hatchery in Iba, Zambales province in Luzon Island. The postlarvae were hatched from a batch 

of eggs rinsed in ozone-treated seawater and reared in isolated larval and postlarval rearing 

tanks away from the main larval rearing facilities of the hatchery site. The specific rearing 

procedures of the test shrimps, starting from the larval to the postlarval stages are discussed 

in detail in a separate study (see Chapter VI, Materials and Methods). 

The initial screening of the MBV-free f. monodon postlarval test shrimps used in this 

experiment was made by on-site examination by the "wet mount" method (Lightner et aI., 

1983a; Sindermann and Lightner, 1988) of 60 (PL-15) samples collected at random from one 

postlarval rearing tank where the test shrimps were collected. Twenty postlarvae were likewise 

fixed in Davidson's fixative for routine histopathology to confirm the samples as MBV negative. 

The test shrimps were classified as MBV negative when they have undetectable infections. 

Approximately 2,000 postlarvae were then collected from the tank and brought to the 

BFAR-IDRC Laboratory in Quezon City, Metro Manila, in oxygenated water in plastic bags. The 

test shrimps were conditioned overnight in two 10-gallon glass aquaria containing 

ozone-treated seawater. 

Source of MBV Infections. Two thousand MBV-infected f. monodon postlarvae (PL-18) 

were obtained from a hatchery in Matabungkay, Batangas province in Luzon Island. The 

MBV-infected postlarvae were transported live to the laboratory two days prior to the start of 

the experiment. The infected postlarvae were maintained in glass aquarium in crowded 

conditions at a density of 100 animals per liter of sand-filtered seawater. 

Method of Exposure. The hepatopancreata of infected PLs were individually excised 
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using a dissecting microscope (Overstreet et a!., 1988). The excised hepatopancreata were 

placed in glass vials (20 per vial). Each vial contained specific concentration of iodine 

(Argentyne - Argent Chemical Laboratories, U.S.A.), peroxygen/organic acid compounds 

(Virkon - Antec International, United Kingdom) or calcium hypochlorite (Nippon Soap Company, 

Japan). The experimental design detailing the chemical concentrations and times of exposure 

is shown in Table 12. In the case of the batch of infected hepatopancreata exposed to low 

salinity levels, the excised hepatopancreata were likewise placed directly in different saline 

solutions and rinsed after each exposure period. 

The MBV-infected hepatopancreata exposed to different temperature levels were placed 

in 10 ml of pre-heated ozone-treated seawater in a glass petri dish until the desired temperature 

was obtained. The glass petri dish containing the seawater was placed inside a convection 

oven (Precision) and the temperature reading was set 2 ·C above the desired temperature for 

25-30 min. The sunlight-exposed hepatopancreatic tissues were placed in the glass petri dish 

and exposed to direct sunlight. The experimental design of the environmentally-exposed batch 

of MBV-infected tissues is shown in Table 13. 

After each time of exposure, each vial containing the chemically-exposed MBV-infected 

hepatopancreata were rinsed three times in ozone-treated seawater after discarding the 

chemical solutions. Rinsing the hepatopancreata was done by means of slow centrifugation at 

a speed of 1.35 x 103 rpm. Infected tissues exposed to different levels of temperatures and 

those that were directly exposed to sunlight were not rinsed. 

Method of Inoculation. The infected hepatopancreatic tissues were homogenated in 

20 ml of ozone-treated seawater using a glass tissue macerator (Corning) and the solution was 

poured into the 1-liter rearing glass jars containing 20 MBV-free test shrimps. The inoculation 



Table 12. Treatment and exposure time of MBV-infected hepatopancreatic tissues of 
Penaeus monodon exposed to different concentrations of iodine, peroxygenl 
organic acid compounds and calcium hypochlorite. 

I CHEMICAL I DOSAGE I . EXPOSURE TIME (MIN) 

Iodine 50.0 ppm 5, 10, 30, 60, 120, 240 

100.0 ppm 5,10,30,60,120,240 

150.0 ppm 5, 10,30,60, 120,240 

Peroxygen compound 1:300 15, 30, 45, 60, 120, 240 

1:200 15,30,45,60,120,240 

1 :100 15,30,45,60,120,240 

Calcium hypochlorite 2.0 ppm 30,60,120,180,300,480 

4.0 ppm 30, 60, 120, 180, 300, 480 

10.0 ppm 30,60, 120, 180,300,480 

Table 13. Treatment and exposure time of MBV-infected hepatopancreatic tissues of 
Penaeus monodon exposed to different levels of salinity, temperature 
and sunlight. 

ENVIRONMENTAL FACTOR LEVEL EXPOSURE TIME (HRI 

Salinity 0.0 ppt 1, 2, 4 

4.0 ppt 1, 2, 4 

8.0 ppt 1, 2, 4 

10.0 ppt 1, 2, 4 

Temperature 32.0 ·C 1, 2, 4 

34.0 ·C 1, 2, 4 

35.0 ·C 1, 2, 4 

37.0 ·C 1, 2, 4 

Sunlight 1, 2, 4, 6 
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period was 8 hr. The test shrimps were taken out of the rearing jars using a fine-meshed net 

after 8 hr and were rinsed in ozone-treated seawater for 1 0 min prior to transferring the 

animals into a new ozone-treated seawater. The postlarval test shrimp were reared for 5 days 

with a daily exchange of seawater. The test shrimps were fed Artemia ~ nauplii once a day 

for the duration of the experiment. Oxytetracycline (5 ppm) was added to each culture jar on 

the first day of the experiment to control bacterial growth. 

Unexposed Control Groups. Two groups of control shrimps were maintained during the 

experiment. One group of test postlarvae was exclusively fed Artemia nauplii and the second 

group was fed with fresh MBV-infected hepatopancreatic tissues. 

Sampling Schedule. All of the test shrimps from each rearing jar were collected on the 

fifth day of the experiment. The shrimps were fixed in Davidson's fixative for 24 hr for routine 

histopathology. 

MBV Infection Diagnosis. Diagnosis of MBV infection in the test shrimps was made by 

routine histopathology as described by Lightner et al.(1983a) using a modified H&E staining 

method (Bell and Lightner, 1988). 

Data Analysis. Mortality rate differences (a = .05) in all the test shrimps was analized 

by means of ANOVA using NeSS (Version 4.1 developed by Dr. Jerry Hintze, Kaysville, UTI. 

Likewise, the statistical relationship analysis of the cumulative mortalities and the chemical 

concentrations and times of exposure was done using regression analysis. 
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RESULTS 

MBV is persistent and remained highly infective following exposure to different 

chemicals and adverse environmental conditions. The use of chemicals such as iodine, calcium 

hypochlorite and peroxygen/organic acid compounds did not inactivate MBV within the infected 

hepatopancreatic tissues. 

Prevalence of MBV Infections. The maximum concentration and time of exposure of 

MBV-infected hepatopancreatic tissues to iodine (150 ppm; 6 hr), calcium hypochlorite (10 

ppm; 8 hr) and peroxygen/organic acid compounds (1: 1 00; 4 hr) were not sufficiently long to 

inactivate the MBV virions, thus, causing MBV infections in the test shrimps within 5 days of 

exposure (Tables 14, 15 and 16). 

MBV was completely inactivated by exposure to sunlight for a minimum of 4 hr, but 

remained infective when exposed to freshwater (0 ppt; 4 hr), and when exposed to a 

temperature of 37°C for 4 hr. The MBV infected hepatopancreatic tissues exposed to 4 and 

6 hr of sunlight did not produce MBV infections in the test shrimps, while the tissues exposed 

to low salinity and different temperature levels produced MBV infections in the test shrimps 

within 5 days post exposure (Tables 17, 18, and 19). 

In the case of the control groups, the test shrimps fed exclusively of Artemia nauplii 

did not develop MBV infections within 5 days post exposure. The other set of control shrimps 

fed exclusively with MBV infected hepatopancreatic tissues not exposed to any of the 

chemicals or to any environmental parameters, did develop MBV infections within 5 days post 

exposure (Table 20). 

Cumulative Mortalities. Statistical tests were made in order to determine the possible 

residual toxic effects of the chemicals in relation to the cumulative mortalities of the test 

shrimps. The cumulative mortalities in the control groups and the test shrimps fed with hepatopancreatic 
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Table 14. Prevalence of MBV in postlarval population of Penaeus monodon fed with MBV
infected hepatopancreatic tissues exposed to iodine at different concentrations 
and times of exposure. 

Exposure Time CONCENTRATION (ppm) 

(min) 50.0 100.0 150 

5.0 100.0 100.0 100.0 

10.0 100.0 100.0 100.0 

30.0 100.0 100.0 100.0 

60.0 100.0 100.0 100.0 

120.0 100.0 100.0 100.0 

240.0 100.0 100.0 100.0 

Table 15. Prevalence of MBV in postlarval population of Penaeus monodon fed with MBV
infected hepatopancreatic tissues exposed to calcium hypochlorite at different 
concentrations and times of exposure. 

Exposure Time CONCENTRATION (ppm) 

(min) 2.0 4.0 10.0 

30.0 100.0 100.0 100.0 

60.0 100.0 100.0 100.0 

120.0 100.0 100.0 100.0 

180.0 100.0 100.0 100.0 

300.0 100.0 100.0 100.0 

480.0 100.0 100.0 100.0 
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Table 16. Prevalence of MBV in postlarval populations of Penaeus monodon fed with MBV
infected hepatopancreatic tissues exposed to peroxygen and organic acid 
compounds at different concentrations and times of exposure. 

EXPOSURE TIME CONCENTRATION (W/v RATIOI 

(MINI 1:300 1:200 1:000 

15.0 100.0 100.0 100.0 

30.0 100.0 100.0 100.0 

45.0 100.0 100.0 100.0 

60.0 100.0 100.0 100.0 

120.0 100.0 100.0 100.0 

240.0 100.0 100.0 100.0 

Table 17. Prevalence of MBV in Penaeus monodon postlarval population fed with MBV-infected 
hepatopancreatic tissues exposed to direct sunlight at different times of exposure. 

EXPOSURE TIME (HRI TIME OF DAY PREVALENCE (%) 

1.0 10 A.M. - 11 A.M. 100.0 

2.0 10 A.M. - 12 P.M. 100.0 

4.0 10 A.M. - 2 P.M. 0 

6.0 10 A.M.- 4 P.M. 0 
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Table 18. Prevalence of MBV in Penaeus monodon postlarval population fed with MBV-infected 
hepatopancreatic tissues exposed to different salinity levels and times of exposure. 

I EXPOSURE TIME I SALINITY LEVEL (PPT) I 
(MIN) 0.0 4.0 8.0 10.0 

60.0 100.0 100.0 100.0 100.0 

120.0 100.0 100.0 100.0 100.0 

240.0 100.0 100.0 100.0 100.0 

Table 19. Prevalence of MBV in Penaeus monodon postlarval population fed with MBV-infected 
hepatopancreatic tissues exposed to different temperature levels and times of 
exposure. 

EXPOSURE TIME TEMPERATURE LEVEL (OC) 

(HR) 32.0 34.0 35.0 37.0 

1.0 100.0 100.0 100.0 100.0 

2.0 100.0 100.0 100.0 100.0 

4.0 100.0 100.0 100.0 100.0 

Table 20. Mortality (%) and prevalence of MBV among the control groups of Penaeus 
monodon postlarvae fed with laboratory cultured Artemia nauplii and unexposed 
MBV-infected hepatopancreatic tissues. 

I Treatment I Mortality I MBV+ I MBV- I 
Artemia-fed 20 0 100 

Artemia-fed 15 0 100 

Unexposed HP 30 100 0 

Unexposed HP 15 100 0 
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tissues exposed to the above-mentioned chemicals and environmental factors did not show any 

statistically significant differences (0 = .05) in relation to the chemical concentrations and times 

of exposure. In addition, correlation analysis on the relationships of cumulative mortalities and 

chemical concentrations and times of exposures showed low values of r=0.7, -0.7, and -0.6 

among the groups of test shrimps fed with hepatopancreatic tissues exposed to iodine, calcium 

hypochlorite and peroxygen/organic acid compounds, respectively. This indicated that the 

chemicals used in treating the MBV infected hepatopancreatic tissues were not the significant 

factors in the test shrimp mortalities, but could be assumed as normal or expected mortalities 

under natural culture conditions. The cumulative mortality data and patterns are shown in 

Figures 18 to 23. 

DISCUSSION 

The main objective of virus inactivation is to destroy some functional component of the 

virion to prevent it from infecting its host or from replicating itself. However, the occluded 

baculoviruses are protected by a tough proteinaceous material called polyhedrin, which acts 

as a protective matrix when exposured to various chemicals and adverse environmental 

conditions (Summers and Egawa, 1973; Summers and Smith, 1987). In the normally alkaline 

environment inside an insect's gut, the occlusion bodies of baculoviruses are readily dissolved, 

facilitating the release of the occluded virions (Summers and Smith, 1987). Similar earlier 

findings were reported by Jaques (1975) who found that the polyhedral proteins are readily 

destroyed by strongly alkaline substances. 
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Figure 18. Cumulative moratlity of the Penaeus monodon postlarvae fed with MBV-infected 
hepatopancreatic tissues exposed to different concentrations and times of 
exposure to calcium hypochlorite. Note that there was no correlation between the 
chemical concentration and the times of exposure to the accumulative mortalities 
exhibited by the test shrimps. 
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Figure 19. Cumulative mortality of the Penaeus monodon postlarvae fed with MBV-infected 
hepatopancreatic tissues exposed to different concentrations and times of 
exposure to iodine. There was low correlation between the accumulative mortality 
of the test shrimps and the concentration and times of exposure of the 
hepatopancreatic tissues to iodine. 
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Figure 20. Cumulative mortality of Penaeus monodon postlarvae fed with MBV-infected 
hepatopancreatic tissues exposed to different concentrations and times of exposure 
to peroxygen compound/organic acid. Note that there was low correlation between 
accumulative mortality and chemical concentration or exposure time. 
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Figure 21. Cumulative mortality in Penaeus monodon postlarvae fed with hepatopancreatic 
tissues exposed to different levels of salinity. Note that the exposure to different 
salinity levels of the hepatopancreatic tissues fed to the test shrimps did not show 
any correlation with the test shrimps' accumulative mortality. 
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Figure 22. Cumulative mortality in Penaeus monodon postlarvae fed with MBV-infected 
hepatopancreatic tissues exposed to direct sunlight. 
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The use of chemical agents such as iodine and calcium hypochlorite has been practiced 

successfully in fish culture as anti-bacterial, anti-fungal and anti-parasitic agents (Herwig, 

1979; Kabata, 1985;), Bell and Lightner (1987) and Liu (1989) mentioned the potential use 

of chlorine and iodine as disinfectants in penaeid shrimp hatcheries. However, the present 

study has shown that the use of chemotherapeutic agents and artificial manipulation of the 

environment in inactivating MBV in hatcheries and production facilities are not technically 

effective. Exposure to direct sunlight was found to be the most effective way to destroy MBV 

in infected tissues. 

Calcium hypochlorite is widely known for its anti-viral properties in human enteric 

viruses; hence, it is extensively used in domestic water purification activities. Virkon, a 

peroxygen and organic acid compound, is generally a human and veterinary drug recommended 

by its manufacturer (Antec International Ltd, England) for facility disinfection against a wide 

range of virus families such as paramyxoviridae, picornaviridae, reoviridae and rhabdoviridae. 

Despite the popular usage of these chemicals in fish culture, no tests have been made on the 

anti-viral efficacy of these chemical agents in disinfection of penaeid shrimp culture facilities, 

especially against occluded baculoviruses such as MBV. 

Iodine and iodophore solutions are commonly used in finfish aquaculture and are used 

successfully as anti-viral agents in the disinfection of fish eggs against Infectious 

Hematopoietic Necrosis virus (lHNV), Infectious Pancreatic Necrotic virus (lPNV) and Egtved 

viruses (Amend and Pietsch, 1972). Iodine has been used to inactivate polio virus, but was 

found to affect only the protective coating, and not the nucleic acid core. No work has been 

made so far on the effects of iodine on insect baculoviruses. 

Calcium hypochlorite is a white, essentially nonhygroscopic, highly corrosive, strong 

oxidizing agent, which contains about 70% available (active) chlorine. Chlorine is currently 

used as a bacteriocide and secondarily as virucide in domestic waters against some resistant 
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enteric viruses (AWWA, 1973) and other human viruses such as poliovirus, ECHO 1, ECHO 5 

and Coxsackie virus (Hoff and Geldreich, 1980). MBV in the infected hepatopancreatic tissues 

was not inactivated bV exposure to chlorine. However, it should be noted that under this 

experimental conditions, it was possible that the oxidizing effects of chlorine was absorbed by 

the hepatopancreatic tissues rather than by free or occluded MBV virions within the infected 

tissue. In finfish viruses such as the salmonid herpesvirus, IPNV (Infectious Pancreatic Necrosis 

virus) and spring viremia virus in carp are readily inactivated by chlorine. (Wolf, 1988; 

Wedemeyer, et ai, 1978;). However, the difference is that herpesvirus, IPNV and spring viremia 

are in the fluid, unlike in this study where the virus was in the tissue. 

The manufacturer of Virkon has claimed virucidal activity based on a "buffered 

synergized acid peroxygen system containing a high percentage of surfactant". Literature 

available on this product is limited since it is a new product in the Philippines. 

Hydrogen ion concentration (pH) is a very important variable in virus inactivation. In 

hemagglutination reactions, variations in pH units will significantly affect viral inactivation 

results (Jawets et aI., 1974). In studies involving chemical inactivation of viruses, pH levels 

of the chemical solutions is always the main factor that dictates the variability of inactivation 

time. Hoff and Geldreich (1980) have reported from the work of Engelbrecht et al. (1978) that 

the inactivation time of the Coxsackie A9 virus strain using free residual chlorine was 5 times 

faster at pH 6.0 than at pH 10.0 and was 192 times faster at pH 6.0 than at pH 10.0 in 

inactivating ECHO 1 (Lansing) virus strain. This is also demonstrated in insect baculovirus 

wherein the inactivation of I. ill NPV in soil is more rapid if the soil pH is acidic than near 

neutral (Thomas et aI., 1973). In penaeids, Momoyama (1989b) has shown that BMN virus has 

a very low tolerance to low pH and it was inactivated within 10 min at pH 1.0 and 3 hr at pH 

4.0. 

The exposure of MBV-infected tissue to direct sunlight appeared to be the most viable 
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process to achieve complete inactivation. However, the intensity of sunlight and humidity is 

relatively high in the location where the present studies were conducted. In some insect 

baculoviruses, humidity acts synergistically in virus inactivation (Benz, 1987). These combined 

effects of intense sunlight radiation and high humidity might have exerted enormous 

destructive impact on MBV in infected tissue, and hence it was inactivated in a relatively 

shorter duration of exposures. Likewise, it might be surmised that MBV, being a virus of an 

aquatic species, might be far less resistant to drying and sunlight exposure than are similar 

viruses of terrestial insects. Several insect baculoviruses such as the Heliothis NPV in cotton 

(Young et aL, 1977, as cited by Evans and Harrap, 1980) and Lambdina fiscellaria sommaria 

NPV (Morris, 1971) are also shown to be completely inactiviated by sunlight. 

Most occluded insect baculoviruses are highly resistant to high temperatures when kept 

in aqueous suspension for 30 min and can remain infective for 20 years if kept at 4 DC in 

aqueous suspensions (Aizawa, 1963; Steinhaus, 1963). In a related study, Paynter and Lester 

(1990) have found that an MBV-like baculovirus remained infective when the virus was stored 

at -20 DC, 4 DC and 25 DC and caused infections in PL-1 e. !!1onodon populations. Earlier works 

on baculoviruses could possibly explain why MBV was not inactivated at a maximum 

temperature of 37 DC within 4 hr as was investigated in this study. Momoyama (1989a) 

reported that BMN virus (a non-occluded baculovirus) was inactivated at 30 DC within 4 days 

in seawater. Comparison of these results suggest that occluded baculoviruses are generally 

more heat stable than the non-occluded type. This heat stability of MBV is contrary to most 

finfish viruses which are completely inactivated at temperatures above 37 DC. 
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CHAPTER V 

COMPARATIVE EVALUATION OF THE GROWTH RATE. SURVIVAL AND FOOD 

CONVERSION RATIO BETWEEN PENAEUS MONODON BACULOVIRUS (MBV) INFECTED 

AND NON-INFECTED POPULATIONS OF GIANT TIGER PRAWN (PENAEUS MONODON 

FABRICIUS) AT DIFFERENT STOCKING DENSITY LEVELS 

INTRODUCTION 

The effects of MBV on grow-out ponds in pond-cultured f. monodon populations in 

terms of the animals' growth rate, survival and food conversion efficiency has not been 

extensively investigated. In Malaysia, Anderson (1988) concluded that MBV infection in f. 

monodon juveniles did not cause grow-out problems in ponds. In the Philippines, there have 

been several cases of aborted culture in the middle of the grow-out period due to heavy 

mortalities and slow growth ("stunted growth") within the shrimp population. Of these, 

activities were most often aborted when the animals were growing below the minimum 

standards set by the affected farms. In majority of cases where this condition occured, the 

shrimps were diagnosed at the BFAR-IDRC Fish Health Laboratory as principally positive for 

MBV infections. In other cases, MBV infection was accompanied by secondary protozoan, 

fungal and/or bacterial infections. 

Research Objectives. This particular study presents the results of a comparative field 

study that tested the theory that MBV causes significant reductions in growth and survival, and 

an increase in food conversion ratios in infected pond-cultured f. monodon populations. 
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Specifically, the goals of this study was to comparatively evaluate the performance between 

MBV infected and non-infected f. monodon populations in terms of the following parameters: 

a) growth performance based on average body weight, weight gain and growth rate 

differential; b) survival rate; and c) food conversion ratio. 

Review of Literature. Prior to the first report of MBV by Lightner and Redman (1981) 

from a population of f. monodon, the Philippine prawn industry was already experiencing 

severe production problems due to unknown diseases and/or conditions resulting in heavy 

shrimp mortality and slow growth in pond-cultured f. monodon populations. In hatcheries, 

moderate to heavy mortalities in f. monodon have been associated with MBV infections 

(Lightner et ai, 1983a; Lightner et ai, 1985; Anderson, 1988; Sindermann and Lightner, 1988; 

Chen et aI., 1989a), but it is not yet known what effect MBV has on pond-cultured f. 

monodon. To date, no studies have been made on the effects of MBV in pond-cultured f. 

monodon juveniles and adults in which the animals' growth, survival and food conversion ratio 

is compared to non-infected animals. A limited survey made by Lightner et al. (1987) in 

Taiwan, indicated that MBV was often associated in grow-out ponds with poor growth and 

survival, particularly when the animals are in their early juvenile stage. Some investigators 

(Anderson, 1988; Chen, National Taiwan University; personal commmunication) claimed that 

MBV infections do not cause significant problems in pond-cultured f. monodon as long as the 

animals are stocked at low densities, fed with quality feeds, water quality is maintained within 

optimal limits and no secondary infections exist. In fact, Lightner et al. (1 983a) have suggested 

that MBV causes significant mortalities in f. monodon populations which are severely 

compromised by secondary infections such as protozoan, fungal or bacterial infections. This 

conclusion has been supported by the work of Liao (1985). 

Sindermann and Lightner (1988) reported that severe MBV infection will lead to the 

dysfunction of the hepatopancreas due to loss of the hepatopancreatic tubule and midgut 
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epithelia. However, it is not known whether the dysfunction of the hepatopancreas directly 

affects the food conversion efficiency of the affected shrimp. 

The nutrition and feeding requirements of penaeid shrimps have been discussed 

extensively by New (1976), Magarelli et al. (1979), Kanazawa (1985; 1989),0' Abramo (1989) 

and Conklin (1989). Optimum water quality requirements for e. mQnodon farming has been 

discussed by Chen (1985) and Liu (1989). 

MATERIALS AND METHODS 

Study Sites. This study was conducted in 3 different provinces in the Philippines, 

namely General Santos (Cotabato), Asturias (Cebu) and San Jose (Mindoro) (Figure 24). Site 

selection of the study areas was based prima rilly on the availability of the experimental ponds, 

logistical and manpower support, and most importantly, the willingness of the farm owners to 

support the study. 

Sources of e. monodon Postlarvae. The MBV-free and MBV-infected e. monodon 

postlarvae stocked in the experimental ponds were obtained from different provinces in the 

Philippines. The MBV-negative postlarval (average age was PL-18) populations were selected 

from hatcheries where the postlarvae tested negative MBV infection prior to shipping. The 

criteria in the determination of "MBV-negative stocks" were based on both the "on site

examination" using wet mount method, which was later confirmed by laboratory examination 

by histopathological methods. The postlarvae determined to be MBV-negative showed no 

detectable infections. The MBV-positive postlarvae selected had heavy MBV infections (Grade 

3 to 4) according to the grading system described by Lightner et al. (1983a). The postlarvae 
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were transported directly to the different study sites in seawater in oxygenated plastic bags. 

Stocking density. Eight rearing ponds were used in this study. The stocking densities 

selected were based on the existing stocking practices of each of the farms where the 

experiment was conducted. The stocking densities used are shown below: 

Stocking Rate No.1: 30 MBV negative PLs/sq.m. 

Stocking Rate No.2: 30 MBV positive PLs/sq.m. 

Stocking Rate No.3: 20 MBV negative PLs/sq.m. 

Stocking Rate No.4: 20 MBV positive PLs/sq.m. 

Stocking Rate No.5: 18 MBV negative PLs/sq.m. 

Stocking Rate No.6: 18 MBV positive PLs/sq.m. 

Stocking Rate No.7: 10 MBV negative PLs/sq.m. 

Stocking Rate No.8: 10 MBV positive PLs!sq.m. 

Culture Methods. Pond preparation in all the experimental farms was accomplished by 

sun-drying the ponds for 15 to 30 days after the previous harvest. After the drying period, 

industrial lime (hydrated lime) was applied to the pond bottom at a rate of 10 to 12 bags (1 

bag = 40 kg) per hectare. Then, the pond was filled to a depth of approximately 20 cm of 

water, and flushed 3 to 4 times in one week. Subsequently, the pond was drained and the 

second phase of the liming process began with the application of agricultural lime at a rate 

of 80 to 100 bags per hectare. The pond bottom was plowed 3 to 4 days after the application 

of the agricultural lime in order to expose the pond bottom sediments to sunlight and oxygen. 

This sequence of liming, plowing and sun-drying was repeated twice until the desired pond 

bottom soil pH of 8.0 to 8.5 was achieved. The pond was filled with seawater and then 

usually stocked with .e. monodon postlarvae 3 days later. 

All experimental ponds were subjected to the same management. Feeding rate for the 
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first 45 days of culture (DOC) was 6.0% of the total body weight of the animals and it was 

adjusted to 8.0% of total body weight for DOC 46 to 126. The animals were given a "starter" 

type feed I- 2.0 mm x 4.0 mm pellet size) for the first 28 days and a "grower" type feed ( ... 

3.0 mm x 6.0 mm pellet size) thereafter until DOC 126. The crude protein content of the feeds 

according to the manufacturers' labels, ranged from 40% to 45%. Feeding was done twice a 

day by manual broadcasting of the feeds inside the pond from a wooden canoe. To calculate 

the amount of feed to be given to the shrimps, the formula below was used: 

(ABWg ) (Pz ) 
F = xF 

y 1000 r 

where: 

Fv = Amount of feed needed, kg 

ABWg = Average body weight at sampling, g 

Pz = Estimated population at sampling 

F, = Feeding rate, % 

1000 = constant to convert amount of feeds to kg 

Each pond, with approximate sizes ranging from 6,310 m2 to 8,800 m2 was provided 

with two pairs 1.5 HP paddle wheel aerators which were operated for an average of 16 hrs per 

day. This aeration system was used to increase the oxygen transfer efficiency in the pond and 

maintain the dissolved oxygen levels above 4.0 ppm. 

Sampling Procedures. Growth rate was estimated by sampling for average body weight 
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(ABW) every seven days in Pond SR30 and every 14 days in Ponds SR20, SR18 and SRl O. 

Sampling was done with the use of a nylon cast net. A submerged wooden tray with a fine-

meshed net flooring was used in sampling the early postlarval stages. The ABW at each 

sampling period was derived using the formula: 

TWl TW2 TW3 TW4 TWs 
--+--+--+--+--

ABW= __ n~1~ __ n~2~ __ n~3 ____ n~4~ __ n~S_ 
5 

where: 

ABW = average body weight (g) 

TW = Total weight of animals/cast 

n = Number of animals caught per throw 

5 = Number of times cast net was thrown 

Total Population Estimate (P,), The "n" values that were derived from the above 

sampling formula was also used in the estimation of the total population estimate (P,) at a 

specific sampling period. Since each farm had its own cast net of a known size, the estimation 

of (P,) at each sampling period was standardized by using the formula: 



where: 

Pz = Estimated population at sampling 

n = Number of animals caught by cast net 

5 Number of times cast net was thrown 

p. = Pond area (sq.m.) 

N. = Net area (sq.m.) 

115 

The implied assumption in using this formula was that the animals were evenly 

distributed on the pond bottom. In order to simulate this "even distribution pattern", the 

animals were not fed prior to the sampling activities; cast net sampling was done in all four 

corners (5 to 10m away from the corner) and once at the center of the pond. 

Weight Gain Estimation (WG). The weight gain, expressed as WG denotes the 

difference of two average body weight values between sampling intervals. WG values were 

derived using the formula below: 

where: 

WG = Weight gain, g 

ABWv = Present average body weight, g 

ABWz = ABW at last sampling 
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Growth Rate Differential (GRDI. The Growth Rate Differential describes the percentage 

difference in ABW between the MBV negative and MBV positive f. monodon populations at 

a specific sampling period. GRD was computed using the following formula: 

ABW -ABW 
GRD= n PxlOO 

ABWn 

where: 

GRD = Growth Rate Differential (%) 

ABWn = Average body weight of MBV- group 

ABWp = Average body weight of MBV + group 

Survival Rate (%SRI. The survival rate was assumed to be 100% at DOC 10 

Thereafter, the survival rate was estimated using the following formula: 

where: 

SR = Survival Rate (%) 

P 
SR=-2xlOO 

Py 

Pv = Population at stocking (DOC 1) 



PI Estimated population at sampling 

Food Conversion Ratio (FCR). FCR was computed using the formula: 

where: 

TF 
FCR=-_c 

TBg 

FCR = Food Conversion Ratio 

TFc = Total feed given, kg 

TBg = Total biomass gained, kg 
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Diagnosis for MBV. During each sampling period, 30 shrimps were randomly collected 

by cast netting and were immediately fixed in Davidson's fixative for routine histopathological 

examinations for MBV and other diseases. Diagnosis and severity of infection (SOl) grading of 

MBV infection was based on the diagnostic method and criteria by Bell and Lightner (1988) and 

Lightner et al. (1983a). Diagnosis of other diseases was done using the diagnostic procedures 

outlined by Sindermann and Lightner (1988). 

Water Quality Monitoring. Water quality parameters such as temperature, dissolved 

oxygen, pH and salinity were monitored and recorded daily throughout the duration of the 

culture period. Dissolved oxygen and temperature were measured using YSI (Yellow Springs 

Instruments) Model 51 B oxygen meter. Salinity was measured by an American Optical 

temperature-compensated salinometer, while pH was measured using a portable digital pH 

meter. All water quality parameters were measured in the morning prior to feeding. 
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Analysis of the Data. The comparison of two ponds at specific stocking density for a 

specific variable (e.g.- ABW) was analyzed using the Unpaired T-test. Analysis of variance 

(ANOVA) was used for comparing results between MBV negative and MBV + shrimp 

populations. 

Due to logistical problems, some sampling periods in Ponds SR30 and Ponds SR 10 

were not synchronized with those in Ponds SR20, and SR18. In order to correct this problem, 

the sampling data (growth rate, survival and FCR values per sampling period) in Ponds SR30 

and Ponds SR 10 were adjusted using Regression Analysis. The original data for Ponds SR30 

and SR10 are shown in Appendix A and B, respectively. 

All statistical analyses were made with the use of NCSS (Version 4.1 developed by Dr. 

Jerry L. Hintze, Kaysville, UTI Statistical Software. Unless otherwise stated, all tests were 

made at a = .05 level of significance. 

RESULTS 

For purposes of data presentation and discussion, all the ponds were coded to denote 

the stocking density rate and whether the stocks were MBV negative or positive. Thus, "Pond 

SR30-" would mean that this pond was stocked at a density of 30/sq.m. with MBV negative 

f. monodon populations; or "Pond SR 10 + " indicates that this pond had a stocking density of 

1 O/sq.m. with MBV infected f. monodon populations. "Ponds SR30" (without the - or + signs) 

denotes a pair of ponds with MBV-negative and MBV-positive populations at a stocking density 

rate of 30/sq.m. For categorical description of the different stocking rates, SR30 was classified 

as "high density"; SR20 and SR18 as "medium density" and SR10 as "low density". This 

classification was based on Philippine standards. 
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The average body weight (ABW), weight gain (WG) and growth rate differential 

(GRD%) were used as indices for comparing the growth rate patterns between two ponds 

stocked with MBV negative and MBV positive populations, respectively, at a specific stocking 

density. These data are shown in Tables 21 and 22, while GRD values are presented in Figure 

25. 

1. Average Body Weight (ABW) Per Sampling Period. 

Stocking Rate 30/sg.m. The MBV negative and MBV positive f. monodon stocks had 

an average body weight (ABW) of 31.8 g and 18.0 g, respectively, at DOC 126 (Figure 26). 

The weight gain (WG) (g) difference between the shrimp population in Pond SR30· and SR30 + 

was statistically significant. The final growth rate differential (GRD) of the shrimps in both 

ponds at 126 days of culture (DOC) indicated that the MBV negative populations grew by as 

much as 43.4% more than the MBV negative stocks. 

Stocking Density Level 20/sg.m. The ABWs of the shrimps in Pond SR20· and SR20 + 

are shown in Figure 27. The bi·monthly WG of the animals in Pond SR20· ranged from 2.3 to 

6.3 g, while the animals in Pond SR20 + showed WG ranging from 1.5 to 5.0 g. Based on the 

GRD values, the MBV negative populations grew by about 20.8% more than the MBV positive 

populations at the end of 126 DOC. Unfortunately, both populations (Ponds SR20· and 

SR20 +) were diagnosed at DOC 42 for light to moderate (Grade 1 to 2) protozoan and debris 

fouling and occassional cuticular black spot lesions, which were presumably due to bacterial 

shell disease, based on the gross signs. However, to maintain comparable water quality, no 

chemical therapeutics were applied throughout the culture period. 

Stocking Density Level 18/sg.m. As in the case of Ponds SR20, both populations were 

also affected by protozoan fouling and bacterial shell disease. Similarly, no chemotherapeutics 

were applied. There was no statistically significant difference between the WG in Ponds SR18-

and SR18 +. The final ABW of the animals in both Pond SR18- and Pond SR18 + was 30.6 g 



Table 21. Comparative weight gain (g) of MBV-infected and non-infected populations of 
Penaeus monodon populations at different stocking density levels. 

DOC PONDS SR30 PONDS SR20 PONDS SR18 PONDS SR10 

SR30- SA30+ SR20- SR20+ SR18- SR18+ SA10- SR10 

28 - - - - - - - -
42 1.9 1.4 3.8 1.5 1.6 1.1 2.2 1.8 

56 2.6 1.6 2.6 1.4 3.4 2.5 3.5 2.2 

70 4.8 3.0 6.3 3.5 4.1 3.7 3.1 3.1 

84 3.9 3.3 3.0 4.0 5.6 4.5 6.7 6.1 

98 4.9 5.1 5.0 3.7 6.5 4.2 8.5 7.3 

112 7.2 1.7 5.5 3.4 4.1 3.8 8.4 8.6 

126 4.8 1.0 2.3 5.0 3.7 5.6 9.6 7.5 
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Table 22. Comparative average body weight difference (ABWD) and growth rate differential 
(%) (GRD) between MBV-infected and non-infected populations of Penaeus monodon 
populations at different stocking densities. 

DOC PONDS SR30 PONDS SR20 PONDS SR18 PONDS SA10 

ABW %GRD ABW %GRD ABW %GAD ABW %GRD 

28 0.8 47.0 0.4 18.2 0.5 31.3 0.6 35.3 

42 1.3 36.1 2.7 45.0 1.0 31.2 1.0 25.6 

56 2.3 37.1 3.9 45.3 1.9 28.8 2.3 31.1 

70 4.1 37.3 6.7 45.0 2.3 21.5 2.3 21.9 

84 4.7 31.5 5.7 31.9 3.4 20.9 2.9 16.9 

98 4.5 22.7 7.0 30.6 5.7 25.0 4.1 15.9 

112 10.0 37.0 9.1 32.0 6.0 22.3 3.9 14.4 

126 13.8 43.4 6.4 20.8 4.2 13.7 6.0 13.7 
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42 70 98 126 

Days of Culture CDOC) 

Figure 25. Comparative growth rate differential (GAD) of Penaeus monodon populations in all 
stocking densities. Note the decreasing GAD values in Ponds SA20, SA18 and 
SA 1 0 in contrast to Ponds SA30 which was an indication of improved ABWs among 
the MBV positive populations in Pond SA30 + . This observed GAD differences was 
statistically significant (a = 0.05). 
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Figure 26. Comparative average body weight (ABW) (g) between the MBV negative and MBV 
positive Penaeus monodon populations at stocking density leveI30/sq.m. Note the 
marked ABW difference between the two populations commencing at DOC 98. The 
ABW difference (ABWD) between the two populations at DOC 126 was 13.8 g. 
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Figure 27. Comparative average body weight (ABW) (g) between the MBV negative and MBV 
positive populations of Penaeus monodon at stocking density level 20/sq.m. The 
ABWD between the two populations at DOC 126 was 6.4 g. 
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and 26.4 g, respectively, at the end of 126 DOC (Figure 28). The MBV negative populations 

grew by 13.7% more than the MBV positive populations based on their GRD value at DOC 

126. 

Stocking Density Level 10/sg.m. At DOC 126, the shrimps in Pond SR 10- grew by 

13.7% better over the animals in Pond SR10+ based on the GRD values. The ABW obtained 

in Ponds SR1 O-and SR10 + was 50.5 g and 42.2 g, respectively at 126 DOC (Figure 29). The 

bi-monthly WG exhibited by the shrimps in Pond SR10- ranged from 2.2 to 9.6 g and 1.8 to 

8.6 g in Pond SR10 +. 

2. Survival Rate. 

The survival rate of the MBV negative and MBV positive populations in all stocking 

density levels is shown in Table 23. The bi-monthly graphical representations of the survival 

rate in all the MBV negative group and all the MBV positive group are shown in Figures 30 and 

31, respectively. 

Stocking Density Level 30/sg.m. The survival rate of the MBV negative stocks ranged 

from 99.8% to 80.0% while the MBV positive stocks ranged from 97.5% to 75.0% at DOC 

28 up to DOC 126, respectively. The mean survival rate of the MBV negative stocks was 

89.5%, while the MBV positive stocks had a mean survival rate of 84.5%. However, no 

statistically significant difference between the means of these two survival rates was observed. 

The survival rate patterns of the shrimps in Pond SR30- and Pond SR30 + showed a high 

correlation (r = 0.92), indicating that the survival patterns of the two populations behaved 

identically. When the survival rate was compared against DOC as a function of time, the MBV 

negative and MBV positive stocks showed a high degree of negative correlation (r = -0.96 

and -0.95, respectively), an indication of an inverse relationships between DOC and survival 

rates of the shrimps. 

Stocking density level 20/sg.m. The mean survival rate of both the MBV negative and 
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Figure 28. Comparative average body weight (ABW) (g) between the MBV negative and MBV 
positive populations of Penaeus monodon stocked at 18/sq.m. The final ABW 
difference (ABWD) between the two populations at DOC 126 was 4.2 g. 
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Figure 29. Comparative average body weight (ABW) (g) between MBV negative and MBV 
positive populations of Penaeus monodQn at stocking density level 10/sq.m. The 
ABW difference (ABWD) between the two populations at DOC 126 was 6.0 g. 



Table 23. Comparative survival (%) of MBV-infected and non-infected populations of 
Penaeus monodon populations at different stocking density levels. 

DOC PONDS SR30 PONDS SR20 PONDS SR18 PONDS SR10 

SR30- SR30+ SR20- SR20+ SR18- SR18+ SR10- SR10+ 

28 98.9 97.5 26.1 31.0 63.4 68.3 93.4 92.1 

42 96.2 92.8 32.4 30.0 75.8 65.9 78.0 71.9 

56 90.0 85.0 45.2 33.0 83.9 62.1 72.5 65.7 

70 90.0 90.0 45.6 30.3 70.7 69.4 77.4 69.4 

84 90.0 84.0 59.7 29.2 76.4 56.8 74.1 77.1 

98 85.5 77.0 60.9 33.9 68.6 64.6 75.3 71.3 

112 85.0 75.0 74.6 36.2 79.4 69.2 73.5 71.3 

126 80.0 75.0 77.7 38.6 85.6 72.1 73.6 68.5 
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Figure 30. Survival rate patterns of the MBV negative Penaeus moncdon populations in all 
stocking densities. Note the inverse relationships between survival and time in 
Ponds SR30- and SR10- in contrast to Ponds SR20- and SR18-. This observed 
survival rate differences in all ponds was statistically significant (0 = 0.05). 
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Figure 31. Survival rate patterns of the MBV positive Penaeus monodon populations in all 
stocking densities. These observed survival differences among these populations 
was statistically significant (a = 0.05). 



131 

MBV positive.E. monodon population was 52.8% and 32.8%, respectively, at the end of 126 

DOC. The difference in the mean survival in both Ponds SR20-and SR20 + were statistically 

significant. The survival rate of the MBV negative population showed a high degree of positive 

correlation (r = 0.99) against time, but the MBV positive stocks showed low correlation (r 

0.76). 

Stocking density level 18/sg.m. There were statistically significant differences between 

the survival rates exhibited by the MBV negative and positive .E. monodon populations at the 

end of the 126 DOC. The mean survival rates of the MBV negative and MBV positive stocks 

were 75.5% and 66.1 %, respectively. There was no correlation (r = 0.0) between these two 

populations' survival pattern, which tends to indicate that the mortality patterns of the shrimps 

in both ponds occurred sporadically. In addition, the survival rates of both populations showed 

very low correlation (r = 0.51; 0.23) with DOC, a clear indication of a paroxysmal occurrence 

of mortalities among the shrimps in both ponds. 

Stocking density level 10/sq.m. At low stocking density, the differences in mean 

survival of both the MBV negative and positive populations were not statistically significant. 

The survival rates of both populations were highly correlated with one another (r = 0.91); 

however, the survival rate of both stocks showed a low negative correlation with time (r = -

0.67 and -0.53, respectively) which indicated a decrease in survival rate as the DOC was 

increased. 

3. Food Conversion Ratio (FCR). 

Food conversion ratio values for all stocking densities are shown in Table 24. The FCR 

of the MBV positive populations in all stocking densities is shown in Figure 32. The food 

conversion ratios exhibited by the MBV negative and positive shrimp populations at all stocking 

rates were not statistically different throughout the duration of the growing period. Similarly, 

the MBV negative and MBV positive shrimps in all stocking densities showed high correlation 



Table 24. Comparative food conversion ratio (FCR) of MBV-infected and non-infected 
populations of Penaeus monodon populations at different stocking density 
levels. 

DOC PONDS SR30 PONDS SR20 PONDS SR18 PONDS SR10 

SR30- SR30+ SR20- SR20+ SR18- SR18+ SR10- SR10+ 

28 0.65 0.83 0.91 0.71 0.78 0.93 0.22 0.36 

42 0.68 0.83 0.95 1.13 1.28 1.20 0.60 0.64 

56 0.82 1.20 1.22 1.22 1.23 1.55 1.25 1.26 

70 0.99 1.22 1.38 1.35 1.26 1.39 1.20 1.20 

84 1.45 1.71 1.74 1.24 1.26 1.58 1.00 1.70 

98 1.60 1.44 1.68 1.54 1.49 1.79 1.10 1.58 

112 1.63 1.92 1.70 1.57 1.67 1.70 1.10 1.58 

126 1.78 1.94 1.61 1.70 1.80 1.80 1.80 1.72 
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Figure 32. Comparative FRC values of the MBV positive populations of Penaeus monodon in 
all stocking density levels. Note the high positive correlation of the FCR values over 
time. This observed FCR differences exhibited by the shrimps was not statistically 
significant (a = 0.05). 



with DOC which suggested increasing FCR values as the animals were growing. 

4. Severity and Rate of MBV Infection. 

134 

All the ponds stocked with MBV negative and positive populations remained negative 

and positive, respectively, throughout the culture period. However, the severity of infections 

(SOl) in ponds SR30 + and SR10 + decreased from Grade 3-4 at stocking to Grade 1-2, 

starting from DOC 56 until DOC 126. The severity of infection of the MBV positive stocks in 

Ponds SR20 + and SR10 + dropped slightly from Grade 3-4 to Grade 2-3 at DOC 84 and 

remained low until DOC 126. This typical severity of infection pattern was exhibited by the 

shrimps stocked at 10 animals per square meter (Figure 33). These MBV infected postlarvae 

were stocked with Grade 4 MBV at DOC 1, but the severity of infection (SOl) dropped to 

Grade 2 by DOC 84. 

5. Water Quality Parameters. 

Water temperature, dissolved oxygen and pH fluctuations between ponds stocked with 

MBV negative and MBV positive populations in all stocking density levels were not statistically 

different during the entire culture period (Tables 25 to 28), However, there was a statistically 

significant difference observed in the salinity levels between Pond SR30- and SR30 + . 

However, these salinity values recorded (18.4 to 27.5 ppt) remained well within the range that 

is considered optimum for E. monodon culture (Chen, 1985). 

DISCUSSIONS 

In Chapter III, it was shown that Penaeus monodon baculovirus (MBV) causes 

significant mortalities in f. monodon in the late mysis larval stage, mortalities which may remain 
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Figure 33. Severity of Infection pattern in MBV infected Penaeus monodon cultured in 
ponds at a stocking density of 10 per square meter. 

1. Grade 3-4 severity of infection in MBV-infected Penaeus monodon postlarval 
populations at stocking. Note the heavy MBV infections in the 
hepatopancreatic tubule epithelial cells (arrows). H&E staining. (Bar = 
20 pm). 

2. Grade 2 MBV severity of infection at days of culture 84. Note the decreasing 
severity of infection pattern over time as shown by occassional 
presence of MBV occlusion bodies (arrows) specially at the distal 
hepatopancreatic tubule epithelial cells. H&E staining. (Bar = 50 pm). 

3. Grade 1 MBV severity of infection at days of culture 126. Note the barely 
detectable presence of MBV occlusion bodies at the medial portion of 
the infected hepatopancreatic tubule epithelial cells. H&E staining. (Bar 
= 100 pm). 
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Table 25. Average water quality of ponds at each sampling period stocked with MBV- and 
MBV + Penaeus monodon populations at a density of 30/sq.m. (300,OOO/ha). 

DOC TEMPERATURE DISSOLVED pH SALINITY 
(OC) OXYGEN (PPM) (PPT) 

MBV- MBV+ MBV- MBV+ MBV- MBV+ MBV- MBV+ 

28 27.9 28.5 6.3 6.4 8.2 7.8 21.9 22.0 

42 29.5 29.8 6.5 5.3 8.1 7.7 18.4 20.9 

56 30.0 32.1 4.0 4.0 8.0 7.5 19.1 21.9 

70 31.1 30.1 4.7 6.2 7.9 7.9 18.8 23.4 

84 30.1 31.1 5.9 7.0 8.2 6.8 22.0 24.6 

98 30.3 29.4 7.1 4.2 8.0 6.2 23.8 23.9 

112 29.7 29.5 4.6 5.6 6.1 7.1 22.9 24.4 

126 29.0 30.3 5.1 9.6 7.7 7.6 20.8 27.5 

I Mean I 29.8 I 30.1 I 5.6 I 5.9 I 7.8 I 7.3 I 21.0 I 23.3 I 
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Table 26. Average water quality of ponds at each sampling period stocked with MBV- and 
MBV + Penaeus monodon populations at a density of 20/sq.m. (200,000/ha). 

DOC TEMPERATURE DISSOLVED pH SALINITY 
(OC) OXYGEN (PPM) {PPTl 

MBV- MBV+ MBV- MBV+ MBV- MBV+ MBV- MBV+ 

28 29.7 29.4 4.5 4.8 7.6 7.6 29.1 28.0 

42 30.0 30.1 5.0 4.8 7.8 7.9 23.4 29.0 

56 30.1 30.9 5.3 4.5 8.0 7.9 19.2 25.9 

70 30.5 29.8 5.2 5.0 8.1 7.8 18.2 22.0 

84 30.0 30.6 5.0 4.6 8.0 7.9 17.9 22.2 

98 28.1 28.8 4.7 4.5 7.9 7.9 17.8 21.3 

112 29.0 29.0 4.4 4.3 7.9 7.7 21.4 19.8 

126 29.8 28.6 4.9 4.3 7.6 7.6 26.8 21.0 

I Ave I 29.7 I 29.7 I 4.9 I 4.6 I 7.9 I 7.8 I 21.7 I 23.7 I 
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Table 27. Average water quality of ponds at each sampling period stocked with MBV- and 
MBV + Penaeus monodon populations at a density of 18/sq.m. (180,000/ha). 

DOC TEMPERATURE DISSOLVED pH SALNITY 
(OC) OXYGEN (PPM) (PPTl 

MBV- MBV+ MBV- MBV+ MBV- MBV+ MBV- MBV 

28 31.0 30.5 5.8 5.5 8.0 7.9 26.6 25.5 

42 30.5 30.3 5.2 5.1 7.9 8.0 25.1 22.9 

56 30.8 30;9 4.9 4.9 7.9 8.1 22.7 23.6 

70 28.5 28.3 5.2 5.6 7.9 7.8 17.3 15.8 

84 29.4 29.3 4.5 4.7 7.9 7.9 19.0 17.6 

98 29.4 29.0 4.8 4.9 7.6 7.7 21.9 16.0 

112 29.4 29.1 4.6 4.1 7.7 7.5 24.1 25.9 

126 27.9 27.3 4.6 4.6 7.7 7.5 25.2 22.1 

I Ave I 29.6 I 29.3 I 5.0 I 4.9 I 7.8 I 7.8 I 22.7 I 21.2 I 
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Table 28. Average water quality of ponds at each sampling period stocked with MBV- and 
MBV + Penaeus monodon populations at a density of 10/sq.m. (100,OOO/ha). 

DOC TEMPERATURE DISSOLVED pH SALINITY 
(OC) OXYGEN (PPM) (PPT) 

MBV- MBV+ MBV- MBV+ MBV- MBV+ MBV- MBV+ 

28 30.0 29.6 5.4 5.3 8.5 8.5 26.7 27.7 

42 30.2 29.9 5.6 5.4 8.0 8.3 24.4 24.9 

56 28.7 28.6 5.7 5.3 8.4 8.5 20.8 20.0 

70 29.6 29.6 5.6 5.5 8.5 8.5 18.5 18.1 

84 27.4 26.8 5.3 5.5 8.6 8.6 14.0 13.6 

98 29.0 28.2 5.6 5.5 8.6 8.6 10.4 9.3 

112 29.9 29.1 5.7 5.4 8.4 8.6 18.1 15.3 

126 30.1 29.6 5.3 5.3 8.5 8.5 18.9 18.7 

I Ave I 29.6 I 29.3 I 5.5 I 5.4 I 8.5 I 8.5 I 19.3 I 18.8 I 
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elevated until the animals reach their third post larval stage (PL-3). However, despite this no 

significant growth differences were observed among the MBV-infected and non-infected larval 

and postlarval populations. 

In this study, MBV infection in pond-cultured popula'tions of f. monodon was shown 

as a production economics problem resulting in lower production. This low production problem 

appears to be caused by the slow growth of the MBV-infected shrimps over time and/or lower 

survival. It should be noted that all the MBV positive populations at all stocking densities 

showed increased ABW over time; however, these ABWs did not equal those of the MBV 

negative populations. This observed ABW difference (ABWD) between the MBV negative and 

MBV positive populations tend to decrease as the stocking density was decreased, which 

supports the earlier observations of Lightner et al. (1983a) and Anderson (1988) that MBV 

infected f. monodon cultured in ponds can grow normally at low stocking densities. This 

growth pattern indicates that MBV may not be a significant problem in extensive culture 

systems where the stocking density rates range from 1 to 2 shrimps per square meter. This 

finding may serve as a pond management model for culturing MBV-infected populations, 

where a "selective harvesting" similar to the one proposed by Apud (1985) maybe employed 

to "thin" the shrimp stocks in the pond to maintain desired stocking densities. This technique 

would provide more rearing space for the remaining MBV infected and smaller group of 

shrimps. This selective harvesting can be done with the use of bamboo trap (Appendix C) or 

by use of a cast net. 

Growth is the most important factor in high and medium density stockings when the 

WG and ABW values between the MBV negative and MBV positive shrimp populations are 

compared. At a high stocking density (Ponds SR30), the marked differences in the ABW and 

WG between the MBV negative and positive populations was observed at DOC 98. On the 

other hand, WG was not a significant factor at medium (SR20 and SR 1 8) and low stocking 
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(SA 10) densities. It is interesting to note that the difference in bi-monthly weight gain (WG) 

values in MBV negative and MBV positive shrimp populations at medium stocking densities 

(Ponds SA20- and SA20 +; and SA18- and SA18 +) were not statistically significant if the 

shrimp populations in all ponds were affected by other secondary disease problems such as 

protozoan and debris fouling and bacterial shell disease. The bi-monthly GAD values obtained 

from the .e. monodon populations in Ponds SA30, SA20, SA18 and SA10 were statistically 

different, regardless of the presence or absence of other disease problems in MBV negative or 

MBV positive populations. 

The survival of the shrimp populations in both MBV infected and MBV negative stocks 

was not significantly different in the high density and low density stocking groups. However, 

the presence of secondary or mixed infections in both MBV negative and positive populations 

has significantly affected the survival patterns of the animals in the medium density stocking 

groups. This survival pattern directly supports the findings of Lightner et al. (1983a) that 

secondary infections may tend to compromise the resistance of the shrimp and this might lead 

to lower survival. An important observation noted between Ponds SA20- and SA20 + and 

Ponds SR 1 8- and SR 1 8 +, is the acute mortality patterns of all populations on the second 

sampling period (DOC 42) when the animals were diagnosed for protozoan and debris fouling 

and bacterial shell disease. The high correlation (r = 0.99) between DOC and the survival in 

Pond SR20- indicated noticeable improvement in the survival pattern of the MBV negative 

populations. On the other hand, the survival pattern of the MBV positive stocks did not show 

marked recovery as shown by the low correlation (r = 0.76) between the DOC and survival 

rate. The low correlation between DOC and the survival rate in Pond SR18- and Pond SR18 + 

(r = 0.51 and 0.23, respectively) revealed chronic mortality patterns. These observations 

suggest that the acute mortality patterns observed six weeks after stocking in both MBV 

negative and positive populations was initiated by the secondary protozoan and bacterial 
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infections, but the chronic mortality patterns over a longer period of DOC was probably caused 

by the combined pathological effects of both MBV and these secondary infections. 

The food conversion ratio (FCR) between the MBV infected and non-infected 

populations at all stocking densities was not significantly different, including those populations 

in Ponds SR20 and SR18 that were infected by secondary protozoan and bacterial shell 

disease. In f. iaoonicus. Shigueno (1985) noted that younger and healthier postlarvae showed 

higher food conversion efficiency than the older shrimps for the same type of feed. Similarly, 

this inverse relationship between FCR and age of the shrimps was also exhibited by the MBV

infected f. monodon stocks. This suggests that even in MBV-infected f. monodon populations, 

the younger infected shrimps, with greater severity of infections, may display relatively high 

food conversion efficiency. On the contrary, the animals exhibited lower food conversion 

efficiency as they grew, regardless of whether the shrimps were MBV infected and/or whether 

other infections existed. The severity of infection (SOl) at all the MBV-positive populations in 

all stocking rates decreased as the animals grew, leading to the conclusion that quality feeds 

and water might have contributed to the decreased rate of infection that led to improved food 

conversion efficiency in the infected animals. This conclusion is similar to the observations of 

Anderson (1988) and Chen (personal communication; National Taiwan University, 1990). 

In the Visayan region, some growers incorporate massive doses of vitamin C into the 

diet fed to shrimps suffering from chronic MBV infection. Although there are no research data 

to support this practice, it is believed that dietary vitamin C is vital in maintaining the activity 

and collagen integrity of the animals, thus possibly increasing their resistance to MBV and other 

diseases. Magarelli et al. (1979) reported significantly improved growth and survival rates in 

D.2r!!!£l (without infections by any known viruses), f. californiensis and growth rates in f. 

stvlirostris fed diets containing ascorbic acid. 

Another important observation in this study was the chronic and irreversible effect of 
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MBV in infected f. monodon, indicating that the MBV-infected shrimp populations cultured in 

ponds may harbor the virus throughout the entire culture period. However, the rate of infection 

may decrease in due course of time. This decrease in the SOl may be due to the rapid 

regeneration of the hepatopancreatic tissues as has been reported in the crab (Johnson, 1980). 

In addition, the role of high quality feeds and optimum water quality maintenance may have 

improved the ability of the animals to undergo normal regeneration of hepatopancreatic tissues. 

Even if the rate of infection decreases during the culture period, it is evident that 

survival still remains a significantly affected variable, especially when the population is affected 

by secondary disease problems as in the case of Ponds SR20 + and SR 18 +. Hence, these 

observations have led me to conclude that MBV infections alone in pond cultured f. monodon 

populations do not cause significant mortality. However, if the MBV-infected population is 

subjected to other forms of biological stressors (e.g.- secondary infections) or environmental 

stressors (e.g.- water quality), only then will that mortality turn out to be a siginificant factor 

(Liao, 1985; Lightner et aI., 1983a). 

Since this field investigation was done from three different farms, it should be 

emphasized that there are other important variables that were not determined which may have 

contributed to the final results of this study. Among these were the genetic variability of each 

batch of postlarvae used in each farm, the brand and protein quality of the feeds used in each 

farm, the existing climatic conditions (e.g.- rainfall, sunlight intensity, etc.) and the physical 

and chemical properties of the soil in each farm. 
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CHAPTER VI 

STRATEGIC EGG PROPHYLACTIC TECHNIQUE: A METHOD FOR THE PRODUCTION OF 

MONOOON BACULOVIRUS-FREE PENAEUS MONOOON POSTLARVAE 

INTRODUCTION 

During the initial developmental stages of .E. monodon farming in the Philippines, the 

commercial growers relied mostly on wild .E. monodon postlarvae, which were normally caught 

offshore. However, this practice involved several constraints such as seasonal availability and 

cost (AQUACOP, 1985). Wild caught .E. monodon postlarvae are available only in the 

Philippines from December to March and from June to September each year. 

Larval production of penaeid shrimps occurred in 1934 when the Japanese scientist, 

Dr. Fujinaga, was able to spawn wild .E. japonicus in captivity and rear the larvae successfully. 

However, mass production of penaeid larvae began when Cook and Fujinaga were able to 

spawn.E. setiferus and.E. aztecus and rear the larvae successfully (Kungvankij, 1985). Further 

improvements in this technology was achieved by Caillouet (1972). Using the induced ovarian 

maturation technique called "eye ablation", Caillouet was able to spawn .E. dourarum 

broodstocks in captivity. The technology developed for the mass production of these three 

species provided the basis for the present .E. monodon spawning and larval production 

techniques. However, application of this modern larval production technology has not gone 

without serious prob/ems---that is, the occurrence of diseases, among which is that caused by 

Penaeus monodon bacu/ovirus (MBV). 
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The high prevalence of MBV has been recognized as one of the serious problems in 

prawn hatcheries and grow-out ponds in the Philippines. The overall prevalence rate of MBV 

in the Philippines, based on diagnostic cases received from September, 1989 to December, 

1990, was 67.0% (Natividad, unpublished). In other Asian countries such as Taiwan, the 

prevalence of MBV was from 80 to 85% in 1988 and 1989 (Chen et ai, 1989a). 

In a related study (Chapter III), it has been shown experimentally that MBV causes 

significant mortalities in the late larval and postlarval stages of f. monodon (Natividad, 1990). 

In grow-out ponds, the simultaneous culture of MBV-negative and MBV-positive f.monodon 

populations showed that the MBV-positive populations exhibited stunted growth patterns 

resulting in reduced production. Given this problem of MBV infestation in both hatchery and 

grow-out production facilities, it is indeed imperative that efforts should be made to review and 

modify existing hatchery production techniques with the ultimate goal of producing MBV-free 

f. monodon postlarvae. This means that the production of MBV-free f. monodon postlarvae 

starts at the spawning level. Hence, there is a need modify the existing traditional hatchery 

production methods that are currently in use in the Philippines and to develop and test a better 

but cost-effective technique that will lead to the production of MBV-free f. monodon postlarval 

populations. 

Currently, hatchery operators in the Philippines use the so-called "mass spawning 

technique". This method involves the mass spawning of wild caught f. monodon broodstock 

in a single concrete spawning tank. The density ranges from 40 to 50 broodstock per spawning 

tank which normally measures 10m x 2m x 1 m. The broodstock are then collected and 

removed the following morning after spawning, while the eggs are left in the spawning tank 

to hatch and metamorphose into nauplii 5-6 on the second day after being spawned. The 

nauplii 6 are then collected and transferred into the larval rearing tanks for further culture. 

Under this traditional larval production technique, the spawned eggs and the nauplii stages 
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remain in the same tank for 36 to 40 hr after they have metamorphosed into the N-6 larval 

stage. Theoretically, this is the most critical period of the production stage since any 

MBV-infected broodstock or group of broodstock may be continually releasing a tremendous 

quantity of MBV occlusion bodies and free MBV virus via their feces before and during the 

spawning period. These MBV containing feces will remain in the water until the eggs are 

hatched to become nauplii 5. 

Research Objectives. The objective of this study was to develop a hatchery technique 

that can be used to produce hatchery-reared MBV-free .E. monodon postlarvae. The concepts 

being introduced in this larval production method incorporate the use of a "broodstock isolation 

spawning technique" and "strategic egg prophylaxis". Specifically, the goals of this study 

were: a) to evaluate the potential use of chemical disinfectants such as iodine, benzalkonium 

chloride, calcium hypochlorite and ozone in seawater for use in prophylaxis of .E. monodon 

eggs; b) to evaluate the effects of these different types of chemically-disinfected seawater in 

terms of the egg hatching rate; c) to evaluate the survival rate of .E. monodon larvae and 

postlarvae hatched from eggs washed with the above-mentioned types of treated seawater; 

and d) to determine the prevalence of MBV in .E. monodon larvae and postlarvae hatched from 

eggs washed with chemically-disinfected seawater. 

Review of Literature. MBV was first reported by Lightner and Redman (1981) and 

Lightner et al. (1983a) from a population of .E. monodon derived from Taiwan. This virus is 

classified as a gut-infecting baculovirus of penaeid shrimps and its transmission is believed to 

be "per os" (Lightner, 1983; Johnson and Lightner, 1988). Further studies that could 

demonstrate the possibility of transovarian transmission must await for more sensitive methods 

of detection for MBV. In other related studies, laboratory infection of .E. vannamei nauplii with 

Baculovirus penaei (Overstreet et aI., 1988) and.E. japonicus eggs with BMNV (Momoyama and 

Sana, 1989) indicate that the early life stages of penaeid shrimps are refractory to these two 
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baculoviral diseases. In hatchery facilities, waterborne viruses shed by infected broodstock will 

remain in the water and infect the shrimps when they reach their zoea or mysis stages. In E. 

monodon hatcheries, the MBV-infected brood stock may be the source of infection due to their 

shedding MBV in the feces before and during spawning. Lightner et aL (1983a; 1989) believed 

that MBV is enzootic in Southeast Asia; hence, Lightner et aL (1987a) suggested the use of 

MBV-free broodstocks as one of the ways to control MBV in hatcheries. However, MBV-free 

E. monodon broodstock in the Philippines are difficult to obtain because of two factors: a) no 

studies have been done regarding the prevalence and distribution of MBV in wild E. mono don 

populations; and b) monitoring for MBV infections in broodstock prior to spawning is labor 

intensive and stressful to the animals. Therefore, egg prophylaxis may be one way to overcome 

these problems. 

Technically, egg prophylaxis means the prevention of contamination of larval rearing 

tanks by microbial contaminants, including viruses on eggs, by thoroughly washing and rinsing 

the eggs with clean seawater. However, "clean seawater" is a relative term and does not 

define specifically the quality of seawater or the processes involved to insure that the seawater 

is "clean". One of the goals of this study was to chemically disinfect seawater for use in 

washing/rinsing .e. monodon eggs, and to measure the effects the disinfectants have on 

hatching rate, larvallpostlarval survival, and ultimately the production of MBV-free postlarvae. 

Chemical agents such as iodine, benzalkonium chloride, calcium hypochlorite and ozone 

are traditionally used in the facility and equipment disinfection processes. However, lower 

concentrations of these chemicals used to disinfect seawater for .e. monodon egg prophylaxis 

has not been studied. The use of ozone (Oa) for disinfecting seawater for aquaculture purposes 

dates back to 1972 when a commercial ozone depuration station for shellfish was developed 

in Sete, France (Blogoslawski et aL, 1975). Ozonized water is being widely used in fish 

hatcheries to prevent enzootic diseases due to such agents as Aeromonas salmonicida and the 
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enteric redmouth bacterium (Wedemeyer and Nelson, 1 977). Ozone is a strong oxidizing agent 

that is known to eliminate all bacterial forms in seawater at concentrations above 0.56 mg/l 

(Blogoslawski et al., 1975). Oakes et al. (1979) claimed that ozone is a better water 

disinfectant than UV light. In freshwater, ozone is toxic to fishes and crustaceans but it rapidly 

decays to non-toxic concentrations in just 10 to 20 min (Huguenin and Colt, 1989; 

Blogoslawski and Stewart (1976). However, among the disadvantages of ozone use in 

seawater is the production of long-lived toxic compounds such as hypobromites. Generally, 

seawater contains about 60 ppm of bromide ion at 35 ppt salinity and the reaction of these 

bromide ions with ozone results in the formation of hypobromite or hypobromous acid. The 

toxicity of these oxidative compounds to fishes and crustaceans remains mostly unknown. In 

addition, ozone residuals have been implicated in genetic damage to developing embryos and 

larval forms of marine species (Blogoslawski et aI., 1975). 

Chlorine is classified by the American Water Works Association as a bacteriocide 

(AWWA, 1973), but it is also used as a virucide in domestic water purification (Engelbrecht 

et aI., 1978 as cited by Hoff and Geldreich, 1980). Chlorine is extremely toxic and it is 

normally applied as hypochlorites, which release chlorine slowly when exposed to the 

environment (Brander and Pugh, 1977). Chlorine has a phenol coeffecient of 200, which means 

that chlorine as a disinfectant can kill test bacteria at concentrations 200 times less than the 

amount of phenol required (Alexander, 1985). However, the phenol coeffecient value is 

affected by several variables such as water temperature, duration of action, and quality and 

quantiy of bacteria and organic matter present in the water. In penaeid shrimp culture, calcium 

hypochlorite (70% active chlorine), at concentrations ranging from 5 to 12 ppm (neutralized 

with equal concentration of sodium thiosulfate) is routinely used to disinfect seawater for 

spawning and larval/postlarval rearing purposes. However, Johnson and Cichra (1985) found 

out that sodium thiosulfate was toxic to larval penaeid shrimps even at a concentration of 1.0 



150 

mg/J. In freshwater fish culture, an alternative mode of dechlorination is achieved by activated 

charcoal filtration (Seegert and Brooks, 1978); however, the effectiveness of activated 

charcoal in seawater dechlorination is relatively weak. 

Benzalkonium chloride is a quaternary ammonium compound used specifically as a 

bacteriocide. It has a phenol coeffecient of 130 (Alexander, 1985). Iodine is a mild oxidizing 

agent that is less active than chlorine. lodophores, a combination of iodine and non-ionic 

surface-acting agents, are relatively non-toxic and non-irritating, hence widely used in egg 

chemoprophylaxis against the fish viruses infectious hematopoietic necrosis virus (IHNV), 

infectious pancreatic necrosis virus (lPNV) and Egtved virus (Amend and Pietsch (1972). 

Egg prophylaxis, using different types of chemically disinfected seawater, has been 

successfully used to control mycosis and other microbial egg contaminants on penaeid eggs 

and to improve hatching rate (Lio Po and Sanvictores, 1985). However, this concept has not 

been tried to control viral diseases, except the work of Momoyama and Sano (1989) who 

successfully applied this technique in the production of BMNV-free Kuruma shrimp (f. 

japonicus) postlarvae in Japan. 

The production of specific pathogen-free (SPF) larval and postlarval populations of f. 

monodon is best appreciated with a parallel understanding of the biology of this animal and 

with a brief review of the spawning and larvallpostlarval rearing methods that are currently 

practiced in the Philippines. Some excellent reviews on the biology, reproduction and larval 

rearing techniques of f. monodon are presented in the works of Motoh (1981; 1985), 

Primavera (1985) and Liao (1985). 

Basically, there are two sources of postlarvae for culture in commercial grow-out 

ponds. These are from the traditional sources of wild caught postlarvae, and hatchery-reared 

postlarvae. Broodstock used to produce hatchery-reared postlarvae come from three sources: 

a) wild caught spawners; b) captive wild broodstock and c) pond reared broodstock. The later 
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method is not a common practice because it takes about 9 to 12 months to rear f. monodon 

postlarvae to the adult stage with approximately 60 g average body weight for the females and 

about 40 grams for males (AQUACOP, 1983), and it takes up to 15 months to reach 

maturation (Santiago, 1977). Therefore, postlarvae are generally obtained from the first two 

sources. The use of unilateral eye ablation of wild female broodstock is the most commonly 

practiced technique because it provides more predictable maturation and spawning, which is 

a very important factor in scheduling production timetables. 

The eye ablation technique was developed based on knowledge the shrimp's 

physiology. A gonad-inhibiting hormone (GIH) is produced by the neurosecretory cells of the 

X-organ located in the eyestalk of decapod crustaceans, and the hormone is transported to the 

adjacent sinus gland for storage and release (Adiyodi and Adiyodi, 1970 as cited by Primavera, 

1985). It is normally done by the partial or total removal of one eyestalk by means of a) 

cautery (e.g- use of a pair of hot bone scissors), b) tying with string, or c) manual pinching 

(Caillouet, 1972; Arnstein and Beard, 1975; Santiago, 1977; Primavera, 1978; 1985). 

Recently captured wild f. monodon brood stock normally spawn within 3 days to a maximum 

of 15 days following ablation, compared with unablated broodstock which may spawn in a 

minimum of 10 days or up to 2.7 months after capture (Primavera and Borlongan, 1978; 

Primavera, 1985). Under normal conditions, ablated f. monodon broodstock can produce about 

60,000 to 600,000 eggs per spawn (Santiago, 1977; Primavera, 1983). f. monodon eggs are 

spherical, yellowish green in color and somewhat transluscent, ranging from 0.27 to 0.31 mm 

with a mean diameter of 0.29 mm. The eggs are extruded from the genital pores located at the 

base of the third pereopods. The spermatozoa placed by the male into the thylecum of the 

female (located at the base of the fifth pereopods) are extruded simultaneously with the eggs. 

Upon hatching, the larvae of f. monodon will metamorphose through three main stages, 

namely the nauplius stage (subdivided into six sub-stages), the zoea (three sub-stages), and 
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the mysis (sub-divided into three stages). Under normal conditions, the six stages of the 

nauplius occur within 36 hrs, while the zoea and mysis stages are completed within 5 and 4 

to 5 days, respectively (Motoh, 1981; 1985). 

Several negative effects of eye stalk ablation such as lower hatching rate and poor 

larval quality and survival have been suspected to occur in ablated females. However, Liao 

(1985) points out that there is no scientific evidence to substantiate these claims. 

MATERIALS AND METHODS 

Study Sites. The "Strategic Egg Prophylaxis" (SEP) hatchery production technique was 

tested in three different hatcheries in three provinces in the Philippines, namely, Compostela 

(Cebu Province, Visayan Islands), Matabungkay (Batangas Province, Luzon Island) and Iba 

(Zambales Province, Luzon Island) (Figure 1). Two production trials were conducted at the 

Compostela hatchery; one trial was conducted at Matabungkay hatchery and two trials were 

conducted at the Iba hatchery, for a total of five trials. 

Sources of f. monodon Broodstock. The.E. monodon broodstock used in this study 

came from wild populations which were collected from the different offshore areas in the 

Philippines. The broodstock animals used at Compostela (Cebu) hatchery came from Panay 

Island while those used at Matabungkay (Batangas) hatchery came from Ouezon Province. The 

broodstock used at Iba (Zambales) came from Mindoro Province (Figure 34). All broodstock 

were collected by small commercial trawlers fishing between 5 to 8 miles off the coasts of 

these provinces. Only the mated female .E. monodon broodstock were used in this study. The 

mated broodstock were then individually selected and acclimatized in customized wooden 

boxes filled with seawater and provided with aeration. The broodstock were transported from 
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Figure 34. Map of the Philippines showing the sites of the experimental hatcheries. (1 = 
Iba, Zambales Province; 2 = Matabungkay, Batangas Province; 3 = Compostela, 
Cebu Province) 
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the trawlers to the hatchery by land transport one or two days after collection in oxygenated 

seawater in plastic bags, normally with 2 to 3 shrimp per bag. 

Broodstock Selection and Husbandry Methods. Upon arrival at the experimental 

·hatcheries, the broodstock were selected primarily based on their maturity stages and 

spermatophore quality. The broodstock were selected when they were still on the first or 

second maturation stages (Stage I and 11)( Cite Reference). The maturation stages were 

detected in the dark by using a flashlight aimed at the lateral side of the head region of the 

animal in order to show the size of the diamond-shaped ovary. The size of the brood stocks 

used in this experiment ranged between 180 mm to 250 mm total length and 150 g to 250 

g total weight. 

The brood stock were then transferred to concrete maturation tanks containing filtered, 

chlorinated and sodium thiosulfate-neutralized seawater (Compostela and Matabungkay 

hatcheries) or ozone-treated (lba hatchery) seawater. The broodstock were fed chopped squid 

equivalent to 5 % of their total body weight. The maturation tanks were covered with black 

vinyl canvass in order to maintain total darkness, which is favorable for acclimatization and 

further husbandry in preparation to ablation. The husbandry period of the broodstock was from 

5 to 7 days prior to ablation. During the husbandry period, the broodstock were fed chopped 

squid, crab and shrimp meat (Compostela and Matabungkay hatcheries) in addition to live 

annelids (lba hatchery) at a feeding frequency of 3 to 4 times per day. Thirty percent of the 

total volume of water in the maturation tank was drained and replenished daily with new 

chlorinated or ozonized seawater. Water quality parameters were monitored daily throughout 

the husbandry period : water temperature ranged from 27°C to 30 °C, salinity range was 

30ppt to 33 ppt, and pH range was 7.4 to 8.2. 

Maturation Method. One day prior to ablation, the broodstock were surface disinfected 

with 100 ppm formalin solution using the dip method for 15 to 20 sec and transferred to 
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another concrete maturation tank with new seawater. Each female broodstock was ablated 

using the cautery method in which a hot bone scissor was used to clamp one eyestalk of the 

broodstock for about one sec. The ablated broodstock females were returned to the maturation 

tank for further maturation. Feeding frequency and quality was the same as has been 

previously discussed. After 3 to 5 days, the broodstock were ready to spawn. 

Broodstock attaining maturation Stage IV (checked with the aid of a flashlight) were 

individually selected from among the pool of broodstock in the maturation tanks. Spawner 

selection was usually done in the afternoon between 4:00 P.M. and 5:00 P.M. Each selected 

broodstock was placed in a black, circular, aerated 500-liter capacity fiberglass tank which 

contained clean seawater. Spawning usually occured on that same night between 12:00 

midnight and 5:00 A.M. 

A comparative schematic diagram of the traditional spawning and larval production 

methods and the modified method, the strategic egg prophylactic technique, is shown in Figure 

35. 

Simulation of MBV-infected Broodstocks. Since there was no way of determining 

whether the broodstock were MBV-infected and shedding MBV occlusion bodies and virus in 

the feces at the time of the experiment, MBV infection in broodstocks was simulated by 

preparing 120 pieces of homogenized MBV-infected postlarvae (PL-20). This MBV-containing 

homogenate was inoculated into the water in each spawning tank, 30 min after the broodstock 

was released. The quantity of homogenated MBV-infected postlarvae was increased to 300 

pieces per tank in trials 2, 3, 4 and 5. The broodstocks were then left to spawn and periodic 

checking was done to assess the progress of the spawning process. 

Collection and Handling of Eggs. The eggs from each spawning tank were collected 

30 to 60 min after spawning. Egg collection was done by siphoning the water out of the 

spawning tank, leaving approximately 1 5 to 20 cm of water which contained the eggs at the 
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Figure 35. Schematic larval and postlarval production techniques in Penaeus monodon 
showing the traditional method and the new production technique. 
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tank bottom. The tank was then tilted down to allow the flow of the remaining water, together 

with the eggs, into a 10-inch (25.4 cm) diameter by 12-inch (30.5 cm) high PVC pipe with a 

very fine-meshed plankton net at the bottom and around the top just 2 inches below the brim. 

This egg collecting device was placed at the center of a 20-liter plastic basin filled with 

seawater. 

Methods of Egg-washing. Each batch of eggs collected from each individual spawning 

tank was washed with a specific type of chemically disinfected seawater. The experimental 

chemicals used were iodine (Argentyne- Argent Chemicals Co., U.S.A.), benzalkonium chloride 

(Argent Chemicals Co., U.S.A.), calcium hypochlorite (Nippon Soap Co., Japan) and ozone 

(machine parts imported from Singapore and locally assembled; no company name; generating 

cap 8.0 g/hr). 

The concentration of these test chemicals were: iodine (100 ppm); benzalkonium 

chloride (2.0 ppm); calcium hypochlorite (10.0 ppm); ozone (80.0 mg/ton). Washing of the 

eggs was done by transferring the egg collecting device into a plastic basin containing the 

treated seawater. The eggs were then dipped into each type of disinfected seawater for 60 sec 

prior to rinsing them via a continous flow-through method for 3 min. Each batch of washed 

eggs was transferred into an individually-aerated tank for hatching. A schematic diagram 

showing the details of these procedures is presented in Figure 36. 

Unwashed Eggs as Controls. The control group in this experiment was the unwashed 

batches of eggs. The eggs were not washed and were allowed to hatch in the same spawning 

tank until they metamorphosed into nauplii stage 6. 

Method of Egg Count Estimation. After the eggs were washed (except for the 

unwashed controls), the number of eggs spawned by each brood stock female was estimated 

by taking three 50-ml water samples containing eggs from each hatching tank. In order to 

ensure equal distribution of the eggs in the water during sampling, the water from the hatching 
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Figure 36. A schematic diagram showing the Strategic Egg Prophylxis (SEP) procedures in 
washing Penaeus monodon eggs with chemically disinfected seawater. 
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tank was agitated moderately by manipulating the aeration system while simultaneously taking 

the samples of suspended eggs. The number of eggs spawned was estimated using the formula 

below: 

E 
ES=---E.x20xW 3 v 

ES = Number of eggs spawned 

Ec = Total egg count of three 50-ml samples 

W, = Volume of water in the tank. 

20 = constant to convert 50 ml sample volume to 1 liter 

Nauplii Count Estimation. The eggs normally hatched between 12:00 noon and 5:00 

P.M. on the same day and gradually metamorphosed into nauplii stages 1 thru 4 over the next 

24 hr. Water from the hatching tank containing the nauplii was poured in a 20-1 plastic circular 

basin. Three 10-ml water samples containing the nauplii were taken from the plastic basin and 

the nauplii were counted from each water sample. The total number of nauplii hatched per 

spawning was estimated using the formula below: 

N 
NH=---E.xlOOxB 3 v 
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where: 

NH = Total number of nauplii hatched 

Nc = Total nauplii count from 3 10-ml samples 

Bv = Volume of the sampling basin. 

100 = constant to convert 10 ml sample volumeto 1 liter 

Hatching Rate Estimation. After estimating the total number of nauplii hatched per 

spawning, the hatching rate (%) was computed by applying formula 1 and 2, as follows: 

where: 

HR= ESx100 
NH 

HR = Hatching Rate (%) 

ES = Total eggs spawned 

NH = Total nauplii hatched 

Methods of Larval and Postlarval Rearing. 

Stocking Rate. The stocking rate was maintained at 50 larvae/postlarvae per liter 

(25,OOO/tank) throughout the duration of the experiment. The nauplii were treated with 2.0 

ppm methylene blue for 1 5 min prior to transferring them to the larval rearing tank. 
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Feeding Schedules. The nauplii were not fed until they reached the zoea stage. The 

zoea (Z-1) were fed with the diatom ChaetocerQS calcitrans once a day by pumping 75 liters 

from the diatom culture chamber into the larval rearing tanks. A commercial artifical diet 

(Fripak) was also fed daily at a rate of 2.5 g dissolved in 2.0 I water per tank. The older stages 

of zoea (Z-2 to Z-3) were fed a smaller amount of $;.. calcitrans at 25 liters daily, but the 

quantity of the artificial diets given to the animals which included Fripak and a powdered 

artificial plankton (Japanese product; technical descriptions in Japanese) was increased by 

almost 25%. These two artifical diets were given twice daily. In the case of the mysis (M-1), 

the animals were fed gradually with brine shrimp nauplii (Artemia salina) and the amount of ~. 

calcitrans was slightly reduced to 20 liters per tank daily. 

The older stages of mysis (M-2 and M-3) were fed A. ~ as the main diet twice a 

day, in addition to the supplemental diet consisting of Fripak and ,!;.. calcitrans. The main diet 

of the postlarvae consisted mainly of brine shrimp nauplii, in addition to 10-15 liters of ,!;.. 

calcitrans, homogenized egg custard and the artificial diet Fripak. The detailed feeding summary 

is shown in Table 29. 

Water Quality Monitoring. Water quality (temperature, salinity, pH and nitrite levels) 

were monitored twice daily. A portable water heater was installed in each larval rearing tank 

in order to maintain the water temperature between 29 °C and 30 °C, which was the desired 

temperature for normal larval metamorphosis. Salinity levels ranged from 30-34 ppt, while the 

pH ranged between 7.4 and 8.1. Nitrite levels ranged from 0.2 to 0.8 ppm. 

Estimation of LarvallPostlarval Survival Rate. Survival rate (%) of the larvae and post 

larvae was constantly monitored, specifically at the zoea (Z-2), mysis (M-2) and PL-7 stages. 

The survival rate was estimated using the formula below: 



Table 29. Feed types and feeding schedule of the different larval and post larval 
stages of Penaeus monodon populations hatched from eggs washed 
with different types of sterilized seawater. 

LIFE STAGE FEED TYPE FEEDING FREQUENCY 

Nauplii No feed 

Zoea-1 C. ca/citrans once a day 

Fripak twice a day 

Zoea-2 C. ca/citrans twice a day 

Fripak twice a day 

Artificial plankton once a day 

Zoea-3 C. calcitrans twice a day 

Fripak twice a day 

A. salina once a day 

Mysis 1/2/3 C. calcitrans once a day 

A. sa/ina twice a day 

Fripak twice a day 

PL 1, 2,3 A. salina twice a day 

Fripak once a day 

C. ca/citrans once a day 

PL 4 to 15 A. sa/ina twice a day 

Egg custard once a day 

C. calcitrans once a day 
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where: 

SR = Survival Rate (%) 

S. = Ave. no. larvae/postlarvae per liter 

Tv = Volume of culture tank (liters) 

p. = No. larvae/postlarvae at last sampling 

Sampling Procedures. Larvae and postlarvae were routinely sampled at stages Z-2 

(except in Compostela), M-2, PL-2 (except in Compostela), PL-7 and PL-15 for MBV testing. 

Sixty larvae or postlarvae were collected per tank per sampling. Half of the sample was fixed 

in Davidson's fixative while the other half was maintained alive for "wet mount" MBV testing. 

Method of MBV Diagnosis. The samples were tested for MBV using both the "wet 

mount" method as described by Lightner et aJ. (1983a) and routine histopathology (H&E) as 

described by Humason (1967), Luna (1968), and Bell and Lightner (1988). The results were 

presented based only on the histopathological examinations of the samples. 

Analysis of Data. The analysis of hatching and survival rates was made using one-way 

ANOVA (NCSS Version 4.1 by Dr. Jerey L. Hintze, Kaysville, UTI. When the F-ratio in the 
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ANOVA was significant, Fisher's LSD test was applied to determine which treatment means 

were significantly different from each other. Unless otherwise stated, all statistical analyses 

were presented at a = .05 confidence level. 

RESULTS 

Hatching Rate. Statistical analysis using ANOVA showed that the hatching rates of 

.E. monodon eggs washed with different types of chemically sterilized seawater were 

significantly different. The unwashed batches of eggs gave the highest percentage of hatching 

at 71.0%. The hatching rate of the unwashed eggs was statistically different from those eggs 

washed with iodine, chlorine and benzalkonium chloride-disinfected seawater, but not 

significantly different from that for eggs washed with ozone-disinfected seawater. Among the 

groups of washed eggs, the ozone-treated seawater gave the best hatching rate at 68.8%, 

followed by the benzalkonium chloride-sterilized seawater at 60.3%. However, the difference 

between these values was not statistically significant. The iodine-treated seawater gave the 

lowest percentage of hatching at 37.8% (Tables 30, 31 and 32; Figures 37 and 38). 

Survival Rate. The eggs washed with ozone-disinfected seawater exhibited the highest 

larval survival of 78.5% at M-2 stage, followed by the eggs washed with chlorinated seawater 

with a survival rate of 65.3%. The lowest survival rate at M-2 stage was recorded in the eggs 

washed with iodine-treated seawater. 

In terms of the postlarval survival at PL-7, the eggs washed with ozonized seawater 

showed the highest survival rate of 67.6%, followed by the eggs washed with benzalkonium 

chloride-sterilized seawater with a survival rate of 42.3%. The unwashed eggs gave the lowest 
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Table 30. Summary of hatching rate (%) of Penaeus monodon eggs washed with 
different types of treated seawater in all trials made. 

PRODUCTION TRIALS 

Type of Seawater 1 2 3 4 5 

Iodine 48.5 54.9 33.9 15.7 36.2 

Benzalkonium chloride 46.7 34.9 70.0 76.9 73.2 

Chlorine 39.6 76.2 37.5 38.4 49.7 

Ozone 66.2 71.0 67.2 67.3 72.4 

Unwashed 61.5 65.7 70.2 83.3 74.2 

Table 31. Summary of hatching rate records of Penaeus monodon eggs washed with 
different types of chemically treated seawater. 

Type of Treated Seawater No. of No. Eggs Nauplii Hatch 
Trials Spawned Hatched Rate 

Iodine-treated 5 324,300 126,200 37.8 

Benzalkonium chloride 5 275,650 169,000 60.3 

Chlorine-treated 5 242,950 118,000 48.3 

Ozone-treated 5 320,600 220,000 72.4 

Unwashed 5 275,000 192,400 71.0 
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Table 32. Summary of hatching rate of Penaeus monodon eggs washed with different types 
of chemically sterilized seawater. 

Hatchery Source of No of Eggs No. of Hatching 
Location Brood- Spawned Eggs Rate (%) 

stocks Hatched 

Iodine (100 ppm) 

Compostela, Cebu Panay Island 412,500 200,000 48.5 

Compostela, Cebu Panay Island 365,000 200,000 54.9 

Matabungkay, Batangas Quezon Province 280,000 95,000 33.9 

Iba, Zambales Mindoro Province 332,000 52,000 15.7 

Iba, Zambales Mindoro Province 232,000 84,000 36.2 

Average 324,300 126,200 37.8 

Benzalkonium chloride (2.0 ppm) 

Compostela, Cebu Panay Island 321,250 150,000 46.7 

Compostela, Cebu Panay Island 215,000 75,000 34.9 

Matabungkay, Batangas Quezon Province 250,000 175,000 70.0 

Iba, Zambales Mindoro Province 312,000 240,000 76.9 

Iba, Zambales Mindoro Province 280,000 205,000 73.2 

Average 275,650 169,000 60.3 

Calcium hypochlorite (10.0 ppm) 

Compostela, Cebu Panay Island 252,500 100,000 39.6 

Compostela, Cebu Panay Island 236,250 180,000 76.2 

Matabungkay, Batangas Quezon Province 240,000 90,000 37.5 

Matabungkay, Batangas Quezon Province 190,000 73,000 38.4 

Iba, Zambales Mindoro Province 296,000 147,000 49.7 

Average 242,950 118,000 48.3 
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Ozonized Seawater 

Iba, Zambales Mindoro Province 468,000 310,000 66.2 

Iba, Zambales Mindoro Province 310,000 220,000 71.0 

Iba, Zambales Mindoro Province 290,000 195,000 67.2 

Iba, Zambales Mindoro Province 245,000 165,000 67.3 

Iba, Zambales Mindoro Province 290,000 210,000 72.4 

Average 320,600 220,000 68.8 

Unwashed Eggs (Controls) 

Compostela, Cebu Panay Island 317,000 195,000 61.5 

Compostela, Cebu Panay Island 300,000 197,000 65.7 

Matabungkay, Batangas Quezon Province 292,000 205,000 70.2 

Matabungkay, Batangas Quezon Province 210,000 175,000 83.3 

Iba, Zambales Mindoro Province 256,000 190,000 74.2 

Average 275,000 192,400 71.0 
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Figure 37. Graphical representation of the hatching rate of Penaeus monodon eggs washed 
with different types of chemically sterilized seawater. (10 = iodine; BC 
benzalkonium chlGl'ide; CL = calcium hypochlorite; OZ = ozone; UN = 
unwashed). 
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Figure 38. Comparative representation of the average hatching rates of Penaeus monodon 
eggs washed with different types of chemically disinfected seawater based on the 
five productiontrials conducted. (10 = iodine; BC = benzalkonium chloride; CL = 
calcium hypochlorite; OZ = ozone; UN = unwashed) 



percentage survival of 30.6% at PL-7 stage (Figure 6). The detailed survival rate of the 

different larval and postlarval stages in all production trials is shown in Table 33. 
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There were statistically significant differences in the average survival rates of the 

shrimps from zoea (Z-2) to postlarval (PL-7) stages based on treatment with different types of 

chemically disinfected seawater. The shrimps hatched from eggs washed with ozonized 

seawater gave the best survival rate, which was significarltly different from those shrimps 

hatched from eggs washed with iodine, benzalkonium chloride and chlorine-disinfected 

seawater. Although the animals hatched from eggs washed with banzalkonium chloride

disinfected seawater gave the second highest hatching rate, this value was not significantly 

different from the survival rates of the animals hatched from eggs washed with iodine and 

chlorine-treated seawater. 

Prevalence of MBV Infection. Out of the five experimental production trials made, four 

trials in which lhe eggs were washed with different types of chemically disinfected seawater 

gave negative results for MBV up to the PL-15 stage. One trial (Trial IV; Iba hatchery) was 

found to be positive for MBV at PL-15 including all those washed with chemically sterilized 

seawater and the unwashed groups of eggs. Figure 40 shows the hepatopancreas of an MBV 

negative postlarva (PL-7) produced by using the SEP procedure and an MBV-infected postlarvae 

(PL-7) hatched from unwashed eggs in Trial 4. 

The unwashed groups of eggs in all the five trials gave a consistently MBV positive 

post larval population starting as early as PL-7, which ranged from 30.0% to 50.0% prevalence 

rate, and from 73.0% to 100.0% MBV prevalence rate when the post larvae reached PL-15 

stage. All experimental runs (treated and untreated controls) gave MBV-negative results in the 

larval stages (Table 34). 
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Figure 39. Summary of the survival rate of Penaeus mQnodon larvae and postlarvae hatched 
from eggs washed with different types of sterilized seawater. (lD = iodine; BC = 
benzalkonium chloride; CL = calcium hypochlorite; OZ = ozone; UN = unwashed) 



Table 33. Survival rate of the different larval and postlarval stages of Penaeus monodon 
hatched from eggs washed with different chemically sterilized seawater. 

I Life Stage I Rep. A I Rep. B I Rep. C I Rep. 0 I Rep. E 

Iodine sterilized seawater (100 ppm) 

Z-2 61.1 58.6 76.0 81.0 78.0 

M-2 23.5 32.4 65.8 70.4 58.0 

PL-7 16.8 18.6 48.0 54.4 53.2 

Benzalkonium chloride sterilized seawater (2.0 ppm) 

Z-2 55.4 92.9 87.0 76.0 81.0 

M-2 33.1 54.8 71.3 55.3 62.9 

PL-7 21.2 32.3 54.9 50.0 52.9 

Calcium hypochlorite sterilized seawater (10.0 ppm) 

Z-2 97.7 96.4 87.0 84.0 82.0 

M-2 71.6 62.5 59.8 64.3 68.3 

PL-7 41.6 34.0 38.5 31.5 32.1 

Ozone sterilized seawater 

Z-2 95.3 86.9 87.2 92.1 87.6 

M-2 82.4 79.4 81.3 76.7 72.9 

PL-7 69.4 68.4 72.2 65.3 62.7 

Unwashed eggs (Controls) 

Z-2 99.1 98.8 73.0 78.0 81.0 

M-2 66.5 65.5 41.1 44.9 51.9 

PL-7 31.9 35.0 26.7 28.6 30.9 
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Figure 40. Comparative histological sections of the normal and MBV-infected 
hepatopancreatic tissues of Peneaus monodon postlarva at age PL-7. 
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1. Grade 3-4 MBV severity of infection showing multiple MBV occlusion bodies 
(arrows) in the hepatopancreatic tissues of a postlarva hatched from 
unwashed eggs. H&E staining. (Bar = 50 pm). 

2. Histological section of normal (Grade 0 MBV) hepatopancreatic tissue of a 
postlarva hatched from eggs washed with ozone-treated seawater. H&E 
staining. (Bar = 50 pm). 
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Tllble 34. Incidence of MBV per larval and postlarval stages of f. monodon hatched from eggs washed with different types of chemically ltenliZed 
seawater. 

ZOEA-2 MYSIS-2 Pl-2 Pl-7 Pl·t5 

Trial No. Trial No. Trial No. Trial No. Trial No. 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 i 2 3 4 5 

I - - 0 0 0 0 0 0 0 0 - - 0 0 0 0 0 0 0 0 0 0 0 20 0 

B - - 0 0 0 0 0 0 0 0 - - 0 0 0 0 0 0 0 0 0 0 0 66 0 

C - - 0 0 0 0 0 0 0 0 - - 0 0 0 0 0 0 0 0 0 0 0 tOO 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 

U . . 0 0 0 0 0 0 0 0 - - 0 0 0 30 40 0 47 50 tOO tOO 73 87 90 

I Iodine sterilized aeawater 

B Benzalkonium sterilized aeawater 

C Calcium hypochlorite sterirJZBd seawater 

0 Ozone sterilized seawater I 
U Unwashed eggs (controls) I 

... 
~ 
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DISCUSSION 

The occurrence of various bacterial, viral, parasitic and fungal diseases in larval and 

postlarval rearing facilities are primarily due to insufficiency or absence of sanitary procedures 

such as disinfection, regular dry-out, separate equipment for each tank, and the lack of 

separate rooms for maturation, spawning and hatching and larval rearing (AQUACOP, 1985). 

The results of this study showed that egg prophylaxis by washing and rinsing spawned 

eggs is the most important step towards the production of MBV-free.E. monodon postlarvae. 

Out of the five production trials made, four trials have produced MBV-free postlarval 

populations up to PL-15, or a success rate of 80%. One trial (Trial IV) gave MBV-positive 

population in all washed and unwashed eggs upon reaching PL-15, which led me to speculate 

that possible contamination might have occurred when the animals were between PL-8 to 

PL-14. 

It is interesting to note that regardless of the type of disinfected seawater used to wash 

the eggs in this study, all treatments produced MBV-free postlarvae up to PL-15. However, 

there existed significant differences among the types of disinfected seawater used in 

comparison to the hatching rate of the eggs and the survival rate of the animals during their 

larval and postlarval life stages. 

The high hatching rate exhibited by the unwashed eggs (control groups) relative to the 

treated eggs can probably be attributed to three major factors, namely: a) handling, b) chemical 

residual toxic effects and c) duration (time frame) of the fertilization process. Handling of the 

eggs during washing was found to be the most critical process of this technique probably 

because of the delicate nature of the egg's outer membrane and possible mechanical 

destruction and/or deformation of the eggs. Secondly, the unwashed eggs were not subjected 

to the possible residual toxic effects of the chemically treated seawater that could potentially 
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damage the egg. Another important factor in the high hatching rate of the unwashed eggs was 

due to their longer time of fertilization. Although it is believed that fertilization can take place 

within 1 5 to 30 min after spawning, prolonging the fertilization period in the water without 

disturbance may increase the fertilization rate of the eggs. In fact, routine microscopical 

examination of the eggs in the morning showed that the unwashed eggs had higher fertility 

rate than the washed groups. 

Although ozonized seawater appeared to be the best disinfectant based on high egg 

hatching rate and larvallpostlarval survival, its use in small and medium scale hatchery 

production would be a critical factor in terms of its capital and operational costs. The 

benzalkonium chloride-treated seawater gave the second highest hatching rate of 60.3%, 

making it an alternative choice, especially in small scale hatcheries. Benzalkonium chloride is 

a quaternary ammonium compound used as a surface disinfectant, a detergent, and as a topical 

antiseptic. In this study, it appeared that this chemical compound had minimal adverse effect 

on the integrity of the egg membrane, hence, satisfactory hatching rates were obtained. Lio 

Po et al. (1985) have demonstrated that 10 ppm of benzalkonium chloride solution did not 

show any inhibitory effect on the hatching rate of .E. monodon eggs when used to control the 

fungi Lagenidium sp. and Haliphthoros philippinensis. 

The iodine-disinfected and chlorinated seawater showed low hatching rates of 37.8% 

and 48.3%, respectively. One of the drawbacks of using chlorinated seawater was the 

neutralization process with sodium thiosulfate. In freshwater environments, sodium thiosulfate 

is non-toxic, but in seawater, 1.0 mg/I sodium thiosulfate has been shown to be toxic to larval 

penaeid shrimps (Johnson and Cichra, 1985). In addition to this, the chlorine reaction dynamics 

in seawater is very complex; hence, the use of commercial chlorine test kits is not always 

reliable. Under actual production conditions, these commercial chlorine test kits may prove to 

be practical tools but may not be quantitatively accurate. This lack of accuracy may cause 
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production problems when chlorine is not properly neutralized. It should be emphasized that 

the lack of positive chlorine residuals indicated by these test kits may not always indicate the 

absence of chlorine toxicity (Huguenin and Colt, 1989). One of the important properties of 

chlorine is its ability to be readily converted to chloride. Although chlorine has a very short 

half-life in the water, it may exert corrosive effects on the egg membrane, being a strong 

oxidant, which could result to lower hatching rate. 

Overall, the eggs washed with ozone-disinfected seawater gave the highest survival 

rate of 67.6% in PL-7 animals. This high postlarval survival can be attributed to the substance 

itself, having a rapid rate of decay in the water with low level ozone residuals. Ozone residuals 

are believed to cause genetic damage to developing embryos and larval forms of marine 

species; hence, Blogoslawski et al. (1975) recommended the use of activated carbon filtration 

to eliminate ozone residual in ozonized seawater. On the contrary, the unwashed eggs 

exhibited the highest hatching rate, but gave the lowest survival rate of only 30.6% when the 

animals reached PL-7. This low survival rate can be attributed to microorganisms, such as 

bacteria and fungi, that may have attached to the eggs and may have infected the larvae after 

hatching. It can also be noted in the unwashed eggs that the average survival rate at Z-2 stage 

was 86.0% but abruptly dropped to 54.0% at M-2. In contrast, the eggs washed with 

ozone-treated seawater gave a relatively higher survival rate of 89.2% at Z-2 and gradually 

dropped to 78.5% at M-2 and 67.6% at PL-7. The survival rate of the postlarvae (PL-7) 

hatched from the eggs washed with ozonized seawater was more than twice as the survival 

rate of the PL-7 hatched from unwashed eggs which was 30.6%. 

The production of disease-free penaeid postlarvae by means of egg rinsing technique 

has been tried in other countries with substantial success. In Japan, for instance, the infection 

of baculoviral midgut gland necrosis virus (BMNV) in Kuruma shrimp (f. japonicus) was 

eliminated by rinsing the eggs with "clean seawater" (Momoyama and Sa no, 1989). In the 
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Philippines, it was reported that rinsing f. monodon eggs with 10 ppm Treflan, a fungicide, 

was effective in controlling Haliphthoros philippinensis in hatcheries (Lio Po, et aI., 1985). 

Several attempts have bee .. made to control horizontal transmission of MBV in hatcheries. One 

such study was the fitting of human latex condom over the tail of the spawners, which served 

as a collecting device for MBV-contaminated feces that are extruded into the water during 

spawning (Kittiwattanawong et aI., 1990). Preliminary trials conducted by this author using the 

"condom method" revealed that it presented some technical problems, such as "delayed" or 

suppressed spawning. This was probably due to the stress and uneasiness of the spawners 

caused by the presence of the latex condoms that tend to make them have difficulty swimming 

in the water during the spawning period. Out of the 7 spawners that were made to use the 

condom during spawning, only 3 were able to spawn, and 1 among the 3 had lost this 

feces-collecting device in the process. 

In Taiwan, it was suggested that MBV-free f. monodon postlarvae can be produced 

by a "multiple egg washing technique" by 'I min rinsing in 100 ppm formalin solution, followed 

by a 1 min iodophore (0.1 ppm) rinsing and a final 3 to 5 min rinsing in seawater (Asian Shrimp 

News, 1 990). Two informal trial runs conducted during the initial preparation of the 

experimental design of this study revealed that when the eggs were washed with 100 ppm 

formalin solution at 30°C for 1 min, the hatching rate obtained was 23.8% and 27.3%, 

respectively with a mean of 25.6%. This showed that f. monodon eggs are sensitive to 

formalin. In fact, even in the nauplii stage, it was demonstrated by Castille and Lawrence 

(1986) that 27.0 mgtl formalin solution caused 100% mortality in f. stvlirostris nauplii within 

12 hours. It is therefore recommended that further bio-assay studies be made in order to 

assess the hatching rate of f. monodon eggs and survival of the larvae hatched from eggs 

washed with different concentrations of formalin, at different exposure periods, and at different 

water temperatures. 
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CHAPTER VII 

SUMMARY ICONCLUSIONS 

1. MBV was the most prevalent disease in hatchery-reared and pond-cultured f. 

monodon populations in the Philippines which accounted for 249 cases (67.1 %) from a total 

of 372 diagnostic cases examined from October, 1989 to December, 1990. In terms of the 

total number of shrimps examined on the same period, 5,085 (55.8%) were MBV-infected out 

of 9,110 f. monodon samples. 

2. There was a high positive correlation between the host age and the incidence of 

MBV in hatchery-reared f. monodon postlarvae. This correlation indicated that the incidence 

pattern of MBV increased with increasing age of the host. 

3. MBV was consistently diagnosed in f. monodon in all sampling areas (provinces) 

every month throughout the entire sampling period. There was a low correlation (r = 0.3) 

between the occurence of MBV and time (month). Therefore, MBV epizootics are basically 

hatchery and/or pond management related problems and do not specifically relate to certain 

geographical distribution or seasonal variations. 

4. A presumed Type C Baculovirus and red disease were consistently diagnosed in 

MBV-infected hatchery-reared and pond-cultured f. monodon populations. This presumed Type 

C Baculovirus is the first case record in the Philippines. 

5. Experimental transmission of MBV to different life stages of f. monodon showed 
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that the route of MBV infection was via oral transmission. The nauplii and zoeal larval stages 

were refractory to MBV infections within 12 days post inoculation while the MBV-exposed 

mysis-2 larval stage showed MBV infection within 6 days post inoculation. The younger MBV

exposed postlarvae (PL-3) showed MBV infection on the third day post inoculation while the 

older postlarvae (PL-9 and 11) manifested MBV infection on the second day post inoculation. 

This pattern of infection in laboratory infected larval and postlarval .E. monodon populations 

indicated an inverse relationship between the incubation period of MBV and age of the host. 

6. The severity of infection (SOl) pattern showed that the younger MBV-infected 

postlarvae had lower SOl than the older postlarvae. The SOl pattern in all age groups showed 

a distinctly amplified SOl at the final day (12th day) post inoculation. 

7. Cumulative mortality in laboratory-infected and unexposed control groups of .E. 

monodon nauplii and zoe a larval stages was not statistically significant (0 = 0.05). However, 

there was statistically significant accumulative mortality differences observed among the 

infected and unexposed control groups of mysis and in all postlarval stages. 

8. Growth rate was not significantly different between the MBV-infected and the 

unexposed control groups of larval and postlarval test shrimps. 

9. MBV in infected hepatopancreatic tissues of .E. monodon was very resistant to 

chemical agents such as 150 ppm iodine, 10 ppm calcium hypochlorite, 1: 1 00 dillution of 

peroxygen/organic acid compounds at maximum exposure times of 6 hr, 8 hr and 4 hr, 

respectively. Likewise, MBV was resistant to environmental parameters such as freshwater (0 

ppt) and to 37°C at maximum exposure time of 4 hr. This resistance to different chemical 
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agents and environmental parameters was probably due to the tough proteinaceous material 

(polyhedrin) of MBV occlusion bodies which acted as a protective matrix against these 

chemical agents and extreme environmental parameters. 

10. Direct sunlight exposure for 4 hr completely inactivated MBV in infected 

hepatopancreatic tissues of f. monodon. MBV, being a virus of an aquatic species, might be 

far less resistant to drying and sunlight exposure when compared with other insect 

baculoviruses. 

11 . There was no significant differences observed between the cumulative mortalities 

in the test shrimp fed hepatopancreatic tissues treated with iodine, peroxygen/organic acid 

compound or calcium hypochlorite. Therefore, these chemicals were not significant factors in 

cumulative mortalities. 

12. In pond-culture of f. monodon, MBV infection resulted in low production. The MBV 

negative f. monodon populations in ponds grew 43.3%,20.8%, 13.7% and 13.7% more than 

the MBV positive populations at stocking densities 30/sq.m., 20/sq.m., 18/sq.m. and 10/sq.m., 

respectively. These observed differences in GRD between MBV negative and MBV positive 

populations decreased as the stocking density decreased; hence, MBV infections may not be 

a problem in extensive culture where the stocking density ranges from 1 to 2 shrimps per 

square meter. 

13. Weight gain (WG) was not significantly different in MBV negative and MBV positive 

populations of f. monodon at stocking density levels 20/sq.m. and 18/sq.m. where a" ponds 

were affected by light to moderate protozoan and bacterial she" disease. 
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14. f. monodon populations with MBV infections at stocking may harbor the virus 

throughout the whole culture period. However, the severity of infection (SOl) may decrease 

as the culture period increases. This decrease in SOl was probably due to the rapid 

regeneration of hepatopancreatic tissues in infected shrimps. 

15. Differences in food conversion ratio (FeR) in MBV negative and MBV positive 

populations in all stocking density levels were not statistically significant. It was possible that 

high quality feeds given to the shrimps and the optimum water quality conditions that prevailed 

during the cultured period have contributed to a relatively lower food conversion ratio among 

the MBV positive populations. 

16. Differences in survival rate between the MBV negative and MBV-infected pond

cultured f. monodon populations were significant only in stocking densities 20/sq.m. and 

18/sq.m. where all MBV negative and positive populations were affected by protozoan 

infection and bacterial shell disease throughout the whole culture period commencing at DOC 

42. No significant survival rate difference was observed between Ponds SR30 and Ponds SR 10 

where the shrimps were not infected with protozoan fouling and bacterial shell disease. These 

observations suggest that MBV infection alone did not cause significant mortality rate 

differences between the MBV negative and MBV positive populations. Hence, MBV infections 

in pond cultured f. monodon can cause significant mortalities if secondary disease problems 

such as protozoan fouling and bacterial shell disease exist. 

17. The transmission of MBV in hatchery reared f. monodon larvae/post/arvae can be 

by wild MBV-infected broodstocks. During spawning, these MBV-infected broodstock may 

continuously shed tremendous quantities of MBV occlusion bodies and free virus via their feces 
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before and during spawning. The MBV contaminated feces remained in the water until the eggs 

were hatched into nauplii stages and may have infected the shrimps when they began feeding. 

18. The production of MBV-free hatchery-reared f. monodon postlarvae was achieved 

by means of strategic egg prophylaxis (SEP) method where the eggs were washed and rinsed 

in chemically treated seawater. The principle involved in this method was to eliminate all 

possible egg contaminants, including free MBV virus and occlusion bodies, by means of egg 

prophylaxis using iodine, benzalkonium chloride, calcium hypochlorite or ozone-treated 

seawater. 

19. Experimental production of MBV-free f. monodon postlarvae using the SEP method 

gave 4 out of 5 production trials (80% success rate) MBV negative postlarval populations up 

to PL-15. The unwashed control groups of eggs produced M BV positive postlarvae when the 

animals were at PL-7 stage until PL-15. This experiment has demonstrated that the use of any 

one among the 4 types of chemically-treated seawater tested can produce MBV-free postlarval 

populations from MBV-contaminated spawning seawater. 

20. The f. monodon eggs washed with ozone and benzalkonium chloride-treated 

seawater gave higher hatching rates of 68.8% and 60.3%, respectively as compared with 

iodine and calcium hypochlorite. However, the unwashed eggs gave the highest hatching rate 

of 71.0%. This indicated that handling of the eggs during washing/rinsing period was the most 

critical part of the SEP method. This high hatching rate of the unwashed eggs was due to the 

absence of handling processes involved which might have exerted possible mechanical 

destruction and/or deformation to the eggs' delicate outer membrane. 
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21. In terms of postlarval survival up to PL-7, the postlarvae hatched from eggs 

washed with ozone-treated seawater produced 67.6% survival rate. The postlarvae hatched 

from benzalkonium chloride-treated seawater had a survival of 42.3%. The unwashed eggs 

produced 30.6% postlarval survival at PL-7. 

22. Although the use of ozone-treated seawater gave the highest hatching rate and 

postlarval survival, the use of benzalkonium chloride-treated seawater appreared to be a better 

choice for medium and small scale hatchery production of MBV-free f. monodon postlarvae 

due to the high capital and operational cost of ozone generators. 



I 

186 

APPENDIX A. ORIGINAL DATA OF THE AVERAGE BODY WEIGHT (ABW), SURVIVAL (%) AND 
FOOD CONVERSION RATIO (FCR) OF PONDS SR30- and SR30 +. 

DOC ABW SURVIVAL FCR 

MBV- MBV+ MBV- MBV+ MBV- MBV+ 

20 0.7 0.5 99.8 99.7 0.76 1.07 

30 1.9 1 .1 98.3 98.3 0.55 0.72 

36 2.6 1.7 98.7 93.9 0.62 0.81 

49 4.5 2.8 93.9 90.0 0.73 0.93 

56 6.2 3.9 90.0 85.0 0.82 1.20 

63 9.2 6.1 90.0 90.0 0.85 1.05 

70 11.0 6.9 90.0 90.0 0.99 1.22 

77 13.2 8.4 90.0 90.0 1.12 1.32 

83 14.9 10.0 90.0 85.0 1.29 1.49 

90 15.8 12.2 90.0 80.0 1.49 1.68 

96 20.3 14.2 85.0 80.0 1.50 1.71 

102 21.1 16.1 85.0 75.0 1.80 1.84 

112 27.0 17.0 85.0 75.0 1.63 1.92 

119 28.3 17.9 80.0 75.0 1.90 1.94 
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APPENDIX B. ORIGINAL DATA OF THE AVERAGE BODY WEIGHT (ABW), SURVIVAL (%) AND 
FOOD CONVERSION RATIO (FCR) IN PONDS SR10- and SR10+. 

DOC ABW SURVIVAL FCR 

MBV- MBV+ MBV- MBV+ MBV- MBV+ 

24 1.2 0.8 100.0 100.0 0.11 0.18 

36 2.9 1.9 80.0 76.0 0.39 0.45 

56 7.4 5.1 72.5 65.7 1.25 1.26 

70 10.5 8.2 77.4 59.4 1.20 1.20 

84 17.2 14.3 74.1 77.1 1.00 1.70 

98 25.7 21.6 75.3 71.3 1.10 1.58 

112 34.1 30.2 73.5 71.3 1.10 1.58 

126 43.7 37.7 73.6 68.5 1.80 1.72 
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