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ABSTRACT: This paper describes a new bacterial white spot syndrome (BWSS) in cultured tiger shrimp 
Penaeus monodon. The affected shrimp showed white spots similar to those caused by white spot 
syndrome virus (WSSV), but the shrimp remained active and grew normally without s~gnificant mor- 
talities. The study revealed no evidence of WSSV infection using electron microscopy, histopathology 
and nested polymerase chain reaction. Electron microscopy indicated bacteria associated with white 
spot formation, and with degeneration and discoloration of the cuticle as a result of erosion of the epi- 
cuticle and underlying cuticular layers. Grossly the white spots in BWSS and WSS look similar but 
showed different profiles under wet mount microscopy The bacterial white spots were lichen-like, hav- 
ing perforated centers unlike the melanlzed dots in WSSV-induced white spots. Bacteriological exam- 
ination showed that the dominant isolate in the lesions was Bacillus subtilis. The occurrence of BWSS 
may be associated with the regular use of probiotics containing B. subtilis in shrimp ponds. The exter- 
nally induced white spot lesions were localized at the integumental tissues, i.e., cuticle and epidermis, 
and connective tissues. Damage to the deeper tissues was limited. The BWS lesions are non-fatal in the 
absence of other complications and are usually shed through molting. 
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INTRODUCTION 

White spot syndrome (WSS) caused by white spot 
syndrome virus (WSSV) is a fatal disease that spreads 
rapidly and causes massive mortalities (Chou et al. 
1995, Huang et al. 1995, Wongteerasupaya et al. 
1995, Flegel 1997). Since 1992, WSS has spread from 
East Asia to many Asian countries and more recently to 
Latin America. WSS was first observed in Peninsular 
Malaysia in 1994 (Wang et al. 1996); it peaked in 1996, 
affecting over 80% of the shrimp farms during the 
rainy season (from October to February). Through its 
years of serious impact on the shrimp industry, the 
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farming community has learned to recognize the typi- 
cal clinical signs of WSS, i.e., the appearance of white 
spots on the cuticle. The shrimp die within 3 to 7 d after 
the appearance of white spots. As consequent losses 
are heavy, the appearance of white spots usually com- 
pels the farmers to harvest the crop immediately or to 
destroy the crop to avoid the spread of WSSV to other 
ponds. During our recent farm visits, however, we 
encountered instances of shrimp showing similar clini- 
cal signs of white spots, but the shrimp were active, in 
apparently healthy condition and grew normally with- 
out suffering significant mortalities. These cases were 
WSSV-negative when tested with nested polymerase 
chain reaction (PCR) in the designated national labora- 
tory for WSSV screening, the Aquatic Animal Health 
Unit at the Faculty of Veterinary Medicine, Universiti 
Putra Malaysia. Some farms reported good harvest in 
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spite of the appearance of clinical signs of white spots 
even during the early stages of the culture period. 
These unusual cases were investigated and the white 
spots were found to be assiciated with bacteria. Thus, 
the syndrome was referred to as bacterial white spot 
syndrome (BWSS) and it was compared with WSS. 

MATERIALS AND METHODS 

Live tiger shrimp Penaeus monodon showing white 
spots on their cuticles were collected from 5 commer- 
cial farms located in 3 states (Table 1) in Peninsular 
Malaysia from November 1998 to May 1999. The live 
shrimp were maintained in aquaria at the Aquatic Ani- 
mal Health Unit at the Faculty of Veterinary Medicine, 
Universiti Putra Malaysia, for observation of disease 
progression and other subsequent studies. 

The shrimp in the aquaria were examined daily for 
the development of clinical signs including external 
lesions, behavioral changes and mortality. For histo- 
pathological study, 15 shrimp from each sample were 
preserved in Davidson's fixative. The head regions 
including the cuticles were removed and processed 
routinely with hematoxylin and eosin (H&E) staining 
(Lightner 1996). The cuticular white spots were also 
examined by wet mount microscopy. In addition, 10 
shrimp with cuticular white spots from Samples 3 and 
5 were fixed in 4 %  glutaraldehyde for transmission 
electron microscopic (TEM) and scanning electron 
microscopic (SEM) studies. For TEM examination, 
cuticles with epidermis and other soft tissues were pro- 
cessed routinely, and ultra-thin sections were stained 
with uranyl acetate and lead citrate (Hayat 1986). Cuti- 
cles showing distinct white spots under light micro- 
scopy were mounted on a stub and coated with gold for 
SEM viewing (Murphy & Roomans 1984). 

The samples were also tested for WSSV, using 
primers (outer and inner) derived from a DNA frag- 
ment conserved for systemic ectodermal and meso- 
dermal baculovirus (SEMBV) and rod-shaped nuclear 
virus of Penaeus japonicus (RV-PJ) (Takahashi et al. 
1996) to perform a 2-tube nested PCR assay. The 
outer and inner primer pairs amplify products of 816 

and 153 bp respectively. The assay also contained a 
shrimp DNA-specific primer pair that amplifies a 
232 bp product to act as false negative ~ndicator. The 
DNA for the PCR test was extracted from tissues 
of the head region (excluding the hepatopancreas) 
using 10 shrimp from each sample. The tissues were 
fixed in 70% ethanol, and DNA was extracted using 
DNAZO~@ (Molecular Research Center, USA) accord- 
ing to the manufacturer's recommendation. The am- 
plification was performed in a RapidCycler (Idaho 
Technology, USA). The PCR products were analyzed 
by electrophoresis on 2 %  agarose gel. After electro- 
phoresis, the gel was stained with ethidium bromide 
(0.5 pg ml-l), and read by ultraviolet transillumina- 
tion. 

Bacteria were isolated from the affected carapaces 
peeled from 10 shrimp each from Samples 3 and 5 in 
the following manner. The carapaces were homoge- 
nized in sterile seawater at a ratio of 1:9, and the 
homogenate was serially diluted to 10-', 10-2 and 
I O - ~ ,  and 0.1 m1 of each dilution was spread onto 2 %  
NaCl tryptone soya agar (TSA). After incubation at 
37°C for 48 h, the colonies formed were examined 
and selected for isolation. These pure isolates were 
Gram stained to observe their morphology and stain- 
ing properties. The identity of the Gram-negative 
bacteria was determined by conventional biochemical 
tests in combination with a BBL Crystal KitT" (Becton 
Dickinson Microbiology Systems, USA). The assign- 
ment to each genus was based primarily on the 
capacity for growth on TCBS (thiosulphate citrate bile 
sucrose) agar, oxidase test, sensitivity to vibriostat 
0/129, morphology (curved or straight rods) and uti- 
lization of glucose. The biochemical tests (amino acid 
decarboxylase, sugar fermentation, indole and Voges 
Proskauer test) were performed according to the 
standard procedures (Cowan 1974, MacFaddin 1980). 
For the Gram-positive endospore-forming rod-shaped 
bacteria, the isolates were subjected to tests for oxi- 
dase, catalase, motility, sugars (xylose and mannitol), 
Voges Proskauer and the ability to hemolyse blood 
agar. The identification of bacterial species was 
based on Bergey's Manual (Holt et al. 1994) and 
(Jang et al. 1987). 

Table l. Penaeus monodon. Brief information on the shrimp samples collected for the investigations 

Sample Sampling date No. of shrimp Location Age Use of Survival rate 
no. (pieces) (days post-stocking) probiotic at harvest (%) 

1 28 Nov 1998 
2 4 Dec 1998 
3 5 May 1999 
4 7 May 1999 
5 19 May 1999 

20 Perak 
20 Johor 
30 Selangor 
20 Selangor 
3 0 Perak 

Yes > 80 
Yes > 90 
Yes 280 
Yes > 80 
Yes 2 70 
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RESULTS 

Gross signs and histopathology 

The diseased shrimp were active and feed- 
ing, except for the appearance of generalized 
white spots on the cuticle. The shrimp were 
able to molt without the occurrence of signifi- 
cant mortalities when compared with normal 
shrimp. The white spots were rounded and 
not dense. Some had a distinct whitish mar- 
ginal ring, with or without a pinpoint whitish 
dot at the center (Fig. l). Wet mount micro- 
scopy revealed BWS as opaque brownish 
lichen-like lesions with a crenated margin 
(Fig. 2a). The spot center that appeared 
darker was actually evidence of a deeper 
erosion area or perforation due to the destruc- 
tion of cuticle (Fig. 2b) .  In certain cases, the 
perforations were much larger and therefore 
were readily observed by the naked eye. In 
many cases, a seta was found at the center of 
the spots. From the center, numerous lines 
radiated to the crenated margin, giving rise to 
the Lichen-like profile. These radiating lines 
were, however, absent in the early stages. 
The spots seemed to expand from the center, 
resulting in tiers of homocentric rings. Under 
higher magnification, numerous bacteria and 
degenerating hemocytes were found in the 
matrices of spots (Fig. 2c). The bacteria were 
concentrated at the spot center. 

Histopathological studies revealed no WSS- 
pathognomonic inclusions in any tissue. How- 
ever, the cuticle, epidermis and connective tis- 
sues were infected with bacteria. The section 
through the spot center revealed perforation 
of the cuticle, where the underlying cuticular 

Figs. 1 & 2. (a,b) Bacterial white spots (BWS), 
which are less dense than virus-induced white 
spots. Note some BWS have a distinct whitish mar- 
ginal ring and may be with (arrows) or without 
(arrowheads) a pinpoint whitish dot in the center. 
F 2  Wet mount microscopy of BWS. (a) Peeled 
carapace showing the brownish-dscolored, lichen- 
like BWS with homocentnc rings (arrows) and a 
darkened center (C). Numerous Lines (arrowheads) 
radiate outward from the center to the crenated 
margin. Scale bar = 215 pm. (b) BWS undergoing 
degeneration. The perforation is in the center of the 
BWS (open arrows), where setae (arrows) were still 
present. Scale bar = 215 pm. (c) Peripheral margin 
of a BWS, showing numerous bacterial colonies 
(arrowheads) and degenerating hemocytes (arrows) 
within the white spot focus. Scale bar = 43 pm 
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generated cuticular fragments (arrows). Scale 
bar = 22 pm. Higher magnification of 
the epidermis and connective tissues adjacent 
to the opening and indicated with an open ar- 
-ow in Fig. 3. The micrograph shows a necrotic 
condition mades ted  as a dark basophilic mass 
(arrows). Scale bar = 22 pm. Plg An addi- 
tional layer (AL) consisting of hemocytes (ar- 
rowheads) and bacterial colonies, seen above - the cuticle (C) within the focus of a BWS. Scale 
bar = 43 pm. Inset: H~gher  magnification of AL 

W -  
heads).- he epicuticle has degenerated and 

is absent (arrows). Scale bar = 9 pm 
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organs such as gills, epidermis, connective tissues, 
antenna1 gland and muscle as described by Wang 
et al. (1999). Under SEM examination, the lichen- 
like spots were toned down and became indistinct 
due to the preparation. Nevertheless, the spot was 
detected by the presence of radiating lines, perfo- 
rations and numerous bacteria on the cuticle sur- 
face (Fig. 7). At higher magnifications, the center 
of the spot appeared as a cavity containing clus- 
ters of bacteria (Figs. 8 & 9). Haernolymph that had 
precipitated on the cuticle plugging the perfora- 
tion was also observed (Fig. 10). Within the peri- 
meter of the spot, the epicuticle layer and duct 
openings of the tegumental glands were eroded, 
exposing the underlying fibrillar laminae of the 
endocuticle (the second layer of cuticle), where 
the bacteria were amassed on the bared fibrils 
(Figs. 11 & 12). At high magnification, the bacteria 
were shown to be mainly bacilliform (Figs. 9 & 12). 
The radiating lines were actually fissures formed 
by the fault planes of layers of fibrillar laminae 
(Fig. 10). 

Nested PCR 

All samples from the 5 farms were shown to be 
WSSV-negative by the nested PCR assay (Fig. 13). 
The appearance of the 232 bp shrimp DNA pro- 
duct (false negative control) and 153 bp WSSV 
DNA product in the positive control confirmed the 
validity of the results. 

Bacterial isolation and identification 

Bacillus subtilis (Al ) ,  Flavobacterium odora turn 
(Bl )  and Vibrio cholerae (Cl )  were identified from 
Sample 3, while B. subtilis (A2), Shewanella pu- 
trefaciens (B2) and V. cholerae (C2) were identi- 
fied from Sample 5 (Tables 2 & 3). Based on bac- 
terial plate counts (Table 4), B. subtilis and V. 
cholerae were the major isolates in both cases, B. 

Figs. 7 -9. Fig. Scanning electron micrograph of the cu- 
ticle associated with BWS. Numerous bacterial colonies 
(*), radiating lines (blank arrows) and perforations (ar- 
rows) on the cuticle surface indicate the locations of 
BWS. Fig. 8. A perforated spot center (open arrow) 
packed with bacterial colonies. The fibrillar laminae 
(arrows) of the endocuticle have been exposed as a result 
of epicuticle erosion. Note the presence of duct openlngs 
of tegumental glands (arrowheads) and the remaining 
epicuticle. Fig. Higher magnification of Flg. 8 showing 
the presence of different shapes of bacteria in the BWS 
lesion cavity. Bacilliform types (arrows) are  dominant 



14 Dis Aquat Org 41: 9-18, 2000 

subtjljs was, however, the most dominant isolate, 
which was present in much higher numbers. 

DISCUSSION 

The bacterially induced white spots appeared 
at first glance to be identical to those caused by 
WSSV, but on closer examination the spots could 
be differentiated based on the following charac- 
teristics: (1) BWS is barely visible on the cuticle of 
live shrimp, but is readily seen on the peeled or 
molted cuticle, in which the spots are not dense 
and have a marginal ring with or without a pin- 
point whitish dot at the center. In contrast, WSSV- 
induced white spots are dense and easily observ- 
able on live shrimp (Fig. 14a). (2) Under light 
microscopy, BWS have a lichen-like profile with a 
crenated margin, numerous radiating lines, tiers 
of homocentric rings, and an eroded or perforated 
center area in which bacteria are clustered. In 
contrast, WSSV-induced white spots consists of a 
marginal ring (sometimes absent) and a central 
area that contains abundant melanized dots 
(Fig. 14b). (3) WSSV-infected shrimp usually suf- 
fer severe mortalities within a few days of the 
occurrence of clinical signs. In BWSS no signifi- 
cant mortalities were reported. (4)  The BWSS- 
affected shrimp did not show WSSV particles 
or typical intranuclear inclusions by TEM and 
light microscopy, respectively. Furthermore, BWSS 
shrimp were negative when subjected to a PCR 
assay for WSSV. Although the white spots de- 
scribed in this study were grossly similar to the 
white spots caused by WSSV, the etiological 
agents are apparently different. 

Wet mount microscopy, histopathology and 
SEM consistently revealed heavy bacterial con- 
centrations at the white spot lesions and erosion 
and perforation of the cuticle. The presence of a 
seta at the deeply eroded center suggested that 
the bacterial erosion had started at the seta folli- 
cle, where the bacteria could easily localize. The 
breach in the cuticle apparently resulted in the 

Figs. 10-12. Fig. 10. The precipitation (open arrow) of 
body fluid lodged on the cuticular perforation of a BWS 
lesion. The radiating lines (arrows) were actually fis- 
sures formed by the fault planes of layers of fibrillar 
laminae. Fig. 11. Presence of a large number of bacteria 
(arrows) attached to exposed f~brillar laminae. Fig. 12. 
Higher magnification of Fig. 11 showing the attachment 
of bacteria to exposed fibrillar laminae (arrows) of the 

endocuticle 
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Test A1 A2 
Bacillus subtilis Bacillus s u b u s  

Gram-staining morphology Rod with endospore Rod with endospore 
Oxidase + + 
Catalase + + 
Motility + + 
Arabinose + + 
Xylose + + 
Mannitol + + 
Hemolyse the blood agar + + 
Voges Proskauer + + 

Table 2. Morphological and biochemical identification tests performed on bacterial infection. We propose that this 
Gram-positive isolates from white spot lesions type of white spot be referred to as bacte- 

rial white spot (BWS), and that the disease 
be called bacterial white spot syndrome 
(BWSS). In this respect it might be appro- 
priate to refer to the WSS which is caused 
by virus as VWSS so that it is more readily 
differentiated from BWSS. 

Several species of Vibrio, Aeromonas, 
Spirillium and Flavobacterium that pro- 
duce extracellular lipases, proteases and 
chitinases have been associated with 
shrimp cuticular diseases such as black 
spot disease (Lightner 1988). Results of 
the present study revealed that Bacillus 

loss of body fluid together with hemocytes that precip- subtilis and V. cholerae were involved in 2 batches of 
itated on the cuticle surface, forming an additional BWSS cases, and both isolates were dominant among 
layer on the cuticle. This nutrient-laden layer appar- all the isolates derived from the homogenized cuticles. 
ently formed a good substrate to enhance bacterial The circumstantial evidence suggested that either one 
growth. The thickness of this layer to of the of them could be the primary cause of bacterial white 
thickness of normal cuticle) is be- 
lieved to be the cause of cuticular 
discoloration. The presence of mul- Table 3. Morphological and biochemical identification tests performed on Gram- 

tiple homocentric rings and radiat- negative isolates from whlte spot lesions. O/F: oxidase/fennentative; TSI: triple sugar 
iron; SIM: sulphide/indole/motility; VP: Voges Proskauer; +: positive; -: negative; ing lines Originating from the perfo- ND: not done; WK: a l k a h e  butwalkaline slant; R: resistant; WA: alkaline butvacid 

ration suggests that their formation slant; F: fermentative; M A :  acid butWacid slant; S: sensitive 
is related to the periodic or pulsed 
escape of body fluid and subsequent 
bacterial growth that gradually 
spread evenly from the perfora- 
tion to the adjacent cuticle surface. 
However, we believe that the initi- 
ation of the white spots is associ- 
ated with erosion of the cuticle 
by bacterial infection which leads 
to the release of body fluid. The 
absence of a central perforation 
and release of body fluid in some 
of the spots indicates that initiation 
of white spot formation does not 
depend on body fluid escape and 
precipitation. In many cases, SEM 
revealed numerous bacteria adher- 
ing to the fibrillar laminae of endo- 
cuticle confined to the white spot. 
This suggested that the bacteria 
could erode or deplete the epicuti- 
cle, leading to the degradation and 
disappearance of this layer, and 
subsequent exposure of the endo- 
cuticle. In summary, the white spots 
appear to result from degeneration 
and discoloration of the cuticle fol- 
lowing the erosion and disappear- 
ance of the epicuticle due to heavy 

Test B 1 B2 C1 C2 
Flavobacterium Shewanella Vibrio Vibrio 

odoratum putrefaaens cholerae cholerae 

Morphology Small Small Curved. Curved. 
rod rod small rod small rod 

Gram staining - - - - 
Growth on TCBS - + + + 
Catalase + + C + 
Oxidase + + + + 
O/F ND F F F 
TSI WK WA A/A A/A 
SIM -/-/- +/-/+ -/+/+ -/+/+ 
Citrate - + + - 
VP + + + + 
0/129 discs R R S S 
Esculin - - + + 
Urea + + + + 
Glycine + + + +/- 
Malonate - + - 
Arginine dihydrolase + + - 
Lysine decarboxylase + + + 
Orthinine decarboxylase + + + 
Arabinose - - - 
Mannose - + 
Sucrose + 
Meliobiose - 
Rhamnose - 
Sorbitol - 
Mannitol + 
Adonitol - 
Galactose - 
Inositol - - - - 
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Table 4. Bacterial plate counts for various isolates derived 
from Samples 3 and 5 

Sample Bacteria cfu g-' cuticle 

3 Bac~Mus subtilis 6.0 X 106 
Flavobactenum odoratum 7.0 X 10' 
Vibno cholerae 2.7 X 106 

5 Bacjllus subtilis 4.5 X 10" 
Shewanella putrefaciens 6.7 X lo5 
Vibno cholerae 2.4 X 106 

spot lesions. However, the presence of large numbers 
of bacilliform bacteria seen in BWS lesions by SEM 
(Fig. 9) and the high bacterial plate counts (Table 4) 
suggest that B. subtilis may be the primary etiological 
agent. Other bacteria, E odoratum and Shewanella 
putrifaciens isolated from the lesions might be second- 

ary invaders. B. subtilis has been reported to excrete 
enzymes, mainly protease, amylase, glucanase and 
lipase (Formigoni et al. 1997, Shady 1997). This sug- 
gests the bacterium has the ability to lyse the shrimp 
cuticle constituted of protein, chitin (a polymer of 
N-acetyl-glucosamine and glucosamine), calcium car- 
bonate and lipid (Dennell 1960, Branson 1993). 

Currently, probiotics are widely used in intensive 
culture systems to control water quality. All farms 
involved in this study were using probiotics on a regu- 
lar basis. Probiotics used in these farms are specially 
formulated mixtures of beneficial bacteria and their 
enzymes, and Bacillus subtilis is a common component 
(Liong & Subramaniam 1996). In the cases reported in 
our study, we noticed high numbers of white spots on 
the shrimp cuticle following the regular application of 
the probiotics in shrimp ponds. This fact, together with 
the isolation of B. subtilis from affected shrimp, has led 

Fig. 13. PCR results Lane 1: 50 bp DNA marker. 
Lane 2: negat~ve control. Lanes 3-7: DNA from 
Samples 1 to 5 produced only the shrimp spe- 
cific 232 bp PCR product, indicating a valid PCR 
reaction but a negative result for WSSV. Lane 8: 
positive control showing the shrimp-specific 232 
bp product together with the 153 bp PCR prod- 

uct, indlcatlng a positive WSSV reaction 

Fig. 14. Penaeus monodon. (a) Dense white spots 
on the carapace (arrows) induced by WSSV 
(b )  Wet mount microscopy of WSSV-induced 
spots that show a marginal nng (open arrows) 
and an enclosed central area with numerous 
melanized dots (arrows). Scale bar = 215 pm 
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us to consider whether the occurrence of BWSS can be 
caused by the regular use of probiotics containing B. 
subtilis. However, further work would be necessary to 
determine this. It would be necessary to show genetic 
similarity between the B, subtilis isolated from the 
shrimp and that used in the probiotics. Experimental 
infection using B. subtilis isolates from shrimp and 
from probiotics would also be needed and these should 
also include tests to determine whether any environ- 
mental factors are involved in the disease process. 
Although Vibrio cholerae was also isolated in the pre- 
sent study, it is rarely recorded to cause disease prob- 
lems in shrimp. For example, V. cholerae (non 01)  has 
been reported to cause eyeball necrosis in cultured 
Penaeus chinensis (Zheng 1986). More studies are 
required to determine any possible interaction be- 
tween V. cholerae and B, subtilisin the cause of BWSS. 

Although BWSS is a non-systemic infection and 
lesions usually disappear after molting, severe infec- 
tions together with poor husbandry may delay molting 
and affected shrimp may succumb to secondary infec- 
tions resulting in low mortality rates. The shrimp cuti- 
cle acts as a barrier to bacteria and osmotic effects 
(Branson 1993), and the cuticular epidermis plays an 
important role in molting process (Van-Wormhoudt & 
Bellon-Humbert 1994); thus, the abnormality caused 
by heavily infected cuticles and epidermis can disturb 
osmotic regulation and molting activity with serious 
consequences. 

The recent widespread occurrence of BWSS in shrimp 
grow-out farms in Malaysia is of great concern be- 
cause most farmers cannot distinguish BWSS from 
WSS. The situation can become even more compli- 
cated in the presence of both types of white spots. 
Based on previous severe losses due to the occurrence 
of WSS, farmers usually destroy shrimp showing clini- 
cal signs of white spots or carry out an emergency har- 
vest. Since satisfactory yields can be obtained from 
ponds infected with BWSS, it would be a waste to 
destroy a crop mistakenly diagnosed as WSS. Thus, 
we recommend that farmers submit suspected WSS 
shrimp samples to the laboratory for confirn~atory 
diagnosis. Similarly, laboratory technicians and shrimp 
health experts must be aware of potential confusion 
between BWSS and VWSS, and must not rely on visual 
examination for diagnostic purposes. Confirmatory 
diagnosis is crucial and can be made using wet mount 
microscopy, PCR or histopathology. It is possible that 
BWSS is widespread but has not been diagnosed cor- 
rectly as everyone assumes that clinical signs of white 
spots on the cuticle are caused by WSSV. Discussions 
with Asian colleagues from Indonesia (Dr Agus Sun- 
arto) and Sri Lanka (Dr Sunil Siriwardena) suggests 
that BWSS is also present in those countries. In addi- 
tion, wet mount examination in our laboratory of sam- 

ples from Thailand and Saudi Arabia has also revealed 
the presence of BWSS (authors' unpubl, data) 
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