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ABSTRACT: Epizootics of an infectious cuticular epithelial necrosis virus (ICENV) occurred in cultured Penaeus vannamei in Ecuadorian shrimp farms from 1994 to 1996. There were few reports of
outbreaks during 1997, but in the second half of 1998 epizootics were again reported. Histopathological examination revealed extensive tissue changes and necrosis as described for infections by what
others have called Taura syndrome virus (TSV). Infiltration of haemocytes in the cuticular epithelium
was also one of the characteristics in the subacute and acute forms of this disease. Electron
microscopy of affected tissues demonstrated the presence of a single type of virus particle in the cytoplasm of diseased shrimps from these outbreaks and it corresponded to the published descriptions for
TSV. The epizootics of ICENV were periodic in occurrence, and data indicated that they might be
related to the oceanographic and climatic variations reported in the eastern Pacific from 1994 to 1998.
Using 3 mo rolling averages, a statistically significant negative correlation was found between prevalence of ICENV and temperature but not temperature change. By contrast, there was a statistically
significant positive correlation between prevalence of ICENV and salinity change but not salinity
value. Although these data do not establish causal relationships, they suggest that laboratory tests
should be conducted to determine whether low temperature and upward changes in salinity can
increase shrimp susceptibility to infection and mortality by ICENV.
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INTRODUCTION
Increased awareness of the negative impact of diseases in shrimp farming has evolved with the impressive and rapid growth of penaeid shrimp aquaculture.
An increase in reports of diseases with infectious and
non-infectious aetiologies has also occurred (Lightner
1983, 1993). Probably the crash in Taiwanese shrimp
farms was the first event that increased the awareness
of disease and its role in penaeid shrimp aquaculture
production (Lin 1989).
The 2 species of penaeid shrimp cultured in Ecuador
are the Pacific white shrimp Penaeus vannamei (Boone)
(also called Litopenaeus vannamei ) and the blue shrimp
P. stylirostris (Stimpson) (also called L. stylirostris). P.
vannamei accounts for approximately 80% of the cultured shrimp production. During 1997 production of
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pond-reared shrimp in Ecuador reached a record of
109 000 t (Melendez 1998). During recent years different diseases affecting shrimp production have been
reported in Ecuador (Lightner et al. 1992, Mohney et
al. 1994, Jimenez et al. 1997, 1999). The most important disease until 1998 has been Taura syndrome (TS),
which has affected cultured shrimp near the Taura
river, as described by Jimenez (1992). However, in
May 1999 using light microscopy white spot syndrome
virus (WSSV) was diagnosed in shrimp ponds in
Ecuador (R.J. pers. obs.). We disagree that TS is caused
by Taura syndrome virus (TSV), but the issue will not
be discussed in this paper as it has been covered in
other publications (Jimenez et al. 1995, Brock et al.
1997, Intriago et al. 1997). The viral disease referred to
as TSV by Brock et al. (1995) is found widely in
Ecuador but we will call it infectious cuticular epithelial necrosis virus (ICENV) in this paper.
ICENV (= TSV) is currently characterised as a picornavirus (Bonami et al. 1997), and has been the focus of
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intense research (Lightner et al. 1994), most of which
has centred on development of sensitive detection
techniques, its effects on different sizes or other species of penaeids (Hasson et al. 1995, Lightner 1995,
1996, Lotz 1997, Overstreet et al. 1997, Mari et al. 1998,
Nunan et al. 1998), reports of geographic extension
(Hasson et al. 1999a), and progression of lesions under
light microscopy (Hasson et al. 1999b).
Ecuadorian researchers have known viral diseases
of the cuticular epithelium in cultured Penaeus vannamei since 1994 (Jimenez et al. 1995, Intriago et al.
1997). From 1994 to 1996 and again in late 1998,
severe losses in shrimp production were related to
such a disease in P. vannamei and referred to as
infectious cuticular epithelial necrosis (ICEN) disease.
In this manuscript, we describe histopathology and
ultrastructure showing that the causative virus was
similar or identical to TSV (Brock et al. 1995) and that
fluctuations in outbreaks in Ecuador from 1994 until
1998 may have been related to major oceanographic
and climatic changes.

analysed using chi-squared. Correlation analysis was
carried out using the Pearson product moment correlation test with SigmaStat computer software (Jandel
Scientific). With this test, pairs of variables with positive correlation coefficients and p values below 0.05
tended to increase together. For the pairs with negative correlation coefficients and p values below 0.05,
one variable tended to decrease while the other increased. For pairs with p values greater than 0.05,
there is no significant relationship between the 2 variables. After correlation analysis, variables with significant correlation were graphed in scatterplots, and
regression lines were drawn together with lines for
prediction interval and confidence interval at either 95
or 99%. For some comparisons, 3 mo rolling averages
of mean monthly prevalence were tested against
similar rolling averages of monthly mean temperature
and salinity. Also tested was prevalence against mean
monthly changes in temperature and salinity, both
individually and as 3 mo rolling averages.

RESULTS
MATERIALS AND METHODS
Gross signs of disease
Sampling. Juvenile and adult penaeid shrimp samples were obtained from various commercial shrimp
culture facilities in Ecuador from 1994 to 1998. Total
sample size was based on 17 783 individuals. Shrimp
were collected and fixed in Davidson’s AFA fixative
and processed within 48 h, as recommended by Bell &
Lightner (1988). Staining followed the methods outlined by Culling et al. (1985) for the H&E and Giemsa,
B&B Gram (Luna 1968), and Steiner and Steiner methods (Steiner & Steiner 1944). Histological sections of
5 µm thickness were viewed using a Leitz Laborlux D
microscope. Shrimp tissues for electron microscopy
were preserved in 2.5% glutaraldehyde/2% paraformaldehyde in cacodylate buffer and postfixed in
1% osmium tetroxide. Samples were dehydrated and
mounted in Spurr™ resin, and ultrathin sections were
cut using a Reichert-Jung Ultracut E ultramicrotome.
Sections were stained with lead citrate and uranyl
acetate and examined with a JEOL/JEM 1200 EX-II
transmission electron microscope (TEM).
In situ hybridization. A commercially available in
situ hybridization probe for TSV (Diagxotics Inc.) was
used according to the manufacturer’s instructions. The
protocols have been outlined by Lightner (1996) and
others (Hasson et al. 1997, 1999a, Mari et al. 1998).
Statistical analysis. Monthly prevalence of disease
during a 5 yr period was analysed using contingency
tables combined with a chi-squared test, using the
Minitab™ statistical program. Total number of positive
and negative cases per year were added and later

From 1994 through 1996 and again in the second half
of 1998, cultured Penaeus vannamei were severely
affected by a highly acute and lethal disease called
ICEN. Affected shrimp were within the size range of
1 to 10 g. Size seemed to be more important than age
in determining the onset of disease. When the shrimp
reached approximately 2 to 4 g, major mortality occurred. Survivors showed lethargy and chronic low
mortality over the following 2 mo.
Affected shrimp showed signs of weakness that progressed to mortality when the shrimps stopped moving. Juvenile shrimp were most affected by subacute
and acute ICEN disease. There was a noticeable discoloration of the cuticular epithelium to generally pale
pink or pale brown. Individuals that survived the acute
episode of ICEN sometimes showed melanized cuticular lesions, but this was not common.

Histopathology, ultrastructure and
in situ hybridization
Histopathologically of acute ICENV disease was
characterized by severe degenerative alterations and
multifocal areas of necrosis in the cuticular epithelium
and often, the subcuticular connective tissue, or the
hypodermis of the foregut. Numerous basophilic spherical to oval pyknotic nuclei were scattered throughout
the affected areas, and these were typically accompa-
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Fig. 1. Photomicrographs of histological sections of acute infectious cuticular epithelium necrosis (ICEN) in Penaeus vannamei.
(a) Disorganization of the columnar cells of the cuticular epithelium, with large epithelial hyperplasia, nuclear pyknosis (arrow).
Some nuclei appeared condensed (arrowhead). Numerous haemocytes (H) in the subcuticular tissue. H&E. (b) Complete degeneration and necrosis of columnar cells of the cuticular epithelium. Nuclear pyknosis (arrow) derived to presence of numerous
basophilic spherical to oval bodies (arrowheads) close to the cuticle (C). H&E. Scale bars = 14 µm

nied by eosinophilic to basophilic material (Fig. 1).
These characteristics corresponded to those described
for TSV infections (Brock et al. 1995).
Ultrastructural examination of subacute ICENV
lesions in juvenile and adult shrimp revealed electrondense chromatin in the process of condensation within
the nucleus. The nuclear envelope was enlarged and
disrupted, the rough endoplasmic reticulum (rER) was
distended and the cytoplasm was darkened, indicating
cellular degeneration and necrosis in contrast with
normal cells (Fig. 2a). In addition, viral particles were
observed individually or in irregular clusters in the
cytoplasm (Fig. 2b,c).
In acute lesions, the nuclei of some epithelial cells
were faded, the heterochromatin was partly uncondensed, and the cytoplasm was electron-light. Other
cells showed pyknotic nuclei and very dark cytoplasm
(Fig. 3a). These pyknotic nuclei displayed complete
chromatin condensation into highly electron-dense,
fine granular components. The cytoplasm also became
electron-dense, and it also contained abnormal lucent
cytoplasmic vacuoles with irregular clusters of virions,
and viroplasm (Fig. 3b). The viral particles were
approximately 30 nm in diameter; they did not form
paracrystalline-like arrays (Fig. 3c). These characteristics correspond to the ultrastructure described for TSV
(Brock et al. 1995).

In situ hybridization tests using a labeled probe for
TSV gave a positive result with tissues of shrimp from
ICEN disease outbreaks, giving further confirmation of
the identity of the causative agent.

Fluctuations in ICENV outbreaks
The Gulf of Guayaquil is the largest estuary on the
Pacific coast of South America. It is naturally divided
into an outer estuary that commences near the western
side of Puna Island. The inner estuary extends northeast from Puna Island for 74 km before narrowing into
the channel of the Guayas river. Oceanic influences in
the form of tides, however, extend up the river to and
beyond the port city of Guayaquil.
The Gulf of Guayaquil is located in a tropical climate
with marked wet and dry seasons. More than 95% of
the annual precipitation falls during the wet season
from December-January to May. By contrast, 5% or
less of the yearly precipitation occurs during the dry
season, which extends from June through November
(Stevenson 1981).
Surface water temperature in the Gulf of Guayaquil
exhibits a strong seasonal variation. During the dry
season the surface temperature increases from 21.5°C
at the mouth of the Gulf to 25°C in the inner estuary. In
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Fig. 2. Transmission electron photomicrograph of subacute ICEN disease. (a) Cuticular epithelium shows the cuticle (C) and a normal cell (A) with a normal nucleus (N),
where heterochromatin clumps are concentrated along the nuclear envelope and around the nucleolus. A neighbouring cell (B) is in the early stage of pathology with
nuclear (N) chromatin in the process of condensation typical of cell death; the outer nuclear envelope is altered and the cytoplasm darkened. Scale bar = 2 µm. (b) Higher
magnification of (a) showing the nucleus (N) with an enlarged and disrupted outer nuclear membrane. Some pores have been disrupted (arrowheads), and the rough endoplasmic reticulum (rER) is distended with dispersed virions and clusters of virions (arrow). Scale bar = 1.3 µm. (c) Higher magnification of (b) showing the nucleus (N),
viroplasm and a cluster of viral particles along the cell membrane (arrow). Scale bar = 0.4 µm

94

the interval between the dry season and
the wet season the surface temperature
generally becomes warmer, increasing to
about 28°C in the inner estuary.
Changes in salinity are often more dramatic than other water-quality parameters
normally measured. During the dry season
the surface salinity decreases from 34 ppt
in the outer estuary to 30 ppt in the inner
estuary. In the wet season it is still 34 ppt in
the outer estuary but can decrease sharply
to only 20 ppt in the inner region. Obviously, this decrease in surface salinity
in the rainy season corresponds to an increase in river outflow (Stevenson 1981).
In summary, the dry season has high salinity and low temperatures, while the
wet season has low salinity and high temperatures. El Niño events can change this
‘normal’ pattern by producing intervals of
higher than normal temperatures and low
salinities due to very heavy rainfall.
Shrimp farming is a year-round activity
in Ecuador and the warm, wet season is
generally regarded as better for shrimp
rearing due mainly to the fact that wild
postlarvae are more abundant and seem to
be more resistant to desease than in the
cool dry season. Survey data from 1994 to
1998 (Fig. 4) show that the prevalence of
ICENV gave 3 major peaks, one from July
1994 to January 1995, one from June to
November 1996 and one from May to
December 1998 (i.e., mostly during warm,
rainy weather). There was also high prevalence in January 1994, although this does
not show up as a peak in Fig. 4. There was
no period of major prevalence for most of
1995 and 1997, and up to the first half 1998.
Thus, the peaks of high prevalence do not
follow a yearly pattern except for the 2
periods of high prevalence in 1994. The
mean peak-to-peak interval for the 3 clear
peaks of high prevalence shown in Fig. 4 is
23.5 mo.

Correspondence between oceanographic
conditions and prevalence of ICENV
Figs. 4 & 5 summarize data on oceanographic changes and ICENV prevalence in
the tropical Pacific and in the Gulf of
Guayaquil, where most of the shrimp farms
in Ecuador are located. The first epizootic

Fig. 3. Transmission electron photomicrograph of the acute form of ICEN disease. (a) The cuticle (C) and 2 pathological neighbouring cells are shown. The nucleus (N) of
cell (A) shows faded nucleoplasm, the heterochromatin is partly decondensed and the fibrillar components of the nucleolus have completely disappeared. The membranes
of the nuclear envelope are still intact and show normal nuclear pores. The cytoplasm has become electron-light. The neighbouring cell (B) shows a pyknotic nucleus (N)
with chromatin condensation and darkening of the cytoplasm. Scale bar = 2 µm. (b) Higher magnification of cell B shows the pyknotic nucleus (N) displaying complete
chromatin condensation, electron-dense with fine granular components. The cytoplasm has become electron-dense with irregular clusters of virions (arrows) interspersed
with viroplasm. Scale bar = 0.8 µm. (c) Higher magnification of a cluster of forming ICENV particles with icosahedric profiles. Scale bar = 200 nm
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of ICENV reported in 1994 coincided with
cool conditions reported in the central
Pacific and in the Gulf of Guayaquil,
where temperatures ranged between 22
and 25°C from June to December 1994. It
can be seen in Fig. 4 that the peak of
ICENV prevalence occurred after a steady
drop in temperature from approximately
29°C in March to approximately 23°C in
July. Then, during most of 1995 warm conditions (CDB 1995-1996) occurred in the
tropical Pacific and produced sea-surface
temperatures (SST) up to 26°C in the inner
estuary of the Gulf of Guayaquil, where
the lack of rain during an unusually dry
‘rainy season’ contributed to an abnormally high salinity of up to 30 ppt. ICENV
prevalence was low throughout the year.
Cool conditions again occurred in the
tropical Pacific after January 1996. Coolerthan-normal SST were recorded in the
Gulf of Guayaquil. From August to October 1996, cooler SST were reported in the
outer estuary of the gulf (21.5 and 22.5°C)
coinciding with a cool episode for the eastern equatorial Pacific (CDB 1995-1996). In
the inner estuary of the gulf, SST ranged
between 22 and 25°C and salinity ranged
from 30 up to 40 ppt. In this area, where
most of the shrimp farms are located, water
temperature in shrimp ponds showed increased variability. On sunny days the
water temperature ranged between 23°C
in the morning and 33°C in the evening,
with salinity rising up to 35 ppt. In shallower nursery ponds, even higher variability could be expected and could cause
additional stress. These changes coincided
with ICENV outbreaks showing cumulative mortalities of 80 to 90%. Dead and
dying shrimp appeared in seines or cast
nets used for routine pond sampling.
Again, as in 1994, the rise in ICENV prevalence followed a drop in temperature
from approximately 27°C in February to
approximately 22°C in June.
The El Niño-Southern Oscillation (ENSO)
phenomenon refers to a coupled oceanic
and atmospheric interaction known to be a
central factor in short-term climate variability throughout the globe, particularly
in the tropics. During the strong El Niño
event development in most of 1997 and
during the first half of 1998, warm conditions in the tropical Pacific eastward to the
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South American coast led to temperatures in the Gulf
of Guayaquil between 27.0 and 30.0°C. The higher
temperatures coincided with low salinities between 15
and 20 ppt in the inner estuary, and lower salinities
were recorded especially during the heavy rains of
1998 at the second peak of El Niño (Fig. 5), when there
was a dramatic decrease in salinity to lower than 5 ppt
(Cucalon 1997). During these months in 1997 and 1998,
ICENV outbreaks were not reported and shrimp survival was above 50% using direct stocking. This was
true for ponds from different farms stocked with either
wild or hatchery-reared postlarvae, the hatchery postlarvae being derived from either wild or maturation
broodstock. However, when temperatures in the tropical Pacific and the Gulf of Guayaquil decreased to
lower than 24°C around September 1998, ICENV outbreaks were again reported from shrimp farms in the

Gulf of Guayaquil. In contrast to 1994 and 1996, the
prevalence of ICENV began to increase sharply before
the fall in temperature and not afterwards. On the
other hand, it did increase in prevalence after a sharp
decrease in salinity from 20 ppt in October to 0 ppt in
February.
Because of the periodic occurrence of ICENV outbreaks and the possible correspondence with oceanographic data, a series of tests were carried out to determine whether there was any statistical correlation
between prevalence of ICENV and temperature and/
or salinity. As expected (Fig. 6), there was a significant
negative correlation between temperature and salinity
because of the warm rainy season and cool dry season.
There was a significant negative correlation between prevalence and temperature (i.e., higher prevalence corresponded to lower temperatures). The best
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Fig. 4. Mean monthly prevalence of ICENV and temperature over 60 mo from January
1994 to December 1998. Prevalence of ICEN disease had
major peaks in 1994, 1996 and
second half of 1998. There was
no period of major prevalence
for most of 1995 and 1997 to the
first half of 1998

Fig. 5. Mean monthly prevalence of ICENV and salinity
over 60 mo from January
1994 to December 1998.
Prevalence of ICEN disease
had major peaks in 1994,
1996 and second half of
1998. There was no period of
major prevalence for most
of 1995 and 1997 to the first
half of 1998
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Fig. 6. Relationship between mean monthly temperature and
mean monthly salinity. A linear regression line together with
predictions and confidence intervals at 99% (thin solid and
dotted lines, respectively) are shown. The Pearson product
moment correlation coefficient is –0.54 with p = 0.00001
(r2 = 0.29), indicating a statistically significant negative
correlation

Fig. 8. Relationship between 3 mo rolling averages of prevalence and difference in mean salinity for the current month
and preceding month. A linear regression line together with
prediction and confidence intervals at 99% (thin solid and
dotted lines, respectively) are shown. The Pearson product
moment correlation coefficient was 0.39 with p = 0.003 (r2 =
0.15), indicating a statistically significant positive correlation

correlation coefficient was obtained when using 3 mo
rolling averages for the comparison (Fig. 7). By contrast, there was no significant correlation between prevalence and temperature change or rate of temperature change over the previous month or previous few
months (p > 0.05).
With salinity, there was a significant positive correlation between 3 mo rolling averages of mean preva-

lence and differences in mean salinity between months
(Fig. 8) (i.e., increases in salinity were correlated with
increases in prevalence). In contrast, there was no significant correlation found between mean prevalence
and mean salinity value. The correlation coefficient
shown in Fig. 8 is not high, and the relationship may
have resulted simply because of the correlation between temperature and salinity already shown in Fig. 6.

DISCUSSION
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Fig. 7. Relationship between 3 mo rolling averages of prevalence and temperature. A linear regression line together with
prediction and confidence intervals at 99% (thin solid and
dotted lines, respectively) are shown. The Pearson product
moment correlation coefficient is –0.51 with p = 0.00004 (r2 =
0.26), indicating a statistically significant negative correlation

The data presented here show a statistically significant negative correlation between ICENV prevalence
and temperature. In 2 cases, major increases in prevalence of ICENV were preceded by periods of large
temperature drops during transitions from warm to
cool weather. This suggests that cool weather may be a
precipitating factor for ICENV outbreaks. However,
the data for 1998 are not entirely consistent with this
in that there was a sharp rise in ICENV prevalence
before the temperature began to fall. This does not
entirely discount cool temperatures as a precipitating
factor, but may simply indicate that other factors can
also be important. For example, management decisions
are important in controlling the incidence of ICENV.
However, these are unlikely to have been the cause of
the rapid increase in ICENV prevalence in 1998, since
the same management practices were used then as in
1997, when the prevalence of ICENV was low and a record year of production was achieved (Melendez 1998).
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Statistical analysis of the relationship between
ICENV prevalence and change in salinity revealed a
significant positive correlation, although the correlation coefficient was weaker than that for prevalence
versus temperature. However, it is important that it
was the change in salinity and not the salinity value
that gave a significant correlation. It is not clear why
prevalence is correlated to temperature value but not
rate of change and to salinity rate of change but
not value. If these parameters are causally linked to
ICENV outbreaks, it is possible that this difference
indicates distinctive mechanisms of action for the 2
environmental factors. From the data in hand, the correlation of prevalence to temperature and salinity
change cannot be considered causal. However, it suggests that laboratory tests on the effect of temperature
and salinity change on ICENV virulence, both individually or in concert, would be appropriate.
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