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ABSTRACT

This work was made to investigate the effect of sudden change of water temperature on the

immune status and susceptibility for bacterial diseases in Oreochromis niloticus. A total number
of 180 apparently healthy O. niloticus were divided into 3 groups and were subjected to high
temperature 35 °C and low 15 °C and group were served as control 25. Each group was subdivided
to 3 subgroups 1st considered control and 2" was contaminated with Aeromonas hydrophilla and
the 3" was contaminated with Pseudomonas. floursences. The results showed that 0. niloticus
subjected to low water temperature 15 °C had significantly higher mortalities and higher
susceptibility to P. floursences infection while O. niloticus subjected to high water temperature 35
oC were more susceptibility for A. hydrophilla. The peak of serum glucose and cortisol had been
reached after 6 and 12 hours, respectively. Also 0. niloticus subjected to high water temperature
35 °C were rapidly acclimatized to changes in water temperature than those subjected to low
temperature. Also, significantly lower RBCs, WBCs, TC, PCV, Hb and TP were detected in low water
temperature group. It was concluded that sudden changes in water temperature had an adverse

effect on immune status of 0. niloticus and become more susceptible to bacterial infection
.Keywords: heat stress, Oreochromis niloticus, immunity, Aeromonas hydrophilla, Pseudomonus floursences

INTRODUCTION

However, absolute temperature ranges for health or survival do not exist because temperature
tolerance depends on several factors, including the temperature to which the individual has been
acclimated, salinity (for estuarine species), life stage, and reproductive status (Noga, 2010). Fish are
subjected to stress from either rapid temperature fluctuations that preclude acclimation or inappropriate
.(water temperature (beyond the high or low range of tolerance) (Harper and Wolf, 2009

Sudden change in water temperature leading to heat stress which can cause temporary homeostasis
modifications leading to physiological adjustments. These responses aimed at mobilizing energy by
adrenergic system stimulation, release catecholamine and increase adrenocorticotropic hormone (ACTH)
and plasmatic cortisol (Gamperl et al. 1994). Stress was defined as a state of decreased fitness, or any
external agent which challenges the homeostatic power of any organism or threatens its survival
(Colombo et al., 1990). In addition, the impact of aquacultural related stressors can also predispose fish
to disease (Eddie and Norman, 2008). Fish are able of strong and unconscious behavioural, physiology
and hormonal response to the stressor which, if intense and lasting enough, can be deterimental for their
.(health (EL -Khaldi 2010

In recent years the concept of stress as applied to fish has awaked the interest among scientists
dedicated to the research of environmental influences on health (Barreto and Volpato-Braz 2006).The
response to stress in fish is characterized by the stimulation of the hypothalamus, which results in the
activation of the neuroendocrine system and a subsequent cascade of metabolic and physiological changes
(Lowe and Davison 2005). These changes enhance the tolerance of an organism to face an environmental
variation or an adverse situation while maintaining a homeostasis status (Pickering, 1981). This fact is
due to an interaction between environment and immunological system of fish. Disease resistance is
.directly related to hypothalamic/pituitary/interrenal axis

So this work was conducted to evaluate the impact of heat stress on the immune status of
.Oreochromis niloticus

MATERIALS AND METHODS

Experimental feeding system design -)



Atotal number of 180 apparently healthy of O. niloticus were collected from private fish farms at

Kafr EI-Sheikh Governorate- weighing 50 + 2.5 gram. O. niloticus acclimated in fiberglass tanks for 15

days to laboratory conditions. Fish randomly distributed in glass aquarium (50 x 40 x 40 cm) containing

about 60 liters of dechlorinated water and aquarium water temperature was adjusted at 25+2.5 °C as well

as continuous oxygen supply by air pump. O. niloticus were fed pelleted ration with daily percentage 3%

of body weight six day per week. O. niloticus were subjected to sudden change in water temperature low
.15 2.5 °C and high 35£2.5 °C for one week then return again to 25+2.5 °C

Clinical, Post mortem examination and mortality rate of O. niloticus -Y
.(The collected fish were examined for any abnormalities according to (Schaperclaus, 1992
Cortisol , glucose and haemogram analysis of O. niloticus -Y

Serum samples were taken 7 times, after (1, 6, 12, 24) hours, 3 days, 7 days, 14 days for measure

cortisol (stress hormone) and glucose. Glucose was determined calorimetrically as mentioned by Trinder

(1969). Cortisol was estimated using radio immunoassay technique according to the method of (Pickering
.(and Potinger, 1983) and Wedemyer, 1970

Blood samples were taken three times, the first after (1, 7 and 14) days for measure Red blood cell
(RBCs), Haemoglobin (Hb), Packed cell volum (PCV), White blood cell (WBCs), thrombocyte (TC) and
.(serum total protein (TP

Blood film was prepared according to the method described by Lucky (1977). RBCs and WBCs
.(counts were counted by haemocytometer according to Stoskopf (1993

The concentration of total protein (TP) Weichsellbaum (1946) and were measured by colorimetric
methods

Experimental design -£

A Total number of 180 apparently healthy O. niloticus were divided into 3 groups, 60 fishes each
(groups 1, 2, 3). Each group was subdivided into 3 subgroup (A, B, C) for experimental infection (Table

el

Fish in groups 2.B and 3.B were exposed to A. hydrophilla by immersion in 24 hours-old broth
culture of A. hydrophilla. The fish in groups 2.C and 3.C were exposed to P. fluorscence by immersion
in 24 hours - old broth culture of P. fluorscence. Bacterial strains were kindly supplied from department
of fish diseases, faculty of veterinary medicine, Alexandria University (A. hydrophilla) and fish diseases
department Animal Health Research Institute AHRI Agriculture Research Central ARC (P. fluorscence).
Each bacterium (A. hydrophilla and P. fluorscence) were cultured on TSB and adjusted with water to give
a final concentration of 5x 10° colony forming units (CFU) ml after

.Table (1): Experimentally infected O. niloticus groups

Group | No. of Subgroup .Temp Type of infection
fish No. of fish

\ 1. A oC +2.50CY© (Bath with sterile TSB (control
fish ¥+

B.) *Bath with A. Hydrophila
fish Y

c.) Bath with P. Fluorscence
fish ¥+

Y 1. AY oC +2.50CY'© (Bath with sterile TSB (control
fish Y

B.Y *Bath with A. Hydrophila
fish Y+

c.Y *Bath with P. Fluorescence
fish ¥+




) T AY °C +2,50C\ © (Bath with sterile TSB (control
fish Y

B.Y *Bath with A. Hydrophila
fish Y

c.Y *Bath with P. Fluorescence
fish Y+

.Type of infection: bath with pure culture of A. Hydrophila and P. Fluorescence 5x 10 CFU/mI*

one hour (llhan et al., 2006). The fish in groups 2.A and 3.A were kept as a control and exposed to the
.same amount of TSB without bacteria

Fish were observed twice a day for 14 days according to Amos (1985) and described in Table (1).
Experimentally infected O. niloticus were subjected to full examination. Mortality rate % (MR%) was
.recorded. Re-isolation of infected bacteria was carried out from the dead and sacrificed fish

Statistical analysis-°

Duncan's Multiple Range test DMRT (Duncan, 1955) was used to determine differences among
means at significance level of 0.05. All statistics were run on the computer using the statistical and
.(package for social science program (SPSS, 2004

RESULTS

Observation of O. niloticus under heat stress revealed that the fish subjected to low and high
temperature 15°C and 35°C were off food, emaciation, exhibited erratic movement and abnormal
swimming behavior. Erratic movements were disappeared in group subjected to high temperature and
restore normal behavior after 48 hours while, groups subjected to low temperature suffered from sluggish
.movement and loss of reflexes all over the period of experiment 7 days

External examination that represented in figures (1, 2, 3 and 4) fish under heat stress of low
temperature skin discoloration while those subjected to stress of high temperature showed no external or
internal macroscopic changes. Post mortem examination showed in figures (5 and 6) revealed that O.
niloticus infection with A. hydrophilla showed ascities, skin ulcers, spleenomegaly and hepatomegaly
while those infected with P. flourscences haemorhagic dots on skin, spleenomegaly, distended gall
.bladder

Figure(2): O. niloticus suffering from detached scales

Flgure_ (1): O. r‘ll|0tl(-:US St_jffermg from ascities infected emaciation(off food) infected with P. floursences low
.with A. hydrophilla high temperature group 2.B temperature group 3.C

Figure (3): O. niloticus suffering from emaciation and | Figure (4): O. niloticus infected with P. flourscences suffering




discoloration body surface subjected to low from haemorrhagic dots on body surface subjected to low
.temperature temperature group 3.C

Figure (5): post mortem O. niloticus infected with P. | Figure (6): post mortem O. niloticus infected with A. hydrophilla
flourscences suffering from spleenomegaly and suffering from distended gall bladder and empty intestine

empty intestine subjected to low temperature gr(;ug .and darken liver subjected to high temperature group 2.B

Data presented in Table (2) cleared that MR% among experimented groups infected with A.
hydrophilla and P. floursences incorporation with heat stress. Showed significant high MR% (100%) that
recorded in group (3.B) subjected to low temperature and infected with A. hydrophilla. Also, group (2.C)
recorded 100% mortality. The results cleared significant (P <0.05) lower MR% observed with groups not
.Subjected to heat stress

Data presented in Table (3) showed cortisol (stress hormone) levels in different fish groups. The
highest cortisol level had reached the peak was after 6 hours of exposure 5.97 pg/dl in groups 3.B and
2.C. Bacterial infection had increased significantly the level of cortisol in fish serum but not as high as
heat stress. The high level had extended for 24 hours then fish started to Acclimate to water temperature
and the cortisol showed decline manner and had return to levels near control group after one week of stop
.exposure to different water temperature

Measurement of glucose in fish serum showed the same trend of cortisol as changes in water
.(temperature especially low temperature had the highest glucose concentration (Table 4

Data in Table (5) cleared that RBCs count had significantly differences (P<0.05) between fish
groups following exposure to heat stress and bacterial infection. After one week of exposure and bacterial
infection had lowered except RBCS for group exposed to high temperature which had restored normal
state before one week while groups exposed to low temperature and all groups had infected didn't restore
.normal state even after stop exposure by one week

Also, concerning Hb and TP content showed that all fish group had returned to normal values after
stop exposure to heat stress. PCV had the same trend of Hb and TP except for group exposed to low water
.temperature

WBCs and TC count had significantly differences between different fish groups. Group exposed
to low temperature had lowest values after one week of exposure. TC recoded higher values with group
.exposed to high temperature and infected with A. hydrophilla

.Table (2): Mortality rate (Meanz SE and %) in fish groups subjected to heat stress
Treat A AY AY B.) B.Y B.Y c.) C.Y c.Y

No | e, 0% | GV, rF | 6V | @Ay | 50,AY | al. | @Ay | av. | o,y
death 'vv:t ',T‘T‘:I: 'y“:l: 'vv:t ',Y’j: vyt ',DV:I: PR '7vv2|:




Maxi \ A\ o \ 1 K \ Yo 1
Mini . ) ¢ . ° A . Ve °
%MR T"V \v’v 21,\/ -L,v O.\’\/ \' . -L,V \ LI} OT’Y‘

.% Treat = Treatment, Maxi = Maximum level, Mini = Minimum level and MR%= Mortality Rate
.(Rows with different litters are significantly different at (P < 0.05

.Table (3): Serum cortisol (Mean+ SE pg/dl) in fish groups subjected under heat stress

Treat | A A.Y AY B.) B.Y B.Y c.) c.Y c.¥
h) Bu,AY dABy A0 [ eABs AY | Bu,AY [ dAB. AS |dAB. AT | cAB4, AT | fAL, Q) | eAB4,AY
I T T e e Y O T A Y O YRS SO B S
h1 . acY,q44 aBo,0 D+, AY aBo,\V aAo,qV Do, AT aAo,qV aBo, ¢
DARE= LYot e Y4 e RS e o)+ oY+
hY Y : bDY,Y4 | bCY,\Y | cE.,AG | bBY,T | bBY,4 | bE.,4 | bAf,0 | bBY,Y
S O s M e T O T Y PP R e
hY¢ , @Y, | «©),4A | ©.,4 | @BY,7 | cAY,Y | bD.,3Y | BY,A | BY,A
T e TR Y-FEN N S o I e A
day . dE« AT aby, ¢y aAY,Y dBCy,qyV . aCy,AY | dBC), qY dABY,
.,~Y:|: ~,~2:|: ~,\Y:|: ~,~V:|: ~,~Y‘:|: ~,\:|: ~,~T:|:
av ; ac.,4) | ec.,q9 | bABY, £V | ), TV . bCu,AA | eA),T :
~,~Yj: ~,~'l:|: ~,\\:|: ~,~V:|: ~,~\:|: ~,\\‘:|:
d\i . dB.,AQ eB.,9qY B, AV edAy | . bB. ,AQ . .
O O T e Vo oYt

Treat=Treatment, 1h= 1hour, 6h=6 hours, 12h= 12 hours, 24h=24 hours, 3d= 3 days, 7d=7 days and 14d=14 days.

.0= not measured
Different small letter in the same column and different letter capital in the same rows are different significantly

((P<0.05

.Table (4): Serum glucose (Meanz SE mg/dl) of fish groups under heat stress

Item AN AY AY B.) B.Y B.Y c.) c.Y c.Y
h) DY¢,Y | deDYA,Y | oYY,y | bDYT,Y | fBCYO,Y dAg Y beDY T fAY'q dDY A
AN Y,A+ Y,A+ V,04 Y+ V,04 V,04 P 4
ht . BBAY,Y | BBAY,Y | bCEY,Y | BAQ,Y | BA.,Y | beBYO,Y |aAYY),V | cBA.
Y,¥+ o, A+ Y,Y+ \,Y+ £,V A4 Yo,Y+ V,44
hYY . aEQY,Y | AVYY,Y | BFYY,Y | aD) .4 [aAVio,¥ | cFYE,A | BYYE,Y [aBYYO,Y
Y+ be <44+ AES §,¢4 “,04 b o,¢4
1+ 1 &=
hY¢ . DAY,V [bBY v,V | BEY4 [ bBCAA,Y | BYYY,V | beEYT,T | cqY  [bBY.7,Y
+5,Y c O+ ¢4 A o Y+ 0,84+
¢, AL §,84
av . cCl.,¥ | BCY4,Y | bDYY dABYY . aDY'Y,Y | daByv | cAAd, Y
Y,V4+ YY,Y4 4 ¢, Y+ V,Y+ Y, 4+ Y, 84
dav . dDEY'Y,Y | dBC¢.,Y | aCDYo,V eB¢¢,Y . bEY A, Y eAOE Y .
Y,V+ 44+ A4 T1,V+ \,Y+ o,\+
d) ¢ . BCYT,V | dBYA,Y | bCYE,Y | fAYY,V . beBY 0, Y . .
Y, Y+ <A+ A% £,V+ ¢
4




.h=1hour, 6h=6 hours, 12h= 12 hours, 24h=24 hours, 3d= 3 days, 7d=7 days and 14d=14 days )
Different small letter in the same column and different letter capital in the same rows are differnent significantly

((P<0.05
.Table (5): Different blood parameters Meanz= SE of fish groups subjected to heat stress
Trea A\ B.) c.) Ay B.Y c.Y AY B.V c.Y
RBCs
\
¢ | 03 &,V | a01¢,) 018 | ax018,Y | a00Y,9 ar01f | a01¢,Y a007¢ | w00¢,)
- T besg¥,0 | argisé 51 bigoV,V 5 . 6
v AR 41 e,y 2502V, A 5| 0157 . .
L] bega¥,Y h as01%,Y o | beg3Y,V .
th.l“,V 2
Hb
; &LO\\,'L abi\ oA abi\ . ,0 abio_s\\ b10.2\ . abi\ 3 abiol4\\ bio\ oY abiol\\,v
8 05 03 | ayg) v, & | aygg) * 04 | o0 1,1 3 04
v - | w0V, E | er1aV,A 2| gy e,A | LAY 3 . .
- 1164929, | asge) ) 2 2 | sV, . .
abi\ . ,Yl .
0.1
PCV
) aiAVO ,1 abiY‘Y N ¢ abiY'\ N 1 abﬂY'i biov . ,Y‘ ﬂbilY‘Y abiY'Y',Y' abiY'\' ,V abiY'Y',/\
Y 3 14 09 | ao¥Y,0 3 4ve,¢ 11 0.6 0.2
v - | 2404Y+ | biggVY 4| =a¥Y,Y ¢ v | 0) . .
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0y Y, € C YA
13 9
WBCs
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A 0.6 8 2 3 05 1 07 04 16
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_ 2 4 8 7 5 3 . .
abs 1 € avp e,V btlv‘\” a+0.8¢) . eV €,4
12 0.6
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.Rows with different litters are significantly different P<0.05

DISCUSSION

In Egypt fish culture performed in semi intensive farms depending on fertilizing water and
subjected to changes of water temperature. There are standard environmental temperature (SET) ranges

.for individual fish species that define the temperatures for optimal growth

Results obtained concerning survival rate agreed with those obtained by EL-Sherif and EL-Feky

(2009) and Saber et al. (2004) when they stated that water temperature 25-30 °C were more suitable for
culture of O. niloticus fingerlings to obtain optimum growth performance and survival rate were 100% at
temperatures 20, 25 and 30°C this is mainly due to the acclimation of tilapia prior to the start of stocking
in aquaria this experiment started with Nile tilapia with an initial weight of 19+1.0 g; such size show high
tolerance to the unfavorable conditions (Saber et al., 2004) and the ecological conditions throughout the




experimental period were suitable for tilapia rearing especially the average water temperature of 20, 25
and 30°C. Low survival rate in O. niloticus group exposed to sudden change water temperature to 15 °C
were similar to those obtained with EL-Sherif and EL-Feky (2009) who mentioned that survival rate of
fish decreased (75%) at temperature 15°C at the end of the experimental period. Our findings explained
by Khouraiba (1989) who stated that poor survival of fish observed at 15°C was attributed to poor
environmental conditions of the fish especially the prevailing low water temperature 15°C. Also, our
results agreed with findings of Mei et al. (2010) who conducted a study on the tolerance of O. niloticus
to low temperature stress and its duration. O. niloticus was continuously stressed by artificial decreasing
temperatures and the lethal time of O. niloticus under different low temperature stress was recorded. The
results showed that the semi-lethal duration of O. niloticus was 12.25, 17.00, 25.00 and 31.50 h under
low temperatures of 7, 8, 9 and 10°C, respectively. Our results agreed with those obtained by
(Schaperclaus, 1979) who stated that the mortality of O. niloticus was higher at lower temperature stress.
P. fluorescens is associated with fin or tail rot in which the infected are is eroded away. Also, Ahne et al.
(1982) agreed with obtained findings as he mentioned that visual signs of disease included haemorrhagic
lesions on the skin at the base of the fins, ascitic fluid accumulated in the peritoneal cavity, and petechial
haemorrhages were evident in the gills, kidney, liver, in the lumen and submucosa of the gut, i.e. a typical
generalized bacterial septicaemia. Also, Yardimci and Aydin (2011) found that A. hydrophila in the
macroscopic examination the liver was seen to be yellowish brown and crispy with haemorrhagic and
greyish white foci on the surface. The gall bladder was tightly full with emerald green bile. Austin and
Austin (2007) had agreed with our findings as he stated that haemorrhagic septicaemia (also referred to
as motile aeromonas septicaemia) is characterised by the presence of small surface lesions (which lead
to the scales sloughing off), local haemorrhages particularly in the gills and vent, ulcers, abscesses,

.exophthalmia and abdominal distension

Although motile aeromonads appropriately receive much notoriety as pathogens of fish, it is
important to note that these bacteria also compose part of the normal intestinal microflora of healthy fish.
Therefore, the presence of these bacteria, by itself, is not indicative of disease and, consequently, stress
is often considered to be a contributing factor in outbreaks of disease caused by these bacteria (Trust et
al., 1974, Kaper et al., 1981, Len, 1987 and Khalil and Mansour, 1997). Abrupt temperature change,
handling, crowding, inadequate feed and oxygen are known to be the predisposing factors which
.(contribute to the infection of A. hydrophila (Leung et al., 1994 and Roberts 2001

Data concerning high suscepitability of O. niloticus to bacterial infection could be explained by
heat stress lowering humoral immunity these results agreed with findings of Ndong et al. (2007) who
conducted study on O. mossambicus acclimated to 27 °C then held at 19, 23, 27 (control), 31 and 35 °C,
and were examined for non-specific cellular and humoral responses after 12-96 h, total WBCs decreased
significantly when fish were transferred to 19 and 23 degrees. Also, Ndong et al. (2007) concluded that
transfer of tilapia O. mossambicus from 27 °C to low temperatures (19 and 23 °C) after 12h, and transfer
of fish from 27 °C to high temperatures (31 and 35 °C) reduced their immune capability and tilapia under
temperature stress at 19 and 35 °C from 27 °C decreased its resistance against S. iniae. whereas phagocytic
activity and phagocytic index and lysozyme activity decreased significantly when fish were transferred
.to low temperatures (19 and 23 °C) and high temperatures (31 and 35 °C) over 12-96 h

In agreement with our results Harper and Wolf (2009) stated that a rapid temperature decrease

limits a fish’s ability to produce antibodies integral to an immediate immune response, and a delay in the

immune response may enable pathogens to colonize, reproduce, and establish an infection. Very cold

temperatures may inactivate defensive functions of nonspecific leukocytes known as natural killer (NK)

cells, although there is some evidence from studies in common carp (Cyprinus carpio) that NK cells may
.(be able to accommodate temperature changes over time (Kurata et al., 1995

The rate of cortisol clearance is another step in the cortisol cycle that may be influenced by

environmental factors. However the efficiency of that process is reported to be altered by stress, salinity,
maturity, nutritional state (Mommsen et al., 1999). In most fishes, cortisol reaches highest concentration
1 hour after being stressed, and returns to basal levels after 6 hours (Iwama et al., 2006). Cortisol levels
of red drum during some handling procedures grew rapidly, but decreased to the basal state within 48
hours (Robertson et al., 1987). Porchas et al. (2009) mentioned that cortisol test is a good option in acute
stress experiments, but it is indispensable to measure cortisol immediately after stress and over time,
because a single and/or a late test will have a high probability to be far from the real response. When an
organism undergoes suboptimal conditions for a considerable period of time, the release of cortisol
decreases because the interrenal tissue of stressed fishes becomes less sensitive to the action of ACTH or
other pituitary hormones (Mommsen et al., 1999). Those stress hormones in conjunction with cortisol
mobilize and elevate glucose production in fish through glucogenesis and glycogenolysis pathways



(lwama et al., 1999). In agreement with the present study Bianca (2009) suggested that plasmatic levels
of cortisol increase quickly after exposure to an acute stress and the standard conditions are restored in
few hours. Also, Porchas et al. (2009) mentioned that blood samples can be extracted during the chronic
experiments, but if the experimental units are limited and all the samples have to be taken from the same
tanks, it is not recommendable to measure cortisol over time, because the consequent handling and
manipulation of organisms may lead to erroneous results in the future samples. Nevertheless, if it is
necessary to measure glucose over time, it is recommended that sampling is not very frequent, while a
limited number of samplings should be established. In agreement Porchas et al. (2009) mentioned that
cortisol may be useful only in acute stress experiments and monitored throughout time and to be used as

.stress indicator, the physiological status of organisms should be standardized

Regardless of the wide use of glucose as an indicator of stress, some authors (Flodmark et al.,
2001) emphasized that care has to be taken when using plasma glucose as the only indicator. It has been
reported that glucose content is a less precise indicator of stress than cortisol (Pottinger, 1998). On the
other hand as previously stated, stress hormones such as catecholamines, cortisol and others may be
influenced by internal or external conditions in the history of the fish (anoxia, pollution, nutritive stress,
physical stress) (Reid et al., 1998). To this respect, it has been demonstrated that catecholamines itself
can increase glucose levels (Wagner et al. 2003). Porchas et al. (2009) claimed that sometimes no
significant changes in plasma glucose may be observed, because under stress the fish is rapidly
consuming the energetic substrates generated (glucose) since the main function of the central nervous
system (CNS) is to maintain homeostasis. West et al. (1993) argued that during peak activity glucose use
can increase by almost 30- fold. In agreement Porchas et al. (2009) stated that normally the increase of
glucose in plasma is not as rapid as for cortisol. An increase was documented of glucose minutes or days
after the stress (Falahatkar and Barton 2007) because cortisol triggers glucose production. Measuring
glucose just after an acute experiment is considered a source of error, because there is the probability of
not measuring any change. These results appeared probably because the change in blood glucose levels
.(might occurs minutes, hours or even days later (Langiano and Martinez, 2008

Data concerning blood analyses showed that PCV pointed that stress of low temperature15°C
associated with low PCV values this could be explained by it decreased feed consumption and appearance
of anemia (Rodrigues et al., 2003). An opposite findings obtained Sherif and EL-Feky (2009) who found
hematocrit value at the end of the experimental period was 22.0, 24.2, 25.0 and 24.5% for the groups
.under 15, 20, 25 and 30°C, respectively

Low Hb concentration similar to those obtained with Sherif and EL-Feky (2009) who stated that

Hb concentration in the experimental groups 20 and 30°C was not significantly different while decreased

at 15°C. It could be attributed to decreased feed consumption and fishes were anemic (Rodrigues et al.,
.(2003

So it was concluded that stress of sudden change of water temperature considered an important

factor that causes increase the susceptibility of O. niloticus to bacterial infection A. hydrophilla, P.

floursences. Also, we suggested that this impact could be due to lowering of the immune status of stressed
.O. niloticus

REFERENCES

Ahne, W,, Popp, W. and Hoffmann, R. (1982): Pseudomonas fiuorescens as a pathogen of tench (Tinea tinea).
.Bulletin of the European Association of Fish Pathologists 4, 56-57

Amos, H.K. (1985): Procedures for the Detection and Identification of Certain Fish Pathogens, 3rd edn. American
.Fisheries Society, Bethesda, Maryland, 114 pp

Austin, B. and Austin, D.A. (2007): Bacterial Fish Pathogens: Diseased of farmed and wild fish. Springer Published
.in association with Praxis Publishing 4" Ed. (2): 24-27

Barreto, R. E. and Volpato-Braz, G. L. (2006): Stress responses of the fish Nile tilapia subjected to electroshock
.and social stressors. Journal Biological and Medical Research, 39: 1605-1612

Bianca, M.P. (2009): Farmed fish welfare-suffering assessment and impact on product quality. J. Anim. Sci. 8, 139—
.160

Bullock, G.L., Conroy, D.A. and Snieszko, S.F. (1971): Bacterial diseases of fishes. In: Snieszko, S.F. and Axelrod,
.H.R. (eds). Diseases of Fishes, Book 2 A. Neptune, NJ, T.F.H. Publications, 151 pp

Colombo, L., Pickering, A.D., Belvedere, P., and Schrech, C.B. (1990): Stress inducing factors and stress reaction
in aquaculture. In: Pauw, N.D., Billard, R. (Eds.), Aquaculture European 89-Business Joins Science. European



.Aquaculture Society, Belgium, pp. 93-121, Special Publication No. 12
.Duncan, D.B. (1955): Multiple range and multiple “F” test. Biometrics, 11:10

Eddie, E.D. and Norman, Y.S. (2008): In: Modulation of Fish Growth Hormone Levels by Salinity, Temperature,
.Pollutants and Aquaculture Related Stress: A Review, vol. 19. Springer, Netherlands, pp. 97-120

EL-Khaldi, A.T.F. (2010): Effect of different stress factors on some physiological parameters of Nile tilapia
.(Oreochromis niloticus). Saudi J. Bio. Sci. 17, 241-46

EL-Sherif, M.S. and EL-Feky, A.M.I. (2009): Performance of Nile Tilapia (Oreochromis niloticus) Fingerlings.
.I1. Influence of Different Water Temperatures. Int. J. Agric. Biol., Vol. 11, No. 3, 11: 301-305

Falahatkar, B. and Barton, B.A. (2007): Preliminary observations of physiological responses to acute handling and
.confinement in juvenile beluga Huso huso L. Aqua.RES., 38: 1786-1789

Flodmark, L.E.W., Urke, H.A., Halleaer, J.H., Arnekleiv, J.V., Vollestad, L.A. and Poleo, A.B.S. (2001): Cortisol
and glucose responses in juvenile brown trout subjected to a fluctuating flow regime in an artificial stream.

Journal of fish biology, 60: 238-248

Gamperl, A. K., Wilkinson, M. and Boutilier, R. G. (1994): Adrenoreceptors in the trout (Oncorhynchus mykiss)
heart: characterization, quantification & effects of repeated catecholamine exposure. General Comparative

.Endocrinology. 95:259-272

Groberg, W.J., McCoy, R.H., Pilcher, K.S. and Fryer, J.L. (1978): Relation of water temperature to infections of
coho salmon (Oncorhynchus kisutch), chinook salmon (O. tshawytscha), and steelhead trout (Salmo gairdneri)

.with Aeromonas salmonicida and A. hydrophila. Journal of the Fisheries Research Board of Canada 35, 1-7

Harper, C. and Wolf, J.C. (2009): Morphologic effects of the stress response in fish. Journal of ILAR. 50(4): 387-
.396

Huizinga, H.W., Esch, G.W. and Hazen, T.C. (1979): Histopathology of red-sore disease (Aeromonas hydrophila)
in naturally and experimentally infected largemouth bass Micropterus salmoides (Lacepede). Journal of Fish

.Diseases 2, 263-277

llhan, A., Sevki K., and Erol, C. (2006): Pseudomonas putida infection in rainbow trout. Aquaculture, 261: 850-
.855

lwama, G.K., Afonso, L.O.B. and Vijayan, M.M. (2006): Stress in fishes. In: Evans, D. H. & Claiborne, J. B. The
.Physiology of fishes. 319-342. Taylor and Francis, 3rd edition. 601 p. USA

lwama, G.K., Vijayan, M. M., Forsyth, R.B. and Ackerman, P.A. (1999): Heat shock proteins and physiological
.stress in fish. American Zoologist, 39: 901-909

Kaper, J.B., Lochman, H., Colwell, R.R. and Joseph, S.W. (1981): Aeromonas hydrophila: Ecology and
.toxigenicity of isoloates from an estuary. J. Appl. Bacteriol., 50, 359-377

Khalil, A.H. and Mansour, E.H. (1997): Toxicity of crude extracellular products of Aeromonas hydrophila in
.Tilapia, Tilapia nilotica. Lett Appl Microbiol, 25, 269-273

Khouraiba, H.M.M. (1989): Rearing of bony fish in experimental fish farms and impact of environmental
.conditions. Ph.D. Thesis, p: 264. Faculty of Agriculture, Suez Canal University, Ismailia, Egypt

Kurata, O., Okamoto. N., Suzumura, E., Sano, N. and lkeda, Y. (1995): Accommodation of carp natural killer-
.like cells to environmental temperatures. Aquaculture129:421-424

Langiano, V.C. and Martinez, C.B.R. (2008): Toxicity and effects of a glyphosphate-based herbicide on the
.neotropical fish Prochilodus lineatus. Comparative Biochemistry and Physiology Part C, 147: 222-231

Len, P.P. (1987): Mesophilic spoilage of marine fish: bay trout (Arripis trutta), bream (Acanthopagrus butcheri)
.and mullet (Aldrichetta forsteri). Food Technol Aust, 39, 277-282

Leung, K.Y., Yeab, L.V.,, Lam, T.J. and Sin, Y.M. (1994): Serum resistance as a good indicator for virulence in
.Aeromonas hydrophila strains isolated from diseased fish in South East Asia. J. Fish Dis. 18, 511-518

Lowe, C. J. and Davison, W. (2005): Plasma osmolarity, glucose concentration and erythrocyte responses of two
.Antarctic nototheniid fishes to acute and chronic thermal change. Journal of Fish Biology, 67: 752766

.Lucky, Z. (1977): Methods for Diagnosis of Fish Disease. Amerind Publishing Co. New York

M.D.3,_Ping, C.G. and 3Yan, Y.H. (2010): Lethal reaction of Nile tilapia (Oreochromis niloticus) under low <Mei


http://www.cabdirect.org/search.html?q=au%3A%22Ma+DanMei%22

.temperature stress. 3Guangxi Agri. Sci. 41 (7):726-728

Mommsen, T.P., Vijayan, M.M. and Moon, T.W. (1999): Cortisol in teleosts: dynamics, mechanisms of action,
.and metabolic regulation. Reviews on Fish Biology and Fisheries, 9: 211-268

5Chen, Y.Y., 55Lin, Y.H., 55Vaseeharan, B. and 55Chen, J.C. (2007): The immune response of © ¢« Ndong, D
tilapia Oreochromis mossambicus and its susceptibility to Streptococcus iniae under stress in low and high

LA LA (Y)Y Yiemperatures. Fish Shellfish Immunol.

Nieto, T.P., Corcobado, M.J.R., Toranzo, A.E. and Barja, J.L. (1985): Relation of water temperature to infection
.of Salmo gairdneri with motile Aeromonas. Fish Pathology 20, 99-105

.Noga, E.J. (2010): Fish disease: diagnosis and treatment. 2nd ed. Wiley-Blackwell. (2): 88-90

Pickering, A. D. (1981): Introduction: the concept of biological stress. In: Pickering, A. D. (ed). Stress and Fish.
.Academic Press, London

Pickering, A.D. and Pottinger, P. (1983): Seasonal and diet changes in plasma cortisol levels of the brown trout,
.Salmo trutta L. Gen. Corn. Endocrinol.,49; 232-239

Porchas, M.M., Cordova, L.R.M. and Enriquez, R.R. (2009): Cortisol and Glucose: Reliable indicators of fish
.stress?. Pan-American Journal of Aquatic Sciences. 4(2): 158-178

Pottinger, T.G. (1998): Changes in blood cortisol, glucose and lactate in carp retained in anglers’ keepnets. Journal
.of Fish Biology, 53: 728-742

Reid, S.G., Bernier, N.J. and Perry, S.F. (1998): The adrenergic stress response in fish: control of catecholamine
.storage and release. Comparative Biochemistry and Physiology Part C, 120: 1-27

.Roberts, R.J. (2001): The bacteriology of teleosts. 315-321. Fish Pathology, WB Saunders, Philadelphia

Robertson, L., Thomas, P., Arnold, C. R. and Trant, J. M. (1987): Plasma cortisol and secondary stress responses
of red drum to handling transport, rearing density, and a disease outbreak. The Progressive Fish Culturist, 49: 1-

A2

Rodrigues, B.N.L., Molinari, L.M. Scoaris, D.O., Pedroso, R.B., Nakamura, C.V. Ueda, N.T., Filho, B.A.A. and
Filho, B.P.D. (2003): Haematological and biochemical values for Nile tilapia Oreochromis niloticus cultured in

.semi-intensive system. Acta Sci. Biol. Sci. (Maringa), 25: 385-389

Saber, A., El-Shafai, A., Fatma EI-Gohary, A.N., Fayza, N. Van Der Steen, P. and Huub, J.G. (2004): Chronic
.ammonia toxicity to duckweed fed tilapia (O. niloticus). Aquaculture, 232: 117-127

.Schaperclaus, W. (1979): Fish Diseases. Berlin, Akademie-Verlag

.Schaperclaus, W. (1992): Fish Diseases, Blakema AA, Rotterdam. Berlin

SPSS (2004): "Statistical and Package for Social Science, SPSS for windows release14.0.0, 19 June, 2004." Standard
.version, copyright SPSS Inc., 1989- 2004

.Stoskoph, M.K. (1993): Fish Medicine. PP,116,128,129.W.B. Saunders Company

Trinder, P. (1969): Serum glucose determination. Ann. Clin. Biochem., 6:24. Cited from Boehringer
.Mannheim.Gmth Diagnostickit

Trust T.J., Bull, M.L., Currie, B.R., Buckley, J.T. (1974): Obligate anaerobic bacteria in the gastrointestinal
microflora of the grass carp (Ctenopharyngodon idella), goldfish (Carassius auratus), and rainbow trout (Salmo

.gairdneri). J. Fish Res. Board Can., 36, 1174-1179

Wagner, G.N., Singer, T.D. and McKinley, R.S. (2003): The ability of clove oil and MS-222 to minimize handling
.stress in rainbow trout (Oncorhynchus mykiss Walbaum). Aquaculture Research, 34: 1139-1146

.Wedemyer, G.A (1970): The role of stress in the disease resistance of fishes spec. Publ. Am. Fish soc. 5, 30-35

Weichselbaum, T.E. (1946): Determination of total proteins Am. J. Clin. Pathol., 7: 40

West, T.G., Arthur, P.G., Suarez, R.K., Doll, C.J. and Hochachka, P.W. (1993): In vivo utilization of glucose by
.heart and locomotory muscles of exercising rainbow trout (Oncorhynchus mykiss). J.Exp. Bio., 177: 63-79

Yardimci, B. and Aydin, Y. (2011): Pathological findings of experimental Aeromonas hydrophilla infection in Nile
tilapia (Oreochromis niloticus) Ankara Univ. Vet. Fak Derg. 58, 47-54


http://www.ncbi.nlm.nih.gov/pubmed?term=Ndong%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17132470
http://www.ncbi.nlm.nih.gov/pubmed/17132470

il ) St 8 4 55K g saall e gl pall algal) il
T Al el e sl s ) Gy ales aal

L ALYl al jal aud ¥ el S e il Qanalls ey ial el ah)
as1 )3l ) 5s Aae ) )3l Gsaall S je - sl daa Gsag 2gaa

a5V Ui ALY Gl Ao liall Al e ol pal) lea¥) Ll Aol Al ot s

00 I (535 A she Ay YO 51y da s o L Tl ASas VA Y A1 o5 i s 518 i g sl 5 Sk 5 508

gLl () 4nlll (o yal i g adatlin 4o sana (V) O jiic) Gile saae ¥ () Lpasali a3 6 daala § pal o) ol s

() pni 4e gana JS Apsie da ;0 10 ) foalie alaas LA g 45 5he 450 YO L) elall 3l e A jo 8 (oalia

Y A g i 5 ) 518 (el s sl Ly S Al 5 Dl g pa i ge 5 Y1 LS 5V (gand 4o gane Cand 30

e lia a3 s oLl 5l Aol poaliall il ol 31 (e Ll Jomniall seilil] cinm 51 i€ sl
Al g saadly Llad 4Ll S| Cingial o5 (a5 lans



