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ABSTRACT

The effect of several stressors in promotion of
yersiniosis among farmed O. niloticus was evaluated.
Yersinia infected fish were stressed by low dissolved
oxygen (DQ), increased unionized ammonia (NH3) and
different copper levels (1mg/L for 1 hr, 0.15 mg/L for 10
days and Img/lL for 1 month) at two different
temperatures (18 © C and 25°C). Decreased DO and
exposure to copper increased mortality and/ or morbidity
percentages. yersiniosis affected fish showed acute &
subacute forms with establishment of asymptomatic
carriers.  Skin darkening with or without other
septicaemic  lesions was the principal clinical
abnormalities. High percent of asymptomatic survivors
were noticed among excess NH3 exposed fish. After 60
days post infection, all or most of unstressed and stressed
survivors were Yersinia carriers. Significant reduction of
Hb and total serum protein were observed among
unstressed infected fish. All stressors caused acute
anaemia with non significant decrease of total protein.

INTRODUCTION

Yersiniosis is an acute to chronic septicaemic stress related disease,
now, generally recognized to be world wide (Rintamaki e al, 1986). In
Egypt, Yersinia ruckeri (Y. ruckeri), the causative agent of yersiniosis — was
recovered from apparently healthy feral O.niloticus , Clarias lazera (C.
lazera) , Cyprinus carpio (C.carpio) and Chrysichthys auratus ( Ch. auratus)
as well as septicaemic wild O. niloticus and C. lazera (Hussien et al.,1997;
El-khatib, 1998 and Jehan, 2001). This disease pose a continuing threat to
pisciculture as even with improved environmental conditions, asymptomatic
carriers may become established. Also, dramatically high losses can occur
when water conditions are poor or when fish are exposed to stresses. The
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prime factors known to evoke subclinical and clinical infections are increased
water temperature, low dissolved oxygen, high ammonia, and handling
(Rucker, 1966 and Bullock and Snieszko, 1979). Moreover, there 1s a link
between exposure to low levels of copper in the water and clinical disease
(Knittel,1981). Unfortunately, pond — reared fish may be exposed to different
levels of copper as it is sometimes used to treat several bacterial & protozoal
diseases and to control algae in fish ponds, besides it probably pollutes the
natural water. As a general rule, prevention and control of yersiniosis is
impossible without avoiding and correcting the predisposing factors {Horne
and Barnes, 1999). So, this study was planned to investigate the effect of
environmental stressors in promotion of clinical as well as covert yersiniosis
among cultured tilapias in Egypt.

MATERIAL AND METHODS
Fish: ‘

A total number of 210 O. niloticus weighing 45 = 5 g. obtained from
apparently healthy lots of Fokky fish farm with no history of yersiniosis. They
were stocked in 14 glass aquaria (40 x 50 x 100 cm) of 15 fish each. The
aquaria were supplied with dechlorinated tap water & continuous aeration.
One third of water was changed every two days, two weeks prior to and
throughout the period of the study. Fish were not fed during the experiments
in order to decrease ammonium production to the water.

Bacterial cuiture:

A well identified, locally isolated Y. ruckeri isolate was kindly
supplied by the department of fish diseases, Animal Health Research Institute.
Stock cultures were maintained on tryptic sey agar (TSA) slants (Difco,
Detroit, Mitchigan)and stored at 4°C. Stock cultures were transferred to fresh
slants monthly. '

Infection of fish:

100 ml of 24 h old Tryptone soy broth (TSB) culture of Y. ruckeri
was added to an aerated 20 - liter aquarium. The number of bacteria in the
immersion medium corresponded to about 2.5 x 10" colony forming unit
(CFU) ml". All experimental fish were allowed to remain in contact with the

culture for 90 min. Fish in control group were immersed as mentioned above
by using bacterial free TSB (Hietala et al., 1995).

Water chemistry:

Daily water samples were taken for determination of DO content, pH,
NH; and hardness. DO and pH were measured by oxygen and pH meters,
while NH; and hardness were chemically estimated according to Boyd,
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(1979). During copper exposure, copper sulphate(El- Nasr pharmaceutical
Chemical Co.) was used. Water was tested every other day using the Aqua
Merck copper test no. 14651, Duplatest CU as noted by Untergasser, (1989)
for substitution of any missing copper.

- Design of stress-inducible Yersiniosis experiment:

The experimental design for exposure of Yersinia infected O. niloticus
to different stressors namely low DO, excess unionized ammonia and various
levels of copper were summarized in table.1. All experimental fish were
observed over sixty days period for mortalities, behaviour changes, and
clinical abnormalities. Dead fish as well as survivors which sacrificed at the
end of the experimental period were subjected to post-mortem and
bacteriological examinations. Haematological and biochemical investigations
were carried out on clinically diseased and control fish.

Bacteriological examination:

Kidney, liver, spleen & intestine swabs were plated onto tryptic soy
agar (TSA) and incubated overnigit at 30°C for resiolation of Y. ruckeri. The
isolates were identified by growth on Shotts Waltman (SW) medium (Shotts,
1991) and using API 20E system (BioMerieux Vitex, Inc., Hazelwood, MS,
USA) as suggested by Frerichs, (1993). '

Haematological examinations:

Blood hemoglobin content (Hb), haematocrit (PCV) value and
erythrocyte (RBCs) count were assessed according to Kanaev, (1985) and
Stoskopf, (1993). Blood indices including mean corpuscular volume (MCV),
mean corpuscular haemoglobin (MCH) and mean corpuscular hemoglobin
count concentration (MCHC) were calculated following Sonnenwirth &
Jarett, (1980).

Biochemical study:

The Biuret reaction was followed to determine serum total protein
levels (Wotton & Frecman, 1982).

Statistical analysis:

The obtained data were subjected to the student’s t-test (Gad & Weil,
1986)

RESULTS
Effect of different stressors on fish mortalities among Yersinia
infected O.niloticus:
Diiferent mortalities were recorded in unstressed and stressed
experimentally infected fish (Table 2). Exposure to low DO and sublethal
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concentration of copper (1mg/L for 1 month) either at 18°C and 25°C caused
100% deaths in short periods about 17 to 37 days. Similar losses occurred
also among infected O. niloticus which exposed to copper sulphate in
therapeutic doses (Ilmg/l. for 1 hr and 0.15 mg/L. for 10 days) at high
temperature. Even at 18°C, exposure to copper at pervious doses caused
higher mortalities (86.7% and 73.3%) than unstressed ones (60%). Increasing .
temperature did not affect mortalities greatly either in unstressed and stressed
infected fish. The least losses occurred among stressed fish was 13.3 and zero
% on exposure to excess NHj at 18 and 25°C respectively. Control fish did
not show any deaths. A symptomatic mortalitiecs observed mostly among
unstressed O. niloticus and to a lesser extent in stressed ones. Isolated bacteria
from different organs of freshly dead fish were morphologically and
biochemically identical to the stock cultures of Y. ruckeri as confirmed by
plating suspected cultures onto SW medium and production of green colonies
with halos which is specific for Y. ruckeri. The causative bacteria were
recovered from all or most examined organs of dead fish, however, few
percentages of some stressed ones revealed Y. ruckeri from two organs only
(Table. 2). 13.3% of those exposed to copper for 10 days or 1 month coupled
with high temperature had Y. ruckeri in spleen and intestine. Similarly, Y.
ruckeri was found in kidney and intestine or kidney and spleen of 26.7 or
20% of those exposed to copper for one month at 18 and 25°C respectively.

Effect of different stressors on forms of Yersiniosis:

Mostly, abnormal swimming & sluggishness accompanied signs of
yersiniosis. Skin darkening was the principal clinical signs among yersiniosis
affected fish regardless to the presence & type of stressor (Fig.1). Mouth and
throat reddening (Fig.2) appeared in relatively few fish especially which
exposed to low DO either with or without increased temperature. Also, scale
loss, haemorrhages on the external body surface, base of fins and ocular
cavity (Fig.3) and iris were seen in stess- inducible yersiniosis. Morbidity
percentages increased in some stressed O. miloticus to reach 80.7- 100%,
except on exposure to copper for 1 hour and 1 month at 18°C where they still
similared those recorded among unstressed fish (Table.3). Internally, some
stressed fish showed gross congestion of gills, liver, kidneys, spleen, and
intestine (Fig.4). Intestine often contained a yellowish fluid. Enlarged spleen
and kidneys also were noticed. At the end of the experimental period,
asymptomatic survivors’ percentages increased on exposure to increased NHj
at 18 °C and 25°C, decreased on exposure to copper in therapeutic doses at
18°C and disappeared completely in other treatments. All unstressed
asymptomatic survivors at 18°C were carriers where Y. ruckeri could be
reisolated from most organs of them (Table 3). Similarly, covert yersiniosis
affected 100% of survived fish which were therapeutically treated with copper
at18 °C.In case of exposure to increased NH; either at18 °C or25 °C, carriers’
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percentages fall to 53.9 and 66.6 °C respectively. On the other hand, no
carriers could be detected among unstressed survivors that reared at 25 °C. Y.
ruckeri was recorded often from kidneys, spleen, intestine and less in the liver
No bacteria were recovered from sampled tissues of control fish. ’

Haematological aiterations associated with stress — inducible
overt Yersiniosis:

Changes in Hb, PCV, RBCs and blood indices (MCV, MCH and
MCHC) of clinically diseased and control fish from all groups were
summarized in table.4 .Y. ruckeri infection at 18 °C -and 25 °C caused
significant reduction of Hb. Similarly, all stressors atl8 °C produced
significant reduction in Hb level, while there were no significant changes at
25 °C. PCV in unstressed fish was nearly similar to control while it generally
decreased in stressed fish groups except on stressing by low DO at 18°C and
sublethal concentration of copper at 25°C (significantly increased). RBCs
count did not significantly affected in all experimental fish except on
exposure to excess NH3 at 25°C where it was significantly decreased.
Macrocytic and microcytic hypochromic anaemia. appeared in unstressed
infected fish at 18 °C and 25 °C respectively. Also, macrocytic hypochromic
anaemia was detected on exposure to most studied stressors. However,
microcytic hypochromic anaemia occurred in ammonia stressed ones either at
18°C or 25°C, low DO at 25°C and copper for 10 days at 18°C.

Serum biochemical findings associated with stress — induciable
overt Yersiniosis: \

Statistical analysis of total protein indicated its significant reduction in
unstressed infected fish at both temperatures (18 °C or 25 °C). Non significant
difference between stressed and unstressed O. niloticus was observed
(Table.4).

DISCUSSION

Although yersiniosis was recognized among wild Nile fishes in Egypt
since 1979, no study concerns with such disease among cultured fish up till
now. This can be attributed to the similarities between clinical conditions of
yersiniosis and other bacterial speticaemic diseases, which may lead to
misdiagnosis. Most available literature that dealing with yersiniosis epizootics
or its epizootiology concentrated on cold water fish species other than local
breeds. So, here, the effect of several stressors which primarily associated
with cultured fish in yersiniosis promotion among our farmed O. niloticus
were fully examined. The results showed that mortalitx of unstressed infected
O. niloticus were 53.3-60% within 60 days. Jehan, (2001) also recorded
23.3% losses among intraperitoneally infected O. wniloticus within 21 days.
Again Horne and Barnes, (1999) reported that over 90% mortality may
occur while Rintamaki et al, (1986) noted that Y. ruckeri infection in
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whitefish and Atlantic salmon broodstock caused 0.5 — 4% deaths. Species,
susceptibility difference and observation period may be the cause of this
variation. On the other hand, some stressors (low DO and copper either at
18°C or 25 °C) increased mortalities than unstressed ones ( table.2) . Bullock
and Snieszko, (1979) and Knitiel, (1981) reported nearly similar findings in
stressed salmonids. In opposite to the mentioned in the available literature
{Horne & Barnes, 1999), excess unionized ammonia produced lower deaths
(13.3 & zero% at 18 °C & 25 °C respectively). This can be due to difference in
NH3 levels and pH, but the increase in the survival of fish than unstressed
ones can not be explained. Regarding the effect of temperature, there was no
great difference between mortalities at 18°C and 25°C in unstressed and
stressed O.niloticus (table.2). Published data about this point disagree with
our findings where they unfortunately deal with cold water fish species.
Asymptomatic mortality was abundant (7/9 & 6/8 at 18°C and 25°C
respectively) in unstressed infected fish. This coincedes with kawula ef al.,
(1996) findings in small fry. Oppositely, symptomatic deaths increased with
different stressors except on exposure to excess NH3 where the lowest
mortality occurred. This can be attributed to the effect of stress factors on the
interaction between pathogen and the immune system and other physiological
tfactors of the host (Horne and Barnes, 1999). Positive isolation of Y. ruckeri
from all or even most examined tissues of freshly dead fish means
septicaemic state and fish deaths were as a result of the pathogen or
combination of stressor and pathogen, not from stressor alone. Behaviour
changes, clinical signs and post- mortem lesions which are previously
described and shown in (Fig.1&4) were consistent with those reported by
Fuhrman et al., (1983); Rintamaki ef al., (1986); Stevenson et al., (1993);
Horne and Barnes, (1999) and Jehan (2001). The reddening of mouth and
throat was uncommon among infected O.niloticus. This result confirms the
previous observations of Frerichs ef al., (1985) and Rintamaki ef al., (1986)
in rainbow trout, farmed whitefish and Atlantic Salmon. The increase of
morbidity percentages among stressed fish as noticed in this work especially
at 25°C has been well documented by Bullock and Snieszko, (1975). He also
found that excess ammonia predisposes populations to clinical infection and
this disagreed with results presented here. Certainly, only further research can
answer, but one may speculate that there are other helping environmental
conditions responsible for triggering the clinical infection. The overall
forementioned data suggested that yersiniosis in both unstressed and stressed
O. niloticus appeared in acute and sub-acute forms as previously stated by
Rodriguez et al., and Danley ‘et al, (1999) in rainbow trout and channel
catfish. During this study, all infected unstressed and copper exposed
survivors at curative doses at 18°C were carriers (Table.3). Busch and lingg,
(1975) & Hietala ef al, (1995) also recognized asymptomatic carrier state
among rainbow trout by immersion route of exposure. Frerichs et al., (1985)
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again reported a similar absence of clinical signs in a Y. ruckeri epizootic in
rainbow trout. Knittel, (1981) also found that copper exposure increase
susceptibility of fish to Yersinia latent infection. Y. ruckeri could not be
‘recovered from all unstressed survivors at 25°C after 60 days from initial
infection and from 46.1% and 33.4% of ammonia stressed ones at]8°C
and25°C respectively. Hunter et al., (1980) noted that carrier percentage
reached undetectable level after 80 days where stress may play an important
role in triggering the release of the pathogen from the carrier, therefore
stressed fish transmit Y. ruckeri to healthy ones. Y. ruckeri was readily
recovered from one or more of examined organs and kidney, spleen &
intestine were the favorable sites for bacterial reisolation from unstressed &
stressed survivors. Busch and lingg, (1975) added that, during this period
liver also can act as a predilection organ. In the meantime, Jehan, (2001)
recommended the same organs for Y. ruckeri isolation from apparently
healthy & diseased Nile fishes. The previously mentioned clinical alterations
observed in the infected O. niloticus could be reflection of significant changes
in physicochemical parameters. Significant Hb reduction with macrocytic
hypochromic and microcytic hypochromic aneamia in unstressed Yersinia
infected fish at18°C and25°C respectively agree with Wobeser, (1973) and
Quentel and Aldrin, (1986) and Lehman ef al, (1987) observations.
Significant and insignificant Hb reduction with macrocytic hypochromic and
microcytic hypochromic anaemia  were noticed among stressed fish
comparing with unstressed ones. This coincedes with previous results which
indicated that different stressors increased symptomatic mortalities. Literature
concerned with effect of stress exposure on the haematological parameters of
yersiniosis — affected fish is nearly lost. However, the recorded
haematological changes in stressed infected fish can be attributed to the effect
of Yersinia endotoxin {Miller, 1983) where similar changes were observed in
unstressed infected ones. Regarding the total protein it was agreed with
Quentel & Aldrin (1986} whose value was 2.8 gm/100ml where it decreased
than uninfected by 50% approximately which was attributed to cell necrosis
found in an infected rainbow trout liver (Frerichs et al., 1985). Similar to
haematological changes, no reports on total protein changes of stressed
infected fish was found. Finally, it could be concluded that Yersiniosis is an
incriminated cause of serious economic losses in cultured O. niloticus at
Egypt. The expectation of yersiniosis troubles mostly, is in or near summer
where temperature rises (18-25°C). Fish would succumb to infection if
sufficient husbandry stress were applied. So, good husbandry is essential for
controlling yersiniosis to acceptable levels .Also, copper sulphate use in pond-
reared fish should be avoided to great extent especially where yersiniosis is
endemic.
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Table (1): Design and water parameters of stress inducible yersiniosis experiment.

Infection Mean
Aquar by Water | Mean | Mean Mean copper water Time of
Fish group N qmbe.r Y.rucheri | temp. Do NH; | PH | concentration | hardness | copper
u °’C (mg/L) | (mg/L) (mg/L) as CaCO; | exposure
(mg/L)
1 18 7.5 0.013 |80 * 177.9 -
I ‘ No inf.
2 25 6.85 | 0018 /82 * 177.9 -
3 18 75 0013 | 80 * 177.9 -
II inf.
4 25 6.85 0018 |82 * 177.9 -
5 18 55 0.024 |83 * . 177.9 -
ITT inf.
6 25 47 0.033 | 85 * 177.9 -
7 18 75 0.040 | 8.6 * 177.9 -
Iv inf.
8 25 685 | 0052 |88 * 177.9 -
9 ) 18 75 0013 | 8.0 10 1779 Lhr
v inf.
10 25 6.85 0.018 | 8.2 10 1779 1hr
' 11 _ 18 75 0013 | 80 0.15 177.9 10 days
VI inf. '
12 25 6.85 0018 | 8.2 0.15 177.9 10 days
13 18 | .75 | 0013 |80 10 1779 | 1month
VII inf.
14 25 6.85 0018 | 8.2 10 177.9 1 month

Aquear. = Aquarium Inf. = Infection Temp = Temperature *= Undetectable

"(1002) “190 (2) "ON “IX 194 ‘T PoW 194 Jons-tusg




Table 2 : Percentages of mortalites and infected organs in uninfected, unstressed & stressed Yersinia infected O.niloticus
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Infecti t % of dead fish having infected
Fish Aquar. nfection Water Rate of mortalities . EXP. Period of dead fish having infecte
by Stressors Temp. Mortality % argans
group | Number ¥.ruckeri (days)
: -ruckert °¢ | Asymptomatic | Symptomatic | Total LSKA&TI [ K+I | 5+1 | K45
1 18 0/15 0/15 0/15 Q0 60 0 0 o o
I NO Inf. /
2 25 0/15 0/15 0/15 . 00 60 0] 0 0 0
I 3 Inf 18 7/15 2/15 9/15 600 60 100 0 0 0
4 ’ 25 6/15 2/15 8/15 533 60 i00 0 0 0
ITT 5 " Low DO 18 2/15 13/15 15/15 1000 17 100 ¢] 0 o
6 25 3/15 12/15 15/15 100.0 - 33 100 c 4 0 o
7 i 18 2/15 0/15 2/15 133 60 100 0 0 0
v " High NH;
B 25 Q/15 0/15 0/15 00 60 o o] 0 0
‘;/ 9 " Copper 18 7/15 6/15 13/15 867 60 100 c 0 o]
10 1 mg/L for 1 hr 25 0/15 15/15 15/15 1000 19 100 o 0 o]
vi 1 . |Copper0.15mg/L | 18 0/15 us1s - | 11715 733 60 100 0 o1 o
12 for 10days [ 25 /15 15/15 15/15 1000 37 867 o [133 0
VII 13 " Copper 1 mg/L 18 /15 8/15 15/15 1000 30 733 267 0 s}
14 for I M 25 0/15 15/1% 15/15 - 1000 30 667 0 133 20
Inf.= Infection hr = hour L = Liver K = Kidney
temp = Temprature M = Menth « = Spleen I= Intestine
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Table 3: Percentages of morbidity, carmer una recovery in uninfected, unstressed & stressed Yersinia infected O.nfloticus

S8L

Water N. of moribund tilapias showed . % of a?ymPfcmu.?ic
. Temp. survivors having infected organs
- | Tnfection ; Morbidity | Morbidi rate of | ssymptomat Carvier
Agquar. by Stressors Y ty Asymptomatic SYMF_' omane Recovery ¥
Number i Skin Mouth & Other signs rate % ) survivars % %
¥-ruckeri AL R throat | T erla survivors Ly B | I [KeDl 5T EReS+E|LokesoT
" | redding |°f SePYe
1 18 0 ] 0 0/15 0 0/15 [4] 0 [4] Q Q 0 0 0 Q 0
7| NoInf. Ne 25 0 9 0 0/15 0 0/15 o oloijololo] 0| o 0 0
3 Inf No 18 8 8] o] 8/15 53.3 6/15 40 16.7|16.7| © 0 |[33.3] 33.3 0 100 o]
4 . ) 25 [} 3 o 9/15 60 7/15 467 0 o] ¢} 0 s} '] 0 0 100
5 " Low BO b1:) 12 1 o] 13/15 86.7 Q/1% o) Q o] o 0 ] 0 4] [e] o)
6 . 25 9 3 0 12/15 80 0/15 o o o) g |0 0 0 0 0 ]
7 o | igh s |18 0 0 0 0/15 0 13/15 867 o] o |35/ 0154 o 0 | 53.9 [ 4.1
8 28 0 o 4] 0/15 0 15715 100 0 113.3|133.3] © 0 a z0 66.63 33.4
9 Copper 1§ 6 o) 2 8/15 53.3 2/15 13.3 0 o) o) 0 0 0 100 100 o)
" 1 mgfi for 1
10 '“”h 25 15 ) 0 15/15 100 0/15 0 olofoloelo] o] o o 0
13 Zapper 18 15 4] [¢] 15/15 100 4/15 26.7 0 Q @ (261 25 50 ] 100 0
" 0.15 mg/| for .
12 10 days 25 15 0 o) 15/15 100 0/15 0 4] o] 0 o] 0 0 a o]
13 ] . opper 18 3 2 3 8/15 53.3 0/15 0 olo]o 0 0 [1] 0
" 1 mg/l for 1
14 M 25 15. 0 [+] 15/15 100 0/15 o] 0 [¢] [¢] o} o] Q 0 [¢] 0
Inf.= Infection hr = hour L = Liver K = Kidney
temp = Temprature M = Menth S = Spleen I= Intestine
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Table 4 : Means of Hb, PCV, RBCs, blood indices and total protien £ SD in uninfected, unstressed &stressed Yersiniosis diseased O.niloticus

. Infection
Fish Tem RBCs Count 10
Agquar by Y. Stressors | P Hb conc (g/dl) | PCV Value% MCV% (FL) MCH% (Pg) MCHC% T.P {gfdl)
group . c fmm
No ruckeri
| 1 No No 18 8.95: 0.29 15.5+ 0.58 1.86 0.18 84.19% 11.47 48.6+ 6.38 57,6+ 0.46 4.9+ 0.11
2 25 6.8 0.1 17£2.3 1.5+ 0.4 1942+ 38.2 49.7 £13.1 653 +1.7 4,55 0.4
m 3 Inf " No 18 8116733 158+ 52704 16+£06T0 1043+ 25 T3.9" | 32.9:64T68" | 523:64TE3™ 2404725
4 25 49+23T38"™ 173477703 212+4017T06 [B1.1£252T 83| 25:4.1T556"" 525466 T 19.4* 26509722
i 5 inf LowDO 18 68:07T30™ 19544 T25" 1.3+ 01703 153£ 20.1 T 6.4****{ 53.7 1.3 7208 | 355+ 387 4.5 18£03T05
<] : 25 56+14T1.0 137¢7.5T 1.0 2: 04701 T B5£29.2T1.0 277424720 504256 T10 2108717
v 7 Inf High NH3 18 53:0.8TE8** | 134t236T22" 1.5£0.1T0 88.7+218T 2.4* 351261707 40.7: 6.3 T 4.7 29£1.87T1.3
8 25 48213702 126437727 1.5£ 05T 6.0 734132712 3242717 3.00 41.3+ 84T 6.8 24102702
v 9 inf Copper 1 18 | 42+ 1T76™" | 145:29T1.1 16:0.8TC 12685.5T 1.0 36.8£ 265705 | 289+ 06T 148" | 25:08T1.0
n mg/L for 1
10 4 hr 25 51201705 14.5¢20T16 1.15104T 1.0 1414+ 677 T 26" | 46714 T 4.5 35647171007 18£027T1.0
11 Copper 0.15 18 53:19T68~" | 146£56T10 18+08T0.2 91.7+48T 1.4 3274144 T0.1 38.1£97 34 21£04T02
Vi Inf mg/L for 10
12 ¢ days 25 50:07T2 163422706 17¢03T04 G47+34T26 | 344418794 | 364:06T20™ 2620570
13 Copper 1 18 41t 1T 7.8 11+ 23T 48 0632001 T06 |742133.4T6.0° 64.9:153T6.2" | 37.1£07T52"™ 13+ 04T11
VI Inf mg/L for 1 - : T
14 M 25 6.3+1.5T1.6 2127710 24+1T720 887:95T1.1 282:84T07 31.3£6279.2"" 34502710
T= test * Significant Difference P value < 0.05 **Significant Difference Pvalue < 0.01

*** Significant Difference P value < 0.005

**Significant Difference P value <

0.001
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Fig. (1): (Above) moribund O. niloticus species exposed to copper for 10 days at 18°C
post Y. ruckeri infection showing skin darkening.(Below) moribund Q. niloticus
species exposed to copper(l mg/L) for 1 month at 25° C post Yensinia infection

showing skin darkening and tail and fin rot.

Fig. (2): Moribund O. niloticus species exposed to low DO(0.033 mg/L) at 25°C post
Y. ruckeri infection showing mouth and throat redding.
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Fig. (3): Moribund O. niloticus species exposed to copper (1 mg/L for 1 month) at
18 °C post Y. ruckeri infection showing congestion of head region and haemorrhages
. at fin bases.

Fig. (4): Moribund O. niloticus species exposed to low DO (0.033mg/L) at 25°C post- V.
ruckeri infection showing congestion of gills, liver & intestine.
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