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ABSTRACT 

This study was carrJed out to clariijr the role of fish In transmission of Aeromonas 

species to man. A tota} of 187 samples lncludJng )02 fish (36 Iced freshwater Dsb, 18 

each of Oreochromls niloUcu5 and Mugil cephaJu$, 36 frozen marine fish 18 each of 

Mackerel and Safdlne, J 5 saited SardJne and 15 smoked Herring) and 85 human (30 

hand swabs and 20 stools of fish-seilers, 35 stool speCImens of dian-hefc patients, of 

which 20 adults and 15 children) were coJJected. Fish samples were oblalned from 

different fish markets at DakahlJa Oovemorate, whereas. stool speCime.ns were taken 
from paUents of Mansoura unIversity hospitals. The resuffs showed tbat the overall 

percentages of Aeromonas speCies Isolated from surface swabs and flsh homogenate 

were 17.65 and 16.66. respectively. The lncldencc ofAcromonas speCies of surface 

swabs and Osh homogenate among different Osh speCies !Vere 16.66% and 27. 77% of 

Oreochromls nllOticus. 27.77% and 16.66% of Mugll cephaJus. 16.66% and J 1.1 J% 

of Macke.reJ. 33.33% and 22.22 of Sardine, zero and 16.67% of salled Sardlne and 

6.66% and 13.33% of smoked HerrIng. The 35 Aeromonas species strains Isolated 

from flsh surface and homogenate were identJ.fJed as A. hydrophila (44.44% and 

58.82%), A. cavtae (44.44% and 41 .1 7%}J and A. sobrla (11. 11 % and zero). Concern­

Ing human samples, Aeromonas specIes were Isolated from J 6. 66% of nsh-sellers 

hand swabs and were allocated to A.. bydrophlla 160%) and A. caviar: (40%). On the 

other hand, Aeromonas specJes were not Isolated from flsh-sdJers stool samples. 

However. A. cavtar: was Isolated only from 6.66% of chJJdren dIarrheic paUenls stool 

samples. Furthermore, A. hydrophiJa was Isolated only from 15% of adults paUents 

stool specImens. The results revealed that non-suiCidal strains of A hydrophlla were 

recovered from 54.17% of tolai flsh samples and 100% of total human samples. The 

vtruJence 8.Jld pathogeniCity of some no-suicidal A. bydrophJJa strains was assessed 

by intraperitoneal Inoculation of mice. TlJe zoonoUc importance, publIC health safety 

and preventive measures to avoid AeromonDS JnfecUon in man was fully dIscussed. 

INTRODUCTION 
In the past It was reported that fish are of 

minor lmportance as vectors of food-borne 

dlsease ill humans (Bernoth. 1990). Nowa-

MIUUlOUI8, Vet. Med. J. (141-166) 

days there is substantial evidence that fish 
and seafood are hIgh on the list of outbreaks 

of food borne diseases (Hue •• 1907). Fish and 

seafood may also be a vehicle for many bacte-
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rial pathogens (Davie. et aI., 2001). Food 

safety Issues associated W1th aquaculture 

products and the mIcrobIal status of flsh and 

seafood after catch Is closely related to envi­
ronmental condItions and mlcroblolog.tcal 

quality of water (FeJdhu8eIl. 2000), and differ 

from region to region and from habitat to hab­

Itat and vary according to the method of pro­
ducHon, management practices and enViron­

mental conditions (Reilly. 1998). 

Aeromonas spp. are ubiqUitous Inhabi­

tants of aquaUc ecosystems such as freshwa­

ter. coastal water, and sewage tAraoJu et aI .• 

1991). Organisms of the A. hydrophUa group 

tA. hydrophlla . A. cav1ae and A. sobrta) are be­

comlng recognized as important pathogens of 
humans, in whom they can cause various ex­

tra-lntesUnal diseases (Da1ly et aI •• 1981 and 
Ell1aOD and Mostow. 1984) and have been 

associated With human gastrOintestinal dis­

ease (DcodhST ct aI., 1991 and Rahouma et 
aI .• 2011). The pathogenesIs, and virulence 
factors responSible for Aeromonas Infecuon in 

different speCies are not weU u nderstood, 

Strains Isola ted from the environment don 't 
seem to d1ffer from stratns Isolated from cases 

of InfecUon W1th respect to the prevalence of 

virulence factors (Krovacek. ct al, 1994,. 

However, It has been shown that certain spe­

cies are more frequently tsolated from pa­

tients with dlarrhea as well as from dis ­

eased fish than Cram the enVironment (KIrov 

et al .• 1994). on account the 2.oonoUc troper­
tance of Aeromonas species and the role of 

fish In transmitting this pathogen to man, 
this study was planned to clartfy the inCi­
dence, virulence and pathogeniCity of Aerorno­

nas speCies Isolated from fish and human 

specimens. 
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MATERIALS AND METHODS 
AI Sampl .. ""Dec!1on:-
AI) n.h .ampl .. : 
A total of 102 fish, including Iced 

freshwater fish (16 Oreochromts nUoticus 

and 18 Mug1l cephalusl. frozen martne fish 

(18 Mackerel and 18 Sardine). salted fish 

(15 Salted Sardine) and smoked fish (15 

Smoked Herring) were collected from fish 
market In Dakahl1a Governorate and were 

packed In polyethylene bags and placed In 

Ice box then transferred directly to the la­

boratory. 

A.2) Human samples: 
A total of 85 human specimens represent­

ed 30 hand swabs from fish-seller and 20 

stool spectmens obtained from apparently 

healthy fish-sellers . Moreover. 35 stool speCI­
mens were collected from patients (20 adults 

and 15 chUdren wtth gastrointestinal distur­

bance and attending Mansoura University 

ChUdren's Hospital and Mansoura UniverSity 
Specla1tzed Medical hospital . Meantime, some 

stool samples were collected from Meet-Fares 

Health unit, MtnJstry of Health and Popula­
tion, Egypt. 

B) Samplea preparal1on:­
B.l) n.h oample.: 
Fish samples were prepared as preVious ly 

deSCribed by ICMSF (1966). Samples from the 
surface were taken uSing the swab technique. 
Mois tened stertle cotton swab was rubbed 
over the fish surface (2x5cm) by the help of 

sterUe Wire in two direction horizontal and 
vertical . then the tip of each swab ~as asep tJ~ 

cally placed into tube contatnlng 10 mI of 

sterUe alkaline peptone water as enrichment 
broth. 
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For fish homogenate. each fish was im­

mersed In ethyl alcohol (70%). After dryness, 

the body surface of each fish was sterilized by 

hot spatula; the skln was removed by sterUe 

scissors and forceps. Under complete aseptic 
condition , 25g of fish sample (containlng 

parts from gllls, muscles and abdominal con· 

tents). was taken and homogenIZed for 2 ,5 

minutes with 225 rnl of sterUe peptone water 

in a sterile laboratory blender. The samples 
were allowed to stand for 15 minutes at room 

temperature and become readily for IsolaUon 

and IdenUficalion of Aeromonas species. 

B.2) Human oampl .. , 

Human hand swabs samples were collected 

from fish-sellers prepared as prevtously de­
scribed by Sadoma (1997). SterUe swab was 
moistened with enrlchmen t broth, rolled all 
over the palm and then immersed under asep­

tic conditions into test tubes containlng en· 
rlchment broth. 

ConcernIng stool specimens. the collected 

Stool cups were Ice-packed and transferred 

dtrectly to the laboratory, wtth minimum time 
of delay. In the laboratory swab was taken 

from each stool sample usmg stertle mois­

tened swabs and then inserted into sterile 

tube contaJntng enrichment broth. 

C) Bacterta1isolatlon and ldCJlt1flcaUon:~ 

One ml of prepmed fish homogenate was 

added to 9 ml of enrichment broth. Fish sur­

face swabs and prepared human samples 
were directly added to 10 lUI of erulchment 

broth. AU inoculated broths were Incuba ted at 
37' e foe 24 h (Shread ct al., 1981). Mer In· 

cubation a loapful from enriched broth was 

stl""eaked onto Starch AmpJcllHn Agar (Palum-
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bo et al .• 1985) and incubated at 28°C for 24 

h. Aftel"" incubat10n period. characteristic colo­

nies wel""e selected, picked up and s treaked 
Into nutrien t agar and Incuba ted for 24 h at 

37°C for purification. The Isolated s trains 

wel""e subjected for further IdenUfication ac­

cording to Abbott ct 01. (2003). 

D) Vtrulence and path0cenctty of aome 
isolated Aeromonae hydroph.11a atra1na In 

mlce:-
To assess the vtrulence and pathogenicity 

of Aeromona s hydrophila. white mtce were 
challenged by the intraperitoneal route with 

I""epresentatlve AemlUonas hydrophIla non­

suicidal strains Isola ted from fish. hand 

swabs and adults stool as described pl""evlous-
1y by Namdart and Bottone (1988). 

The suicidal activi ty of each Isolate was 

determined by inoculation of duplicate tubes 
of Nutrient Broth contaJnlng 0.5% glucose fol­

lowed by Incubation of Individual tubes at 

37°C for 24 h . StraIns showIng the suicide 

phenomenon they had spontaneously pellet­

ed. whUe those lackin g this characterlsUc 
showed uniform bl""oth turbldlty are non sui ­

cide. 

four groups (each group contain 3 white 

mice) were used in this s tudy. Three groups 
(1 st for fish Isolate. 2nd for hand swab Isolate 

and 3rd for stool Isolate) were individual io ­

Jected Intraperllonealiy -wtth ind1V1dual 0.1 ml 

saline suspenSions contaJn lng loB CFU / ml of 
A. hydrophUa. whereas the mIce of 4th group 
were Inoculated with 0 .1 ml of sterUe saltne 

sever as a control. Mice were cUnJcally ob­

served for 14 days. Animals that died wert 
subjected to pos t-mortem analysts . and the 
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cultures of varIous organs (spleen. IntesUne 

and hver ) were aseptically prepared. 

RESULTS AND DISCUSSION 
The incidence of Aeramonas species from 

surface swabs and fish homogenate of differ­

ent fish species are shown In Tables 11&2). 

The overall percentages of Aeromonas species 

Isolated from surface and fish homogenate 

were 17.65 and 16.66 respecUvely. The fre­

quency distribution of Aeromonas species of 

surface swabs and flsh homogenate among 

dIfferent Os h speCies were ' 16.66% and 

27.77% ofOreocruomls nUoUcus, 27.77% and 

16 .66% of MugU cephaJu$. 16 .66% and 

11. II % of Mackere], 33.33% and 22.22 of 

Sardine, zero and 16 .67% of salted Sardine 

and 6.66% and 13.33% of smoked Herring. 
respectively. Lower lncldence of Aeromonas 

speCies were preViously recorded from fresh 

water fish surface and hJgher Aeromonas spe­

cies were recorded from marine water fish 

surface by yftcel and. BaJd (2010). Moreo­

ver. higher of Aeromonas speCIes IsolaUon 

rate from fresh water fish and marine water 

fish were detected by lI"ukuyama et aI. (1989) 

and BaatawrOW8 and Mohammed. (1999). 

However . no Aeromonas species were Isolated 

from canned fish (Yau.n and Lln. 1993) or 

from fresh water Osh (Top~popv1c et al .• 
2000). The present study pomted that Aero­

monas species from smoked Herring were 

wlthln the same range previously isolated 

from smoked fish (Oabat and JemmJ. 1993). 

In present s tudy. A. hydrophUa was Isolat­

ed from surface swabs of Oreochromls nIloti­

cus (33.33%). MugU cephalus (60%). Mackerel 

(66.67%), Sardine (16.67%) and smoked Her­

ring 000%). On the other hand. A. hydrophUa 

_1U3. Vet. Med. J. 
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was not Isolated from surface swabs of salted 

SardIne. Furthermore A. hydrophiJa was Iso­

lated from Os h homogenate of Oreochromls 

nllotlcus 1l00%}. MugU cephalus (33.33%). 

Sardine 175%) and sal ted Sardine (100%). 

However . A. hydrophlla was not Isola ted from 

fish homogenate of Mackerel or smoked Her­

ring. Nearly stmUar results of A. hydrophila 

recovered from surface and from muscle were 

cUed by Dorho (1998) . Lower A. hydrophlla 

incidence of fresh water fish were previously 

,epo,ted (El-KeI1eh, 1995 ODd Ohartb ot al., 

2003). On the other hand. hJgher Aeromonas 

hydrophUa percentage of smoked herring was 

recorded by Abo-El·Alla (2000). Furthermore. 

A. hydIophUa was detected in 33.58% of col­

lected flesh fl s hes lncluded SardIne, Mackerel 

and MugU (Vlnkanandlum ot al., 2005). 

A. caviae was isolated from surface swabs ' 

of Oreochromls nl10tlcus (88.87%), MugU 

cephalus (40%) and Sardine (86.67%). On the 

other hand. A. caV13.e was not Isolated fcom 

surface swabs of Mackerel, salted Sardine or 

smoked Herring. furthermore, A. cavlae was 

Isolated from fish homogenate of MugU ceph­

alus (66.67%), Mackerel (100%) and Sardine 

(25%). El·Kel1ah. (1996) found higher Isola­

tion rate (20%) of A. cavtae In muscle of Ore­

ochromls nUoucus: however El-Atabany 

(1996) d etected lower A. cavtae from Mugil 

cepha1us . Th e recovery of A. cavtae from ma­

rine water fish (Mackerel and Sardine) homog. 

enate was hlgher than preV\.ously found In 

marine shellfish h omogenate by Mohamed et 

aL (2001). 

A. $obrla was only isolated from surface 

swabs of Mackerel (33.33%) and Sardine 

(16 .67%) table (1). These results agreed with 

Val. XIlI. No.2, 20lJ 
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results of Ottav1aDl et aI. (2006) who did 

not Isolate A. Bobrla from mussels. Higher 

frequencies of isolation rates of A. sobTla 

were previously recorded by many authors 

as from Oreochromls niloUcus (El-KelJ.eh. 

19116). MugU cephalu. (E1-Alabany, 1996). 

channel cat fish IW""I and sUva. 1999). and 

shellfish (Mohamed.t aI .. 2001). 

Incidence of Aeromonas speCies from roan 

are shown in tables (3). Aeromonas species 

were isolated from 16.66% of fish-seller hand 

swabs. The Isolated species were allocated 

as : A. hydrophila (60%) and A. cavtae 140%). 

Higher incidence (60%) of Aeromonas speCies 

In hand swabs was preVIously recorded by 

Mohamed et aI. (2001). They also Isolated A. 

hydrophUa (83.3) and A. sohna (16.7%); how­

ever they could not Isolate A. caviae. 

Tables (3) verify that Aeromonas speCies 

were not Isolated from fish-seller stool speCI­

mens. This result was in agreement w:Jth De­

odhar ot al. (1991) and Oharlb ot aI. (2OOS), 

as they could not Isolated AeroDlonas species 

{rom control human stool. On the other hand, 

Aeromonas species were Isolated {rom control 

stool wHh low frequencies (FIgura et aI .• 

1988 and Yamada .t al .. 1997). [n th, 

present study, A. caviae was the only Aeromo­

nas speCies Isolated from 6.66% of ch1ldren 

patients stool samples. Furthermore lhe only 

Aeromonas species Isolated from adults pa· 

tlents stool samples was A. hydrophl.la. It was 

recovered (rom 15% of adults patients stool 

samples (table. 3). Lower A. cavtae Lncldence 

from chUdren patients stool speCimens was 

previously recorded by Figura et aI. (1986) 

and NoJ1moto et aI. (1997). However. lower 

A. hydroph1.\a Lncldence from adulta patients 

Maruroura, VeL Med. J. 
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stool samples was previously detected by 

DeodhaT et aI. (l901), Yamada et aI. (1997), 

and OhaJ1b et Bl. (2003): as they Isolated A. 

bydrophUa With percentage of 1.4 . 1.4 and 

5.3, respectively. On the other hand, A. sobrla 

and A.. cavtae were previously isolated With 

the percentages of 0.28 and 0 .12 by Deodhar 
ct a1.. (1991). 0.18 and 3 .8 by yamada et aI. 

(1997). and 2.44 and 0.97 by Hofer (2006). 

from adults paUents stool samples, respec­

tively. 

The suicidal activity of 31 A. hydrophlJa 

straJos recovered from fish and man are 

shown In (able (4). Non suicide stTaJns were 

recovered from 43.75% of fresh water fish, 

83.34% of marine water fish and 100% of 

salted Sardlne. Moreover, 100 % of each fish­

seller hand swabs and adults paUents stools 

were non·suiclde strains. Ottavta.n1 et aI. 

(2006) found that 68.75 % of Isolated A. hy­

drophUa mussels showed no.n s ulcldaJ actlv1-

ty. In the present work. the observed clinical 

signs of Inoculated mice with non·sulcldal 

stralns of Aeromonas hydrophUa. were dull. 

roughly haIr. Isolated In the corner of the box· 

es, and had bloody diarrhea (Photograph 1: 

AJ. The death of mice was recorded from onc 

day tUi 8 days post-Inoculation. A. hydrophl · 

la was Isolated from all liver . spleen and Intes · 

tine of necropsied mice (table. 51 . Post· 

mortem lesIons of dead mice Includlng. liver 

aod spleen congesUon and JnOammatJon and 

exudates accumulation In Jntestine (Photo· 

graph 1: B·Dj. On the other hand, control 

group mice were still alive for 14 day. They 

were scar1fied, and the organs were subjec ted. 

for isolation of Aeromonas species. All mice of 

control group were negative. Strntlar findings 

on vtrulence and pathogenlclly of Aeromonas 

Vol. XIII. No.3, 3011 
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In mice were prev10usly recorded by Namdart 
and Bottone (1988) and Otta'Vlanl et al. 
(2006). 

From the aforementioned results, we 

could concluded that AerOl;nonas species 

were Isolated from fish . This lndtcates that 

these fish speCIes were conSidered as po­

tential source of Aeromonas species for hu­

man infection in the examined areas. Also. 

Aeromonas species could be Isolated from 

hand swabs of fish-sellers. This indJcated that 

the contamlnated hands of fish- seller may 

constitute a potenUal hazard for themselves 
and for other fish consumers. In the other 

hand, Aeromonas spec1es could not be Isolat· 

ed from nsh-sellers stool. ThJs might be at· 

lrtbuled to all fi s h-sellers were apparently 

healthy. Furthermore, A. cavtae and A. hydro­

phil a were Isolated from stools of dJarrhelc 

MaMoura. Vet. Jled. J. 
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chLldren and adults . These suggest the role of 

A. cavtae and A . hydrophUa In human diar­

rhea gastroenterItiS. Higher percentages of 

Isolated A. hydroph1la strains showed non 
suicidal activity, and lnaculated representa­

tive strains were morbid and lethal for mice. 

These lndJcate that these Isolated slraJns were 

Virulent and pathogenic. Human enteropa­

thogenlCJty and animal virulence properties of 

Aeromonas spp. are correlated With their non­

suictdal actiVity at 37!1C (Namdart and Bot­

tone, 1988). So, for pubUc health safety It Is 

important to protect both fish sellers and con­

sumers from bacterial Infection through (1) 

improvement of handling and processing of 
fish, (2) provtde hygieniC educational pro­

grammes lO fish handlers. (3) prevenuon of 

sewage drainage in ecosystem, (4) periodical 

examlnaUon of ecosys tem, and (5) proper 

cooklng of nsh. 

Vol. XIII. No.:l, :lOll 
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Table (1): Fcaction of un-ionized ammonia in aqueous solution at different pH 
values and temperntures . Calculated from data in Emmerson, et al. 
(1975) 

Table (2): Biochemical parameters of examined adults O"iloticlts (0=28) after 0, 7 
14, 21 and 28 days of exposure to 0.1 rugIL unionized ammonia 
concentration. 

~ 
Total Albumin Globulins ALT AST 

Proteln 
Days (g1dL) 

(g1dL) (g1dL) (UlL) (UIL) 

0 
3.9 ± 1.8 ± 2.1 ± 22± 26 ± 

0.2 1 0.1 0.18 1.8 1.8 

4.1 ± 1.7 ± 2.4 • 28 • 35 • 
7 

0.31 0.9 0.2 1.9 2. I 

14 
4.9' I.R ± 3.1 ± 35 • 37 • 

0.33 0.12 0.22 2.5 2.6 

2 1 
5.5 • 2.0 . 3.5 • 36 • 59 • 
0.39'* 0.18 0.21· 3.0· 3.9·· 

28 
5.0. 1.6 • 3.4 • 45 • 76 • 
0.4· 0.1 0.2 3. t" 5.8'" 

Results are mean values ± standard error of duee replicates . 
• StatisticaHy significant (p < 0.05) differences . 

.... Highly statistically significant (p < 0.005) differences . 
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Table (3): Biochemical parameters of examined adults Onilolicus (n~8) after 0, 7 
14, 21 and 28 days of exposwe (0 0.5 mgfL unionized ammonia 
concentration 

I:S:: Total 
Albumin Globulins AJ..T 

Protein 
Days (g/dL) 

(g/dL) (g/dL) (u/L) 

0 
5.4 ± 1.9 ± 3.5 ± 18 ± 
035 0.11 0.19 1.2 

6.4 ± 1.5 ± 4.9 ± 56 ± 
7 

0.42- 0.1 .. 0.28 3.9· 

14 
6.2 ± 0.9 ± 53 ± 59 ± 
0.43· 0.05 .. 0.37- 5.0· 

6.8 ± 1.0 ± 5.8 ± 58 ± 
2 1 

OA8· 0.06 • 0,42· 4.7· 

28 
63 ± 1.01 ± 5.3 ± 56 , . 

0.49· 0.08 .. 0041' 4.9-

Results are mean values ± standard error of three rephcates . 
.. Statistically signifi cant (p < 0.05) differences. 

** Highly statistically significant (p < 0.005) differences. 

AST 
(U/L) 

35 ± 

0.22 

98 ± 
0.75' 

105 ± 
0.8S" 

11 2 ± 

9.S" 
123 ± 

10.2" 

Table (4): Biochemical parameters of examined adults O.lliloticus (n=28) after 0,7 14, 
21 and 28 days of exposure to 1.0 mgIL unionized ammonia concentration. 

I~ 
Total 

Albumin Globulins 
Days 

Protein 
(g/dL) (g/dL) 

(g/dL) 

0 
4.5 ± 2.0 ± 2.5 ± 
0.33 0.17 0.15 

8.0 ± 0.9 ± 7. 1 ± 
7 

0.56' 0.07 ' 0.54-

14 
83 ± 0.7 ± 7.6 ± 
0.6" 0.04 •• 0.6· 

4.4 ± 0.3 ± 4.1 ± 
21 

0.33 0.0 11 •• 0.28· 

28 " 
, .. -- --

Results are mean values ± standard error of three replicates . 
• Suuisticall y significant (p < 0.05) differences . 
.. Highly statistically significant (p < 0.005) differences. 
J Fishes did not survived to this point 

ALT AST 

(U/L) (U/L) 

30 ± 48 ± 

2.4 3.1 

59 ± 129 ± 
4.7* 10.2·· 

78 ± 148 ± 
6.1· 11 .2U. 

86 ± 170 ± 
5.4· 15" , , 
- .. 
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Table (5): Biocbemical parameters of ex.amined adults O.lTilolicus (n=28) after 0, 
7 14, 21 and 28 days of ex posure to 2.0 mglL un ionized ammonia 
concentrat ion 

Parameter Total ProteIn Albumin G lobuli ns 
(gldL) (gldL) (gfdL) 

Days 

0 4.3 ± 1.9 ± 2.4 ± 
0.32 0. 1 0.17 

7 8.2 • 0.3 ± 7.9 ± 

0.7" 0.02'" 0.52· · 

14 8.6 ± 0.2 . 8.4 ± 

o.n '" 0.01·· 0.6J" 
21 

, , , .- - --

28 
, , , -- - --

Results are mean values ± standard error of three repli cates . 

• Statisti cally significant (p < 0.05) differences. 

*'" Highly statistically significant (p < 0.005) differences. 

J Fishes did not survived to this po int 

<\LT <\ST 
(UlL ) (UIL) 

26 ± 4S ± 
2.0 3.3 

9S ± ·165 • 
8.0 ... • 11"-
104 ± 187 ± 

8.7" 14.5 ** , , -- --, , -- --

Ta ble (6) : Histopathologic observations for both control and differenl sublethal VIA 
conc (xngIL) exposed 0 nilolicus' -

Tissue and histopathology Control 0.1 0.5 1.0 2.0 

Hyperemia - - + ++ ++ 

Gills 
proliferation of secondary lamellae - - - + ++ 

Congestion of branchial branches - - - + +++ 

Liver hydropic degeneration - - + ++ +++ 

necrotic hepatocyted - - - + ++ 
Kidney necrotic renal tubular epithelium - - - + ++ 

hypercellulari ty in mesangial ce lls - - + ++ +++ 
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F'tgure 1: Section of gills of O.n1lotlcus 

exposed to 1.0 mg/L UIA 

shOwing moderate to severe 

proUferaUon of sec,ondary la­

mellae (arrow) and canges­

uon of branchIal branches 

(arrow head), 

Ftgure 2: Section of gtlIs of O.ntiotlcus 

exposed to 2.0 mg/ L UIA 

shOWing sever congestion of 
secondary lamellae (arrow) 

w1th Round cell lnfUtrating 
their stroma (thIck arrow), 

MIlD6ourll., Vet. Med. J. 
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Figure S: Section of liver of O.ntlotlcus 

exposed to 0.5 mg/L UIA 

shOWIng slight or mtntmal 
hemosiderosis (arrow).and 

nearly normal Hepatic archi­

tecture with sllght conges­
tion of blood vessels (arrow 

h ead). 

P'tgurc 4: Section of liver of O.ntloUcus 

exposed to 1.0 mg/L UI.A 
shOWing hemorrhage necrot­
ic hepatocyted (lytlc necro­
sis ), 

Val. XIII. No. Z, ZOlI 
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Ftgure 6: Section of ltver of O.ntlotlcus 

exposed to 2.0 mg/L UIA 

showing replacing narrowing 
of hepatic cords (thin arrow) 

and sever congestion of 
blood vessels (thick arrow). 

Ftgure 6: Section 
O.niloUCll$ 

of kidney of 

exposed to 0 .5 
mg/ L UIA shOWing sUght or 

minimal congestion and 

nearly normal architecture 
(arrow). 

AIJUJ6oura. Vet. Med. J. 

l6l 

Figure 7: Section of kidney of 

O.niloticus exposed to 1.0 

mg/L UtA shoWing necrotic 
renal tubular epithelium 

(thin arrow) and vaculation 

of renal tubular epIthelium 
(thick arrow) . 

8 : Section of kidney of 

O.ntlotlcus exposed to l.0 
mg/L UIA show1ng chronIc 

Inflammatory cells In Inter~ 

sUtta! tissue (thin arrow) 

with HypercelluJarlty In me­
sangia! ceUs (thick arrow). 
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