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Abstract: Bacteriological evaluation of various diseases of Clarias gariepinus and 
Heterobranchu..s hidorsalis showed higher bacterial colonisation of the diseased than 
the  appparen t l y  heal thy  f ish. Ident i f icat ion showed t h e  isolat ion of 

, Aer-onaonas hydrophi la,  Pseudonzonas sp., Salnzonella sp., Vihrio sp., 
Bncteriocles sp., Clostridiuln sp., Canl,pylobacterjejuni. Yersina er1terocolitica, 
Brrci1lu.s sp., Aero11loraas sp. and gram positive anaerobic cocci from apparently healthy 
fish-while Pseudotnortas fluorescencs, Flauobactel-iunz sp., Flexihactc:r- sp. and 
Aerontonas sp. were isolated in addition to the above genera from diseasecl fish 
samples. Haematological evaluation of diseased and apparently healthy C. gariepipinus 
and H. bidorsalis indicated a significant difference (pe0.5) in the PCV, WBC, ESR 
and Hb of diseased and apparently healthy fish. Characteristic differences were 
observed in the histology of affected t issues of diseased fish. These results are 
indicative of these bacteria in disease aetiology. 
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INTRODUCTION 

In tropical aquaculture, fish farming is vigorously pursued by utilising a minimum 
of land, water and labour resources to provide an economically profitable source of 
protein for human consumption. In an effort to achieve rapid fish growth to meet 
the increasing demand for fish protein, large quantities of domestic waste 
are generally introduced into fish ponds. Our previous report revealed that the 
addition and subsequent decomposition of the added waste leads to an unfavourable 
physicochemical water quality. Other workers 2-4 have reported increased incidence 
of bacterial infections of fish during such stressful condition in fish culture systems. 
Previous studies l,h6 were directed towards establishing various bacterial flora of 
aquaculture systems and fish disease in the tropics. Thus, in-depth studies on the 
various biochemical responses of fish to disease are important in the search for 
ways of ameliorating the devastating menace of fish diseases of bacterial origin. 
The role of most bacterial fish pathogens such as A. salmonicida, A.piscicida, 
Yruckeria, P.flourescens, A.hydroplzila, E.tarda, Vibrios sp., Salmonella sp., 
Chromobacterium sp. and others has been reported .7-11 This study was therefore 
aimed a t  evaluating histological and haematological responses to common 
tropical diseases of catfish with a view to establishing novel diagnostic protocols of 
their management. 
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METHODS AND MATERIALS 

Sample Collection 

Samples of Clarias gariepinus and Heterobranchus hidorsalis were collected from 
ponds located at Ellah Lakes, Obrikom, African RegionalAquaculture Centre (ARAC) 
Aluu and Fawumi Fish Farm, Rumuokoro all in Rivers State. The stocking density 
for the ponds was 5 fish/m2 while the feeding rate was 5% of the body weight 
administered twice daily. Diseased and apparently healthy fish samples ofnot less 
than  four months old measuring between 15 cm and 31 cm in  length, 4.5 cm 
and 11 cm width and weighing between 0.42 kg and 19 kg were collected 
separately in oxygenated bags filled with clean fresh water up to 112 of the 
volume to ensure the survival of the fish samples during transportation to the 
laboratory. All the samples were processed and analyzed within three hours 
of collection. 

Microbiological Analysis 

Bacterial assays of organs and tissues of diseased and apparently healthy fish were 
assayed with a view to establishing the actual pathogens. Five grams of each sample 
were homogenised in 45ml physiological saline and the bacterial load enumerated 
after preparing 10-fold serial dilution of the homogenised samples. Total 
heterotrophic bacteria were enumerated using tryptone soya agar. Salmonella, Vibl-io 
and Psei~dolr~ortas species were assayed using Bismuth sulphite agar, thiosulphate 
citrate bile salts, sucrose agar and Psetsdomonas F agar respectively. The isolation 
of Yersi~ziu enterocolitica, Ca~npylobacter jejzrni, total coliforms and A. Izydrophila 
were as reported previously1. 

Anaerobic bacterial groups were enumerated using anaerobic blood agar as 
described by Dowel1 et aL.12 Except for the anaerobic bacteria which were incubated 
under micro-aerophilic condition at 42OC for 48h, other bacterial gfoups were incu- 
bated aerobically. Reported plate counts were those that had between 30-300 colony 
forming units (cfu). 

Representative isolates were generally characterised as described by Holtl" 
and this involved incubation at  certain temperature condit on, colony morphology, 
cell morphology, motility, oxidase, catalase, urease, H2S production, citrate utilisation, 
oxidation and sugar fermentation tests, methyl red and Voges-Proskauer tests, 
growth on hippurate and sensitivity to nalidixic acid. 

Histological a n d  Haematological Assay 

The histological assay was carried out as described by Baker & Sylverton l4 and 
Austin & Austin." This involved fixing the sample with 10% formaldehyde, 
dehydrating to remove the formaldehyde using alcohol, dehydrating to remove 
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alcohol using chloroform, embedding in wax, sectioning using rotary type 
microtome (Keichert-Jung, London) and permanent slide preparation. The 
haematological assay involved the determination of red blood cell, white blood cell, 
packed cell volume (PCV) and erythrocyte sedimentation rate (ESR) as described 
by Baker & Sylverton14 and Cruickshank. l5 

Statistical Analysis 

Mean of log of colony forming units of bacteria from apparently healthy and dis- 
eased fish and white blood cell counts, red blood cell counts, packed cell 
volume and erythrocyte sedimentation rates ofreplicates from apparently healthy 
and diseased fish were subjected to correlation using the correlation and prediction 
method as described by Phillips.'" 

RESULTS 

The bacterial assay of diseased and apparently healthy C. gariepinus and 
H. bidorsalis revealed a higher colonisation of the organs and tissues of the 
diseased than the apparently healthy fish. The diseased fish parts recorded high 
microbial load similar to the intestinal samples with more pathogenic organisms 
and bacteria of' public health concern occurring i n  organs of the diseased fish 
such as  liver, kidney and gills which harboured heavier bacterial loads than 
samples from the apparently healthy fish (Figures 1 and 2). This shows the 
extent of invasiveness of the offending bacteria. Counts of aerobic and anaerobic 
bacterial groups were several log cycles higher in  the diseased than in the 
apparently healthy fish, indicative of participatory or synergistic roles of the 
aerobic and anaerobic bacterial groups in perpetuatifig the disease condition. 

Identification also revealed more genera of bacterial isolates in the diseased 
than the apparently healthy fish. Of the 15 genera of bacteria isolated from C. gariepinzts 
(Table I), 100% of all the bacterial genera were isolated from the diseased parts (skin 
rot), 71.41% and 64.28% were isolated from the gill and kidney tissues respectively 
whereas 50% of the genera were isolated from the liver tissues. On the other hand, 
only nine genera of thq bacteria were isolated from the apparently healthy fish (table 
2) with the intestine harbouring 100% of the isolates, 90% were isolated from fish skin 
whereas 80%, 60% and 40% were isolated from fish gill, kidney and liver samples 
respectively. Identification of pathogens revealed that Bacillus sp., C. jejuni, Y eizterocolitica, 
Vibrio sp., Salinonella sp., A. hydrophila, Escherichiu coli, Klebsiella sp., Bacteroides sp. 
and anaerobic gram positive cocci were isolated from apparently healthy C. gariepinzls 
whereas Flexibactel; Pseudomonas) Edwardsiella, Staphylococcus and Aeromonas species 
in addition to the organisms mentioned above were isolated from the diseased fish 
samples. 
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Table 1: Bacterial isolates from Clarias gariepinus with advanced fin and skin rot. 

Fish Organ/Tissue 
Isolates Liver Kidney Gill Skin rot Intestine Fin rot 

A. hydrophila + + + + + + 
Pseudomolzas sp. + + + + + + 
Salmonella sp. + " + + + + ,  + 
Vibrio sp. + + + + + + 
Aeromonus sp. -t + + + + 
C. jej~sni + 
Eschericl~ta coli 

Edwardsiella sp* 
Flexibacter sp. 

P. flourescens 

Stapltylococcus sp. 

Bacteroides sp. 

Gram+ve anaerobic + 
cocci 

Nocardia sp. 

Table 2: Bacterial flora of apparently healthy CZarias gariepincts. 

Fish Orgaf l issue 

- Isolates Liver Kidney 

Bacillus sp. + + 
Cjejz~ni  

Salmonella sp. -I- + 
Y erzterocolitica 

Vibrio sp. 

A. hydrophila + + 
E. coli + 

Gill Skin Intestine 

Klebsiellb sp. + .. I + 
Bacteroides sp. + + + + 
Gram+ve anaerobic . . + . + + + . . ,  - , ,  +'; ' "  , .  . ' .  + .. 

cocci 
5% Occurrence 4 0 '  '60 80 90 ' . '  100 . 90 
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Table 3: Bacterial flora of Heterohranchus bidolsulis with seve14e skin and fin rot. 

Fish Organ/Tissue 

Isolates Liver Kidney Gill Intestine Skin rot Fin rot 

Aerolnonas sp. + + + + + 4 

Elzterobacter sp. + + + + + + 
Pserrdorr~or~as sp. 4 + r + + 4 

Flavobacteriiuln sp. + + + 
Sulr/~o~zella sp. + + + + + 
C. jejurzi + + + + + + 
Y elztel-ocolitica + + + + + + 
Bacteroides sp. + + + + + -+ 
Clostridiz~in sp. A + + + 
Nocardia sp. + + + 
A. l~ydrophila + + + + 4- 

P fli~or~escer~s + + 4- 

l'rotel~s sp. + + + 
Edu~ardsielln sp. + + 
V~hr io sp. + 4 + + + + 
No. of Genera 9 9 11 12 15 13 

% Occurrence 60 60 73.33 80 100 86.67 

The haematalogical examination ofthe diseased and the apparently healthy 
C. gariepinus (Table 5 )  and &. bidorsulis (Table 6) revealed higher haemoglobin 
counts in the control (apparently healthy fish) than in the diseased fish samples. 
Whereas higl~ W13C counts and erythrocyte sedimentation rates were associated 
with diseased fish. Lower PCV was associated with apparently healthy fish samples 
t11al1 the diseased fish. Statistical analysis revealed that there was a significant 
difference in the haemoglobin (rbc) count, white blood cell (WBC) count, 
erytllrocyte sedimen'tation rate (ESR) and packed cell volume (PCV) of the 
diseased and apparently healthy (control) fish samples. 'The histological 
examination (Figure 3) elucidated the impact of the  offehding pathogeh(s) 
on the tissue and otgans of the diseased fish. Tissue examination revealed 
an  invasitre action of the bacterial pathogens on the  organs and tissues of 
the diseased fish, whereas no observable effect was noticed in the respec- 
t ive t issues of the apparently healthy fish. Photomicrographs (Figure 3). 
s l~ow vacuolar degeneration, cell necrosis and tissue erosion in the diseased as 
against the healthy fish muscle tissues. Clumps of necrotizing bacteria in 
tile degraded tissues are also evident. 
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Table 4: Bacterial flora of apparently healthy Heterobranchus bidorsalis. 

Fish OrganITissue . 

Isblates Liver Kidney Gill Intestine Skin Fin 

A. hydr~plti la + + + + + + 
Pse~~do~nonas sp. + + + + + + 
Salnzonella sp. + + + + + 
Vibrio sp. . + + + + 
Bacteroides sp. + + + + + 
Clostridium sp. + + 
C.jejuni + + + + 
Yenterocoliticn + + + 
B n c ~ l l ~ ~ s  sp. + + + 
Aei-o?uortas sp. + + 
Gram+ve anaerobic + + + + + + 
COCCI 

No. of Genera 3 5 10 11 9 10 

% Occurrence 27.27 45.45 90.91 100 81.82 90.91 

Table 5: Haematological characteristics of apparently healthy and diseased 

Clarias gariepinus 

Haemoglobin WBC PCV (%) ESR (mnllh) 
(gl100cm") (celllmm") 

S/No. DF. HF. Dl?. Hl? Dl? Hl? Dl? Hl? 

9 8 5 9 3  54,310 48,380 28 30 8.7 4.9 

10 , 9.1 9.4 52,160 49,840 27 30 S.0 4.1 

Mean 8.6 9.5 56,215 48,543 25.1 30.7 8.9 5.6 

-- . . . . 

DF, diseased fish; HF, healthy fish, WBC, white blood cell;PCV, packed cell volume; ESR, erythrocyte 
sedimentation rate; SD, standard deviation. 
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- Table 6: Haematological characteristics of apparently and diseased 
Hr~te~-obr-c~nchl~s hidorsalis. 

I 

Haernoglobin W13C PCV (5%) ESR (mndh) 
(g/100cmJ) (cell/mm3) 

SIN o. DF H 17 DF HF DF IIF DF HF 

Ci 8.4 10.0 50,281 50,120 29 32 7.9 6.9 

7 8.4 9.8 63,260 54,180 24 29 9.1 6.8 

8 8.0 9.6 49,340 44,670 30 30 9.3 7.0 

9 8.2 9.7 53,970 49,110 26 30 8.8 7.0 

10 8.3 10.1 60,340 48,320 25 31  9.4 6.6 

Mean 8.3 9.7 56,961.1 48,175 26.5 30.2 8.9 6.9 

SD 0.2 0.34 4508.3 2863.1 2.90 0.87 0.4 0.87 

Dl', tliscased fish; Hl?. het~lthy lish, WBC, white blood cell, PCV, paclced cell volume; ESR, erythrocyte 
seclimcnL:ltion rate: SD, stnnd;lrcl cleviation. 

DISCUSSION 

Bacterial diseases of fish have remained a soilrce of concern to fish farmers 
in Nigeria. Amongst the major fish commonly reared in Nigerian culture systems 
are Clarias gariepinus and Oreochrornis ailotica (tilapia), Heterobranclzus bidorsalis 
and ornamental fish.17 These fish species suffer chequered breeding process 
because of the inevitable influence of the physico-chemical conditions of the 
environment which culminated in various bacterial diseases. An evaluation of 
val.ious bacterial diseases of fish revealed that while skin sore was occasional, 
rnast fish had one form of fin rot or the other .I7 Our previous reports '."lave attrib- 
utcd this to degenerated pond water quality. This corroborates the report of Lipton 
& Lakshmanan (1986) who associated fin rot to overcrowding, dirty and muddy 
water and othcr para111etel.s engendered by poor water quality. 

Evaluation of C. gariepinus with multiple cases of fin rot, sore head, skin 
and anal pore diseases revealed an assemblage of bacterial genera in the diseased 
parts and some organs of the fish. The bacteriological assay showed a greater 
colonisation of the diseased fish than the apparently healthy (control) fish by both 
aerobic and anaerobic bacterial genera. The high bacterial loads of diseased fish 





sarn plcs rliay be as a I-csult of' depressed immune system and the lnagnitude of 
i~l i 'cct~ol~. l'u~.thcl.rnol.c, the high population of microbial genera isolated justified 
the possll,~ lity of' ovc~~wliclrncd immune system. I-lighcr cou11t.s ol' a1 l bacteria 
occurred In tllc i ~ l t e s t ~ i l e  than o ther  organs except for P s c r ~ d w t i ~ o ~ ~ u s  sp., 
F lauobnc te r~u~r~  sp. and Aeromoizas sp. which occurred more in o111y diseased 
par t s  t h a n  i n  heal thy pa r t s  of t h e  fish. The high recovery of Pseirdornoncis, 
F l a ~ ~ o b a c t e r ~ u i , ~  and Aer-oino~zas species in  the diseased parts suggested their role 
in the infection. This corroboi-ates their high pathogenicity amongs farmed fish as 
earlier ~.cportcd .I' l'' Furthermore, the  evidence of s t r e s s f ~ ~ l  culture condition 
notwitl lstandi~lg, C. ~ U I ~ Z ~ P I I I Z L S  has been reported to be rendered moribund 
LI i~tlcr 11at 11 ral culture conditions by species ofPse~~dornolzax especially I? flor~r-escerrs 
and 1'. C L C I . I ~ ~ L ~ Z ~ S C L . ~  The implicatio~l ofderonzolzas species as  the causative agents of 
[ i l l  I ot i111~1 h l i l l l  sore offis11 by other researchers-' and tl-lcir being found ariiongst the 
norn~n l  Flora or I\ligerian fish cul ture systems I-" makes t h e  possibility of 
tllei I .  bc11i~: ihc pl'incipal of'f'eading pathogens in this study vcrby ol)v~ocrs. 

The present report of bacterial invasion of diseased tissues and internal 
organs is noteworthy. Previous report4 has documented a possibility of bacterial 
illvasivc attack oi'fish internal organs such as  kidney and liver which is responsible 
Sol. ttw highc~. bactcr~al cojiints of' such organs in the diseased fish as compared wit11 
L l l c ~  cippa~.c~ltly Ileal tlly ii s h (control) samplc. The present rcsu It cori-oborates tl~c: 
I cpo1.t ol' CVang & Xu"' who recorded sinlilarly high counts in the liver. kidney and 
d~sensccl parts of'tilapia with skin rot. Microbial invasion fro111 diseasctl parts into 
it~tci.rl:rl organs upon infcct~on as reported by Cruicksl~anl< c.t (11." :11ld not as a 
I .USLJ I t of' clcp~.esscd imn1~1 nc system, could accnu nt for- s uc l~ an est,ons~ v c h  infixtion. 
Fish treatccl with vary iag concentrations of coppc~. su lphate as 1.ccon1 ruc~~clocl by 
Duprec & ~ u r n c r "  on earlier infection had their rot or sore healed. The diseased 
fish had higher counts of organisins of public health concern than the apparently 
healthy fish. The isolation of these organisms of public health concern fi-om kidney 
and l iver o f f i sh  indicates t h e  extent  of t h e  bacterial invasion. The isolation 
of' organisms of public health concern in tropical fish culture systems had been 

I ? - 2 4  
~.cpo~ . t cd .  Studies have revealed t h a t  thcsc orgallisnia to abound in 
doiilcstic and poultry wastes which a r c  normally used for poncl water cn- 
r i c l~mcn t  in Nigerian cul ture system. Moreover. these bacteria of' public 
hcaltll cuncc1-n w h  icll may be secondary invaders apar t  fi.onl ilic lin rot ancl 
s o r e  causing ol.ganlsms, nluy have their peculiar diseasc condition \\rhirl~ they 
may bc causing to tllc fish. 

Generally, the isolation of Flavobacteriztm, Staphylococct~s, Pseudonzonns 
and Aer-OIILOIZQS species from diseased fish in addition to Bucillris sp., Micl-ococcr~s 
sp., V i l ~ i o  sp., A. I~ycll-ophila, Escl~erichia coli, Klebsicllci sp., Bcicteroides sp. and 

2.5 L(i 
anacr.obic gram positivc cocci supports earlier reports which inci-imii~ated 
F l c ~ i ~ o l ~ t r ~ t t ~ t - i ~ ~ ~ t ~ ,  P S C L L ~ ~ ~ ~ ~ ~ O I L C ~ S  and Ae?.ontor~a.s as thc bacterial spccic:~ associated 

L i  1') 
with this dlseasc. Invcstigatio~~s have associatccl ttic genus Aer'o~~tontrs with a 



number offish diseases. The ability ofAeroinonas sp. to play a proln~ncllt role as a 
fish pathogen is apparent in  view of its inevitable presence in  water receiv~ng 11eavy 
organic load with its concomitailt stress on fish in culture. In addition, previous 
studies' I "  have consistently shown A. 1~yclroplzila as a n  authoctl~oiious inhabitaut 
of N l g c r ~ a u  cul ture system. Apart  from Aeroinoi~c~s, F ~ C L U ~ ~ ~ C ~ ~ I - I I I I ~ I  and 
P S ~ L L ~ ~ I ~ L O I L C L S ,  other bacter~al genera were obscl.\~ed to be pl.cscnt in undanlngcd 
skin and also constitute the normal flora of the intestine. Thesc bactcrla arc  

saprophytic in naturcjOjl and thus thcir ability to contribute to  fish t l~sease 1s 

conseqi le~l t  upon environmental deterioration. Under such circumstances, 

bacteria may then invade internal organs where they could be Ibund 111 large nun)- 
bers. Other workersJ2 have confirmed the association ofbacterial skin sorc disease 
of fish to careless handling during fish selection for either breeding or sales. This, 
if unavoidable, can be reduced by adequate treatment of fish wit11 antibiotscs suc11 
as amikacii l  or kanamycii l  a s  recommended in our recent report"' or other 
antimicrobial agents. ' J4 

The diseased fish samples had hacmoglobin, WEC, PCV and ESII I clcords 
that were statistically d~ff'creot from the healthy samples. I31gh hacrno~lob~n counts 
and packet1 cell volumes were associated wijh apparently healthy fish wllllc low 
counts were oljtalned 111 thc dlsei~scd fish sainl~les. T h ~ s  corlobo~.;rtcs I hc 1.cpol.t ot 
Larsen & S n ~ c s z k o ~ '  who associated high hacmoglobin coui~ts w~t l i  hcaltliy ra~nboiv 
t rout .  The association of h igh haemoglobin counts wi th healthy fish is  not 
surpr is ing a s  t h e  method est imates t h e  sum of oxygen carrying blood cells 
i n  f ish. However, both the  diseased and  t h e  apparent ly  heal thy fish had  
haemoglobin counts that fell within the  range recorded by Blaxhall & Daisley :" 
for hea l thy  f ish. Furthermore, since t11er.e is 110 recorded or existing stanclarcl for 
C. gai-~ep~?tus and H .  hidoi*sulis hacmoglobin level in t h c  tropics, one niajr 
assume the  low haernoglobin obtaillerl from diseased lish to bc as a result ol ' t l~c 
~nfec t ion .  On t h e  other hand ,  the  consistently big11 PCV rccol-dc!d in the  
apparently heal thy C. gur-icpr~lcts and 11. bidorsalrs samples against low counts 
obtained in the discascd fish samples corroborates the report of' CushingJi', thus 
establishing the fact that fish rcspo~ld haematologicaly to patllologic:~ l concJ i t l0 ) )~  
as  reported by K l a n t ~ . " ~  Moreover, the nlesln PCV of 30.7 and 30.2/100cm~hbtaincd 
respectively from healthy C. gariepinz~s and H. bidorsalis are comparable to that  
(32.0/100cm3) reported as the mean PCV for healthy brown trouts:"' 

The association of' high ESR and  WBC wit11 the  discascd t h a n  the 
apparently healtliy fish sanlplcs col.robo~.atcs the rcpoi-t of' ~ I - c \ ~ ~ ~ L I S  WO~~<CI.S:"' "' 
W11itc blood cells in llving o~.ganisms ;13.c lmown to incr-ease in rosponse lo bactcl-iaI 
inf'ection~.~"Thus the association of high WBC in cliseased fish could be as a J T ~ L I I I  
ol'tllc lish response to bactc~.ial itif'cctions. Furthermore, siocc ESR in thc fish is 
reported to illcrease with incl-eased cell distrjbutiou in I-ainbow t.routN', ~t is possiblc 
that  the high ESR obtained for diseased iish in this study \\>as tl.iggcs.cd by tl~c: 
infection which had overwhelmed the fish immune system. Generally, stat ist~cal 
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evaluation of the haemoglobin, ESR, PCV and WBC of the diseased and the 
apparently health C. gariepinus and H. bidorsalis revealed a significant difference 
which confirmed the influence of bacterial diseases of fish on the haematology. 

The histological studies revealed necrosis resulting from the invasive 
activities ofthe offending bacteria leading to structural collapse and erosion of the 
tissues of diseased C. gariepinus. This peculiar histological result which 
was similar to those of other diseased tissues of fish and other animals, especially 
mammalsl%as observed only in the tissue of diseased and not in the apparently 
healthy fish, thus demonstrating the histological response of the fish to the 
bacterial pathogens and underscoring the patholagical process that had taken place 
in diseased fish tissue, 

In conclusion this study demonstrates the invasive nature of the bacterial 
pathogells of fish not only in the affected area but also in the different interhal 
organs, thereby affecting the haematology and histology of the diseased fish. The 
haematological and histological evidence which are important diagnostice features 
are rccommetlded in the diagnosis of fish diseases. .Generally, the significant 
differences in the haematology and histology of the diseased and apparently healthy 
fish samples are indications of tIie impact of the offending pathogens 011 
fish tissues and organs. Such clear diagnostic evidence should be landmarks 
in establishing the role of bacteria in emergent tropical fish disease syndromes. 
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