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Abstract— Fishes are normally exposed to rhythmic and 

abrupt changes in aquatic environment and can adaptively 

respond to such changes. Especially bacterial population in 

excess may exert its stress effect on other biota. The effect of 

E.coli on the haematology of Cyprinus carpio were done and 

standard haematological parameters like total erythrocyte 

count, hemoglobin rate, hematocrit percentage, mean 

corpuscular hemoglobin (MCH), mean corpuscular 

hemoglobin concentration (MCHC), mean corpuscular 

volume (MCV), etc were  assessed. The results showed 

changes in the erythrocytic series of the fish infected with the 

bacterium with an increase in the numbers of circulating 

lymphocytes. 
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I. INTRODUCTION 

Fishes are normally exposed to rhythmic and abrupt changes 

in aquatic environment and can adaptively respond to such 

changes. Within suitable ranges of aquatic environments, 

optimal growth, reproductive activity and resistance against 

diseases are expected. The acute changes in the aquatic 

environments can act as stressors to fish and cause negative 

responses. Tolerance range to various stressors is variable 

among fish species.   

Fish are intimately associated with the aqueous 

environment; physical and chemical changes in the 

environment are rapidly reflected as measurable 

physiological changes in fish.1 It was reported that the fishes 

are more susceptible to stress than many other animals 

because of their intimate dependence upon their surrounding 

environment2. In fish, environmental and chemical stress can 

interfere with physiological and biochemical functions 

affecting growth, reproduction and development. Bacterial 

population in excess may exert its stress effect on other biota3. 

The common coliform or total coliform group includes the 

entire aerobic and facultative anaerobic, Gram negative, non-

spore forming rod shaped bacteria that ferment lactose in 24-

48 hours which comprises Escherichia coli, Citrobacter, 

Enterobacter and Klebsiella. 

Faecal coliform is a sub group of total coliform and 

is defined as Gram negative, non-spore forming rods that 

ferment lactose in 24 + 2 hours at 44.5+ 0.20C with the 

production of gas in multiple tube procedure. The major 

species in this group is Escherichia coli, a species indicative 

of faecal pollution and the possible presence of enteric 

pathogens. The presence of these organisms particularly 

E.coli, indicates the possible presence of other disease 

causing bacteria. Blood parameters are considered patho-

physiological indicators of the whole body and therefore are 

important in diagnosing the structural and functional status of 

fish exposed to toxicants4.The haematological parameters are 

an important tool of diagnosis that reveals the state of health 

of fish.5, 6 

Knowledge of haematology is very important since 

it deals with the morphology, physiology and the 

biochemistry of fish blood 7. The haematological parameters 

are important tools for diagnosis of healthy and infected 

fishes 8, 9. The blood analysis helps to reveal the disease status 

also. The present study is an attempt to assess the changes in 

the haematological parameters of fish Cyprinus carpio 

induced by the selected bacterial species 

II. MATERIALS & METHOD 

A. Fish 

Common carp, Cyprinus carpio collected from 

Pannivelichira fish farm at Kozhencherry, Pathanamthitta 

district, Kerala were transported to the laboratory and 

maintained in aquarium tanks and acclimatized for 14 days. 

The fish of both sexes weighing approximately 10 to 12 g and 

length 9 to 12cm were selected for the study. They were then 

divided in to a sample size of 20 each and grouped A as 

control, B and C as experimental groups.  For the 

experimental set up, the fishes were reared in water samples 

collected from Pampa River for a period of 30 days. Aeration 

was provided to each tank and they were fed daily.    

B. Selection & Preparation of Bacterial Inoculum 

Escherichia coli was selected as inoculum for the 

experimental study. The inoculation of bacterial load required 

an inoculum of pure culture with known initial inoculum 

density of 105 cfu/ml. For the preparation of pure culture, the 

bacterial stock culture was inoculated into 10ml nutrient 

broth. It was allowed to incubate at 37°C for 16-18 hours. 

After that it was centrifuged, washed for 3 times and 

resuspended in 10ml isotonic saline. By plating appropriate 

dilutions initial inoculum density was determined. 

To evaluate the effect of stress of E.coli on the 

haematology of Cyprinus carpio the bacterial culture with 

known initial inoculum density was inoculated into fiber 

tanks containing fishes. At every 5 days interval, the 

haematological and water quality parameters were estimated. 

For the analysis, the fish were caught individually in a small 

hand net from the control and test tanks.  

C. Haematological assays 

The blood samples obtained from the caudal circulation with 

the aid of a 2ml disposable plastic syringe rinsed with 

anticoagulant EDTA. The use of plastic syringe is a necessary 

precaution with fish blood because contact with glass results 

in decreased coagulation time10. Total erythrocyte and total 

leucocytes were measured using an improved Neubar ruling 

haemocytometer for counting11. For estimating haemoglobin 

Sahil’s hemoglobinometer was used. The packed cell volume 

(PCV) or haematocrit values were measured by Wintrobe’s 

method 12. The mean corpuscular haemoglobin (MCH), mean 

corpuscular haemoglobin concentration (MCHC), mean 

corpuscular volume (MCV) etc were calculated by the 
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following the standard formula. . For differential counting of 

blood cells, the smears were stained with Wright’s stain 11and 

observed under microscope. 

III. RESULTS & DISCUSSION 

The quantitative changes of haematological parameters like 

RBC, WBC, Hb, PCV (Hct) and haematological indices such 

as  MCH, MCV, MCHC and O2  carrying capacity,  the 

pathological changes of the blood cells in the fish Cyprinus 

carpio both in control and under bacterial stress exposed after 

5,10,15,20,25 and 30 days were observed. 

Haematotechniques were done to evaluate the cellular 

constituents of the blood, their number or concentrations, the 

relative distributions of various types of cells, the presence of 

abnormal cells and many quantitative features. 

The haematological variations in Cyprinus carpio 

under bacterial stress of E.coli for a period of 30 days were 

represented in Table 1 and Fig 1& 2. The total erythrocyte 

count showed a significant decrease throughout the study. 

The leucocyte count increases up to the 10th day and 

decreases beyond that and this decrease is also found 

significant. The haemoglobin content as well as the 

haematocrit value of the blood samples is found to be 

significantly different when compared to the control.  The 

erythrocyte indices such as MCH, MCV and MCHC values 

and O2 carrying capacity were significantly low in all the 

experimental groups relative to the control (Fig.2).    

Parameters 
Days Level of 

Significance Control 5 10 15 20 25 30 F 

WBC(x10-4/mm3) 6.92 7.31 7.95 5.55 6.84 5.31 3.52 21.73* p<0.01 

RBC(x10-6/mm3) 16.46 14.2 6.13 6.65 1.23 1.75 1.41 263.35* p<0.01 

Hb (g/100ml) 7.3 6.1 5.73 5.37 4.5 5.07 4.0 30.96* p<0.01 

PCV (%) 33.67 31.25 25.33 21.4 14.85 20.45 19.5 109.47* p<0.01 

MCV (µ3) 20.46 22.01 41.32 32.2 120.73 116.86 138.3   

MCH (pg) 4.43 4.30 9.35 8.08 36.59 28.97 28.37   

MCHC (%) 21.68 19.52 22.62 25.09 30.30 24.79 20.5   

O2carrying capacity(mlO2g-1Hb) 9.13 7.63 7.16 6.71 5.63 6.34 5.0   

Table 1: Changes in the Haematological Parameters of Cyprinus Carpio Inoculated with E.coli for a Period of 30 days. (n = 3)

Significant 

 
Fig. 1: Variations in Haematological Parameters of Cyprinus 

Carpio under the Stress Induced by E.Coli 

 
Figure: 2. Variation in Haematological Indices of Cyprinus 

Carpio under the Stress Induced By E.Coli 

The morphological changes after the inoculation of bacterial 

culture were as follows. The diameter of RBCs and WBCs of 

Cyprinus carpio, inoculated with E.coli, observed distinct 

changes (Table 2 & Fig.3).  The diameters of RBCs are 

always higher than the control 10.75µ. A maximum of 14µ 

was measured on the 10th day. The WBCs size varies with 

that of control (9.25µ). The maximum (16.25µ) was observed 

on 15th day as well as minimum (10µ) was noted on the 5th 

day. 
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Fig. 3: Variations in the Cell Size of RBC & WBC of 

Cyprinus Carpio Subjected to the Stress Induced by E.Coli 
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Fig. 4: 

Blood of fishes is an important tissue of the body 

associated with its vital activities 13. The haematological 

parameters in fish may be influenced by intrinsic factors such 

as sex, reproductive stage, age, size and health and they are 

also affected by external factors like seasonal dynamics, 

water temperature, environmental quality, food and stress 14. 

The lower values of hematocrit, RBC and 

thrombocytes can be related to studies by Hrubec et al. 

(2000)15, Tavares-Dias et al. (2000)16.This assay showed that 

the total number of thrombocytes, lymphocytes and 

hematocrit were affected by the bacterial injection. The aim 

of this study was not to find the mortality rate, but to view the 

effects of experimentally injected bacteria on blood 

parameters. According to Martins et al., (2008)17 decreased 

RBC counts and hematocrit indicate that erythrocytes are 

being affected or destroyed with the infection. Prolonged 

reduction in haemoglobin content has been reported to be 

deleterious to oxygen transport and any blood dyscrasia and 

degeneration of the red blood cells also. A similar finding has 

observed in the present study too. Fish inoculated with E.coli 

showed increased WBC during the initial days corroborates 

with the results of Haney et al., (1992) 18and Pathiratne and 

Rajapakshe (1998)19. This total leucocyte counts shows more 

production of leucocytes in bacterial injected fish enhancing 

the fish defence mechanisms. The oxygen binding capacity 

was due reduction in the haemoglobin20 and is an indicator of 

anaemic condition in fish which may be due to the stress 

related haemolysis 21, 22. Similar observation of reduction in 

Hb due to heavy metal stress was by Goel et al., (1985)23.  

But in contrast, the number of leukocytes increased 

after 10 days exposure was observed. The increase in 

leukocyte count was attributed to increase in antibody 

production that helps in survival and recovery of the fish 

exposed 24. 

Erythrocytes are fundamentally capable of few 

stereotypic responses to a variety of environmental stresses, 

which are sometimes considered to be of vital physiological 

significance. In addition, it is implicated that modifications of 

the shape and size of the erythrocytes represent the most 

common morphological abnormalities that occur in 

pathological conditions 25. The plausible explanation of all 

these altered forms of blood cells could be attributed to the 

severity of “toxic stress” induced by the bacterial load. Bessis 

(1972)26 has assigned these pathogenic changes in abnormal 

erythropoiesis, inadequate haemoglobin function, damage to 

the red cells after they leave bone marrow or increased 

erythropoiesis by bone marrow to compensate for anaemic 

conditions. Different shapes of erythrocytes may be due to the 

protrusion of cytoplasm in the form of protuberances from the 

surface of cells called as lobopodial projections (LP). Johal et 

al., (2004)27 reported elliptical shape of the erythrocytes of 

Cyprinus carpio on treatment with monocrotophos. 

IV. CONCLUSION 

The present study is an attempt to evaluvate the the effect of 

bacterial stress on the haematology of fish, Cyprinus carpio. 

The haematological parameters studied such as RBC & WBC 

count, Hb,Hct, haematological indices (MCV,MCH & 

MCHC) and O2 carrying capacity etc for a period of thirty 

days reported  significant reduction under the bacterial stress 

condition. Morphological variations in the RBC and WBC 

were predominant during experimental period.  
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