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Abstract
The following is an experimental approach attempting to delineate the possible effects of interaction
between two pathogenic Aeromonads when co-infected within a fish model. The host fish Labeo rohita
was challenged by a native (Aeromonas hydrophila) and an exotic (Aeromonas salmonicida) pathogenic
Aeromonad individually and simultaneously at respective asymptomatic carrier doses (3 x 107 cfu/ml and
2 x 107 cfu/ml respectively). When inoculated individually no symptom was exhibited but during coinfection prominent symptoms of A. salmonicida infection (furunculosis) were observed. The
haematological, immunological and biochemical parameters along with other general health indices
exhibited highest degree of physiological deterioration in the co-infected condition (p & lt; 0.05, df = 3).
The observed trend of sensitivity was of the following order: co-infected > A. hydrophila infected > A.
salmonicida infected > control fishes. The results in general indicated the virulence pattern of invasive
pathogens, newly adapted to tropical environments and the findings would further help us to decipher the
competitive interaction among different bacterial strains leading to co-existence ultimately inducing
pathogenicity.
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Introduction
Aeromonads are environmentally transmitted bacterial pathogens causing pathogenicity to a
wide range of warm and cold water fishes [1, 2] which may lead to huge mortality eventually
causing economic loss [3]. The native ubiquitous bacteria A. hydrophila cause haemorrhagic
septicemia or Motile Aeromonad Septicemia (MAS) in several culturable species whereas A.
salmonicida, the invasive Aeromonad in Indian water bodies, cause symptomatic or carrier
state liquefactive muscle lesions (furuncles) in Salmonid and Nonsalmonids throughout the
world [4]. These bacteria are opportunistic in nature and are likely to cause both single and
coinfections within their host organisms leading to changes in virulence depending on the
coinfecting bacterial strains [5]. It is important to understand the interaction between various
opportunistic pathogens within the host organism, which are often able to persist in and
transmit from the environment [6]. It affects both pathogen transmission and pathogen
virulence which in turn influence disease dynamics and pathogenic evolution [7]. During
episodes of co-infection, interactions between the infectious agents yield to varied outcomes:
the load of one or both pathogens may be increased, one or both may be suppressed or one
may be increased and the other suppressed [6]. Generally there are three types of competition
that coinfecting pathogens may encounter viz. resource competition, interference competition
and apparent competition [8]. Closely related pathogens are likely to cooperate and exploit their
hosts economically in order to maximize their transmission, while distantly related pathogens
are more likely to compete, leading to increased virulence and decreased transmission due to
facilitated host death [9]. Although recent studies have demonstrated that a single host is often
infected by a multitude of pathogenic strains or species but empirical investigations of the
effects of co-infection on disease dynamics and virulence are still limited, and their importance
for many diseases is still unknown. Some studies have addressed the pathogenic effects of
coinfection but the consequences of coinfection by native and exotic pathogenic Aeromonads
in Indian Major Carps is yet to be explored.
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The current study aims to investigate the infection occurring
between exotic and indigenous pathogenic Aeromonads
during mixed infection in Labeo rohita (Rohu) at an
asymptomatic level with respect to several haematological,
biochemical and immunological parameters along with
general health indices.
Materials and Methods
Bacterial Culture
The bacterial strains used in this study were Aeromonas
hydrophila subsp. hydrophila (MTCC 646) and Aeromonas
salmonicida subsp. Salmonicida (ATCC 33658) collected
from Microbial Type Culture Collection and Gene Bank
(MTCC), Institute of Microbial Technology (IMTECH),
Chandigarh, India and American Type Culture Collection
(ATCC), USA respectively. These strains were received as
lyophilized culture and subsequently revived by adding
Nutrient Broth (at 37 oC for 24 h) in A. hydrophila and
Tryptone soy broth (at 22 °C for 48 hours) for A. salmonicida.
Consequently, streak plate method was followed to get
isolated bacterial colonies on selective Rimler Shott’s (RS)
media supplemented with Novobiocin and Coomasie Brilliant
Blue Agar (CBB Agar) for A. hydrophila and A. salmonicida
respectively.
Experimental Design
Labeo rohita fingerlings (body weight 30 ± 5 gm and body
length 15 ± 3 cm) were collected from a local fish farm. In the
laboratory, fishes were kept in glass aquaria (2 ft x 1ft x 1ft)
and acclimatized for 7 days. The water supply was maintained
in flow through circulatory system attached with an iron filter.
Water temperature was maintained at 25 ± 2 °C and
continuously aerated by an air compressor. The fishes were
fed with tubificid worms and water quality was regularly
monitored. Dissolved oxygen (DO2) and ammonia were
monitoredevery week, ranging from 5.5 to 7.6 mg O2/ L and
0.5 to 1 ppm respectively, while pH rangedfrom 7.5 to 8.5
throughout the experimental period. Two-third of the water
was renewed everyday to avoid accumulation of unutilized
food or metabolic waste products which were siphoned out
daily.
Artificial inoculation of fishes with Aeromonads
The bacterial strains MTCC 646 and ATCC 33658 were
harvested by centrifugation at 5000 x g for 5 min and washed
in physiological saline, PS (0.85% NaCl). The strains were
enumerated by correlating the OD value measured at 600 nm
of the growing culture with the corresponding colony forming
units (cfu) obtained by spread plate dilution method [10] (Ref:
OD 600nm 1 = 2 x 109cfu/ml). For this experiment, fishes
were injected intraperitoneally (i.p.) with asymptomatic dose
of 3 x 107 cfu/ml for A. hydrophila and 2 x 107 cfu/ml of A.
salmonicida (working volume: 0.5 ml/100 gm body weight of
fish) [11]. These asymptomatic carrier doses were determined
through changes in several haematological and serum
biochemical parameters on the 7th day of exposure [12].
Fishes were randomly divided in 4 sets i.e SHAM operated
control, A. hydrophila treated, A. salmonicida treated and coinfectedsets (infected with both A. hydrophila and A.
salmonicida). There were six replicates for each set
containing 10 fishes. Fishes were sacrificed after 7 days of
exposure to analyze various parameters. The growth
parameters viz. Specific Growth Rate (SGR), Hepato Somatic
Index (HSI) and Weight Gain Percentage were measured

following Ude et al., 2018 [13]. All the haematological
parameters were determined following standard techniques
[14]
. Fishes were anaesthetized by dip treatment and serum was
collected and stored at – 20 °C for the further assays. Serum
Glucose, Bilirubin, Calcium, Cholesterol and Total protein
were measures following Roy et al., 2018 [11] using kits from
Precision Biomed Pvt. Ltd. In vitro quantification of
antioxidant enzymes viz. Superoxide dismutase (SOD),
Catalase (CAT), Glutathione Peroxidase (GPx), Glutathione
Reductase (GR) and Glutathione (GSH) were done using
respective fish specific ELISA Kits from Bioassay
Technology Laboratory, Korain Biotech Co., Ltd. [17,18,19].
Nitro Blue Tetrazolium (NBT) reduction assay
Nitro blue tetrazolium (NBT) assay was performed following
Gómez et al., (2012) [20]. Blood smears were drawn on glass
slides and stained with Wright stain for 2 minute and
subsequently with Giemsa for 1 minute and rinsed with tap
water. Finally, the slides were air dried and mounted with
DPX and observed under light microscope (45X) to measure
the percentage of cells containing black formazan deposits.
Statistical analysis
Means and standard error (S.E.) of the means were calculated
from whole range data [21]. One-way univariate Analysis of
variance (ANOVA) at 5% level of significance was used and
Duncan’s Post Hoc test was also done to identify the
homogenous means, if any using SPSS Statistics (version
17.0).
Results
Assessing general health parameters, Hepatosomatic Index
(H.S.I) was highest in the coinfected group whereas an
increasing trend was observed in the infected groups
compared to SHAM operated control. Specific Growth Rate
(SGR) and weight gain percentage both were lowest in
coinfected group compared to other groups (Fig. 1). Duncan’s
post hoc test revealed that SGR value of A. hydrophila treated
groups showed no significant difference from both SHAM
operated and A. salmonicida treated groups. In case of Weight
gain percentage four different subsets were found by the post
hoc test. The haematological parameters viz. haemoglobin
content (Hb %), haematocrit value (Hct %) and mean cell
haemoglobin concentration (MCHC) value decreased
significantly (p<0.05) among infected groups. Presence of
four different subsets, after performing Duncan’s post hoc test
indicated that there was a significant difference with respect
to all the experimental groups when they were compared pairwise (Fig. 1 & 2). The lowest value was observed in
coinfected group followed by A. salmonicida; A. hydrophila
infected and control groups. Leucocrit (Lct %) value, Mean
Corpuscular Volume (MCV) and Mean Cell Haemoglobin
(MCH) tend to increase significantly (p<0.05) in fishes
challenged with pathogenscompared to SHAM operated
control groups (Fig. 1 & 2). The coinfected group of fishes
showed the highest value followed by A. hydrophila, A.
salmonicida infected and SHAM operated groups. Significant
differences (p<0.05, df = 3) were observed in neutrophil %,
eosinophil %, basophil %, large lymphocyte %, small
lymphocyte % and monocyte % among four different
experimental groups of L. rohita. Study of dWBC % revealed
that neutrophil, large lymphocyte, eosinophil, basophil and
monocyte percentage increased among the infected groups in
a significant manner (p<0.05), while small lymphocyte
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percentage decreased (p<0.05) in A. hydrophila, A.
salmonicida and co-infected L. rohita compared with SHAM
operated control fishes after 7 days of exposure period
(Fig.2).Fishes treated with A. hydrophila and A. salmonicida
belonged to single subset which indicated that there were no
significant difference in terms of neutrophil, basophil and
large lymphocyte percentages when compared pair-wise with
the third group of fishes i.e. the SHAM operated control. In
case of eosinophil A. hydrophila treated and coinfected
groups belonged to the same subset and showed the highest
value followed by A. salmonicida and control fishes. For
small lymphocyte, the value was highest in A. hydrophila
infected group and decreased in coinfected, A. salmonicida
infected and SHAM operated control groups respectively. The
values of serum biochemical parameters obtained in SHAM
operated control, A. hydrophila infected; A. salmonicida
infected and coinfected L. rohita are summarized in Fig. 3.
Fishes infected with pathogens revealed significant changes
(p<0.05) in the biochemical parameters of the serum such as
serum glucose, serum bilirubin, serum calcium, total
cholesterol and total serum protein. Duncan’s post hoc test
revealed the presence of three different subsets in case of
serum bilirubin and serum calcium levels where no significant
difference was observed among A. hydrophila and coinfected
groups. The values of bilirubin and calcium were highest in
these two groups followed by A. salmonicida and control
groups. For serum glucose and serum cholesterol levels four
different subsets were observed in Duncan’s post hoc test and
the values increased in infected groups. The levels were
highest in coinfected group followed by A. salmonicida, A.
hydrophila infected and SHAM operated control groups. Two
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different subsets were observed in total protein concentration
where the value was lowest in SHAM operated control group
and no significant difference was observed among the three
infected groups. Percentage of NBT positive phagocytic cells
was highest in coinfected fishes followed by A. salmonicida,
showed the alteration in Super Oxide Dismutase (SOD) and
Catalase (CAT) activities and concentrations of detoxifying
enzymes viz. Glutathione (GSH), Glutathione Peroxidase
(GPx), Glutathione Reductase (GR) and in control; A.
hydrophila infected; A. salmonicida infected and coinfected
L. rohita. For all the enzymes, four different subsets were
observed in Duncan’s post hoc test. A similar pattern i.e
significant increase (p<0.05) in the activity of SOD; CAT as
well as in the concentration of GPx, GR and GSH was also
observed in A. hydrophila treated; A. salmonicida treated and
coinfected L. rohita in comparison to SHAM operated control
fishes. The highest values of all enzymes were observed in the
coinfected group. Percentage of phagocytic cells with
formazan deposition among A. hydrophila, A. salmonicida
infected and coinfected fishes after 7 days of exposure, have
shown significant increase (p<0.05, df = 2) compared to
SHAM operated control fishes (Table 1; Fig. 5). Duncan’s
post hoc test revealed the presence of three subsets in
percentage of phagocytic cells with formazan deposition for
the four different sample groups of fishes. Since, for all the
cases, the bacterial dose was asymptomatic, no external
leisons were expected but in case of coinfected fishes
prominent symptoms of A. salmonicida infection viz. dermal
ulcerations with whitish, fluid filled, raised furuncles, signs of
internal bleeding and haemorrhagic signs around the anal
orifice and abdominal region were observed (Fig. 6).

Fig 1: General health parameters and primary haematological profile of SHAM operated control; A. hydrophila treated; A. salmonicida treated
and coinfected fish samples after 7 days of exposure.

Fig 2: Evaluation of secondary haematological profile and Differential White Blood Cell count of SHAM operated control; A. hydrophila
treated; A. salmonicida treated and coinfected fish samples after 7 days of exposure.
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Fig 3: Evaluation of serum biochemical parameters of SHAM operated control; A. hydrophila treated; A. salmonicida treated and coinfected fish
samples after 7 days of exposure.

Fig 4: Antioxidant enzyme activity (Super Oxide Dismutase and Catalase) and concentration (glutathione, glutathione peroxidase and
glutathione reductase) of SHAM operated control; A. hydrophila treated; A. salmonicida treated and coinfected fish samples after 7 days of
exposure.
Table 1: Percentage of phagocytic cells with formazan deposition in SHAM operated control; A. hydrophila treated; A. salmonicida treated and
coinfected fish samples after 7 days of exposure. Similar alphabets within rows denote homogenous means due to Duncan’s post hoc test at 5%
level of significance
Number of cells without Formazan Deposition
Number of Cells with Formazan Deposition
Percentage of cells with deposition

Sham Operated Control
156.89 ± 7.91
7.67 ± 0.74
4.70 ± 1.43 a

A. hydrophila treated
139.33 ± 4.03
28.11 ± 1.44
16.88 ± 0.96 b

A. salmonicida treated
129 ± 2.55
26.67 ± 1.77
17.12 ± 1.09 b

Coinfected
110.89 ± 2.46
71.22 ± 1.49
39.12 ± 0.54 c

Fig 5: Neutrophils of L. rohita showing normal structure (without formazan deposition) and with deposition of blue-black, insoluble formazan
deposit within the cytoplasm.
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Fig 6: The pathological symptoms of coinfection in Labeo rohita. a. dermal ulcerations and haemorrhagic signs at the abdominal region; b.
whitish, fluid filled, raised furuncles at the external layer of the body; c. haemorrhagic signs at anal orifice; d. Internal bleeding and

haemorrhagic symptoms at the head region.
Discussion
In the present study, we have examined how the native (A.
hydrophila) and invasive strain (A. salmonicida) interact
during coinfection and what are the cumulative effects on
virulence (measured as physiological and biochemical
changes) in Indian major Carp, L. rohita. Disease virulence
was found to be significantly influenced during coinfection,as
specific growth ratedecreased significantly in the fishes
coinfected with the pathogens. Whereas decreased weight
gain percentage and the high hepatosomatic index indicated
that A. salmonicida has higher virulence compared to the
native A. hydrophila. These findings are in accordance with
the findings of Datta Ray et al., 2016 [22], where a
deterioration of health parameters was observed in fishes
infected with Aeromonads (A. hydrophila and A. salmonicida
separately). Moreover a significant decrease in haemoglobin
concentration among the co-infected fishes can be attributed
to progressive reduction in the haemoglobin content due to
depression/exhaustion of haemopoietic potential of the fish [23]
or due to increased removal of dysfunctional red blood cells
[24]
. This decreased Hb% may lead to insufficient oxygen
supply to the tissues which resulted in decreased physical [25,
26, 27]
. In addition to this, a decrease in the Haematocrit
(measurement of packed erythrocytes) value among the
infected groupsalso deteriorate oxygen supply to vital organs
[28]
. In both the cases maximum effect was found in the
coinfected group which indicated a greater virulence
compared to single infection. In case of White blood cells
(WBCs), the leucocrit% got increased among infected fishes
by producing huge amount of leucocytes (leucocytosis) to
protect the fish by phagocytosis and through producing
antibacterial chemicals to stop the disease causing agents
from getting spread in the system. The calculated secondary
haematological indices viz. Mean corpuscular volume
(MCV), Mean corpuscular hemoglobin (MCH) and Mean
corpuscular hemoglobin concentration (MCHC) are other
important indicators in the diagnosis of anaemia in most
animals [29]. The MCV value wassignificantly higher (p<0.05)
in A. hydrophila infected fishes compared to A. salmonicida
infected fishes but the highest value was observed in the
coinfected group. This rise could be because ofintense
damage or cirrhosis of liver or due to increased number of
immature RBC [30]. Significant increase (p<0.05) of MCH

value among coinfected fishes compared to control and other
infected fishes could be attributed to macrocytosis, which was
probably an adaptive response through the influx of immature
erythrocytes from the hematopoietic tissues to the peripheral
blood to make up for the reduced number of erythrocytes and
decreased hemoglobin concentration [31].The MCHC value
decreased significantly (p<0.05) in the infected fishes
compared to the control fishes but no significant difference
was found among A. hydrophila and A. salmonicida infected
groups. This was an indication of erythrocytes swelling [32]
due to a decrease in hemoglobin synthesis leading to severe
hypochromic anemia [33] upon coinfection. Result of
differential WBC count revealed that except small
lymphocytes, percentage of all types of cells viz. neutrophil,
basophil, eosinophil large lymphocyte and monocyteincreased
significantly (p<0.05) among the infected groups that the
innate immunity of the fish was stimulated to fight against the
bacterial pathogen as the primary line of defense [34].
According to Burtis and Ashwood (1994) [34], presence of
toxicants in aquatic ecosystem exerts its effect at cellular and /
or molecular levels which leads to changes in biochemical
compositions of the organisms. Thus, elevated glucose level
among the infected groups might be due to gluconeogenesis
to supplement additional energy needed to meet the increased
metabolic demands [35, 36] under physiological stress. The
Significant increase in serum bilirubin value (p<0.05)
amongcoinfected as well as A. hydrophila and A. salmonicida
infected fishes compared to control fishes also indicated liver
dysfunction as it was the organ responsible for the
elimination, via the bile, of the products of heme breakdown,
primarily bilirubin. Impairment of this process caused a
condition of jaundice and is reflected in a rise in bilirubin in
the plasma [37]. Moreover, an elevated cholesterol level
indicated disorders of lipid and lipoprotein metabolism,
especially liver dysfunction [38]. Alteration in liver [34] and
destruction of RBCs with concomitant release of cell contents
into the blood stream might lead to increased concentrations
of serum total protein among all the infected groups compared
to the control fishes. Since serum proteins include various
humoral elements, the increased level could also be an
indication of antibody production in moribund fish with
infectious diseases [39]. Rehulka, 1998 [40] found that
Aeromonas induced ulcerous dermatitis in rainbow trout
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(Oncorhynchus mykiss) resulted in an increase in total protein
and cholesterol level in the plasma which were in accordance
with the present study. Ultimately increased serum calcium
levels of infected ﬁsh indicated the production of second
messengers for activation of several downstream signaling
pathways involved in the defense mechanism against bacterial
infection [11]. After the initial screening of the above
mentioned parameters in L. rohita against Aeromonad
infection, it was found that the immune reaction and resultant
stress was most prominently exhibited among the coinfected
group. To get an insight on the immune system functioning of
L. rohita in response to Aeromonad infection, a further
detailed study on the immune functioning at cellular level was
focused. In fish, phagocytosis was recognized as one of the
important elements in the host defense against invading
micro-organisms [41] and thus the quantification of oxidative
radical (primarily Reactive Oxygen Species or ROS)
production from neutrophils and monocytes as a defense
mechanism was done using nitrobluetetrazolium (NBT) assay.
In the present study, a significantly (p<0.05) higher number of
NBT-positive cells i.e. cells with dark bluish formazan
deposit within the cytoplasm were observed in the blood of L.
rohita post infection, compared to the sham operated control
fishes (Fig. 5) was indicative of the fact that upon pathogenic
bacterial infection, the phagocytic activity and respiratory
burst activities of neutrophils were significantly induced due
to the innate immune system functioning [42]. The release of
reactive oxygen species (ROS) from the phagocytic cell
population of infected L. rohita fishes, subsequently caused
simultaneous increase in the functioning of antioxidative
stress enzyme pathway leading to increased activity of
superoxide dismutase (SOD), catalase (CAT) and
significantly higher concentrations of glutathione peroxidase
(GPx), glutathione reductase (GR) and reduced glutathione
(GSH) [Table. 6]. The significant increase (p<0.05) in SOD
activity in ofinfected L. rohita in comparison to sham
operated control fish attributed to the fact that SOD converts
superoxide radical (O2-) into H2O2 and O2 to protect the cell
from oxidative damage [43].The significant increase (p<0.05)
in GPx level and catalase activity could be ascribed to the fact
that they function by decomposing H2O2 (generated by the
functioning of SOD) into H2O and molecular O2 (1/2 O2) in
the process of maintaining H2O2 concentration in these tissues
[44]
. Oxidized glutathione (GSSG) produced upon reduction of
hydrogen peroxide by GPx was recycled to its reduced state
by GR and NADPH. Thus the Significant increase (p<0.05) in

GR level was recognized as excess production of GSSG
instigates GR activity to reduce GSSG into GSH to maintain
the cellular redox status by increasing the GSH/GSSG ratio.
This clearly indicated the reason behind significant increase
(p<0.05) of GSH level among the infected fishes in
comparison to the control ones. A variety of internal or
external pathological factors such as viral and bacterial
infections leading to oxidative stress, reported by several
workers were also in agreement with the current findings [45,
43, 46, 47,. 48].
In case of the confected fishes, though the bacteria
were administered at an asymptomatic level, prominent
symptoms of furunculosis viz. hemorrhagic signs at the
abdominal muscle and reddening of skin, dermal ulcerations
(Fig. 6) were observed which might indicate that in coinfected
fishes, Invasive species A. salmonicida was capable to
exclude the native A. hydrophila from the system.
Conclusion
The overall results obtained during the present study indicated
that the native, indigenous pathogen i.e. A. hydrophila and
exotic, invasive pathogen i.e. A. salmonicida when challenged
at an asymptomatic, carrier state dosage did act as strong
physiological stressors for L. rohita but coinfection resulted in
the activation of alarm–stress response subsequently
compromising the health status of the fish. It caused a severe
deterioration of general health parameters leading to oxidative
stress and ultimately resulted in prominent external symptoms
of the exotic A. salmonicida infection. Though interaction of
pathogens inside host organism very critical to understand but
it could be assumed that this kind of multi parametric case
study might led to further identification of species specific
biomarkers at cellular and molecular levels for better
understanding of co-existance mechanism of native and
invasive Aeromonad species.
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Table 2: Supplementary Data
Hepatosomatic Index
SGR
Weight gain %
Haemoglobin %
Haematocrit %
Leucocrit %
MCV (fl)
MCH (pg)
MCHC (gm/dl)
Neutrophil %
Basophil %
Eosinophil %
Small Lymphocyte %
Large Lymphocyte %
Monocyte %
Glucose (mg/dl)

Sham Operated Control
0.41904 ± 0.01a
0.8987 ± 0.02c
73.434 ± 0.27d
9.715 ± 0.10d
34.426 ± 0.27c
1.197 ± 0.06a
170.12 ± 1.64a
44.647 ± 0.56a
28.958 ± 0.68b
27.702 ± 0.39a
1.3981 ± 0.14a
1.1352 ± 0.10a
51.525 ± 0.31d
16.9524 ± 0.23a
2.0737 ± 0.17a
70.916 ± 0.86a

A. hydrophilic treated
0.60153 ± 0.02c
0.8501 ± 0.01b,c
67.829 ± 0.24c
6.553 ± 0.14b
28.497 ± 0.45a
1.806 ± 0.03b
457.234 ± 1.72c
104.016 ± 0.75c
23.108 ± 0.34a
33.94 ± 0.47b
2.9548 ± 0.18b
4.097 ± 0.22c
25.449 ± 0.35b
24.864 ± 0.27b
5.189 ± 0.17c
74.64 ± 0.09b
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A. salmonicida treated
0.4928 ± 0.02b
0.8228 ± 0.02b
63.935 ± 0.21b
7.917 ± 0.17c
30.78 ± 0.34b
1.667 ± 0.04b
253.002 ± 1.02b
73.133 ± 0.69b
23.304 ± 0.35a
33.514 ± 0.47b
2.8862 ± 0.20b
3.137 ± 0.19b
31.169 ± 0.23c
24.313 ± 0.19b
3.239 ± 0.22b
79.16 ± 0.60c

Confected
0.72028 ± 0.06d
0.6907 ± 0.02d
53.164 ± 0.19a
5.819 ± 0.14a
27.669 ± 0.22a
2.104 ± 0.09c
585.811 ± 0.82d
150.822 ± 0.79d
22.444 ± 0.17a
35.363 ± 1.57c
3.5514 ± 0.18c
4.5272 ± 0.18c
18.4842 ± 0.35a
31.2348 ± 0.20c
4.73 ± 0.33c
82.42 ± 0.67d

International Journal of Fisheries and Aquatic Studies

Bilirubin (mg/dl)
Calcium (mg/dl)
Cholesterol (mg/dl)
Total protein (mg/dl)
SOD (U/mg Protein/Minute)
CAT (K/mg Protein/Minute)
GSH (ng/ml)
GPx (U/ml)
GR (ng/ml)

http://www.fisheriesjournal.com

0.155 ± 0.01a
8.31 ± 0.19a
92.964 ± 0.90a
2.208 ± 0.04a
94.574 ± 0.31a
2.893 ± 0.14a
4.336 ± 0.24a
45.871 ± 0.47a
25.452 ± 0.24a

0.476 ± 0.01c
10.90 ± 0.32c
105.36 ± 1.23b
2.783 ± 0.01b
133.541 ± 0.45b
6.071 ± .20c
8.2 ± 0.16c
77.493 ±0.35c
42.379 ± 0.35c

References
1. Harikrishnan R, Balasundaram C, Bhuvaneswari R.
Restorative effect of Azadirachta indicab aqueous leaf
extract dip treatment on haematological parameter
changes in Cyprinus carpio (L.) experimentally infected
with Aphanomyces invadans fungus. Journal of Applied
Ichthyology. 2005; 21(5):410-413.
2. IUCN Guidelines for the prevention of biodiversity loss
caused by alien invasive species. International Union for
the Conservation of Nature, Gland, Switzerland, 2000.
3. Ellis AE. Immunization with bacterial antigens:
Furunculosis.
Developments
in
Biological
Standardization. 1997; 90:107-116.
4. Almeida A, Cunha Â, Gomes N, Alves E, Costa L,
Faustino MA. Phage therapy and photodynamic therapy:
low environmental impact approaches to inactivate
microorganisms in fish farming plants. Marine Drugs.
2009; 7(3):268-313.
5. Bernoth EM, Ellis A, Midtlyng P, Olivier G, Smith P.
Furunculosis Multidisciplinary Fish Disease Research,
1st edn. Academic Press San Diego, CA, 1997, 1-20.
6. Massey RC, Buckling A, French CR. Interference
competition and parasite virulence. Proceedings of the
Royal Society B: Biological Sciences. 2004; 271:785788.
7. Brown JD, Berghaus RD, Costa TP, Paoulson R, Carter
DL, Lebarbenchon C et al. Intestinal excretion of a wild
bird- origin H3N8 low pathogenic avian influenza virus
in mallards (Anas platyrhynchos). Journal of Wildlife
Diseases. 2012; 48:991-998.
8. Alizon S. Co-infection and super-infection models in
evolutionary epidemiology. Interface focus. 2013;
3(6):2013-0031.
9. Read AF, Taylor LH. The ecology of genetically diverse
infections Ecology and Evolution of Infectious Diseases.
2001; 292:1099-1103
10. Kinnula H, Mappes J, Valkonen J, Pulkkinen K,
Sundberg LR. Higher Resource Level Promotes
Virulence in an Environmentally Transmitted Bacterial
Fish Pathogen. Evolutionary Applications. 2017;
10(10):1111-12466.
11. Pal J, Pradhan K. Bacterial involvement in ulcerative
condition of air breathing fish from India. Journal of fish
biology. 1990; 36(6):833-839.
12. Roy D, Pal S, Datta Ray S, Homechaudhuri S. Evaluating
oxidative
stress
in
Labeo
rohita,
infected
asypmtomatically with native and invasive Aeromonads
using biochemical indices. Proceedings of the National
Academy of Sciences, India, Section B: Biological
Sciences. 2018; 89(3):973-978.
13. Pal S, Datta RS, Homechaudhuria S. Evaluation of in
vivo non-specific immunity and oxidative stress in Labeo
rohita (Hamilton, 1822) infected with Aeromonas
hydrophila as biomarker for early diagnosis. International
Journal of Fisheries and Aquatic Studies. 2015; 3(1):116-

0.339 ± 0.02b
9.93 ± 0.20b
138.648 ± 3.47c
2.805 ± 0.08b
114.812 ± 0.49c
4.724 ± 0.16b
7.36 ± 0.17b
61.995 ± 0.35b
33.148 ± 0.37b

0.928 ± 0.03c
10.98 ± 0.25c
176.62 ± 6.05d
2.986 ± 0.07b
152.989 ± 0.48d
6.852 ± 0.21d
10.777 ± 0.28d
87.075 ± 0.60d
46.675 ± 0.32d

124.
14. Ude E, Iheanacho SC, Ogbu M, Ayotunde E, Ogueji E.
Growth, Hematology and Immuno-Modulatory Potential
of Ginger (Zingiber officinale) Supplemented Diets in
Clarias gariepinus Juvenile (Burchell, 1822).
Aquaculture Studies. 2018; 18:41-49.
15. Dacie JV, Lewis SN. Practical Haematology. Edindurg:
Churchill Livingstone. 1984; 6:405-411.
16. Wintrobe MM. Clinical Hematology. 6th Edn, Lea &
Febiger, Philadelphia, 1967.
17. Blaxhall PC, Daisley KW. Routine hematological
methods for use with fish blood. Journal of Fish Biology.
1973; 5:771-781.
18. Besten P, Munawar M, Suter G. Ecotoxicological testing
of marine and freshwater ecosystems: Emerging
techniques,
trends
and
strategies.
Integrated
Environmental Assessment and Management. 2007; 3:
305-306.
19. Aebi H. Catalase in vitro. Methods in enzymology.
1984; 105:121-126.
20. Lukaszewicz HA, Moniuszko JJ. Liver Catalase,
Glutathione Peroxidase and Reductase Activity, Reduced
Glutathione and Hydrogen Peroxide Levels in Acute
Intoxication with Chlorfenvinphos, an Organophosphate
Insecticide. Polish Journal of Environmental Studies.
2004; 13:303-309.
21. Gómez OP, Sabate D, Homedes J, Ferrer L. Use of the
nitroblue tetrazolium reduction test for the evaluation of
Domperidone effects on the neutrophilic function of
healthy
dogs.
Veterinary
Immunology
and
Immunopathology. 2012; 146(1):97-99.
22. Zar JH. Bio statistical analysis. 4th edn Prentice
Hall. Upper Saddle River, NJ, 1999.
23. Datta Ray S, Homechaudhuri S. In vivo immune response
of major immunocompetent organs in Indian major carp,
Cirrhinus mrigala upon infection with Aeromonas
hydrophila. The Clarion. 2016; 5(1):1-9.
24. Sawhney AK, Johal MS. Effect of an oregano
phosphorus insecticide, malathion on pavement cells of
the gill epithelia of Channa punctatus (Bloch). Pollution
and Archieves in Hydrobiology. 2000; 47:195-203.
25. Stormer J, Jensen EB, Rankin JC. Uptake of nitrite,
nitrate and bromide in rainbow trout, Onchorhynchus
mykiss: effects on ionic balance. Canadian Journal of
Fisheries and Aquatic Sciences. 1996; 53:1943-1950.
26. Grobler E. Die Effek van Atrasien, Sink in Yster op die
Hematologie en Suurstofverbruik van Tilapia sparrmanii
(Cichlidae). M.Sc. Thesis, Rand Afrikaans University,
Johannesburg, South Africa. 1988.
27. Wepener W. The effects of heavy metals at different pH
on the blood physiology and metabolic enzymes in
Tilapia sparmanii (Cichlidae). M.Sc. Thesis, Rand
Afrikaans University, Johannesburg, South Africa. 1990.
28. Nussey G. The effect of copper on blood coagulation and
general haematology of Oreochromis mossambicus

~ 328 ~

International Journal of Fisheries and Aquatic Studies

29.

30.
31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

http://www.fisheriesjournal.com

(Cichlidae). M.Sc. Thesis, Rand Afrikaans University,
Johannesburg, South Africa, 1994.
Buckley JA, Whitmore CM, Matsuda RI. Changes in
blood chemistry and blood cell morphology in coho
salmon, Oncorhynchus kisutch following exposure to
sublethal levels of total residual chlorine in municipal
wastewater. Journal of Fisheries Research Board,
Canada. 1976; 33:776-782.
Coles H. Veterinary Clinical Pathology. 4th ed. W.B.
Saunders, Philadelphia, 1986, 615.
Carvalho CS, Fernandes MN. Effect of temperature on
copper toxicity and hematological responses in the
neotropical fish Prochilodus scrofa at low and high pH.
Aquaculture. 2006; 251:109-17.
Rehulka J, Minarík B. Blood parameters in brook trout
Salvelinus fontinalis (Mitchill, 1815), affected by
columnaris disease. Aquacultue Research. 2005;
38(11):1182-1197.
Wepener V, Euler N, Johan VV, Preez H, Astri S. The
development of an aquatic toxicity index as a tool in the
operational management of water quality in the Olifants
River (Knsger National Park). Koedoe - African
Protected Area Conservation and Science. 1992; 35(2):19.
Sovlo A, Nikinmaa M. The swelling of erythrocytes in
relation to the oxygen affinity of the blood of the rainbow
trout Salmo gairdneri Richardson. In: Picketing, A. D.
(Edn.) Stress and fish Academic Press, London, UK,
1981, 03-119.
Burtis CA, Ashwood ER. Tietz Textbook of Clinical
Chemistry. Saunders, Philadelphia, 1994, 702-703.
Zutshi B, Raghu SG, Nagaraja R. Alteration in the
haematology of Labeo rohita under stress of pollution
from lakes of Bangalore, Karnataka, India.
Environmental Monitoing and Assessment. 2009;
168:11-19.
Kavitha C, Malarvizhi A, Senthil Kumaran S, Ramesh M.
Toxicological effects of arsenate exposure on
hematological, biochemical and liver transaminases
activity in an Indian major carp, Catla catla. Food
Chemistry and Toxicology. 2010; 48:2848-2854.
Matsoff L, Oikari A. Acute hyperbilirubinaemia in
rainbow trout (Salmo gairdneri) caused by resin acids.
Comparative Biochemistry and Physiology. 1987;
88:263-268.
Allen FM, Patrick JW, Roger TH. Blood biochemistry of
the oyster toadfish. Journal of Aquatic Animal Health.
2005; 17:170-176.
Rehulka J, Minarík B. Blood parameters in brook trout
Salvelinus fontinalis (Mitchill, 1815), affected by
columnaris disease. Aquacultue Research. 2005;
38(11):1182-1197.
Rehulka J. Blood indices of the rainbow trout
(Oncorhynchus mykiss) in Aeromonas-induced ulcerous
dermatitis. Acta Veterinaria Brno. 1998; 67:317-322.
MacArthur JI, Fletcher TC. Phagocytosis in fish. In:
Manning MJ, Tatner MF. Eds. Fish Immunology.
Academic Press. London. 1985, 29-46.
Anderson DP, Siwicki AK.: Basic haematology and
serology for fish health programs. In: Diseases in Asian
aquaculture II. M. Shariff, J. R. Arthur and R. P.
Subasinghe (Eds). Fish Health Section, Asian Fisheries
Society, Manila, Philippines, 1995, 185-202.
Oter S, Jin S, Cucullo L, Dorman HJD. Oxi-dants and

45.

46.

47.

48.

49.

~ 329 ~

antioxidants: friends or foes? Oxidants and Antioxidants
in Medical Science. 2012; 1:1-4.
Batista MTO, Rodrigues J, Edson FO, Mariana R, Anne
C, Rodrigues E, Suda CNK, Vani GS. Tissue levels of
the antioxidant enzymes superoxide dismutase and
catalase in fish Astyanax bimaculatus from the Una River
Basin. Revista Ambiente & Água, 2014; 9(4):621-631.
Limon-Pacheco J, Gonsebatt ME. The role of
antioxidants and antioxidant-related enzymes in
protective responses to environmentally induced
oxidative stress. Mutation Research. 2009; 674:137-147.
Welker TL, Congleton JL. Oxidative stress in juvenile
Chinook salmon, Oncorhynchus tshawytscha (Walbaum).
Aquaculture Research. 2004; 35:881-887.
Adeyemi JA, Klerks PL. Salinity acclimation modulates
copper toxicity in the sheepshead minnow, Cyprinodon
variegatus. Environmental Toxicology and Chemistry.
2012; 31:-1573-1578.
Adeyemi JA. Oxidative stress and antioxidant enzymes
activities in the African catfish, Clarias gariepinus,
experimentally challenged with Escherichia coli and
Vibrio fischeri. Fish physiology and biochemistry. 2014;
40(2):347-354.

