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ABSTRACT
Non-tuberculous mycobacteria present in aquaculture systems can infect and influence the physio-chemical blood 
parameters of captive fish. The aim of this study was to examine the changes in haematological and biochemical parameters 
along with expression of stress related genes in response to Mycobacterium fortuitum infection in the Indian major carp, 
rohu Labeo rohita (Hamilton, 1822). Juveniles of L. rohita  were experimentally infected with M. fortuitum strain ATCC 
6841, by immersion challenge at three different dosages of 5x105 cfu fish-1 (group T2), 5x106 cfu fish-1 (group T3) and 
5x107 cfu fish-1 (group T4) along with a  control group. After 60 days post-infection, fishes in groups T2, T3 and T4 were 
observed with necrotic lesions in skin and M. fortuitum was recovered from moribund fishes. Heat shock protein (hsp)  
gene expression analysis was performed in liver tissues by RT-PCR and hsps were analysed by Western Blotting in fishes 
of all treatment groups and control. Significant changes (p<0.05) were found in haemato-biochemical parameters including 
glucose, cortisol, blood parameters, liver enzymes, serum proteins and catalase and superoxidase dismutase activity along 
with mRNA expression of hsp genes viz, hsp60, hsp70, hsp78, hsp90 and hsp47 within groups T3 and T4 in comparison to 
control. The results suggest the pathogenicity of M. fortuitum (ATCC 6841) to L. rohita by promoting stress parameters and 
the transcription level of stress related genes.
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Introduction

Mycobacterium fortuitum was categorised as a rapid 
growing mycobacterium (Katoch, 2004; Parashar et al., 
2004) which is often associated with tubercle granulomas 
in fish of fresh, brackish and marine aquaculture. This 
species of Mycobacterium is frequently isolated from 
various sources in both temperate and tropical environment 
(Collins et al., 1984; Prearo et al., 2004). Bacteria under 
genus Mycobacterium are environmental saprophytes, 
Gram positive, acid-fast, non-motile, aerobic rods under 
the  order Actinimycetales and family Mycobacteriaceae 
(Smole et al., 2002). Initially it was isolated from animal 
sample in 1978 (Wilkinson et al., 1978) and further 
implicated as animal and human pathogen (Brown, 
1985). Pathogenicity of chronic mycobacteriosis due to 
M. fortuitum invasion has been evaluated using goldfish 
(Carassius auratus) as laboratory animal (Talaat et al., 
1998; 1999). This pathogen penetrates through the oral 
route or injured skin (Noga et al., 1990) and eventually 
forms a chronic progressive disease by invading the 
visceral organs like hepato-intestinal system (Astrofsky 
et al., 2000; Rhodes et al., 2004; Marzouk et al., 2009). 
Fishes may develop various clinical features ranging  from 

small nodules to wide ulcerations, rupture in the skin and 
underneath muscles, fin damage, pigment alteration, spinal 
curvature with loss of appetite, impairment in growth 
and lethargy (Balouet and Baudin, 1986; Heckert et al., 
2001). M. fortuitum has also been recognised in cases of 
cattle and sheep mastitis, pulmonary and subcutaneous 
abscesses (Fox et al., 1995), cutaneous granulomatous 
and neurological disorder in rare cases (Saito and Tasaka, 
1969). Severe outbreak of chronic infections can adversely 
alter the haemato-biochemical, histopathological and 
different physiological stress parameters which ultimately 
lead to mortality in fish.

Intensive aquaculture has rapidly expanded in the 
eastern zones of India where culture practice of carps 
comprises about 87% of total freshwater fish farms. The 
rohu, Labeo rohita (Hamilton, 1822) is the most dominant  
Indian major carp (IMC) species due to their high 
commercial value, satisfactory growth rate and consumer 
acceptability (Prasad et al., 2012). In aquaculture, various 
environmental and chemical stressors, crowding and poor 
nutrition can deteriorate the immune systems of carps 
making them vulnerable to a variety of environmental 
pathogens. Water borne mycobacterial pathogens are 
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often opportunistic to immunocompromised fishes and 
are regarded as one of the major threats for aquatic 
animals (Shukla et al., 2013). M. fortuitum, M. marinum,  
M. chelonae and M. phlei are the most common 
mycobacterial species that have been recognised as 
causative agents of mycobacteriosis in aquatic animals 
(Bercovier and Vincent 2001; Heckert et al., 2001; 
Sanders and Swaim, 2001). 

Epidemiology of mycobacterial fish pathogens need 
to be well understood for facilitating prevention and for 
adopting treatment strategies. In recent decades, studies 
on non-specific immunity and stress related aspects in host 
pathogen interaction in fishes is growing surprisingly, as 
the components of innate immune systems including a 
class of cytokines, complement factors and their relevant 
gene expression has vital role in evaluation of fish immune 
modulation (Zhu et al., 2013). In addition, a class of 
heat shock proteins (hsps) or stress proteins are found to 
influence both innate and adaptive immune response and 
are known to be associated with protein folding, protein 
transporting and reconstruction, macromolecular domain 
assembly with various ways of inflammatory responses 
(Srivastava 2002; Kakkar et al., 2014). Thus, assessing 
the level of hsp gene expressions can be a commendable 
approach to comprehend the physiological stress and 
immunogenic response in both laboratory and naturally 
grown fish species (Purohit et al., 2014). 

M. fortuitum infections may induce considerable 
stress levels in IMCs which are economically most 
important for the aquaculture sector. Unfortunately, 
no effective treatment has been established against 
M. fortuitum infections in fish. The present study was 
undertaken to understand the relevant pathology of  
M. fortuitum with the analysis of haematological and 
serum biochemical changes in blood, the oxidative stress 
response and expression of the heat shock protein (hsp) 
genes provoked by experimentally induced M. fortuitum 
infection in L. rohita. The study involved assessment of 
haematological changes, serum metabolic parameters, 
stress hormone and crucial liver enzymes of L. rohita. The 
expression level of stress genes viz, hsp60, hsp70, hsp78, 
hsp90 and hsp47 of hepatic cell and immune-blot analysis 
of hsp60, hsp70 and hsp90 were also carried out. 

Materials and methods

Bacterial culture and growth conditions

Mycobacterium fortuitum ATCC 6841 (www.atcc.
org.) was grown in Middlebrook 7H9 broth (HiMedia, 
India) supplemented with 10% oleic acid, albumin, 
dextrose and catalase (OADC) at 37°C and incubated for 
seven days. Bacterial suspension was acquired from the 
mid-exponential growth phase and centrifuged at 4000 g 

for 10 min, re-suspended in phosphate buffered saline 
(pH 7.4) and adjusted to a concentration of 5х105 cfu ml-1. 
Final bacterial concentration was confirmed by serial 
dilutions and plating (Talaat et al., 1998).

Experimental fishes and treatments

The experiment was conducted with 120 numbers 
of healthy juvenile L. rohita (15±3 cm) weighing 
between 235.0-250.0 g, procured from a local fish farm 
in West Bengal, India. Fishes were left undisturbed and 
maintained in static re-circulating water (27°C) overnight 
and were given a mild NaCl (2%) treatment for 2 min in 
the next day morning. To ameliorate the stress created by 
transportation, fishes were also  given a bath treatment of 
vitamin C (2 mg l-1)  and were acclimatised under aerated 
conditions for 15 days. Fishes were fed on a formulated 
fish diet containing Danish fish meal (70%), wheat flour 
(12%), soybean lecithin (5%), cod liver oil (5%), vitamin 
premix (3%), mineral premix (3%) and carboxyl methyl 
cellulose (2%). Apparently healthy fishes free of fungal, 
parasitic or bacterial infections were selected prior to 
distribution for experimental trial. 

Each fish tank (80 х 58 х 40 cm, 150 l) was disinfected 
with KMnO4 solution (4 mg l-1) before distribution of fish. 
Total 120 fishes were randomly distributed in 1 control and 
3 experimental groups, each with three replicates (10 fish 
х 3 tank = 30 fishes in each group). After distribution, the 
fishes were acclimatised with a photoperiod of 14 h light 
and 10 h darkness for 2 weeks prior to the experiment. 
Group 1 marked as control and treatment groups 2, 3 and 4 
were marked as T2, T3 and T4 respectively. Stock bacterial 
dilutions (M. fortuitum ATCC 6841) of 5x106 cfu ml-1, 
5x107 cfu ml-1 and 5x108 cfu ml-1 and 0.1 ml were 
used for injection to each fish, thus the final injection 
doses used were: 5x105 cfu fish-1, 5x106 cfu fish-1 and  
5x107 cfu fish-1 in group T2, T3 and T4 respectively. Fishes 
were subjected to cold shock by adding ice cubes for 
temporary anesthesia while injecting intra-peritoneally. The 
fishes were fed with same protein rich diet up to their level 
of satiation throughout the 60 days of experimental period.

Weight parameters and survival rate

Fishes in each treatment group were found to reduce 
weight post-infection; might be caused due to reduced 
food intake followed by bacterial inflammation and hence 
weight reduction parameter was considered. The initial 
and the final biomass weight of all experimental fishes 
was assessed and weight reduction was calculated using 
the formula:  

Weight gain/reduction (%) = [(Initial weight - Final 
weight) / Final weight] х 100

At the end of the experiment, all the fish tanks were 
dewatered and the number of experimental fishes in each 
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tank was counted and the survival rate was calculated 
using the formula:

Survival rate (%) = (Total number of fish alive at end 
of experiment / Total number of fish stocked) х 100

Collection of blood and serum sample

Ten fishes from each group (30 per group) were 
sampled and a total of 120 fishes were sampled on days 
30 and  60 for blood and serum collection. Fishes were 
anesthetised by cold shock using ice one at a time in a 
separate sterile container. Blood was collected from 
caudal peduncle with a tuberculin syringe rinsed with 
2.7% EDTA solution and transferred to sterile tube 
rinsed with EDTA, at 4°C for analysis of blood glucose 
level, haemoglobin content, total erythrocyte count and 
lymphocyte count. For collection of serum (from the same 
fish), blood was allowed to clot in micro-centrifuge tubes 
by leaving it undisturbed at room temperature for 15 min 
and centrifuged at 4000 g for 3 min. Supernatant was 
collected in micro-centrifuge tubes and stored at -20°C for 
analysis of serum cortisol, serum total proteins, albumin 
globulin ratio, liver enzymes and serum catalase and 
superoxidase dismutase activity. 

Histopathological examination and recovery of 
Mycobacterium from tissue

At the end of the experimental period (60 days), 
fishes were sacrificed to collect liver and  kidney tissues 
for histopathological analyses. The tissues were kept in 
10% neutral buffered formalin for 10 min, washed with 
running tap water and dehydrated with 90% ethanol 
followed by embedding in paraffin block. A 5 μm section 
of paraffin embedded tissues were cut using rotary 
microtome and stained with haematoxylin and eosin 
(Gail et al., 1996). Degree of infection was analysed 
depending on microscopic pathology of stained slide and 
the tissues were graded based on granuloma score (GS) 
(Reimschuessel et al., 1992), that described the score of 0 
as normal, 1-2 as minimal, 3-4 as mild, 5-6 as moderate, 
7-8 as severe and 9-10 as highly severe state of granuloma. 
Cumulative granuloma score (CGS) was calculated as sum 
of GS of infected organs in a fish. The mean cumulative 
granuloma score (MCGS) of each treatment group was 
also measured (Reimschuessel et al., 1992; Talaat et al., 
1999). Skin scrapings were aseptically collected and 
immersed in 70% alcohol followed by 90% alcohol for 
10 min and 5 min respectively and stained according to 
Ziehl-Neelsen method to detect acid fast bacilli. Skin, 
liver and peritoneal tissues weighing 100 mg were taken 
under sterile conditions and homogenised with 2 ml of 
PBS and 0.5 ml of 2% glycerol. Tissue suspension (1 ml) 
was decontaminated with 0.5 ml of 2% HCl and washed 
with 2 ml of PBS. The final suspension was poured in 

Lowenstein-Jensen (L-J) medium slant and incubated 
at 37°C. After 7 days post-incubation, dry and rough  
pale-yellow colonies developed were subjected to  
Ziehl-Neelsen staining and PCR amplification for 
confirmation  as M. fortuitum (Shukla et al., 2013).

Estimation of blood glucose and serum cortisol

Blood glucose was estimated by modified Nelson 
and Somogyi method (Oser, 1944). For estimation of 
blood glucose, 100 μl of blood sample was de-proteinised 
by treating with a mixture of 4.5 ml (0.174 M) of zinc 
sulphate and 4.5 ml (0.142 M) of barium hydroxide 
solution. The whole mixture was filtered and 0.5 ml filtrate 
was collected in a sterile test tube, mixed with 1 ml of 
alkaline copper sulphate solution, placed in boiling water 
bath for 15 min, cooled to room temperature and then 1 ml 
of arseno-molybdate reagent was added. The absorbance 
was measured at 540 nm against blank. Serum cortisol was 
estimated by cortisol test EIA kit employing AccuBind 
Elisa Micro wells (Monobind Inc.) with microplate reader 
(Halo MPR-96 Dynamica). 

Haematological parameters

Estimation of haemoglobin (Hb) was performed using 
cyanmethaemogobin method. About 5 ml of Drabkin’s 
solution was mixed with 20 μl of blood in a dry test tube 
and absorbance was measured in a spectrophotometer 
(Systronics 2202) at 540 nm. Measurements of total 
erythrocyte count (TEC) and total leukocyte count (TLC) 
was done using haemocytometer by taking 3.98 ml of 
erythrocyte and leukocyte diluting fluids (Qualigens) 
respectively in separate glass vials and 20 μl of blood was 
added to each vial to get a cell suspension and the cells 
were counted in haemocytometer to calculate TEC and 
TLC using the formula:

Number of cells ml = (Number of cell counted × 
dilution) / (Area counted × depth of fluid).

Serum total protein, albumin and globulin

Biuret method was followed to estimate the serum 
total protein using Innoline total protein kit (Reinhold, 
1953). Serum albumin was estimated using Innoline 
albumin kit following bromocresol green binding 
method (Doumas and Biggs, 1972). Absorbance of the 
standard and tests were measured at 550 nm and 578 nm 
respectively for total serum protein and albumin. Serum 
globulin content was obtained by subtracting the albumin 
value from total protein value.

Analysis of enzymes

Serum alanine aminotransferase (ALT) (Pathozyme 
Diagnostics), aspertate aminotransferase (AST) 
(Pathozyme Diagnostics), lactate dehydrogenase (LDH) 
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(Pathozyme Diagnostics) and alkaline phosphatase (ALP) 
(CoralClinical Systems) were estimated by respective 
enzyme kinetic assay kits. Serum superoxidase dismutase 
(SOD) activity was measured (Sun et al., 2010) using 
nitroblue tetrazolium (NBT, HiMedia, India) at room 
temperature. One unit of superoxide dismutase was 
defined as the amount of enzyme that can cause 50% 
inhibition in NBT reduction rate. The OD of supernatant 
was estimated at 550 nm in microplate reader (Infinite 
M200 PRO). Catalase activity was estimated (Takahara  
et al., 1960) as unit of catalase activity i,e., the amount of 
enzyme necessary to decompose 1 µM of H2O2 per minute.

Extraction of RNA and expression of heat shock protein 
gene

For gene expression analysis, liver tissue was 
collected at the end of the 60 days of experimental period 
and immediately transferred to  RNALater (Sigma) at 
-20°C for further use. Total RNA was extracted from the 
liver sample using RiboZol (HiMedia, India) according 
to the manufactures protocol. Concentration of RNA was 
assessed by electrophoresis using agarose-formaldehyde 
gel (1% agarose, 16% formaldehyde) and measured by 
UV spectrophotometer (Systronics 2202). All extracted 
RNA samples showed A260/A280 ratio of 1.8-2.0. 
Extracted RNA (1 μg) was reverse transcribed into cDNA 
using MMuLV reverse transcriptase (Fermentas) as per 
manufacturer’s instructions. cDNA samples were kept at 
-20°C until qPCR was performed. The PCR amplification 
of hsp60, hsp70, hsp90, hsp78 and hsp47 genes ware 
performed using respective primers (Table 1) and  
Beta-actin was used as the housekeeping gene (Mohanty 
et al., 2010). Each 20 µl of reaction mixture contained 
SYBR Green PCR Master Mix (Bio-Rad, UK), 2 µl (200 
ng) of synthesised cDNA, 1 µl (0.2 µm) of each forward 
and reverse primer and molecular grade water. Reaction 
was performed in a CFX connect real time PCR detection 

system (Bio-Rad, UK). The cycling patterns were started 
with an initial denaturation of 3 min at 95°C, followed by 
40 cycles each of: denaturation for 10 s at 95°C, followed 
by 30 s at standardised annealing temperature for specific 
genes (Purohit et al., 2014) and a final extension for 30 
s at 72°C. Each sample was analysed in three replicates. 
At the end of the reactions, 10 µl  of PCR products were 
visualised in 1.6% agarose gel. Relative fold expression 
of each hsp was recorded against basal level of expression 
(control) with Bio-Rad Gel doc XR+ with image lab 
software. 

Extraction of protein and Western blotting (1D)  

Frozen liver samples were homogenised in ice-cold 
PBS (0.01 M, pH 7.4) containing protease Inhibitor 
(Sigma). The homogenate was centrifuged at 11500 g at 
4°C for 15 min and the supernatant was stored at -20°C 
until analysis. Liver proteins from supernatant were 
separated by SDS-PAGE using Mini-PROTEAN 3 Cell 
(Bio-Rad). 1-DImmune-blot assay were performed to 
analyse the stress protein expression from liver. An iBlot 
transfer system (Invitrogen) was used to transfer the 
proteins from poly-acrylamide gels to nitrocellulose (NC) 
membranes (0.2 μm, Sigma). Transferring procedure was 
confirmed by staining a piece of nitrocellulose membrane 
with Ponceau S (Sigma). Primary antibodies were anti 
heat shock protein 60 (Sigma) anti heat shock protein 70 
(Sigma) and anti heat shock 90 (Sigma) while secondary 
antibody used was anti mouse IgG-peroxidase conjugate 
(Sigma). DAB (3, 3’-Diaminobenzidine) (Sigma) and 
H2O2 were used as substrates (Mohanty et al., 2010). 

Statistical analysis

Data of serum biochemical parameters were subjected 
to one-way analysis of variance (ANOVA) using software 
package SPSS (Version 18.0 for Windows; SPSS Inc, IL, 
USA). Differences among means of different groups were 

Table 1. Primer sets used (Purohit et al., 2014) for quantitative RT-PCR analysis of hsp genes in L. rohita
Target gene Primer Sequence (5’-3’) Amplicon size (bp) Annealing temperature
hsp60 hsp60 F

hsp60 R
TCGCACTGTCATCATTGAGC
CTTGTCTTTCAGGTCGATGG

91 60°C

hsp70 hsp70 F
hsp70 R

GTCGTCGATCTGTCCCTTGT
CTCGCTTTGAGGAGCTGTG

98 57°C

hsp78 hsp78 F
hsp78 R

GTCTTGGTGGGTGGCTCTAC
TCAGGGTTGATGCCCCTAGA

94 60°C

hsp90 hsp90 F
hsp90 R

CTGGGGTCTGTCAAGCTTTC
AGGCCTTGGACAAAATCAGA

122 60°C

hsp47 Hsp47 F
Hsp47 R

CTGACAGAGGCTGTGGACAA
GTCCTTCTTCCCGGAGATGT

60 52°C

Beta-actin Beta-actin F
Beta-actin R

GTCCCTGTACGCCTCTGGTCG
GCCGGACTCATCGTACTCCTG

666 62°C

F- Forward; R-Reverse
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compared by Duncan’s multiple range test, where level 
of significance was explained as p<0.05. Results were 
presented as Mean±Standard error. The gene expression 
levels were graphically presented using GraphPad Prism 
version 6 (GraphPad Prism Software Inc.).

Results

Clinical signs, cumulative granuloma scores and recovery 
of acid-fast bacilli from tissues

Noticeable clinical signs started appearing at 
the 5th week post-inoculation including inappetence, 
exophthalmia and distended abdomen with discolouration 
of scales, reddish tints to skin, gills and fins as well as 
nodular ulceration with haemorrhagic secretion. Acid fast 
rods were identified from skin scrapingss from infected 
tissues (Fig. 1a). Pathomorphological patterns were roughly 
similar in group T3 and T4 by 60 days post-inoculation. 
Percentage of weight reduction was significantly (p<0.01) 
different among various treatment groups when compared 
to the control (Table 2). Maximum reduction of weight 
was found in group inoculated with 5x108 CFU ml-1 of 
bacterial suspension (T4) when compared to other groups. 
No mortality was recorded among control and all treatment 
groups during experimental period.

                                (a)                                                                           (b)                                                                      (c)

                                                                           (d)                                                                (e)

Fig. 1. (a). Large number of acid-fast positive bacilli in necrotic skin tissues taken from ulceration site of L. rohita from group T4;   
(b) Ziehl-Neelsen staining of infected intestinal swab showing acid fast bacilli embedded in necrotic tissues taken from group T3;  
(c) Histological examination of fish liver from control group showed score: ‘0’ as absence of lesions; (d) Histopathological analysis 
of liver sample from the fish of group T4 had score ‘5’ as moderate lesions showing the formation of focal granuloma due to 
accumulation of acid fast bacilli associated with infiltration of lymphocytes within tissue; (e) Outsized number of acid fast 
positive bacilli were visible in necrotic kidney in fish of group T4 showing score ‘7’ as severe lesions.

Histopathological examination showed severe 
and moderate granulomatous lesions in group T3 and 
T4 respectively (Table 2). Internal granulomas in fishes 
were characterised by accumulation of macrophages, 
lymphocytes, fibrocytes, epithelioid tissues and fibrous 
connective tissue especially around liver (Fig. 1c) and 
necrotic kidney (Fig. 1e). Ziehl-Neelsen staining of 
intestinal swab of fishes of group T3 showed presence of 
acid fast bacilli embedded in necrotic tissue (Fig. 1b). 
Acid fast rods were identified in liver section of infected 
fish that explained the occurrence of leukocyte and 
macrophage infiltration, erythematous hepatitis and dilated 
sinusoids. Cytoplasmic vacuolisation were observed in 
hepatic epithelial cells in group T3 and T4 (Fig. 1d). The 
overall mean cumulative granuloma score (MCGS) was 
significantly higher in group T4 (p<0.01) followed by T3 
and T2 in comparison to control (Table 2). Mycobacterium 
was recovered from parenchymal tissues of sacrificed 
fishes of the three experimental groups (Fig. 1). Colonies 
were confirmed as acid-fast positive by Z-N staining 
method which were finally confirmed as Mycobacteriam 
fortuitum through 16Sr-DNA gene amplification. No 
mortality was recorded in all treatment groups including 
control at the end of the experiment. Fishes in control 
group were clinically and histopathologically normal.

Response of Labeo rohita to Mycobacterium fortuitum infection
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Table 2. Degree of infections in different groups of experimental fishes
Treatment group No. of fish 

inoculateda
No. of fish 
examined fishb

Lesionsc (%) MCGSd Degree of 
infectione

Recovery of acid fast  
bacillif (%)

Weight 
reduction (%)g

Control 0 30 0 0 None 0/90 (0 %) 0
T2 30 30 51 5.94 Moderate 41/90 (45.55%) 14.55 ± 1.04a

T3 30 30 66 8.71 Severe 62/90 (68.88%) 17.39 ± 1.16b

T4 30 30 78 8.89 Severe 76/90 (84.44%) 24.43 ± 1.34c

aNumber of fishes inoculated at the starting of experiment. Although the control group also had 30 fishes, but they were not inoculated with bacteria
bof fish subjected to histopathological examination at the end of the 60 days of experimental trial. 
cPercentage of overall pathological lesions observed in the inoculated fishes
dMean cumulative granuloma score (MCGS)
eDegree of infection according to the granuloma score mentioned in the MCGSd column.
fRecovery percentage of acid fast bacilli was measured as ‘(No. of bacterial samples isolated from tissue / No. of tissue samples examined) х 100’. Three 
kinds of tissues (skin, liver and head kidney) were examined.
gWeight reduction (%) in L. rohita of each group due to exposure to M. fortuitum infection. Values (Mean±SE) over the bar with different superscripts 
(a, b, c) showed significant difference (p<0.05).

Upregulation of blood glucose and cortisol levels after 
mycobacterial infection

At 30 and 60 days post-inoculation, stress biomarkers 
such as glucose and cortisol in blood were significantly 
increased. Untreated control group showed the lowest 
value of blood glucose and cortisol throughout the 
experimental period. Bacterial inoculation significantly 
increased the blood glucose level (Fig. 2a) and cortisol 
(Fig. 2b) levels on days 30 and 60 in group T4. Groups T2 
and T3 showed lower concentrations of blood glucose and 
cortisol than group T4  on days 30 and 60, but higher than 
that of control group.

Alteration in haematological parameters after 
mycobacterial infection

Bacterial infection significantly affected the 
haemoglobin (Hb) and total erythrocyte count (TEC) with 

highest values in control fishes and lowest in group T4 on 
days 30 and 60 (Fig. 3a, b). Group T2 and T3 also showed 
slight decrease on day 30 and significant decrease on day 
60 in comparison to control. The total leukocyte count 
(TLC) was significantly higher in group T4 than control 
on day 30 to 60. Group T2 and T3 also showed increase in 
TLC on day 30 and 60 (Fig. 3c). 

Down regulation of plasma proteins due to mycobacterial 
infection

Stress due to pathogenic bacteria can negatively affect 
the serum protein levels (Ellis et al., 1981). Significant 
decrease was recorded in serum total protein in group T3 
and T4 on day 30 followed by day 60 (Fig. 4a). Albumin 
level (Fig. 4b) was mildly lowered on day 30 and showed 
significant decrease on day 60 in all bacterial inoculated 
fishes. The globulin level showed mild reduction on day 
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Fig. 2.  Effects of M. fortuitum infection on (a) blood glucose levels and (b) serum cortisol levels (Mean±SE) in L. rohita. Different 
superscripts indicate significant difference (p<0.05) 
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Fig. 3. Effects of M. fortuitum infection on (a) Hb,  (b) TEC and (c) TLC levels (Mean±SE) in L. rohita. Different superscripts (a, b, c, d) 
show significant difference (p<0.05) between values
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30 but was significantly lowered at day 60 in  bacteria 
inoculated fishes compared to control (Fig. 4c). As both 
serum albumin and globulin levels exhibited the same 
pattern of gradual decline with  increase in bacterial dose, 
no significant changes were observed in the A/G ratio.

Upregulation of enzyme activity after mycobacterial 
infection 

There was no change in activities of ALT, AST, LDH 
and ALP in control fishes during experimental period. 
Group T4  showed significant (p<0.05) increase in serum 
ALT, ALP and LDH activities at days 30 and 60, while 
AST activity at day 60. Serum ALT activity in fish of 
group T2 and T3 remained unchanged at day 30 and was 
higher at day 60 in comparison with control (Fig. 5a). 
The AST activity in group T2 and T3 did not show any  
change at day 30 as compared to control, group T3 at day 
60 showed higher levels than in control (Fig. 5b). Serum 
LDH remained unaltered in group T2 and mildly increased 
in group T3 at day 30, but was higher in group T2 and 
elevated in group T3 at day 60 as compared to control (Fig. 
5c). The ALP activity has shown an increasing pattern in 
group T2 followed by group T3 and finally highest in group 
T4 (Fig. 5d). Group T4 showed a significant increase in 
serum SOD activity at day 60 (Fig. 5e). Catalase activity 
displayed significant elevation in group T3 and T4 on day 
30 and 60 as compared to control, but levels in fish of 
group T2 remained unchanged at day 30 which was found 
mildly elevated at day 60 (Fig. 5f).

Effect of M. fortuitum infection on heat shock protein gene 
expression

After 60 days post-inoculation, the expression level of 
mRNA of hsp60 in liver tissue increased by 2 and 2.5 fold 
in group T3 and T4 respectively in comparison with control 
(Fig. 6a). Group T2 showed a slight increase of 1.5 fold in 
hsp60 level as compared to control (Fig. 6a). The hsp70 
showed 1.5 and 2.5 fold increase in expression in group 
T2 and T3 respectively. The expression level of hsp70 in 
group T4 was 5.5 fold higher (p<0.01) after 60 days post-
inoculation as compared to control (Fig. 6b). There was a 
gradual increase in hsp78 gene expression with increase 
in bacterial concentration. The expression levels were 
increased by 1.5, 3.5 and 7.5 folds (p<0.01) in group T2, 
T3 and T4 respectively as compared to control (Fig. 6c). 
Significant increase (p<0.01) in expression level of hsp90 
(4.9 fold) gene was observed in group T4 than control 
group. Group T2 and T3 also showed up-regulation by 2.2 
and 3.4 fold, following increase in bacterial concentration 
as compared to control (Fig. 6d). The expression level of 
hsp47 showed 1.2, 2.24 and 3.29 (p<0.05) fold changes 
in groups T2, T3 and T4 respectively, compared to control 
(Fig. 6e).

Significant upregulation of hsp60, hsp70 and hsp90 
following mycobacterial exposure were shown by 
Western Blot analysis (Fig. 7a-c). These results confirmed 
subsequent cellular stress by mycobacterial infection. 
Expression of hsp60 and hsp70 were significantly 

Fig. 5. Effects of M. fortuitum infection on serum (a) ALT, (b) AST, (c) LDH, (d) ALP, (e) SOD and (f) catalase levels (Mean±SE) in  
L. rohita. Different superscripts (a, b, c, d) show significant difference (p<0.05) between values
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increased in group T4 compared to control. hsp90 
protein expression was getting higher with increased 
concentration of bacterial inoculum. However, researchers 
have hypothesised that the hsps are not direct components 
of non-specific immunity in lower to higher vertebrates 
but they are actively involved in proteome maintenance of 
cells to any kinds of stress conditions including bacterial 
inflammation (Banerjee et al., 2015). 

Discussion

In the current study, we demonstrated the directly 
proportional relationship between serum glucose level 
and increasing dose of bacterial inoculation. The serum 
glucose level of laboratory fishes may be considered as 
an efficient marker to evaluate the stress response due to 
a variety of stress factors including bacterial inflammation 
and pathogenesis. A number of publications revealed that 
the elevation of serum glucose level is associated with 
different stressors including anthropogenic pollution 
(Manush et al., 2005), increased packing density during 
transportation (Chatterjee et al., 2006; Pakhira et al., 
2015), harsh handling (Carey and McCormick, 1998) 
and infection due to pathogens (Pablos-Mendez et al., 
1997). Any sort of stress factor elevates catecholamine 
(epinephrine) secretion which increases the rate of 
glycogenolysis pathway to enhance the blood glucose 
levels. Fishes of group T4 inoculated with 5x107 cfu fish-1

, 
showed more than 50% infection rate than other inoculated 
groups. Increase in bacterial concentration showed a 
gradual elevation in serum glucose content in comparison 
to control groups. This may be due to stressor effects 
caused by bacterial infections. Higher blood glucose 
levels in the treatment groups were found as compared 
to control which explained the elevated stress levels in  
L. rohita caused by mycobacterial incursion.

Stress hormones like cortisol and epinephrine are 
released by fish in response to primary stressors induced 
by pathogenic infections. It tends to elevate the breakdown 
of glycogen as secondary responses to compensate the 
glucose demand during stress conditions (Martinez-
Porchas et al., 2009). Cortisol is considered as the key 
corticosteroid in fishes and circulating levels of this 
hormone in blood is commonly measured as an indicator 
of degree of stress induced in fishes (Pakhira et al., 2015). 
This study showed that, group T3 and T4 exhibited a 
noticeable elevation in serum cortisol levels after eight 
weeks that might have been augmented by mycobacterial 
stresses in fishes caused by that particular concentration of 
bacterial culture. 

Atypical mycobacterium infection causes 
granulomatous damage in multiple tissues like hepatocytes, 
splenocytes and kidney parenchymal cells (Shukla et al., 

2013). Kidney and liver are the key organs for the synthesis 
of erythropoietin and any damage to these tissues can cause 
decrease in erythropoietin levels, which in turn decreases 
the erythrocyte production, reducing Hb levels. Therefore, 
decrease in TEC and Hb content may act as an indicator of 
respective organ damage. Decrease in Hb levels and TEC 
due to mycobacterial infection  by Aeromonas sulmonicida 
has been reported in Atlantic salmon (Foda 1973). This 
reduction in Hb and erythrocytes might indicate elevated 
leukocytosis leading to erythrocytic anemia along with 
erythroblastosis in subsequent erythropoietic organs. 

Leukocytes play a vital role in both innate and 
adaptive immunity of fish exposed to any kind of 
microbial pathogens, which is also considered as an 
important marker of immunity in all fishes. Mycobacterial 
infection causes increase in leukocytes representing the 
inflammatory response (Groote et al., 2006) which in turn 
expresses the immunogenic response along with stress. In 
this study, total leukocyte count was significantly higher 
in groups T3 and T4 than control, which may be due to 
immune-stress responses against mycobacterial invasion.

Serum proteins include different soluble proteins, 
albumin, globulin and various antibodies which are  part of 
humoral immune system. Therefore, higher concentration 
of total serum protein represents the enhancement of non-
specific immune systems in fishes. This study showed 
that serum total protein, albumin and globulin contents 
decreased with increasing mycobacterial inoculation than 
the fishes of control group. A decrease in serum protein 
may be due to water imbalance in between intracellular 
and extracellular fluids and an increase can be caused 
by shifting of fluids from plasma to intracellular matrix 
(Milligan and Wood, 1982). Challenge with pathogenic 
M. fortuitum causes reduction in the serum protein levels, 
which could be attributed to leakage of serum proteins 
through the walls of blood vessels due to increased 
membrane permeability (Ellis et al., 1981). The amount 
of serum proteins, albumin and globulin was found 
to  decrease in a similar manner due to mycobacterial 
infection, so that the albumin and globulin ratio remains 
unchanged after infection.

Results of the present study clearly indicated that 
mycobacterial exposure caused damage of the liver 
tissues and significantly increased ALT, AST, ALP and 
LDH levels. Damage in the liver cells led to the leaking 
out of liver enzymes into bloodstream, making their levels 
remarkably high in blood/serum. Therefore, the marked 
increase in serum levels of liver enzymes due to stress 
response may correlate with some previous findings 
(Pakhira et al., 2015). Tissue breakdown or damage causes 
the release of LDH in blood which in turn acts as a marker 
to indicate stress conditions. Our results highlighted 
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a marked elevation in serum LDH level in relation to  
bacterial inflammation, which can be correlated with 
anaerobic catabolism of cortisol and damage in liver and 
muscle tissues. ALP mediates the phosphorylation process 
during membrane transport, therefore higher levels of ALP 
in blood may involve dephosphoryation of biomolecules 
that hampers the normal cellular mechanisms (Pakhira  
et al., 2015).

In vertebrates, the essential enzymes which acts as  
free radical scavengers are superoxide dismutase, catalase 
and glutathione peroxidase that are abundant in fishes in 
unstressed conditions (Di Giulio et al., 1993). But the 
amount of those enzymes increases two to three-fold to 
trigger the antioxidant defense pathway in response to 
oxidative stress mediated by reactive oxygen species such 
as superoxide anion (O2

-), hydroxyl radicals (OH-), singlet 
oxygen (1O2) and hydrogen peroxide (H2O2) (Fridovich  
et al., 1995). Changes in catalase activity was increased 
but not significant (p>0.05) among all treatment groups 
compared to control. However, it depends on the host 
pathogen interaction and cellular stress which further 
coincides with heat shock responses. hsps are highly 
expressed cellular proteins among all species including 
bacteria and higher eukaryotes, and are considered as 
molecular chaperones. These are the proteins which were 
named based on their molecular mass as hsp47, hsp60, 
hsp65 (65 kDa), hsp70 (68-70 kDa), hsp90 (85-90 kDa) 
and hsp110. They are known to regulate the folding and 
stability of other cellular proteins under any kind of stress 
response. They are expressed at basal levels of 1- 2% of 
all cellular proteins under controlled conditions. Adverse 
conditions such as environmental alteration, elevated 
temperature, chemicals and pathogenic infections can 
increase the expression of certain hsps to 4- 6% of cellular 
proteins from the normal value to prevent the protein 
aggregation and misfolding (Cho et al., 1997; Purohit 
et al., 2014). These self hsps can further propagate the 
inflammatory processes and stimulate the T cells and 
antibodies which are previously induced by foreign 
pathogens. In higher organisms, their ability to interact 
with a number of proteins and molecules of immune 
system makes them usable in the treatment of several 
infectious diseases (Srivastava, 2002). This study clearly 
showed elevation in hsps expression due to atypical 
mycobacterial infections which are important stress and 
immunomodulatory markers in both humoral and cell 
mediated immune systems and the observations coincide 
with different previously documented literatures (Purohit 
et al., 2014).

This study revealed that M. fortuitum is a causative 
agent of fish tuberculosis characterised by haemorrhagic 
granulomas in L. rohita. Exposure to different doses of  

M. fortuitum caused alteration in different physiological 
factors including non-specific immune responses 
and expression of several stress factors in L. rohita. 
Mycobacterial invasion was found to cause increase in liver 
aminotransaminase and LDH, alteration in haematological 
factors, elevation in free and conjugate amino acid 
mobilisations, cortisol mediated glucose production to 
recompense the energy demand, increased production of 
reactive oxygen species along with upregulation of hsps. 
The data we illustrated here might help to understand the 
stress indication related to mycobacteriosis in fishes, host-
pathogen communication and development of new disease 
control aspects in aquaculture practices. Further studies 
are needed to screen mycobacterial disease pathogenicity 
in different species of fishes and possible remediation.
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