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Introduction

The mud loach, Misgurnus mizolepis (Cobitidae, 
Cypriniformes), is a freshwater fish that is widely 
distributed throughout streams, ditches, reservoirs, 
and rice paddy fields, preferably with a soft muddy 
bottom, in Korea, Japan, and China (1). 

Aeromonas sobria has been isolated from 
human blood, feces, and wounds (2, 3, 4), and 
from wild-spawning gizzard shad, Dorosoma 
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cepedianum (5), European perch, Perca fluviatilis 
(6), and mud loach (7). Moribund gizzard shad did 
not display any clinical signs of disease whereas 
European perch and mud loach displayed 
hemorrhage and ulceration on skin and fins.

Hematological parameters and histological 
changes have been widely used to assess the health 
status of fish exposed to various diseases, both in 
laboratory and field studies (8, 9, 10, 11, 12, 13).

A previous study on A. sobria infecting mud 
loach described the histopathology of several 
tissues, the etiology of morbidity and mortality, 
the characteristics of A. sobria, and confirmed 
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bacterial toxins using polymerase chain reaction 
(PCR) (7). To our knowledge, the hematological 
changes occurring in mud loach infected with A. 
sobria have not been reported so far, although 
they could provide insight into fish responses to 
this bacterial infection, its disease process, and 
on the degree of lesion and metabolic disorder, 
all of which facilitate disease diagnosis. Thus, 
the present study investigated changes in clinical 
signs and evaluated blood chemistry and, tissue 
pathology in the mud loach, aiming to better 
characterize its diseased state.

Materials and methods

Fish

Three hundred fifty clinically healthy mud 
loach individuals (average body weight 6.6 g, 
two years old, both sexes) were collected from a 
holding fish farm located in Buan-gun, Jeollabuk-
do, Korea, and transferred to the laboratory alive, 
within polyethylene bags containing oxygenated 
water. These fish were acclimatized in a plastic 
tank (1.5 tonnes) filled with dechlorinated tap 
water (pH 6.8-7.1; dissolved oxygen 6.0-6.5 mg/L) 
for 30 days. The tank was continuously aerated 
and the water temperature was maintained 
at 20 ± 1 °C. Approximately 50% of the water 
was replaced daily. Ammonia, nitrite, and pH 
levels were measured on alternate days using 
a water-testing kit (Hach, Loveland, CO, USA). 
Because mud loach is an air-breathing fish, the 
oxygen level in the tank was not measured. Fish 
were fed daily with commercial mud loach feed 
(Woosung Aquafeed, Daejeon, Korea) at 1% of 
their biomass until three days before infection. 
After acclimatization, 300 fish were divided into 
four groups of 75 fish each distributed across 
12 tanks (40-L capacity), each containing 25 
fish (experiments were run in triplicate). Before 
infection, fish in each tank were acclimatized for 
seven days but not fed, in order to standardize 
their dietary status. During this period, the water 
was maintained at 20 ± 1 °C, pH 6-7, dissolved 
oxygen above 6 mg/L, and nitrite below 1 mg/L. 
All procedures were approved by the Experimental 
Animal Ethical Committee of the Kunsan National 
University (Reg. No. 410000100008).

Experimental infection

Aeromonas sobria (LBH) used in this study was 
previously isolated from a naturally infected mud 
loach (7). Before the experimental infection, three 
consecutive serial passages of the bacteria in mud 
loach individuals anaesthetized with AQUI-S 10 
(Handong Co., Seoul, Korea) in accordance with 
the manufacturer’s manual were executed by the 
intraperitoneal injection of about 1 × 107 colony 
forming units (CFU) and re-isolation. After each 
passage, bacteria were suspended in a sterile 
saline solution (0.85% NaCl). Two treatments 
were applied: control fish (25 fish per tanks, three 
tanks, 75 fish in total) were injected with 0.1 mL of 
the sterile saline solution; infected fish (25 fish per 
tank, nine tanks, 225 fish in total) were injected 
with 1 × 106 CFU/mL of LBH intraperitoneally. 
During the experiment, the water (dechlorinated) 
in the experimental tanks was maintained at 20 ± 
1°C, pH 6-7, dissolved oxygen above 6 mg/L, and 
nitrite below 1 mg/L. Fish were observed daily 
throughout the experimental period. 

Hematological analysis

Blood samples were collected from 15 fish per 
tank at 1, 3, and 5 days after the onset of the 
experiment. Fish were captured with nets and 
quickly anaesthetized with AQUI-S 10 according to 
the manufacturer’s manual. Blood was drawn from 
the caudal vein using 1-mL disposable syringes. 
Hematocrit (Ht) was measured as the volume of 
packed erythrocytes using a micro-hematocrit 
centrifuge (RPM12000, Hawksley, Sussex, UK), 
and hemoglobin (Hb) was determined by the 
cyanhemoglobin method. Total leukocyte count 
(TLC) was determined in a Neubauer chamber 
using Natt and Herrick’s solution as the diluent. 
Differential leukocyte counts were carried out 
using blood smears stained with May-Grünwald 
Giemsa (13). The morphological features of 
differential leukocytes were determined according 
to Gao et al. (14). One hundred leukocytes were 
randomly selected from three slides per fish for 
measuring erythrocyte size (i.e., the length of 
the longest axis) in an oil immersion under the 
light microscope, using the measuring function of 
the imaging software (cellSens Entry, Olympus, 
Tokyo, Japan). Total protein (TP), total calcium 
(Ca), urea (UA) and glucose (GLU) concentrations, 
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as well as alkaline phosphatase (ALP), aspartate 
aminotransferase (AST), alanine aminotransferase 
(ALT) and lactate dehydrogenase (LDH) activities 
in the plasma were measured using an automatic 
dry chemistry analyzer (DRI-CHEM 3500i, Fuji, 
Tokyo, Japan). 

Histopathological analysis

Liver, spleen, and kidney tissues were 
aseptically collected from the same 15 fish used 
for blood sampling and hematological analysis. 
Those tissues were fixed in 10% neutral buffered 
formalin, dehydrated in a graded series of ethanol, 
and embedded in paraffin block preparation. 
Tissue sections were cut at 5 μm, mounted on 
slides, stained in hematoxylin and eosin (H&E), 
and observed under the light microscope and 
photographed for histopathological examination.

Statistical analysis

Results are expressed as means ± standard 
deviation (SD). Hematological data were analyzed 
in SPSS 7.5 for Windows using one-way analysis 
of variance (ANOVA), followed by Tukey’s post-hoc 
test to determine significance differences among 
groups, considering P < 0.05.

Results

Clinical signs of disease and gross lesions

Mud loach began to show clinical signs of 
disease and morbidity two days after inoculation 
with A. sobria. At three to five days post-infection 
(PI), the skin of infected fish presented cutaneous 
petechial hemorrhages on caudal and pectoral 
fins and abdominal and lateral body (Figure 1A). 
Petechiae were also found on the mouth, isthmus, 
cheek, operculum (Figure 1B) and caudal and 
pectoral fins presented hyperemia at their bases 
(Figure 1C). Infected fish became lethargic and 
developed rapid opercular movements and 
pale gills before dying. Internally, infected fish 

exhibited liver enlargement on day 2 PI, and then 
became pale, softened, and presented punctuate 
hemorrhage over the next 24 h. Kidney and spleen 
of infected fish showed enlargement and anemia 
on days 2 to 5 PI. During the experimental period, 
cumulative mortality occurred at a rate of 13.7 % 
(31 of the 225 fish). No clinical sings, macroscopic 
lesions and mortality occurred in control fish.

Hemato-biochemical characteristics

Regarding erythrocyte parameters, Ht level of 
infected fish was lower than that of control fish 
on day 1 PI (Table 1), and Ht reductions tended to 
be more severe in infected groups on days 3 and 5 
PI. The Hb level of infected fish was slightly lower 
than that of control fish, although this difference 
was not statistically significant on day 1 PI. The 
level was further reduced on days 3 and 5 PI. The 
TLC of infected fish was higher than that of control 
fish by day 3 PI, but it dramatically decreased on 
day 5 PI. Infected fish showed higher AST, ALT, 
and LDH activities and UA levels than control fish 
on day 1 PI, and these levels were considerably 
increased on days 3 and 5 PI. The levels of TP, ALP, 
Ca, and GLU were slightly reduced in infected fish 
compared to control fish at day 1 PI, but on days 
3 and 5 PI, significant reductions were observed.

Figure 1: Hemato-biochemical characteristics of mud 
loach, Misgurnus mizolepis, experimentally infected 
with Aeromonas sobria. The mud loach displayed hem-
orrhage on the lateral portion of body (A), operculum, 
cheek (B), and fin base (C).
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Hemato-biochemical character-
istics Control

Days post-infection

Day 1 Day 3 Day 5

Hematocrit (%) 37.8 ± 1.2a 30.7 ± 5.2a 22.7 ± 2.2b** 13.3 ± 3.0c**

Hemoglobin (g/dL) 5.4 ± 0.5a 5.0 ± 1.0a 4.2 ± 2.2b 2.8 ± 2.8c*

Erythrocyte diameter (µm) 8.2 ± 0.3a 8.2 ± 0.3a 7.5 ± 0.6b 6.9 ± 0.5c*

TLC (103/mm3) 80.5 ± 3.5a 90.5 ± 5.6b* 101.5 ± 6.0c** 55.5 ± 3.5d

Total Protein (g/L) 5.7 ± 0.6a 4.6 ± 0.2b 3.9 ± 0.5c** 2.8 ± 0.7d**

ALP (KA) 8.0 ± 1.2 a 7.7 ± 0.7a 5.9 ± 0.6b** 4.0 ± 1.7b** 

Total Calcium (mg/dL) 10.8 ± 0.3 a 10.9 ± 1.5a 8.4 ± 1.3b* 6.3 ± 1.0c**

Urea (mg/dL) 5.8 ± 0.4 a 6.6 ± 2.0ab 9.3 ± 1.6c** 13.8 ± 2.1d**

AST (U/L) 109.3 ± 22.8 a 145.0 ± 14.6b** 200.5 ± 28.1c** 312.0 ± 35.0d**

ALT (U/L) 22.5 ± 6.8 a 38.7 ± 5.0b* 56.0 ± 6.3c** 79.0 ± 10.8d**

LDH (U/L) 322.9 ± 36.6 a 459.3 ± 68.5b* 727.8 ± 60.2c** 822.8 ± 59.9d**

Glucose (mg/dL) 195.7 ± 24.4 a 198.8 ± 18.9a 115.3 ± 21.9b** 80.5± 14.5c**

Table 1: Hemato-biochemical characteristics of mud loach, experimentally infected with Aeromonas sobria

Figure 2: Leukograms of mud 
loach, Misgurnus mizolepis, 
in the control group (A), 
and at days 1 (B), 3 (C), and 
5 (D) post-infection with 
Aeromonas sobria.
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Table 2: Frequency (%) of erythrocytes in each diameter range in mud loach experimentally infected with 
Aeromonas sobria

Range of erythrocytes diameter (µm) Control
Days post-infection

Day 1 Day 3 Day 5

5.5-6.0 1 4

6.1-6.5 4 18

6.6-7.0 15 39

7.1-7.5 1 29 25

7.6-8.0 39 38 38 13

8.1-8.5 48 49 9 1

8.6-9.0 11 12 4

9.1-9.5 1 1

Number of fish examined 15 15 15 15

Figure 3: Histopathology of diseased mud loach, 
Misgurnus mizolepis, experimentally infected with 
Aeromonas sobria. On day 5 post-infection (PI), 
the kidney exhibited extensive parenchymal hem-
orrhage (A, arrow), severe tubular necrosis (B, ar-
rows), accumulation of proteinaceous substances 
in the tubular lumen (B, white arrowheads) and he-
mosiderin granules (B, white arrows). On day 3 PI 
(C), the liver displayed atrophied cells and some he-
mosiderins (arrows) nearby bile ducts. Hepatocytes 
showed severely necrotic foci with karyopyknosis 
(arrowheads), karyolysis (white arrows), and hyper-
chromatosis (arrows) of the nuclear membrane at 
day 5 PI (D). Splenic pulps presented large hemo-
siderins (arrows) surrounded by fibrins with some 
glassy eosinophilic materials (white arrows) at day 
3 PI (E). On day 5 PI, the spleen (F) showed severe 
hemorrhage, eosinophilic materials (white arrows), 
deposition of hemosiderins (arrows), and destruc-
tion of sheathed tissue (asterisk)
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Different superscript letters indicate significant 
differences among experimental groups. Single and 
double asterisks indicate significant differences 
at P < 0.05 and P < 0.01, respectively, between 
experimental and control groups.

TLC, Total leukocyte count; TP, total protein; 
ALP, alkaline phosphatase; Ca, calcium;  AST, 
aspartate aminotransferase; ALT, alanine 
aminotransferase; LDH, lactate dehydrogenase

Leukograms showed the predominance 
of lymphocytes and neutrophils during the 
experimental period (Figure 2). On day 1 PI, 
neutrophil and monocyte numbers in infected 
fish increased in relation to control whereas 
there were no significant changes in the number 
of lymphocytes and eosinophils. On day 3 PI, 
there were significantly more lymphocytes and 
monocytes in infected fish than in control fish, 
while there were significantly less neutrophils. 
On day 5 PI, lymphocytes continuously increased 
whereas monocytes decreased. No significant 
changes were observed in the number of 
eosinophils between infected and control groups.

As evidenced in Table 2, at the beginning of the 
experiment, 39% of the circulating erythrocytes 
ranged from 7.6 to 8.0 µm, but by day 5 PI, the 
size of the erythrocytes of the infected group 
had decreased to 13%, compared to the size 
of the erythrocytes of the control group. These 
erythrocytes appeared as elliptical cells with an 
oval, central or nearly central, dark purple-stained 
nucleus and a blue-gray stained cytoplasm (data 
not shown). At day 3 PI, 4% of the measured 
erythrocytes ranged from 6.1 to 6.5 µm, but on 
day 5 PI erythrocytes within this range increased 
to 18% of the total number of erythrocytes. These 
cells were round with centrally positioned, round 
nuclei in a dark-blue-stained cytoplasm; they 
were considered reticulocytes based on Gao et al. 
(14) classification.

Histopathology

No histopathological symptoms were observed in 
tissues of infected fish at day 1 PI. However, on day 3 
PI, there was extensive hemorrhaging in the kidney 
with generalized necrosis of hematopoietic tissue 
and accumulation of eosinophilic proteinaceous 
substances in the lumen of necrotized renal 
tubules (Figure 3A and 3B). Extensive hemorrhage 
in the parenchyma and peritubular region with 

renal tubular necrosis continued until day 5 PI. 
Atrophy of hepatic cells and some hemosiderins 
appeared nearby bile ducts at day 3 PI (Figure 
3C). On day 5 PI, liver cells showed severely 
necrotic foci with karyopyknosis, karyorrhexis, 
karyolysis and hyperchromatosis of the nuclear 
membrane (Figure 3D). In the spleen, pulps were 
hemorrhaged, sheathed tissue was destroyed, and 
many hemosiderins were surrounded by fibrins 
with some glassy eosinophilic materials (hyaline 
droplet degeneration) (Figure 3E and 3F) on days 
3 to 5 PI. Control fish showed no histological 
lesions in visceral organs (data not shown). 

Discussion

Bacterial pathogens such as Aeromonas spp. 
cause significant hematological and histological 
changes, which lead to mass mortalities of 
freshwater fish (7, 15, 16). In the present study, we 
found hematological and histological alterations 
in mud loach infected with A. sobria. 

Erythrocytes contain hemoglobin, which 
facilitates the transportation of oxygen by 
reversibly bonding the respiratory gas, thereby 
increasing its solubility in blood (17). Both 
Ht and Hb are good indicators of fish oxygen 
transportation capacity allowing establishing a 
relationship between the oxygen available in the 
environment and fish health (18). Scott and Rogers 
(19) reported that reduced Ht and Hb levels are due 
to the mobilization of erythrocytes in combination 
with poor hemoglobin from the spleen to other 
hematopoietic organs, resulting in hypochromic 
anemia. Infections by Aeromonas spp. damage 
internal organs, especially hematopoietic organs 
such as the spleen and kidney (16, 20, 21). 
Baruah et al. (22) suggested that anemia might 
be due to hemodilution caused by a loss of body 
fluid from hemorrhagic or necrotic lesions. In the 
present study, Ht and Hb levels were considerably 
reduced in A. sobria-infected fish compared to 
healthy fish, and this was also observed in rainbow 
trout, Oncorhynchus mykiss (15), common carp, 
Cyprinus carpio (23), striped snakeheads, Channa 
striatus (24), and Nile tilapia, Oreochromis niliticus 
(25) infected with different bacterial pathogens. 
In the present study, mud loach infected with A. 
sobria showed severe hemorrhage with necrosis 
and deposition of hemosiderins (hemolysis) in the 
kidney and spleen. Overall, these results indicate 
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that reduction of Ht and Hb levels observed in 
infected fish might be attributed to the impairment 
of oxygen carrying capacity by A. sobria and/or to 
damage in hematopoietic organs.

Infected mud loach showed an increase in the 
proportion of reticulocytes (immature erythrocytes) 
on day 3 PI, which continued to increase until day 
5 PI. The appearance of immature erythrocytes in 
the circulation might reflect the pathophysiological 
alterations that occur as infected fish attempt to 
maintain homeostasis (26).

Leukocytes are important components of the 
immune system and play critical roles in the 
defense against pathogen invasion (13, 17, 27). 
In fact, the increase in TLC during bacterial 
infection is correlated to the stimulation of 
defense functions against pathogens (13, 17, 28). 
MacArthur et al. (29) reported the migration of 
leukocytes from the blood and organs into sites of 
damaged tissue in European plaice, Pleuronectes 
platessa infected with Vibrio alginolyticus, 
corresponding to an acute cellular inflammatory 
response. In the present study, the TLC in 
infected fish increased until day 3 PI suggesting 
that A. sobria infection enhanced immunological 
responses by increasing leukocyte numbers in the 
early stage of the infection. However, on day 5 PI, 
there was a decrease in TLC and severe necrosis of 
the kidney tissue. This TLC reduction in infected 
mud loach might be attributed to fish losing the 
ability to produce leukocytes due to damage in 
hematopoietic tissues, which may compromise 
immunological functions such as phagocytosis in 
later stages of the infection.

The different types of leukocytes were affected 
by A. sobria infection. Neutrophils play a key role in 
the early stages of inflammatory response and are 
involved in cellular immune response, migrating to 
injury sites such as those resulting from bacterial 
or parasitic infections (11, 13, 17, 30). Pathiratne 
and Rajapakshe (11) and Ranzani-Paiva et al. (31) 
reported that fish affected by ulcerative syndromes 
and Mycobacterium marinum, respectively, showed 
more neutrophils than healthy fish. In contrast, 
Nile tilapia infected with Enterococcus spp. and 
striped snakehead infected with A. hydrophila 
exhibited fewer neutrophils than healthy fish (24, 
25). In the present study, neutrophils’ number 
increased in infected mud loach on day 1 PI but 
was significantly lower than that of control fish on 
day 3 PI. Thus, the increase in neutrophils in the 
early stage of the infection might be associated 

with the defense mechanism used to initiate 
and potentiate responses against the invading 
pathogen; as neutrophils migrate from the blood 
to damaged tissues to remove pathogens and 
cellular debris while infection develops, there is a 
decrease in the number of neutrophils circulating 
in blood.

Monocytes are phagocytic cells derived from 
macrophage migrating from the blood to various 
tissues (25, 30). In the present study, an increase 
in monocytes’ percentage was observed in infected 
fish on day 1 PI and it remained high until day 3 
PI. This increase in monocytes might be caused 
by their migration from hematopoietic tissues into 
circulating blood to orchestrate immune responses 
during the early stage of infection. At the end of the 
experiment, the number of monocytes in infected 
fish was similar to that before the infection. This 
reduction in the monocyte population at the later 
stage of the infection might have resulted from 
their accelerated movement from the blood to 
damaged tissues in order to remove cell fragments 
and pathogens.

Lymphocytes are usually the most common 
type of leukocytes present in fish blood (32). 
In Korean catfish, Silurus asotus infected with 
Edwardsiella tarda, a high number of lymphocytes 
were observed (13). Similarly, we observed that 
the number of lymphocytes in A. sobria-infected 
mud loach considerably increased in the later 
stage of the infection. Although the mechanism 
underlying the increase in lymphocyte number in 
mud loach infected with A. sobria is still unclear 
these cells seem to work as immune-competent 
cells, as suggested by Martins et al. (25).

Eosinophils possess the necessary cellular 
machinery (innate immune receptors, pro-
inflammatory cytokines, antibacterial proteins, 
and DNA traps) for an efficient antibacterial 
response (33). Yazdanbakhsh et al. (34) reported 
that eosinophils can phagocytize and kill several 
bacteria including Staphylococcus aureus and 
Escherichia coli, although not as efficiently as 
neutrophils. Striped snakehead fish affected 
by epizootic ulcerative syndrome showed 
increased eosinophils percentage (35). However, 
in the present study, no difference was found in 
eosinophil numbers between infected and control 
fish. Thus, eosinophils seem to play a very limited 
role in bacterial responses, especially in systemic 
bacterial acute infections.

The reduction of TP in fish reflects the impairment 
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of protein re-absorption in renal tubules (36), and 
Řehulka and Minařík (37) suggested that protein 
loss in brook trout, Salvelinus fontinalis, affected 
by columnaris disease could be caused by external 
lesions, kidney damage, and reduction of protein 
synthesis in the liver. We observed that the renal 
tubules of infected mud loach were severely 
necrotized and presented abundant hemorrhage, 
suggesting that TP reduction might be due, at least 
partially, to kidney damage and protein loss after 
A. sobria infection. However, other mechanisms 
such as reduced hepatic protein synthesis and 
renal re-absorption should be considered.

As a leakage enzyme, AST highest concentrations 
are found in the cytoplasm of hepatocytes of all 
species, in the cytoplasm with only about 20% 
located within mitochondria (38, 39); ALT is 
present in high concentrations in liver and to a 
lesser extent in the skeletal muscle, kidney, and 
heart (40). The levels of these enzymes increase 
in the plasma when hepatic cells are damaged or 
their membranes disrupted, allowing the enzymes 
to leak out (22, 41). Řehulka and Minařík (37) 
assumed that increased ALT levels signaled liver 
cell insufficiency, that and increased AST levels 
signaled a serious damage to the liver with the 
release of the mitochondrial AST in brook trout 
affected by columnaris disease. A significant 
increase in both enzymes has also been reported 
in various fish infected with Serratia liquefaciens 
(41), Aphanomyces invadans (22), Cyprinid 
herpesvirus-2 (42), and A. salmonicida (43). 
According to Jeney et al. (44), increased AST levels 
in the plasma reflected tissue damage, probably 
due to the necrosis of hematopoietic tissues in 
Wels catfish, Silurus glanis, infected with a new 
serotype of Rhabdovirus carpio. Because ALP 
is an induced enzyme that is attached to cell 
membranes and synthesized by many tissues 
such as liver, pancreas, kidney, and intestine (38, 
39), it plays an important role in the transport of 
metabolites across membranes and is involved in 
the synthesis of several enzymes (45). Columnaris 
disease (37) and V. anguillarum (46) or E. tarda 
(13) infections cause a decrease in ALP levels 
that correlates with signs of anemia. Increased 
AST and ALT levels and a reduced ALP level in 
the case of vibriosis have been described in Coho 
salmon, Oncorhynchus kisutch (46) and Atlantic 
salmon, Salmo salar (47). In addition, Řehulka 
and Minařík (37) observed an increase in AST 
and ALT and a decrease in ALP activities in brook 

trout affected by columnaris disease. Similarly, 
A. sobria-infected mud loach showed an increase 
in AST and ALT, and a decrease in ALP levels. 
Histologically, A. sobria caused severe damage to 
liver and kidney tissues, suggesting that changes 
in AST, ALT, and ALP levels are directly related to 
such damages (cell membrane damage) in internal 
organs. Hence, A. sobria seems to induce changes 
in AST, ALT, and ALP activities in the blood, as 
observed for other microbial infections.

Calcium (Ca) is known to combine with 
proteins, mainly with albumin and 30-40% of the 
total plasma calcium in freshwater fish is bound 
to proteins (48). Thus, changes in plasma proteins 
affect total Ca concentration, and reduced. 
Ca levels are related with hypoproteinemia, 
particularly hypoalbuminemia (37). In the present 
study, TP and Ca levels were reduced in infected 
mud loach, similar to that reported for brook trout 
infected with Flavobacterium columnare. Our 
results suggest that A. sobria infection causes 
hypocalcemia by decreasing the levels of protein-
bound Ca.

Urea discharge through the kidney and the 
increase in its level are associated with an increased 
protein catabolism, due to fasting, infection and 
blood loss (37). Řehulka (15) demonstrated that 
rainbow trout infected with Aeromonas spp. had 
an elevated urea level, and proposed that the high 
urea value in infected fish arose from hypovolemia 
due to the decrease in glomerular filteration 
and increase of blood urea nitrogen absorption. 
An increase in UA level was also recorded in 
brook trout with columnaris disease (37). The 
UA level in the plasma of infected mud loach 
was significantly increased compared to that of 
control fish, indicating that kidneys of infected 
fish were damaged, which was consistent with the 
histopathological observations. However, Philip 
and Rajasree (49) suggested that the increase in 
UA values observed in common carp exposed to 
cypermethrin was caused by the increase in amino 
transferase activity with a concurrent increase in 
deamination capacity of some proteins.

Lactate dehydrogenase is found in the 
cytoplasm of most cells and it is released into the 
extracellular space and blood when tissue cells 
are injured (38). An increase in LDH has been 
reported in salmonids infected with pathogenic 
bacteria (13, 37). In the present study, we found 
that A. sobria caused a significant increase 
in LDH levels and severe necrosis of liver and 
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kidney tissues in mud loach, suggesting that 
the histopathological features found in liver and 
kidney might be associated with an elevation in 
the catalytic concentration of LDH, as proposed 
by Řehulka and Minařík (37).

The level of GLU in the plasma of infected mud 
loach was reduced compared to that of control 
fish. Aydin et al. (8) and Yu et al. (13) proposed that 
the decreased GLU levels found in rainbow trout 
infected with Campylobactor cryaerophila and 
Korean catfish infected with E. tarda, respectively, 
was linked to hypoglycemia, due to the decrease in 
the activity of liver glicogenolytic enzymes under 
the stress caused by the infections. Columnaris 
disease and S. liquefaciens infection also caused 
a reduction in the GLU values of brook trout 
(37) and rainbow trout (41). The reduction in the 
GLU level, along with the reduced activity of AST, 
suggested decline of hepatic protein synthesis 
during infection stress. In the present study, we 
found that A. sobria caused severe histological 
damage to liver tissue, indicating that the 
reduction of GLU level in plasma of infected mud 
loach might account for the degeneration and 
necrosis of hepatic tissues that lose their glycogen 
storage ability and metabolic functions.

In summary, we found that A. sobria infection 
causes hematological and biochemical changes 
such as anemia, hypoglycemia, hypoproteinemia, 
hypocalcemia, increase in AST, ALT and LDH 
activity, increased concentrations of urea and ALP 
reduction. These alterations lead to detrimental 
consequences such as compromised disease 
resistance, tissue damages and low survival rates. 
Hemato-biochemical changes were also partially 
accompanied by histopathological changes. 
Although it is difficult to conclude that natural 
A. sobria infection can cause hematological and 
biochemical alterations identical to those found 
under the laboratory conditions tested here, the 
results of the present study provide a basis for 
further comparative studies aiming to obtain 
detailed information on the pathological processes 
occurring in the blood and visceral organs of mud 
loach infected with A. sobria
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HEMATOLOŠKO-BIOKEMIČNE IN HISTOPATOLOŠKE SPREMEMBE PRI ČINKLJAH 
(Misgurnus mizolepis), EKSPERIMENTALNO OKUŽENIH Z Aeromonas sobria

J.H. Yu, J.J. Han, D.H. Kim, S.W. Park

Povzetek: V raziskavi so bile preučevane hematološko-biokemične in histopatološke spremembe pri činkljah (Misgurnus mizo-
lepis), okuženih z Aeromonas sobria. Ribe, okužene z 1×106 kolonij/ml A. sobria (25 rib x 3 ponovitve v 3 bazenih) in neokužene 
(kontrolne) ribe (25 rib x 3 ponovitve v 3 bazenih) so bile nastanjene v laboratorijskih akvarijih z ustreznimi parametri vode in 
bile evtanazirane 1., 3. in 5. dan po okužbi (PI). V petdnevnem poskusnem obdobju so okužene ribe postale letargične, škržne 
poklopce so hitro odpirale in zapirale, njihove škrge so postale blede in opazne so bile podkožne petehialne krvavitve. Hema-
tološko-biokemični parametri, in sicer hematokrit, hemoglobin, celokupna količina beljakovin, celokupni kalcij, aktivnost alkalne 
fosfataze (ALP) in nivo glukoze so bili znatno zmanjšani, medtem ko so bili sečnina (UA), aspartat aminotransferaza (AST), ala-
nin-aminotransferaza (ALT) in laktat dehidrogenaza (LDH) v okuženih ribah opazno povečani v primerjavi s kontrolno skupino rib. 
Skupno število levkocitov je bilo večje pri okuženih kot pri kontrolnih ribah po 3. dnevu PI, vendar se je 5. dan  PI dramatično zman-
jšalo. V beli krvni sliki so med obdobjem poskusa prevladovali limfociti in nevtrofilci. Histološka slika ledvic in vranice je pokazala 
obsežne krvavitve s celično nekrozo. V hepatocitih so bila vidna močno nekrotična žarišča s kariopiknozo, karioheksijo, kariolizo 
in hiperhromatozo jedrne membrane. Okužba z A. sobria je povzročila hematološko-biokemične spremembe, kot so anemija, 
hipoglikemija, hipoproteinemija, hipokalcemija, povečane aktivnosti AST, ALT in LDH, povečane koncentracije UA in zmanjšana 
aktivnost ALP, kar je privedlo do zmanjšane odpornosti na bolezen, poškodbe tkiva in nizke stopnje preživetja.

Kljuène besede: Aeromonas sobria; hematologija; histopatologija; Misgurnus mizolepis 


