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Abstract 

Background: Disease is the most significant obstacle in aquaculture causing harm to farmers’ livelihoods, reducing their 
income, and resulting in unemployment and food insecurity. This study was conducted to determine pathogenicity and 
antibiotic susceptibility pattern of Enterococcus faecalis in Clarias gariepinus juvenile. 
Methodology: Antibiotic susceptibility pattern of Enterococcus faecalis was carried out using agar disc diffusion method. 
Clarias gariepinus juvenile (n = 100) with an average weight of 19.0 ± 0.81 g, and length of 11.7 ± 0.6 cm, were randomly 
divided into five groups, and four groups were infected with 1ml of TSA broth culture containing 2.1 X 106 CFU Enterococcus 
faecalis OgNG1 by immersion at the rate of 5ml/L of water. The infected and control groups were monitored daily for 14 days. 
The clinical signs, gross, skin lesions, and mortalities were observed. Haematology, blood chemistry, and histopathological 
changes in the skin and gill were investigated. An Independent T-test was used for statistical analysis and p < 0.05 was 
considered significant. 
Results: The cumulative mortality in infected juvenile was 77.5%, and the gross lesion indicated atrophied barbel, skin 
ulceration, and necrosis of the gill. Histopathological analysis revealed erosion of secondary lamellae, epidermal and dermal 
layer. The isolates were multi-drug resistant with MAR index of 0.64, indicating resistance to Aminoglycosides, Quinolones, 
Tetracyclines, Cephalosporins, and Phenicols classes of antibiotic drugs, though sensitive to penicillin; ampicillin, amoxicillin, 
and ampicillin-cloxacillin. Clinicopathological investigation showed significantly (p ≤ 0.05) lower packed cell volume, 
hemoglobin, and red blood cells in infected groups compared to the control group. Meanwhile, white blood cells were 
significantly (p ≤ 0.05) higher in the infected groups compared with the control group. Moreover, there was a significant 
increase (p ≤ 0.05) in the activity of serum AST, ALT, and creatinine but a significant decrease (p ≤ 0.05) in total protein, 
albumin, and globulin concentrations of infected groups compared to the control group. The results of this study indicated that 
Enterococcus faecalis isolates were highly pathogenic to Clarias gariepinus juveniles.
Conclusions: Enterococcus faecalis isolates were multidrug-resistant with a MAR index of 0.64, sensitive to ampicillin, 
amoxicillin, and ampicillin-cloxacillin, and highly virulent, and pathogenic to Clarias gariepinus juveniles.   
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Abbreviations: PCV: Packed Cell Volume; AST: Hb: 
Haemoglobin; RBC: Red Blood Cells; WBC: White Blood Cells; 
MCV: Mean Corpuscular Volume; MCH: Mean Corpuscular 
Hemoglobin.

Introduction

African catfish also known as Clarias gariepinus 
(Burchell), is an economically important and most farmed 
fish species in Nigeria. This supremacy of African catfish 
production is associated with their aquaculture qualities 
which include the ability to bear handling stress, disease 
resistance, high proliferation, fast growth rate, high fertility, 
and acceptability. Bacterial diseases in fish cause outbreaks 
that could lead to high economic losses. Economic losses due 
to disease are likely to increase as a result of rapid growth in 
aquaculture [1].

Disease is the most significant obstacle in aquaculture 
causing harm to farmers’ livelihoods, reducing their 
income, and resulting in unemployment and food insecurity. 
Worldwide, bacteria are the principal causative agents of 
diseases in freshwater fishes [2]. Fish bacteria pathogens 
such as Flavobacterium columnare, Aeromonas hydrophila 
and many more have been reported earlier. Recently, some 
opportunistic bacterial pathogens have been characterised 
as the causal agents of severe diseases outbreak in fish 
farm facilities [3]. One of these opportunistic bacteria is 
Enterococcus faecalis, important emerging fish pathogens 
which adversely affects aquaculture production all over the 
world [4]. 

Enterococcus faecalis are bacteria located in the 
gastrointestinal tract of animals, humans, and they are 
also present in the environment. The bacteria have been 
isolated from infected fish. They are classified as evolving 
pathogens of fish and they are good indicators of antibiotic 
resistance. They have ability to obtain resistance gene from 
other bacteria and transfer of antimicrobial resistance. The 
transmission may be horizontal involving transfer of mobile 
genetic elements to other pathogenic bacteria [5,6].

Antibiotic resistance in aquaculture is a global concern 
for control of bacterial diseases. Moreover, there is dearth of 
information on pathogenicity and antibiotic susceptibility 
profile of Enterococcus faecalis isolated from the infected 
farmed fish in Nigeria. It is a necessity to continue assessing 
resistance profile of emerging and opportunistic bacteria 
causing diseases in aquaculture farms. Assessing the 
tendencies of antimicrobial resistance in Enterococcus 
faecalis isolated from infected fish is crucial. This will provide 
important information and knowledge concerning the 
level of resistance and empirical selection of antimicrobial 
agents to treat infected fish. Pathogenicity study through 

experimental infection of animals has been a crucial method in 
establishing aetiology of disease conditions as well as having 
information on their pathophysiology and pathogenesis. 
Hence, pathogenicity and antibiotic susceptibility pattern of 
Enterococcus faecalis in Clarias gariepinus juvenile. 

Materials and Methods

Experimental Infection 

Enterococcus faecalis isolates were characterized in an 
earlier study, using species-specific primers [7]. Moreover, 
1ml of TSA broth culture determined by McFarland 
0.5 standard opacity tube contained 2.1 x 106 CFU of 
Enterococcus faecalis. Eighty Clarias gariepinus juveniles 
were submerged in water containing isolates of Enterococcus 
faecalis at a rate of 5ml/L [1]. The control group (n=20) was 
uninfected and the infected fish (n=80) were divided into 
four tanks and exposed to the bacterial isolates. Feeding 
began 96 hours post-infection at a rate of three percent 
body weight once daily. Fifty percent of tank water was 
changed daily to prevent contamination [2]. Physico-
chemical parameters of water in the experimental tank were 
monitored daily. Dissolved Oxygen, pH, temperature, nitrite, 
and ammonia were determined. Experimentally infected 
fish were monitored daily for clinical symptoms, gross, skin 
lesions, and mortalities for 14 days [8]. The collection of 
blood samples for haematology and serum biochemistry was 
performed at seven-day intervals. Organs such as skin and 
gills were submitted for histopathology using H & E stain.

Antibiotic Susceptibility Testing

A total of ten Enterococcus faecalis isolates were 
analyzed for antibiotic susceptibility. By using the agar-disc 
diffusion method, which was carried out by CLSI standards 
Mo2 [9]. Pure isolates of Enterococcus faecalis isolates were 
evaluated for their sensitivity and resistance to antibiotics. 
The susceptibility was evaluated against 12 antibiotics. 
The drugs belong to seven classes: penicillin (amoxicillin– 
clavulanic acid 30 μg (AC); ampicillin 10 μg (AP), 
amoxicillin 25 μg (AM)), cephalosporin (third-generation) 
ceftriaxone 30 μg (CEF), tetracycline (doxycycline 30 μg 
(D), tetracycline 30 μg (T), chloramphenicol 30 μg (CH), 
aminoglycoside (streptomycin 10 μg (S), gentamicin 10 μg 
(G)), fluoroquinolone (ciprofloxacin 5 μg (CIP), Enrofloxacin 
5 μg (ENR)), Polymyxin (Colistin sulphate 10 μg (CS) [9]. 

Preparation of Antibiotic Disk

The disc was constructed by the CLSI Mo2 disk diffusion 
guide; six 6-mm sterilized Whatman filter paper disks were 
placed on a 100-mm plate, and the disks were impregnated 
with the known antimicrobial concentrations stated above. 
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Each isolate on a sterile Mueller-Hinton agar plate was made 
and appropriately labeled with an indelible marker [9].

Preparation of Inoculums

By adjusting the suspension of the Enterococcus faecalis 
colony in sterile normal saline to the density of a McFarland 
0.5 turbidity standard, the direct colony suspension method 
was employed. Enterococcus faecalis was grown overnight 
on Tryptic Soy agar (HiMedia®), and pure cultures were 
harvested using a sterile loop. The colonies were suspended 
in sterile normal saline that had been blended to consistent 
turbidity. Saline or additional bacteria were added to get the 
density of the Enterococcus faecalis suspension to McFarland 
0.5. After that, Muller-Hinton agar (HiMedia®), was streaked 
with the suspended Enterococcus faecalis colonies. Quality 
control was performed using the Pseudomonas aeruginosa 
strain [9].

Inoculation of agar plates

The antibiotic disc was picked using sterile pointed 
forceps and applied to the surface of Mueller-Hinton agar 
plates. This allowed the discs to effectively touch the medium. 
Afterward, the plates were incubated for 18 hours at 37°C 
[9]. To identify which antibiotics the isolate was sensitive 
to or resistant to, the diameter of the visible zone of growth 
inhibition surrounding the several discs was measured in 
millimeters. Each isolate’s resistance pattern was created 
using the antibiogram. 

Statistical Analysis

The significant differences between the control and 
infected groups were determined using an Independent 
T-test. A “p” value of less than 0.05 (p < 0.05) was regarded 
as significant to determine the level of significance between 
haematology, serum biochemistry, and mortality rate of 
control and infected groups. 

Result

The clinical signs observed in infected juvenile groups 
were atrophied or reduced barbels, desquamation, or 
abrasion of the skin. The gross lesion observed in infected 
juvenile groups were necrosis of the gills (Figure 1). The 
histopathological changes observed in the organs of infected 
juvenile groups infected with Enterococcus faecalis isolates 
included erosion of the entire skin and secondary lamellae of 
the gill (Figures 2 & 3). The mortality in the first week of the 
infected group (32) was significantly higher (α0.05) than the 
control group (0). This progressively increased in the second 
week, the infected group was thirty while the control group 
was zero (Table 1).

Anaemia was observed in the infected group with 
reduced packed cell volume (PCV), haemoglobin, and total 
red blood cells. Leucopaenia was observed with the total 
white blood cell counts of the infected group significantly 
(α0.05) lowered in comparison to the control group. The 
lymphocyte counts of the infected group were significantly 
(α0.05) lower compared to the control group. The heterophil 
count of the infected group was significantly higher (α0.05) 
compared to the control group. The monocyte counts 
of the infected group were significantly higher (α0.05) 
compared to the control group. The eosinophil count of the 
infected group was significantly higher (α0.05) compared 
to the control group. The basophil counts of the infected 
group were significantly lower (α0.05) compared to the 
control group. The platelets count of the infected groups 
was significantly lower (α0.05) compared to the control 
group (Table 2). Moreover, serum hypoproteinemia, 
hypoalbuminemia, and reduced globulin were observed 
in the infected groups compared to the control group. 
The serum creatinine, aspartate aminotransferase (AST) 
and Alanine aminotransferase (ALT) levels of the infected 
groups were significantly higher compared to the control 
group (Table 3)

Enterococcus faecalis isolates (80%) were sensitive 
to ampicillin, amoxicillin, and ampicillin-cloxacillin. The 
bacteria isolates (30%) were resistant to ceftriaxone, 
enrofloxacin, and ciprofloxacin. The bacteria isolates (70%) 
were highly resistant to doxycycline and highly resistant to 
gentamycin (70%). Enterococcus faecalis isolates (80%) were 
resistant to tetracycline, streptomycin, and chloramphenicol 
(Figure 4). The MAR index was 0.64
 

Figure 1: Gross lesions of infected juveniles with 
Enterococcus faecalis.

A – Atrophied barbel, B – Skin ulceration, C – Necrosis 
of gill
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Weeks Control Juvenile Infected Juvenile
Week 1 0a 32b

Week 2 0a 30b

Total 0 62
Percentage 0 77.5

Table 1: Mortality rate of Clarias gariepinus juveniles 
experimentally infected with Enterococcus faecalis isolates.

Values with different superscript along the rows indicate 
significance (α0.05) according to the Independent T test

Parameters Control 
Juvenile Infected Juvenile

PCV (%) 23.80±0.41a 16.67±0.28b

Hb (dL) 6.29±0.40a 5.18±0.70 b

RBC (x106/µL) 2.33±0.20a 1.24±0.19 b

MCV (fL) 102.15±1.75a 134.4±3.24 b

MCH (pg) 27.00±0.71a 41.8±1.77 b

MCHC (%) 26.43±0.90a 31.1±0.76 b

WBC (x103/µL) 12.69±0.14a 15.38±0.11 b

Lymphocytes (%) 69.38±0.98a 61.67±0.76 b

Heterophils (%) 24.71±0.81a 30.00±0.71b

Monocytes (%) 2.28±0.18a 4.00±0.29 b

Eosinophils (%) 2.67±0.14a 3.78±0.32 b

Basophils (%) 0.98±0.02a 0.78±0.22 b

Platelets (x105/µL) 2.82±0.01a 1.13±0.26 b

Table 2: Haematological parameters of juveniles Clarias 
gariepinus infected with Enterococcus faecalis isolates.

Values with the different superscript along the rows 
indicate significance (α0.05) according to Independent T-test
PCV – Packed cell volume, Hb – Haemoglobin, RBC – Red 
blood cells, WBC – White blood cells, MCV – Mean corpuscular 
volume, MCH – Mean Corpuscular hemoglobin, 
MCHC – Mean corpuscular hemoglobin concentration

Parameters Control 
Juvenile Infected Juvenile

Total Protein (%) 6.10±0.30a 4.62±0.45a

Albumin (dL) 1.94±0.05a 1.06±0.16a

Globulin (dL) 4.16±0.03a 3.01±0.13a

AST (µL) 189.80±3.83a 207.4±4.06a

ALT (µL) 42.60±0.74a 73.33±4.03a

Creatinine (mg/dL) 0.48±0.02a 1.03±0.14a

Table 3: Serum biochemistry parameters of juvenile and adult 
Clarias gariepinus infected with Enterococcus faecalis isolate. 

Values with the same superscript along the rows indicate 
significance (α0.05) according to the Independent T-testAST – 
Aspartate aminotransferase, ALT – Alanine transaminase

Figure 2: Skin of infected juvenile showing erosion of 
entire epidermis (black arrow) (H&E X 400).

Figure 3: Gill of an infected juvenile showing erosion of 
secondary lamellae (black arrow) (H&E X 400).

Figure 4: Antibiotic susceptibility pattern of Enterococcus 
faecalis isolates from infected Clarias gariepinus juvenile.
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Discussion

Enterococcus faecalis strains have been reported as 
antibiotic-resistant bacteria in many countries [10]. In the 
present study, all of the E. faecalis isolates showed resistance 
to multiple antibiotics. Enterococci can acquire transposons, 
resistance plasmids, and sex pheromone plasmids from 
a wide range of recipients, which facilitate them to act 
as a reservoir of resistance genes [11]. Resistance of 
Enterococci to various antibiotics such as chloramphenicol, 
clindamycin, erythromycin, tetracycline, aminoglycosides, 
beta-lactamases, and vancomycin has been reported Boccella 
M, et al. [12]. Various antibiotics and growth-promoting 
agents are widely used in aquaculture, livestock, and poultry-
rearing facilities in Nigeria without proper awareness of their 
application. This may lead to the resistance of the fish pathogen 
E. faecalis to multiple antibiotics shown in this study. Resistance 
of E. faecalis to various cell wall-degrading antibiotics such as 
penicillin-G, ampicillin, and vancomycin has been reported Li 
G, et al. [13]. In this study, all E. faecalis isolates were found to be 
resistant to tetracycline, aminoglycosides, fluoroquinolones, 
and chloramphenicol but sensitive to ampicillin, amoxicillin, 
and ampicillin cloxacillin. The antibiotic susceptibility profile 
of a fish pathogenic E. faecalis demonstrated in this article has 
not previously been reported. 

The severe anemia observed in the infected group in 
this study may be a result of renal damage thereby hindering 
erythropoiesis. The monocytosis and heterophilia may be 
due to systemic bacterial infection. The results are consistent 
with Aly SM, et al. [14] who observed severe anemia, moderate 
hypothermia, mild neutrophilia, mild lymphocytopenia, 
moderate to severe monocytosis, moderate to severe 
eosinophilia, and severe basophilia with Proteus vulgaris 
isolates. Hypoalbuminemia and Hyperglobulinemia may 
be due to the increased production of antibodies caused by 
bacterial infection. Increased serum AST, ALT, and creatinine 
were caused by liver and kidney damage [14].

The mortality rate of 77.5% observed in the infected 
groups was similar to the report of Zahran E, et al. [15] 
who observed 80% in infected farmed Nile tilapia, and 
Rahman M, et al. [16] observed 90% in infected tilapia. The 
high mortality rate may be due to the pathogenic effect of 
Enterococcus faecalis. 

Elgohary I, et al. [17] reported postmortem examination 
of infected Oreochromis niloticus included loose scales, 
ulceration in the dorsal part of the head, petechial 
haemorrhages on the body surfaces, unilateral exophthalmia, 
and corneal opacity together with congested blood vessels 
of nearly all fleshy portions of the body fins. Internal 
examination of the viscera showed congestion of the blood 
vessels in the kidneys and brain, a dark enlarged spleen, and a 

liver with a marbled appearance. The gross lesions observed 
in this study were similar to previous studies, atrophied or 
reduced barbels, desquamation, or abrasion of the skin, and 
necrosis of the gills. Rahman M, et al. [16] reported erosion 
of the caudal fin, haemorrhages at the base of the pelvic fin, 
and bilateral opacity in infected tilapia. Meanwhile, Zahran 
E, et al. [15] reported haemorrhages, dark pigmentation, 
skin erosions, ulcers, corneal opacity, hemorrhagic liver, pale 
kidney, and splenomegaly.

The histopathological organ changes observed in this 
study were erosion of the entire epidermis and secondary 
lamellae. This was similar to previous studies, Zahran E, et 
al. [15] observation in infected tilapia revealed degenerative 
and necrotic changes in the heart and liver. Moreover El-nobi 
G, et al. [18] reported vascular congestion and infiltration 
with inflammatory cells in examined organ tissues (brain, 
liver, kidney, spleen, and heart) in infected tilapia. 

Conclusion

In conclusion, Enterococcus faecalis isolates were 
multidrug-resistant with a MAR index of 0.64, sensitive to 
ampicillin, amoxicillin, and ampicillin-cloxacillin, highly 
virulent, and pathogenic to Clarias gariepinus juveniles. 
The enterococcal isolates exhibited resistance to several 
antimicrobials, including those considered critical for 
humans. The occurrence of a high percentage of multidrug-
resistant E. faecalis in food animals is alarming, especially 
given the fact that very few antimicrobial agents can be used 
to control enterococcal infection. Such resistance is likely 
to be passed from fish consumption to humans through the 
food chain. Therefore, the prudent use of antimicrobials 
in aquaculture will be crucial in limiting the public health 
hazards of Enterococcus in Nigeria. 
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