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ABSTRACT 

This study was conducted to determine the ability of Enterococcus faecalis  bacteria to cause atherosclerotic lesions 

in quails which are susceptible to atherosclerosis. Identification of E. faecalis  in small intestine and cecum of quails 

was done by culturing on differential and selective media and API 20 Strep. The experimental infection was conducted 

by dividing 252 quail birds aged 21 days randomly into 6 groups, 42 birds in each group. The 1st group (G1) was a 

control group, the 2nd group (G2) was injected with the antibiotic Amoxicillin- Clavulanic acid (Amoxiclav) 1000 

mg. The 3rd group (G3) was injected with manganese as an antioxidant. The 4th group (G4) was inoculated  with E. 

faecalis suspension 0.5 ml. intraperitoneally i.p. with a concentration of 106 CFU/ml. The 5th group (G5) was 

inoculated with bacterial suspension plus antibiotic and the 6th group (G6) was inoculated with bacterial suspension 

plus antioxidant manganese. Results of the biochemical tests of lipids profile in the serum showed a significant 

increase in total cholesterol, triglycerides, LDL-c, VLDL-c and atherogenic index, and a significant decrease in the 

level of high-density lipoprotein cholesterol HDL-c in the group (G4) compared with (G1) and other groups over 

periods of 3, 7 and 30 days post infection PI. There were general increase rates of lipids observed in all groups of 

quails after 60 and 90 days PI, and this increase was in direct correlation with their age. The microscopic changes of 

the aorta appeared in (G4) after 1 day PI and were severe at 7 days PI. They consisted of the presence of bacterial 

colonies in endothelium, hypertrophy and hyperplasia of endothelial cells, intensive localization of fatty droplets and 

foam cells in the intimal and medial layers which extended then to all layers of aorta, proliferation of vascular smooth 

muscle cells VSMCs, proliferation and irregularity of collagen fibers, fragmentation of elastic fibers and infiltration 

of heterophils. This study concludes that E. faecalis led to the development of primary lesions of atherosclerosis in 

the aorta of quails. 
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INTRODUCTION 

Atherosclerosis is a disease of the large and medium arteries. It is the leading cause of heart attacks and strokes, and 

the reason for 50% of all deaths in industrialized countries (1). It is a vascular disease of great importance in humans, 

but rarely leads to clinical disease in animals. The presence of lesions of this disease that occurs naturally in pigs, 

large birds, and in dogs that suffer from hypothyroidism and is associated with high cholesterol (2). This disease is 

characterized by the accumulation of lipids in the large arteries in the form of plaques filled with a lipid which is 

called atheroma (2,3). 
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 Recent studies have shown that biological pathogens may lead to the induction of primary lesions of atherosclerosis 

(4,5). Among the pathogens that are involved in the pathogenesis of atherosclerosis are bacteria such as Chlamydia 

pneumonia, Helicobacter Pylori, (5) and Enterococcus faecalis (6,7). One study found that the tissues of 

atherosclerosis taken from patients with heart and coronary artery diseases contain more than 50 species of bacteria, 

including Staphylococcus aureus, Proteus vulgaris, Klebsiella pneumoniae and species of Streptococcus. The 

researchers concluded that the bacterial colonies which are found in plaques of atherosclerosis may be more important 

than the individual factors causing the disease. The studies also showed that bacteria are not causal factors in 

pathogenesis of coronary and heart disease, but can colonize atherosclerotic lesions secondarily and lead to the 

development of lesions in the vessel wall and can serve as an additional factor to accelerate the progression of the 

disease (8). 

Studies are limited on the subject of Enterococcus faecalis that causes atherosclerosis, which is why we conducted 

this study to observe the effects of this bacteria in quails. The bacterium E. faecalis has several virulence factors and 

may cause oxidative stress and induce atherosclerosis. The latter is due to the ability of the bacteria to secrete 

extracellular superoxide and hydrogen peroxide (9). This feature is a unique or unusual phenotype for this species of 

E. faecalis and through a survey conducted among the strains of E. faecalis, almost all strains or about 95% of them 

produce extracellular superoxide which is one of the of prevalent virulence factors found in pathogenicity (10, 11). A 

study conducted by (6) noticed the role of oxidative stress associated with E. faecalis through experimental infection 

in rats, by which the bacteria release extracellular superoxide which, in turn, induces lesions of endocarditis and the 

development of atherosclerosis. The reactive oxygen radical species ROS are also produced during phagocytosis by 

the inflammatory mechanism of host cells against bacteria, and also cause damage to cell membranes and then release 

lipids outside the cells and increase lipids levels in the blood. ROS are produced by smooth vascular muscle cells, 

endothelium, fibroblasts and infiltrate leukocytes (12). ROS affect gene transcription, lead to damaged DNA, and 

increase production of inflammatory mediators, as well as the oxidization of low density lipoprotein LDL in 

atherosclerotic lesions (13). 

MATERIALS AND METHODS 

Experimental animals: In this experiment we used 21-day-old Japanese quails (Coturnix Coturnix), each weighing 

between 80-100 grams. The quail eggs were obtained from the Agricultural Research Corporation / Research 

Department of Nineveh. The quail eggs were incubated in an incubator of the Animal House of the College of 

Veterinary Medicine - University of Mosul, and after hatching, the quail chicks were placed in standard laboratory 

conditions in terms of temperature and lighting and were supplied with a standard diet for quails throughout the 

duration of the experiment. 

Bacterial isolation: E. faecalis were isolated from the intestine and cecum of quails through a sterilized method. The 

isolations were cultured in a brain heart infusion broth BHIB and were incubated at 37 °C for 24 hours and then 

cultured on MacConkey agar and incubated at 37 °C for 24 hours. A swab was then taken and cultured on the 

differential media, Azide blood agar and Edward blood agar then incubated at 37 °C for 24 hours. Swabs from these 

media were cultured on the selective media Enterococcus agar. The biochemical tests were done by the API 20 Strep 

(company bioMérieux French) for an accurate diagnosis (14),  and were incubated for 24 hours before the results were 

taken.   

Experimental infection: We obtained different concentrations of  bacterial suspension of E. faecalis by using a viable 

bacterial count by method of Miles & Misra (15). Three concentrations of bacterial suspension were chosen at 105 

and 106 and 107 CFU/ml based on previous studies. Depending on the preliminary experiment, the concentration 106 

CFU/ml was selected to be inoculated in main experiment. For the main experiment, 252 randomly selected quail 

birds aged 21 days were divided into 6 groups, 42 birds for each group. The first group (G1) was injected with normal 

saline as a control group, the second group (G2) was injected with the antibiotic Amoxicillin- Clavulanic acid 

(Amoxiclav) 1000 mg. (The antibiotic was chosen by way of an antibiotic sensitivity test),  and was injected 

intraperitoneally (IP), daily for four days. The third group (G3) was injected with antioxidant manganese (in the form 

of MnCl2.4H2O) where the dose determined was based on other studies at 3 mg / kg of body weight i.p,  and was 
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calculated according to the molecular weight of each of MnCl2.4H2O 197.9 g / mol , chlorine 35.5 g / mol and 

manganese 54.9 g / mol, where it was dissolved with distilled water and injected daily for five days. The fourth group 

(G4) was  inoculated  with E. faecalis suspension 0.5 ml. i.p with a concentration of 106 CFU/ml. The fifth group 

(G5)  was inoculated with bacterial suspension 106 CFU/ml plus antibiotic and the sixth group (G6) was inoculated 

with bacterial suspension plus antioxidant manganese. 

The  6 quails in each group were sacrificed at different intervals: 12 hours, 1, 3, 7, 30, 60 and 90 days post infection, 

starting with the last dose in each group, and the blood. was collected from the jugular vein for all sacrificed birds, 

and was later centrifuged to obtain the serum to be used later in biochemical measurements. Postmortem was 

performed to notice macroscopic changes of thoracic and abdominal aorta; then necropsy samples were taken from 

the aorta and fixed in a 10% neutral buffer formalin and then embedded in paraffin, sectioned at 5 uM, and stained 

with hematoxylin and eosin (H&E). Selected sections were stained with Gram's tissue modified stain for bacteria (16). 

Biochemical tests: 

Lipid profile: 

1- Measurement of the level of total cholesterol: 

2- Measurement of the level of triglycerides (TG): 

3- Measurement of the level of high density lipoprotein cholesterol (HDL-c): 

We used kits manufactured by the French company Biolabo to measure the concentration of total cholesterol, 

triglycerides, and high density lipoprotein cholesterol. 

4 - Measurement of the level of low density lipoprotein Cholesterol (LDL-c): 

The LDL-c was calculated by application of Friedewald equation (Friedewald et al., 1972) : 

(Total LDL-c (mg / dl) = )Cholesterol) - (HDL-c) - (Triglycerides / 5)  

And the final value per unit of mg / liter Dessie. 

5- Measurement of very low density lipoprotein cholesterol (VLDL-c): 

It was calculated by dividing the value of triglycerides TG by 5 (Friedewald et al., 1972) as follows:  

VLDL-c = TG / 5   

Measurement of Atherogenic Index:  It was based on the following equation : Atherogenic index=TC/HDL-c.                                       

Statistical analysis: Data were analyzed for the various animals groups statistically using one way analysis of variance 

and the results subjected to Least Significant Difference (LSD) test and Dunnet test for comparison with the control 

group. This occurred by using the software of statistical analysis SPSS and the level of significance for all tests at less 

than 0.05 (P <0.05). 

RESULTS 

Bacterial isolation: Enterococci bacteria grew on the Azide blood agar as white to gray color colonies, white pinhead 

size colonies on the Edward blood agar and single pinhead size red to brown color colonies on the selective 

Enterococcus agar. The biochemical test of bacteria API 20 Strep showed that the type of bacterial isolation is E. 

faecalis 99% according to the bacteria guide. 
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Total cholesterol: Results of statistical analysis showed a significant increase in the level of total cholesterol in serum 

of quails in the group (G4) at 3 and 7 days p.i compared with the control group (G1) and other groups, but at 30 days 

p.i compared only with (G2) and (G3). The level of total cholesterol was low in (G2) and (G3). The manganese 

injected group recorded a significant lower level of total cholesterol compared to other groups of quails at 3 and 7 

days p.i and with (G4) only after 30 days p.i. At 60 and 90 days p.i there appeared a high level of total cholesterol in 

all the quail groups compared to the early periods of the experiment and this increase was in positive correlation with 

age (Table 1). 

Table 1. Values of total cholesterol (TC) mg/dl. in serum of quails. 

90 days 

 p.i. 

60 days 

 p.i. 

30 days  

p.i. 

7 days  

p.i 

3 days 

 p.i. 

24 hrs. 

 p.i. 

12 hrs.  

p.i. 

             

DURATIONS 

GROUPS 

341.30±68 

a      A 

321.36±5

6     a      A 

200.29±4

6    b      B 

126.97± 

28 

b    BC 

105.85± 

22 

b  BCD 

108.98±3

8 

b      A 

90.07±37 

b       A CONTROL (G1) 

358.21±68 

a       A 

258.01±5

6     a       

A 

195.93±4

6       b       

B 

108.6 

±28 

b    BC 

94.23±22    

b  BCD 

125.44±3

8 

b      A 

92.73±37 

b      A 
ANTIBIOTIC 

(G2) 

327.31±68  

a       A 

245.59± 

56    a        

A 

185.57±4

6                    

a        B 

87.65±28 

b       C 

69.66±22 

b       D 

89.68±38 

b       A 

77.54±37 

b        A 
MANGANESE 

(G3) 

381.89 ±68   

a       A 

334.62±5

6 

a        A 

275.35±4

6     b       

A 

266.19±2

8   b      A 

251.42±2

2     b      A 

147.69±3

8 

c       A 

117.43± 

37 

c       A 

BACTERIA (G4) 

377.48± 68 

a        A 

242.52± 

56  ab      

A 

235.35±4

6         ab   

AB 

176.85±2

8 

b        B 

177.69±2

2     b        

B 

128.95±3

8   b       A 

104.92±3

7 

b        A 

BACTERIA+ 

ANTIBIOTIC 

(G5) 

367.49±68 

ac      A 

337.92±5

6 ac      A 

237.09±4

6  a    AB 

168.04±2

8    b        

B 

168.37±2

2 b        C 

131.84±3

8  b       A 

102.05±3

7 

b       A 

BACTERIA + 

MANGANESE 

(G6) 

The value represent the mean ± standard error (n=6/group) 

The capital letters represent the differences among groups in significant differences (P < 0.05). 

The small letters represent the differences among durations in significant differences (P < 0.05).  

 

Triglycerides (TG):The statistical analysis showed a significant increase in the level of triglycerides in the serum of 

quails infected with bacteria (G4) compared with the control group (G1) and (G5) at 3 days p.i, and with (G1) and all 

other quail groups at 7 days p.i, and with the (G1), (G2) and (G3) at 30 days p.i, and with (G5) and (G6) at 60 days 

p.i, and finally with (G1) and all other quail groups at 90 days p.i. There were no differences between the groups. The 

other feature was a general increase in the level of triglycerides at 30, 60 and 90 days p.i in all groups, this increase 

was in positive correlation with the age of quails (Table 2). 

 

Table 2. Values of Triglyceride (TG) mg/dl. in serum of quails. 

90 days 

p.i. 

60 days 

p.i. 

30 days 

p.i. 

7 days 

p.i 

3 days 

p.i. 

24 hrs. 

p.i. 

12 hrs. 

p.i. 

            

DURATIONS 

 

GROUPS 

110.55±53 

a         B 

80±35 

b     AB 

74.961±2

6 

b       B 

62.14±15 

b       B 

62.72±17 

b       B 

67.21±

15 

b     A 

63.85±

13 

b     A 

CONTROL (G1) 

89.92±53 

a           b 

53.62±35 

ab      B 

73.386±2

6 

52.28±15 

b        B 

70.69±17 

ab   AB 

57.57±

15 

61.85±

13 

ANTIBIOTIC 

(G2) 
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a        B ab   A ab   A 

127.17±53 

a          B 

72.83±35 

ab      B 

65.05±26 

ab      B 

53.40 

±15 

b        B 

63.79±17 

b     AB 

56.43±

15 

b     A 

69.78±

13 

b     A 

MANGANESE 

(G3) 

285.59±53 

a        A 

152.36±3

5 

a       A 

142.36±2

6 

a       A 

105.22±1

5 

a       A 

91.29±17 

a       A 

58.43±

15 

b     A 

57.13±

13 

b     A 

BACTERIA (G4) 

152.36±53 

a         B 

107.56±3

5 

a     AB 

100.39±2

6 

a     AB 

68.13±15 

b       B 

54.15±17 

b       B 

64.65±

15 

b     A 

44.67±

13 

b     A 

BACTERIA + 

ANTIBIOTIC 

(G5) 

149.84±53 

a         B 

105.2±35 

a     AB 

94.01±26 

a     AB 

50.84±15 

b        B 

74.63±17 

Bb AB 

51.01±

15 

b     A 

46.9±1

3 

b     A 

BACTERIA + 

MANGANESE 

(G6) 

The value represent the mean ± standard error (n=6/group) 

*Significantly different from the control value (P < 0.05) 

Letters in the column indicate significant differences among groups (P < 0.05) : (a)Antibiotic, 

(b)Manganese, (c) Bacteria , (d) Bacteria + antibiotic, (e) Bacteria + Manganese 

 

High density lipoprotein Cholesterol (HDL-c): The results showed a significant decrease in the level of HDL-c in the 

serum of quails infected with bacteria (G4)  compared with (G5) and (G6) at12, 24 hours and 3 days p.i, and compared 

(G1) and all other groups at 7 and 30 days p.i. There were a significant increases in the level of HDL-c in the (G6) 

compared with (G4) and (G5) at 3 days p.i. In general there were low levels of HDL-c in quail in all groups at 90 days 

p.i, and this decline was a positive correlation with age (Table 3). 

 

Table 3. Values of High density lipoprotein Cholesterol (HDL-C) mg/dl. in serum of quails. 

90 days 

p.i. 

60 days 

p.i. 

30 days 

p.i. 

7 days 

p.i 

3 days 

p.i. 

24 hrs. 

p.i. 

12 hrs. 

p.i. 

              DURATIONS 

 

GROUPS 

43.15±

8 

a     A 

69.23±

12 

b     B 

69.08±10 

b   AB 

72.11±

15 

b     A 

75.85±16 

b  ABC 

60.99±13 

b    AB 

66.67±13 

b  ABC 
CONTROL (G1) 

48.4±8 

b     A 

96.39±

12 

a     A 

72.65±10 

c     AB 

68.64±

15 

c     A 

70.02±16 

c     BC 

76.05±13 

c       A 

59.29±13 

c  ABC 
ANTIBIOTIC (G2) 

31.45±

8 

a     A 

89.08±

12 

b   AB 

68.91±10 

b     A 

75.06±

15 

b     A 

74.95±16 

b     BC 

76.05±13 

b       A 

67.85±13 

b  ABC 
MANGANESE (G3) 

33.39±

8 

a     A 

68.87±

12  b     

B 

40.36±10 

a       C 

36.39±

15  a      

B 

48.02±16 

a       C 

44.94±13 

a       A 

49.36±13 

a        C 
BACTERIA (G4) 

38.32±

8 

a     A 

95.90±

12 

b     B 

91.50±10 

b    A 

86.14±

15 

b    A 

94.58±16 

b    AB 

72.38±13 

b    AB 

84.80±13 

b    AB 

BACTERIA + 

ANTIBIOTIC (G5) 

47.59±

8 

a     A 

63.95±

12  b     

B 

54.5±10 

a    BC 

71.55±

15 

b    A 

109.29±1

6 

b      A 

49.91±13 

a    AB 

78.45±13 

b    AB 

BACTERIA + 

MANGANESE (G6) 

The value represent the mean ± standard error (n=6/group) 

*Significantly different from the control value (P < 0.05) 

Letters in the column indicate significant differences among groups (P < 0.05) : (a)Antibiotic, 

(b)Manganese, (c) Bacteria , (d) Bacteria + antibiotic, (e) Bacteria + Manganese 
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Low density lipoprotein Cholesterol (LDL-c): The statistical analysis showed a significant increase in the level of 

LDL-c in the serum of quails infected with bacteria (G4) compared with the control group and all others quail groups 

at 12 hours, 1, 3, 7, and 30 days p.i. Also showed  a significant decrease in the level of LDL-c in the manganese 

treated group (G3) compared with the other groups at 24 hours and 7 days p.i. It was noticed a general increase in the 

level of l LDL-c in the serum of quails in all groups at 30, 60 and 90 days p.i, and this increase was a direct correlation 

with age (Table 4). 

Table 4. Values of  Low density lipoprotein Cholesterol (HDL-C) mg/dl. in serum of quails. 

90 days 

p.i. 

60 days 

p.i. 

30 days 

p.i. 

7 days 

p.i 

3 days 

p.i. 

24 hrs. 

p.i. 

12 hrs. 

p.i. 

       

DURATIONS 

                  

GROUPS 

276.04±5

5 

a       A 

236.13±9

4 

a       A 

116.21±8

6 

b       B 

42.43±76 

c       B 

17.45±63 

c       B 

34.54±

75 

c     B 

10.63±28 

c       B 

CONTROL (G1) 

291.82±5

5 

a       A 

150.89± 

94 

b       A   

108.6±86  

b       B 

29.5±76  

c       B 

10.072±6

3 

c       B 

37.87±

75 

c     B 

21.07±28   

c       B 

ANTIBIOTIC 

(G2) 

270.42±5

5 

a       A 

141.94± 

94 

b       A 

103.65±8

6 

b       B  

21.91±76 

c       C 

11.95±63 

c       B  
12.34±

75 

c     B 

12.93±28   

c       B 

MANGANESE 

(G3) 

291.38±5

5 

a      A 

235.27± 

94 

a       A 

206.51±8

6 

a       A  

208.75±7

6 

a       A  

185.14±6

3 

b       A  

91.06±

75 

b    A  

42.64±28 

b       A  

BACTERIA (G4) 

308.68±5

5 

a      A 

125.1±94 

b       B 

123.77±8

6  

b       B 

77.08±76  

bc     B 

72.28 

±63  

bc     B 

43.64±

75 

c     B 

11.18±28  

c       B 

BACTERIA + 

ANTIBIOTIC 

(G5) 

289.93±5

5 

a      A 

252.93±9

4 

a      A 

163.78±8

6  

b       B 

86.32±76  

bc     B 

44.15±63 

c       B 

71.72±

75 

bc AB 

14.22±28  

c       B 

BACTERIA + 

MANGANESE 

(G6) 

The value represent the mean ± standard error (n=6/group) 

*Significantly different from the control value (P < 0.05) 

Letters in the column indicate significant differences among groups (P < 0.05) : (a)Antibiotic, 

(b)Manganese, (c) Bacteria , (d) Bacteria + antibiotic, (e) Bacteria + Manganese 

 

Very Low density lipoprotein Cholesterol (VLDL-c):   The statistical analysis showed a significant increase in the 

level of VLDL-c in the serum of quails infected with bacteria (G4) compared with the control group and other groups 

at 3 and 7 days p.i, and with (G1), (G2) and (G3) at 30 and 60 days p.i, and with all other quail groups at 90 days p.i. 

There were a general increase in the level of VLDL-c at 60 and 90 days p.i in all quail groups, and this increase was 

a direct correlation with age (Table 5). 

Table 5. Values of very low density lipoprotein (VLDL-c) mg/dl. in serum of quails 

90 days 

p.i. 

60 days 

p.i. 

30 days 

p.i. 

7 days 

p.i 

3 days 

p.i. 

24 hrs. 

p.i. 

12 hrs. 

p.i. 

       DURATIONS 

                

GROUPS 

22.11±53 

b        B 

16±35 

ab   AB 

14.9±26 

b        B 

12.42±15 

b        B 

12.54±17 

b        B 

13.44±15 

b        A 

12.77±13 

b        A 

CONTROL (G1) 

17.98±53 

a        B 

10.72±35 

b        B 

14.67±26 

b     AB 

10.45±15 

b        B 

14.13±17 

b     AB 

11.51±15 

b        A 

12.37±13 

b        A 

ANTIBIOTIC (G2) 

25.43±53 

a        B 

14.56±35 

b        B 

13.01±26 

b        B 

10.68±15 

b        B 

12.75±17 

b     AB 

11.28±15 

b        A 

13.95±13 

b        A 

MANGANESE 

(G3) 
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61.11±53 

a        A 

30.47±35 

b      A 

28.47±26 

b        A 

21.04±15 

bc      A 

18.25±17 

c     A 

11.68 

±15 

c      A 

11.42±13 

c      A 

BACTERIA (G4) 

30.47±53 

a        B 

21.51±35 

ab AB 

20.07±26 

ab   AB 

13.62±15 

bc      B 

10.83±17 

c      B 

12.93±15 

c      A 

8.93±13 

c      A 

BACTERIA + 

ANTIBIOTIC (G5) 

29.96±53 

a        B 

21.04±35 

a   AB 

18.8±26 

ab   AB 

10.16±15 

b        B 

14.92±17 

b   AB 

13.2±15 

b      A 

9.38±13 

b      A 

BACTERIA + 

MANGANESE 

(G6) 

*Significantly different from control value (P < 0.05) 

Letters in the column indicate significant differences among groups (P < 0.05) : (a)Antibiotic, (b)Manganese, (c) 

Bacteria , (d) Bacteria + antibiotic, (e) Bacteria + Manganese 

The value represent the mean ± standard error (n=6/group) 

 

Atherogenic Index: There was a significant increase in the atherogenic index in a quail (G4) compared with the control 

group and the other groups at 12 and 24 hours, 3, 7 and 30 days p.i, and with (G2) and (G3) at 60 days p.i. There was 

a significant increase in atherogenic index in (G6) compared with (G1) at 24 hours, 30 and 60 days p.i. A general 

increase was observed in atherogenic index at 90 days p.i, and this increase was positive in correlation with age (Table 

6). 

Table 6. Values of atherogenic index 

 

Macroscopic changes of aorta: When a vertical open of aorta there were appearance of fatty streaks on the lining of 

the aorta at periods of 30, 60 and 90 days p.i in quail groups (G4), (G5) and (G6) compared with (G1), (G2) and (G3). 

Microscopic changes of aorta (figures 1, 2 and 3): Aortic sections showed slight changes for the period of 12 hours 

p.i represented by hypertrophy and proliferation of endothelial cells and hypertrophy of vascular smooth muscle cells 

VSMCs in the (G4), in addition to the presence of bacterial colonies of E.faecalis as dark blue cocci on the 

endothelium in groups (G4), (G5) and (G6). The histopathological lesions at 24-hour and 3 days p.i were more severe 

and represented by hypertrophy and hyperplasia of endothelial cells and localization of fatty vacuoles in intimal layer 

90 days 

p.i. 

60 days 

p.i. 

30 days 

p.i. 

7 days 

p.i 

3 days 

p.i. 

24 hrs. 

p.i. 

12 hrs. 

p.i. 

                   

DURATIONS 

                  

GROUPS 

7.90±6.06 

a       A 

4.64±2.85 

a       B 

2.89±2.81 

b       B 

1.76±2.41 

b       B 

1.39±1.77 

b       B 

1.78±1.5 

b     B 

1.35±1.09 

b     B 

CONTROL (G1) 

7.81±6.06 

a       A 

2.67±2.85   

a       B 

2.69±2.81 

   b       B 

1.58±2.41  
  b       B 

1.34±1.77    

b       B 

1.64±1.5  

b      B 

1.56±1.09  

b       B 

ANTIBIOTIC (G2) 

6.34±6.06 

a       A 

3.31±2.85 

  b       B 

2.69±2.81    

b       B 

1.16±2.41   

 b       B 

0.92±1.77  
  b       B 

1.17±1.5  

b       B 

1.14±1.09 
  b       B 

MANGANESE 

(G3) 

8.43±6.06 

a       A 

4.85±2.85   

a       A 

6.82±2.81  

 a       A 

7.31±2.41  

 a       A 

5.23±1.77  

 a       A 

3.28±1.5   

b      A 

2.37±1.09  

 b       A 

BACTERIA (G4) 

7.31±6.06 

a       A 

4.52±2.85    

 a       A 

2.57±2.81    

b       B 

2.05±2.41   

 b       B 

1.87±1.77    

b       B 

1.78±1.5  

b       B 

1.23±1.09 

b       B 

BACTERIA + 

ANTIBIOTIC (G5) 

6.79±6.06 

a       A 

5.28±2.85   

 a       A 

4.3±2.81 

  a       A 

2.36±2.41    

b       B 

1.54±1.77   

 b       B 

2.64±1.5   

b       B 

1.3±1.09     

b       B 

BACTERIA + 

MANGANESE 

(G6) 

The value represent the mean ± standard error (n=6/group) 

*Significantly different from the control value (P < 0.05) 

Letters in the column indicate significant differences among groups (P < 0.05) : (a)Antibiotic, (b)Manganese, (c) 

Bacteria , (d) Bacteria + antibiotic, (e) Bacteria + Manganese 
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and hypertrophy and the proliferation of VSMCs toward intima in the group (G4). These lesions also appeared in 

(G5) and (G6) in addition to the localization of  the fatty vacuoles and foam cells in intimal and medial layers. 

The lesions were very severe at 7 days p.i which were represented by hypertrophy and hyperplasia of endothelial 

cells, intensive localization of fatty vacuoles and foam cells in all layers of the aorta, accumulation of platelets, red 

blood cells and fibrin composed of recent thrombus adherent to endothelium, proliferation of VSMCs, fragmentation 

of elastic fibers and infiltration of inflammatory cells in group (G4). These lesions also appeared but were less severe 

in the groups (G5) and (G6) compared to the group (G3), (G1) and (G2).  

The lesions retreated at 30 days p.i which were represented by the localization of foam cells in all layers of the aorta 

and proliferation of VSMCs. The histopathological changes were more severe at the period of 60 and 90 days p.i, 

comparing to the period of 30 days p.i in group (G4) which were represented by hypertrophy and hyperplasia of 

endothelial cells, intensive localization of fatty vacuoles and foam cells in all layers of the aorta and proliferation of 

VSMCs. These lesions were also observed but were less severe in the groups (G5) and (G6), localization of fatty 

vacuoles and foam cells were present in the groups(G1) and (G2), while there were no histopathological changes in 

the group (G3) which showed an improvement compared with the control group. 

 

 
Figure 1. Aorta section of quail from (G5) at 3 days PI. shows hypertrophy and hyperplasia of endothelial cells ↑, 

localization of fatty droplets (foam cells) in intimal and medial layers ↑↑ and proliferation of VSMCs toward intima 

↑↑↑. H&E stain. 210X 
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Figure 2. Aorta section of quail from (G4) at different time points. (12 hours) shows the presence of bacteria 

colonies of E. faecalis in blue - black color cocci in endothelium ↑, Gram's tissue modified stain. (1day) shows the 

hypertrophy of the endothelial cells ↑, localization of fatty droplets inintima ↑↑ and hypertrophy and proliferation of 

VSMCs toward intima ↑↑↑. (7 days) shows intensive localization of    foam cells in all layers ↑, adhesion of recent 

thrombus on endothelium ↑↑, proliferation of VSMCs ↑↑↑, fragmentation of elastic fibers and infiltration of 

inflammatory cells. (30 days and 60 days) shows hypertrophy and severe hyperplasia of the endothelial cells ↑, 

localization of foam cells in all layers ↑↑, and proliferation of VSMCs ↑↑↑. H&E stain. 

 

 
Figure 3. Aorta section of quail from (G3). (7 days) shows the absence of pathological changes compared with (G1)  

and the other groups. (90  days) shows the absence of pathological changes compared with (G1)  and the other 

groups.. H&E stain. 210X 

 

DISCUSSION 

 Natural intestinal flora include many types of positive and negative gram bacteria in mammals and birds, which 

include enterococci bacteria. Enterococci is located in a common and widespread environment of poultry and is 

considered an important pathogen in conditions of stress; immunosuppression, therefore, may interfere with many 

diseases (17,18). The results of the bacterial isolation appeared after bacterial biochemical tests through analytic 

profile index API 20 Strep system, and the confirmed diagnosis by identifying the species of enterococci which was 

E.faecalis, this species being considered the predominant in most animals and poultry. This result agrees with many 

research studies (7,19, 20, 21). 
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We selected three concentrations of bacterial suspensions of E.faecalis, at 105 and 106 and 107 CFU/ml based on 

previous studies of experimental infection of E.faecalis, in which the researchers reported that the lethal dose LD50 of 

this bacteria in mice is 3.2 x 108 CFU - 2.2 x 108 CFU by i.p injection inducing mortality after 24-36 hours (22). In 

another model of neutropenic Swiss Webster mice the lethal dose LD80 of E.faecalis was 107 CFU (23). In another 

study, rats were injected with E. faecalis strain HH22 concentration of 5 x 105 CFU inside the heart to induce 

endocarditis (24). Moreover, injection of bacterial suspensions of E.faecalis at 108 CFU intra ear vein in rabbits led 

to the occurrence of endocarditis (25).  

In other studies, rats were injected with E.faecalis at a concentration of  3 x 107 CFU/ml and of 7.8 x 107 CFU/ml of 

i.p, and this induced lesions of atherosclerosis and endocarditis (6,7). Through these studies, it was the adoption of 

different concentrations of E.faecalis bacterial suspension which caused infection in quails, and we conducted these 

three concentrations in our study, which was designed to determine the appropriate dose of bacterial suspension to be 

used in the main experiment. 

Results revealed the appearance of clinical signs and symptoms in the (G4), which are similar to the clinical signs and 

symptoms recorded in E. faecalis infection in chicken in acute phase (21, 26, 27) and in rats (6). Lethargy, lack of 

activity, and ruffled feathers are general symptoms that occur with most bacterial infections or in oxidative stress. The 

lack of egg production may be attributed to the stress caused by E.faecalis through producing superoxide or by reactive 

oxygen species ROS produced by immune cells in the event of mechanism of phagocytosis of bacteria, as studies 

indicate that quails exposed to heat stress experience disturbances in ovulation as a result of the lack of releasing LH 

Luteinizing hormone from the pituitary gland (28).  

The inability to move in individual cases of quails may be due to the transmission of E.faecalis through the blood to 

the joints and the incidence of amyloidosis arthropathy is the causative agent in chickens (29,30), while for torticollis 

in one of the birds may be due to transmission of the bacteria to the brain and induction of encephalomalacia as it 

happens in small chicks of chicken infection (26,27). The appearance of clinical signs after 1 and 3 days PI and then 

its disappearance after this period may be attributed to the effectiveness of the bacteria after injection i.p and 

transmitted to the bloodstream and then disappearing as a result of the activation of the immune system and defense 

mechanism of quails in (G4) against these bacteria. Furthermore, the quails have the ability to resist many of the 

infections that infect other birds which could refer to the possession of a defensive and resistant immune system ( 31, 

32). 

The results showed an improvement and an increase in the production of eggs in the (G3) compared with the control 

group and the other groups, and this is consistent with numerous studies indicating the role of manganese with other 

metals to improve the production and quality of eggs in quails and chickens when those metals are added to the feed 

(33). 

Results of lipids profile in the serum of quails showed a significant increase in the levels of total cholesterol, 

triglycerides, LDL-c, VLDL-c and atherogenic and a significant decrease in the level of HDL-c in the group (G4) 

compared with the (G1) and other groups, especially in the periods 3, 7 and 30 days PI. Since the quails are susceptible 

to the induction of lesions of atherosclerosis, they are also susceptible to the high lipid levels in blood (34, 35), which 

can be attributed to virulence factors produced by E.faecalis, such as hemolycin (36) and superoxide. Hemolycin is 

an enzyme leading to damaged cells through degradation of membranes rich in lipids as well as the decomposition of 

red blood cells, leading to further release of lipids and increase in plasma levels (20, 37). The superoxide produced 

by E.faecalis is a reactive oxygen species ROS, which leads to modifications in proteins, nucleic acids and lipids, and 

consequently produces tissue damage. The production of superoxide by E.faecalis  is more common in E.faecalis 

strains which is considered unique to this species of bacteria and one of the important virulence factors in its 

pathogenicity (10,  11). The significant increase of lipid levels were at their peak during the interval periods of 3, 7 

and 30 days. PI may be attributed to the production of virulence factors by E.faecalis especially superoxide at the 

stage of bacteremia in these periods, which leads to endothelial cell injury and the destruction of cell membrane, and 

then releases phospholipids. This contributes to the increased production of ROS of quail and oxidation of lipoproteins 

that promote oxidative stress (7,38). The ROS either produced by bacteria or by host phagocytic cells and endothelial 
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cells are responsible for lipids peroxidation of lipoprotein of cellular membranes which are exposed heavily to lipids 

peroxidation due to the fact they contain high concentrations of unsaturated fatty acids (39). This oxidation leads to 

produce lipid hydroperoxide LOOH then it hydrolyze to aldehyde such as Malonaldehyde MDA and the consequences 

are the production of linkage membrane proteins and changes in fluidity of membranes and the formation of more 

lipoproteins, which appear in high levels in serum (40, 41). 

The accumulation of LDL-c beneath endothelial cells of the aorta induced by superoxide actions leads to the oxidation 

of LDL-c molecules to oxidative ox-LDL and this in turn produces many Oxysterol that have the capability to inhibit 

the activation of the LDL-c receptors and stimulate acyl-co A cholesterol acyltransferase enzymes leading to increased 

cholesterol esters and thus increase the levels of lipid in the blood (38, 42, 43, 44, 45).   

The results showed a low level of HDL-c in the blood serum of the group (G4) with a significant difference in periods 

12 hours, 1, 3, 7, 30 and 60 days PI especially in the two periods 7 and 30 days PI comparing with the all groups. 

Research has proven that excess cholesterol in blood leads to a low level of HDL-c (46). Moreover, the migration of 

monocytes induced by ox-LDL was inhibited by antioxidants and HDL-c, which prevent oxidative modifications of 

LDL-c through two paths: the first can catch prooxidant compounds, and the second can replace the ox-LDL with 

HDL-c. Furthermore, HDL-c has an important role in the metabolism of cholesterol through the reverse cholesterol 

transport and hence HDL-c acts to inhibit lipid oxidation (47). This relationship is inverse when levels of LDL-c and 

VLDL-c are high; the level of HDL-c is low, especially during the following two periods: 7 and 30 days after infection. 

As it was observed in the two interval periods of 7 and 30 days PI, there was a significant increase of lipids (total 

cholesterol, triglycerides LDL-c and VLDL-c) in group (G4) at its peak in these two periods compared with all groups.  

Levels of lipids in serum of quail treatment with manganese (G3) approached the values of the control group at all 

intervals, and a significant decrease was recorded in total cholesterol levels at intervals 3 and 7 days compared with 

(G1) and a significant decrease in LDL-c in the period of 7 days compared with (G1). The reason for this result may 

be due to the role of manganese as an antioxidant in the prevention and reduction of the increased lipids in plasma by 

inhibiting the lipids peroxidation (48,  49). This corroborates the results of another study (50), where adding 

manganese 120 mg / kg to the diet alone or with chromium in quails exposed to heat stress led to a reduction in total 

cholesterol levels in blood plasma. Our result as well agrees with studies (51,  52) about the role of manganese in 

reducing lipid levels in the serum of chickens exposed to heat stress when this metal was added to the diet in amount 

of 240 mg / kg, suggesting the role of manganese involved in the metabolism of lipids in chicken. Other studies also 

confirmed that adding manganese to the other metals vitamin E, and selenium in chickens improved the action of the 

enzyme superoxide dismutase SOD in the liver, heart, kidney and brain, reducing the level of lipids in the plasma 

(53). However, in our study, perhaps a dose of manganese which was given in the group (G6) was minimal, which is 

why we suggest subsequent studies on preventive doses of manganese in quails. 

Results showed a general increase in the levels of total cholesterol, triglycerides, LDL-c, VLDL-c and atherogenic 

index and low level of HDL-c in all groups including control group (G1) after periods of 60 and 90 days PI, and these 

were in direct correlation with age. The increase in the levels of lipids was also proportional to age. This confirms the 

sensitivity of the quails to the high level of lipids and atherosclerosis, and this result matches studies which showed 

that the lipid levels increased in aging in quails (54, 55, 56). A study by Shih et al. (1983)  proved that in quails 

susceptible to atherosclerosis, the lesions develop at the age of 8 weeks, whereas in other breeds of quails, 

atherosclerosis developed at the age of 12 weeks, and this is consistent with what we achieved by increasing the level 

of lipids after two periods in all groups including (G1). The study of (57) revealed that injury of the arteries and 

changes in the level of cholesterol become severe over time in quails. The correlation between levels of blood lipids 

and atherosclerosis in quails with age progression needs to be further studied. 

The appearance of fatty streaks on the lining of the aorta at periods of 30, 60 and 90 days PI in in quail groups (G4), 

(G5) and (G6) compared with (G1), (G2) and (G3) confirms the induction of atherosclerosis in the aorta, which is 

concomitant to the biochemical results of significant elevations of lipids in serum, and a significant decrease in the 

level of HDL-c in those periods, indicating the occurrence of atherosclerotic lesions in the aorta. 
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The microscopic changes of aorta showed the induction of atherogenic lesions in (G4) after 24 hours PI, and they 

were severe after 7 days PI. The appearance of aortic lesions in quails confirms the sensitivity of these birds to the 

occurrence of atherosclerosis (20,21) which are consistent with studies that proved the occurrence of primary lesions 

of atherosclerosis E.faecalis infection through the events of oxidative damage in chickens (21) and rats (6,7). 

E.faecalis possesses many virulance factors like superoxide, lipotechoic acid LTA, aggregation substances AS, 

cytolycin, hyelorenidase and lipase (11), which facilitate the spread of bacteria in the tissues of the host, especially 

hyelorenidase factor (spread) and enable the induction of primary lesions of atherosclerosis, as well as bacteria that 

stimulate the release of cytokines  and chemokines, leading to more injury, characterized by an inflammatory 

response. The lesions attributed to injury of the endothelium of the aorta resulting from oxidative stress by producing 

superoxide of bacteria which causes change in the permeability of endothelial cells associated with the inflammatory 

response against bacterial invasion, and which contributes to the activation of polymorph nuclear cells PMNCs and 

mono nuclear clls MNCs which accumulate at the site of injury and produce cytokines and chemokines (interleukins 

and tumor necrosis factor TNF-a), and which lead to attract more inflammatory cells which contribute to additional 

injury to the vessel wall where it produce ROS which exacerbate oxidative stress. There is a consensus that 

atherosclerosis represents a state of increased oxidative stress, which is characterized by oxidation of lipids and 

proteins in the vascular wall. According to the hypothesis of the oxidative modification, the LDL oxidized early to 

oxidized ox-LDL, which contributes to the progression of atherosclerotic lesions (38, 58). 

The potential pathogenesis occurs through the transmission of bacteria in the blood vessels through the bloodstream 

after injected i.p in groups (G4), (G5) and (G6), which were confirmed by the presence of bacteria in an intimal layer 

of aorta in 1 and 3 days PI and in the medial layer in day 7 PI observed by gram's tissue modified stain (Brown and 

Bren). As mentioned previously, the virulence factors of E. faecalis, change the anticoagulant phenotype of 

endothelial cells to procoagulant (11, 59) such as aggregation substances AS, which adhere bacteria to endothelial 

cells (60). 

Another dysfunction which is the expansion of the endothelial cells, as well as the cytokines, chemokines, and 

adhesion molecules, contributes to the injury of the endothelial cells and cellular events of inflammatory responses. 

The virulence factor surface adhesions enable bacteria to activate and accumulate the platelets and then adhere to each 

other as well as IgG and immune response that stimulates cytokines and proinflammatory substances, which activate 

platelets (61), as well as the response inflammatory active and platelet activating factor PAF which facilitates 

accumulation of platelets and formation of micro thrombi in location of injury (62). 

Another principal effect of E.faecalis is to stimulate the proliferation of VSMCs by stimulating the production of 

growth factors GF or increasing the expression of growth factor receptors that include fibroblast growth factors FGF, 

epidermal growth factors EGF, and platelet derived growth factors PDGF, which stimulate the synthesis of DNA and 

proliferation of endothelial cells and VSMCs (63). 

The foam cells characterize lesions of atherosclerosis which is a formation and accumulation of fatty droplets within 

the cytoplasm and between VSMCs and mononuclear cells as a result of oxidation and localization lipoprotein of 

LDL-c by ROS, and which leads to the occurrence of the injury in the lining of the blood vessel resulting in an 

imbalance in the permeability of the endothelium which increases the permeability of the plasma proteins such as 

LDL-c, albumin and fibrinogen, making it easier to combine LDL-c in the vessel wall after its association with 

extracellular proteins such as collagen and glycoseamin. It  may also   be the result of  a low hydrolyzing of  esters  of 

cholesterol in the  cytoplasm  and  lysosomes.  Oxidation of  LDL-c  by  mononuclear cells occurs due to  the presence of  

attractive receptors  on their surface  and thus  consists of  foam cells  and stimulates  VSMCs  in releasing extracellular 

proteins  which include proteoglycanes,  collagen,  and  elastic fibers  that are involved  in the formation of  lipid droplets,  

increasing the action   of  scavenger receptors  on the surface of  mononuclear  cells,which  is  an additional  mechanism 

for the  pathogen in the lipids accumulation (64, 65).  

There were increased and irregular collagen fibers appearing in the intimal and medial layers of aorta, and also 

fragmentation of elastic fibers in (G4) after 7 and 30 days PI, with the progress of lesions of atherosclerosis, which is 

due to deposition of extracellular matrix ECM in intima, which is rich in fibers of collagen and elastin, and which 
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were deposited as a network of thin collagen fibers around VSMCs or basal lamina in the initial phase of 

atherosclerosis, leading to accumulation of more fibers; while in the stage of fiberatherma the collagen fibers are thick 

in the intima between the foam cells (66). Collagen fiber  growth continues  through  the development of  atherogenic 

plaques  and it contributes to 60%  of the total  protein content. Collagen  type I is  the highest  amount of  about 70  % and 

is associated  with  collagen  type  III  while the  collagen  type V  increases with  the lesion  )67). The elastin lamellea  were 

fragmented in  more advanced  lesions  of atherosclerosis which  is due to  disruptions  in  elastic fibers  in the media (68),  

where there are   less  amounts  of elastic fibers  in the progress of  plaques  which is due to  deposition  of elastin  with  

calcium ions which are affected by enzymes hydrolyzed elastin (66).  

VSMCs considered  prevalent cells  within  the cells of atherosclerosis  lesions  which include  macrophages  laden lipids, 

lymphocytes and endothelial cells. The functional role of VSMCs in atherosclerosis can be  summed by phenotyping  

transformation from  (quiescent   (  contracting cells  to the active (synthetic) cell formation of  ECM, and proliferation, 

migration  and  releasing of inflammatory mediators   that  include  interferon,  interleukins, TNF-a, and  different kinds 

of growth factors and production of ROS (69, 70, 71, 72). 

The results of our study showed that the microscopic changes of the aorta were more severe after 60 and 90 days PI, 

compared with the early periods in experiment in the (G4) and less severe in the (G5) and (G6) as well as localization 

of lipid droplets in the (G1) and (G2), while this did not appear in (G3), as compared to the (G1) after 90 days PI. 

This was attributed to the development of lesions of atherosclerosis with age progression in conjunction with 

significant in increase lipids in plasma. Localization of fatty droplets in the aorta of groups (G1) and (G2) indicate the 

sensitivity of quails in regard to the induction of primary lesions of self-atherosclerosis and confirmed a high 

significant level of lipids in all quail groups, including the control group (G1) after 90 days of the experiment (111 

days old), but that a group treated with manganese alone (G3) showed an improvement compared with (G1). These 

findings are evidence of manganese as an essential metal and an antioxidant in the protection of primary lesions for 

atherosclerosis. 
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