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Performance and Microbiological Profiles of Piglets
Fed with Diets Enriched with Bio-flavonoids and
Ascorbic Acid.
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ABSTRACT

The objective of this study was to evaluate the performance and microbiological profile of 40 piglets (females and males)
in the nursery phase. The experimental design was completely randomized, with four treatments, five replicates and sex
as a blocking factor. The treatments were distributed in: T1 (control); T2 (Plant Extract as PE, 500 ppm); T3 (Amoxicillin
as A, 20 mg kg') and T4 (PE+A, 500 ppm + 20 mg kg™?). There was no influence (P > 0.01), between treatments for
both the initial and the final weight and average daily gain, but the control group males had an average daily feed intake
of 1.8% or higher (P < 0.01) compared to other treatments. The total count control bacterial colonies were 35.9%, 70.9
% and 63.8 % higher (P < 0.01) to treatment with A, PE+A and PE, respectively. For MacConkey test, the treated group
A was 88.44 %, 91.78 % and 56.50 % higher (P < 0.01) compared to PE+A, PE and control, respectively. The
antibiogram of 48 stool samples had shown that Amoxicillin disk were at 85.7 %, 72.7 %, 44.5 % and 100 % resistant in
the control treatments, PE, A and PE+A respectively. The bioflavonoids and ascorbic acid and the interaction with
amoxicillin did not alter the performance of pigs in the nursery phase but had reduced the presence of bacterial colonies.
Key words: Amoxicillin, Bacterial colonies, E. coli, Nursery, Plant extract
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Molecular Characterization of Staphylococci Isolated
from Cattle with Mastitis.
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ABSTRACT

This study was carried out in order to investigate the occurrence of some virulence genes of Staphylococci isolated from
cattle with mastitis. A total number of 133 milk samples (45 from clinical mastitis and 88 from subclinical mastitis) were
collected from dairy cattle in Kafr EI-Sheikh and EL Gharbia Governorates, Egypt. The samples were examined for the
presence of Staphylococci by classical bacteriological methods and were further characterized geno-typically. A total of 41
Staphylococcus isolates were recovered from cattle with mastitis with an incidence of 30.8%. Among the isolates,
21(15.8%) of S. aureus [6 from clinical mastitis (13.3%) and 15 from subclinical mastitis (17%)] and 20 (15%) isolates
of CNS [8 from clinical mastitis (17.7%) and 12 from subclinical mastitis (13.6%)] were identified phenotypically. All
isolates were screened for the detection of binding protein A (spa-X), haemolysine type A (hla), Haemolysine type B (hib),
and toxic shock syndrome (tsst-1) by PCR. The obtained results revealed that the spa Xgene was detected in all
Staphylococcus isolates recovered from subclinical mastitis while in clinical mastitis was detected with an incidence of
42.9%. Haemolysine type A was detected in clinical and subclinical mastitis with an incidence of 71.4% and 70%
respectively, while haemolysine type B was detected in clinical and subclinical mastitis with an incidence of 28.5% and
40% respectively. Toxic shock syndrome was not detected in any of the isolates. The data in the study provided an
overview on the distribution of some virulence genes related to Staphylococci isolated from cattle with mastitis in Egypt.
Key words: Cattle, Mastitis, Staphylococci, Virulence gene, PCR
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Parasitic Infection with Emphasis on Tylodelphys
spp. as New Host and Locality Records in Nile Perch;
Lates niloticus from Lake Nasser, Egypt.

Hamouda AH, Sorour ShS, El-Habashi NM and El-Hussein
AA.

World Vet. J. 8(1): 19-33, 2018; pii:S232245681800003-8

ABSTRACT
A total number of 200 Lates niloticus were collected alive from several and various localities at Lake Nasser in Aswan
governorate, to investigate the prevailing parasites that infect this fish species. All the examined fish were positive for one
or more parasites, three trematodes of two families were identified: Diplectanum simile, Diplectanum lacustris and
Tylodelphys spp. (recorded for the first time in Lates niloticus representing new host and locality records), two nematodes
of two families: Philometra ovata and L; larvae of Contracaecum spp.(has zoonotic importance), one acanthocephalan
parasite: Rhadinorhynchus niloticus, two crustaceans parasites of one family: Ergasilus kandti and Ergasilus latus, while
no cestodal infections were recorded at all. The prevalence of trematodes was at 95% meanwhile the nematodes were at
100% in addition to the acanthocephalan parasite was at 24.5% as well, crustaceans parasites were at 69.5%. This study
evaluated clinical signs, postmortem examinations, parasitological examinations, seasonal prevalence and
histopathological investigations of infected fish in addition to the relation between fish age and parasitism was also
described. This study builds on our current understanding of different parasites infecting the wild Lates niloticus and
provides novel information on the patterns of the isolated parasites and also serves to reassure the consumers that the
musculature (the edible part) of the fish was free from any parasitic infections and safe for human consumption provided
that the fish must be eviscerated as soon as possible after being caught and adequately cooked.
Key words: Lates niloticus, Nile perch, Tylodelphys spp., Philometra ovata, Pathology, Lake Nasser
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Performance and Microbiological Profiles of Piglets
Fed with Diets Enriched with Bio-flavonoids and
Ascorbic Acid

Magali Fernandes de Oliveira®, Carlos Augusto Rigon Rossi'*, Matheus Shardong Lucca®, Marcelo Soares’,
Vladimir de Oliveira®, Julianni Dornelles’, Luara Medianeira de Lima Schldsser® and Cristian Guilherme Graf’

!Department of Large Animal Clinic, Federal University of Santa Maria, RS, Brazil
2Department of Animal Science, Federal University of Santa Maria, RS, Brazil
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ABSTRACT

The objective of this study was to evaluate the performance and microbiological profile of 40 piglets (females and
males) in the nursery phase. The experimental design was completely randomized, with four treatments, five
replicates and sex as a blocking factor. The treatments were distributed in: T1 (control); T2 (Plant Extract as PE, 500
ppm); T3 (Amoxicillin as A, 20 mg kg™) and T4 (PE+A, 500 ppm + 20 mg kg™). There was no influence (P>0.01),
between treatments for both the initial and the final weight and average daily gain, but the control group males had
an average daily feed intake of 1.8% or higher (P<0.01) compared to other treatments. The total count control
bacterial colonies were 35.9%, 70.9 % and 63.8 % higher (P<0.01) to treatment with A, PE+A and PE, respectively.
For MacConkey test, the treated group A was 88.44 %, 91.78 % and 56.50 % higher (P<0.01) compared to PE+A,
PE and control, respectively. The antibiogram of 48 stool samples had shown that Amoxicillin disk were at 85.7 %,
72.7 %, 44.5 % and 100 % resistant in the control treatments, PE, A and PE+A respectively. The bioflavonoids and
ascorbic acid and the interaction with amoxicillin did not alter the performance of pigs in the nursery phase but had
reduced the presence of bacterial colonies.
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Key words: Amoxicillin, Bacterial colonies, E. coli, Nursery, Plant extract

INTRODUCTION

The continuous overcoming of the technical difficulties is a challenge that marks the lives of modern pig farming. There
were numerous contributions ranging from genetic improvement, the improvement of knowledge about nutrition and
health, ambience, facilities and reproduction. Nevertheless, there are several challenges to be overcome in all sectors of
pork production, because even with the modern technologies available, the piglets are still suffering from the
enteropathies (Anami et al., 2008).

Diarrhea, and other diseases that affect the digestive tract of pigs have many factors and the major contributors
involved are the Clostridium perfringens type A or type C, Escherichia coli enterotoxigenic, Isospora suis, rotavirus and
transmissible gastroenteritis virus of pigs (Yaeger et al., 2007; Hur and Lee, 2012). In a brief consideration of the
occurrence of diarrhea in pigs, which determines the importance of these episodes are factors such as the number of
patients, the course of the disease, the degree of dehydration of the affected piglets, the specific mortality due to a
problem, the repetition of episodes in different lots and the quantities and efficiency of drugs and vaccinations in course
(Barcellos et al., 2011). Diarrhea occurs with clinical signs such as loss of solutes and water, electrolyte depletion, acid-
base imbalance and dehydration, which can be fatal if not treated properly (Zlotowski et al., 2008). The treatments are
difficult, facing high and often inefficient costs, but prevention and proper management are effective ways to reduce the
incidences of diarrhea. The need to ensure the zootechnical and economic results of pig production encouraged the
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routine incorporation of antibacterial (growth promoters) in feed intended for stages of the production process.
Accordingly, new alternatives to ensure animal performance, quality of final product and reduce undesired waste to
consumer health are being scientifically considered.

Research has been conducted with prebiotics, enzymes, organic acids and plant extracts (PE). Organic acids (OAS)
have been widely used in pig diets, acting as a promising substitute for antibiotics and antibiotic growth promoters
(AGP) (Lei et al., 2017; Long et al., 2018). Previous studies showed that both free and encapsulated organic acids
supplementation improved the performance of weaned piglets and also intestinal morphology and health (Diao et al.,
2016). The PE have been represented by phenolic compounds (flavonoids or bioflavonoids), and ascorbic acid. The
bioflavonoids are natural antioxidants with anti-inflammatory action, anti-microbial, antiallergics and immune-
stimulating (Cushnie & Lamb, 2005). Ascorbic acid takes part in several metabolic processes, such as the formation of
collagen, synthesis of epinephrine, corticosteroids and bile steroids (Pion et al., 2004). Besides enzyme cofactor, ascorbic
acid participates in the redox processes, enhancing iron absorption and inactivation of free radicals (Padayatty et al.,
2003). The benefits of therapeutic use of ascorbic acid in pigs are observed in the performance, pre-slaughter stress and
meat quality (Pion et al., 2004).

The individual properties and synergistic action of its active ingredients, the use of PE can enhance the immune
response of piglets in nursery phase. Although there is positive information related to the synergy of the constituents of
PE, its use in the control of clinical signs of diarrhea in piglets are weak and inconclusive. The objective of this work was
to evaluate the performance and the microbiological profile of piglets in the nursery phase fed with diets containing bio-
flavonoids and ascorbic acid.

MATERIALS AND METHODS

The animals were housed in Sector Swine Department of Animal Science UFSM, Brazil. The experiment was performed
in the period 2 to 23 December 2016. The experimental units had an average weight of £ 5.89 kg. The nursery shed had
48 raised bays at 0.40m from the ground, with leaked plastic floor with 2m? of area per bay 48 raised bays. The stalls
were equipped with semi- automatic feeders and drinker’s pacifier type, with height adjustment. The shed had automatic
drive curtains, a set of four exhaust fans and air conditioning.

The animals upon arrival were weighed, identified and distributed in the treatments. Forty animals housed were
used in 40 stalls, 20 females and 20 males weaned, arranged in a completely randomized design with four treatments,
five replicates and used sex as blocking factor.

Treatments

The treatments were as follows, respectively: T1 (control); T2 (PE, 500 ppm); T3 (Amoxicillin, 20 mg kg™) and T4
(PE+A, 500 ppm + 20 mg kg™). The PE consists of lactic acid (180 g kg™), vitamin C (5.200 g kg™), flavonoids (344 mg
kg™), citric acid (400 g kg™), phosphoric acid (15 g kg™), fumaric acid (20 g kg™). The Amoxicillin (50 g) was used at a
dose of 20 mg per kilogram of weight. The animals were subjected to constant clinical evaluations regarding the degree
of hydration and diarrhea symptoms. The minimum and maximum temperature was recorded twice daily. The animals
had consumed a commercial iso-nutritive diet, following the nutritional requirements of NRC (2012) (Table 1), the
animals were fed at will and had ad libitum access to water. The weight gain data were obtained weekly and weights of
individual animals. The daily feed intake was obtained by according to the weighing the ration provided, that were
remaining as daily leftovers present in the feeders. Feed conversion was estimated from the previous variables.

Ethical approval
This work was approved by the Ethics Committee on the Use of Animals (CEUA) of the Federal University of
Santa Maria (UFSM), Santa Maria, RS, Brazil.

Microbiological profile

To evaluate the microbiological profile, animal feces were collected, identified and sent to the Bacteriology
Laboratory (LABAC) of the Federal University of Santa Maria (UFSM) for counting bacterial colonies. The fecal
samples were taken on days the 7th, 14th and 21st of the experiment. PCA was used to count colonies (Plate Count
Agar) and MacConkey. Further biochemical tests were performed (oxidation and fermentation of sugars (GOF), Indol
production (SIM), use of sugar (TSI) and urease) for the identification of E. coli. The colonies were stored in glycerol for
subsequent culture and sensitivity of 48 preserved specimens. The samples passed through subculture in VBR and then
taken to an oven for 24 hours at 37°C. After this period, with platinum loop, some colonies were added to Muller Hilton
broth (MH) and thereafter on MH agar and added to the antibiotic disks to be routed to incubator for 24 hours at 37°C.
After 24 hours the reading made with a transparent millimeter ruler to determine the diameter in mm for each inhibition
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zone. The following discs were used for susceptibility testing: Polymyxin (30 ug), Cefepine (30 ug), Amoxicillin (10
mg), Neomycin (30 pg), Norfloxacin (10 mg), Ceftriaxone (30 pg), Meropenem (10 mg) and Ampicillin (10 mg).

Table 1. Proximate analysis of diets supplemented piglets in nursery phase diets containing bioflavonoids and ascorbic
acid

Ingredients Pre-initial 1* Initial I*
Crude Protein (g kg®) 180 177.99
Humidity (g kg% 120 120
Formic Acid (mg kg% 325 -
Folic Acid (mg kg - 0.60
Pantatenic Acid (mg kg™) - 13.65
Biotin (mg kg™ - 75
Cobalt (mg kg'*) - 19.95
Lactic Acid (mg kg™) 760 -
Calcio Pantothenate (mg kg% 11 -
Fruit Aroma (mg kg™ 30 -
BHT (mg kg™) 97 -
Calcio (mg kg™ 8,000 8
Calcio (mg kg™ 5,000 6.25
Cuprum (mg kg™ 8 0.6
Colina (mg kg™) - 349
Etoxiquin (mg kg™ - 25
Ethereal extract (mg kg™) 25 27.6
Iron (mg kg™ 79 112
Gross fiber (g kg%) 35 22.6
Phosphorus mg kg™) 3,500 5.4
Halquinol (mg kg™) 120 -
lodine (mg kg™ 0.49 1.95
Lisina (g kg™) 12 6,175
Manganes (mg kg™) 30 62.25
Mineral Material (g kg™) 60 33.38
Metionina (mg kg™) 5,000 3,394
Niacina (mg kg™) 18 33
Selenio (mg kg™) 0.25 0.3
Sodio (mg kg™) 1,800 0.24
Treonina (mg kg™) 1,800 -
Triptofano (mg kg™) 790 -
Vitamin A (Ul kg™ 6,400 15,900
Vitamin B12 (mcg kg™®) 30 30
Vitamin B1 (mg kg™) - 1.2
Vitamin B2 (mg kg™) 4 8.4
Vitamin B6 (mg kg™) 2 3.39
Vitamin D3 (Ul kg 1,200 32,400
Vitamin E (Ul kg™) 30 39
Vitamin K3 (mg kg'%) 1 1.65
Zinco (mg kg'®) 2,500 2,250

Basic product composition: folic acid, nicotinic acid, calcium carbonate, sodium chloride, choline chloride, etoxiquin, transgenic soybean meal, ground
corn, phytase, dicalcium phosphate, halquinol, potassium iodate, zinc oxide, calcium pantothenate, sodium selenite, cobalt sulfate, copper sulfate, iron
sulfate, manganese sulfate, vitamin A, vitamin B1, B2, B6, B12, D3, E and K.

Data Analysis

The data were submitted to variance analysis by the GLM procedure in the 5% level of significance. The effects
included in the analytical model were treatments (T) and week (S). Any differences between the means were compared
by Tukey test (P<0.05). Statistical analyzes were performed using the statistical software Minitab version 15 (Mckenzie
and Goldman, 2010). The antibiotic susceptibility data were assessed through sensitivity percentage, intermediate
susceptibility and resistance to antibiotics.

RESULTS

Animal performance did not differ (P>0.01) between treatments for both the initial and the final weight and average

daily gain. However, the control group males had an average daily feed intake of (CDMR) 1.8% higher (P<0.01) to other

treatments and feed conversion (FC) 2.11% higher (P<0.01) compared to treatment with PE (Table 2). The total count of

bacterial colonies in the control group were at 35.9%, 70.9% and 63.8% higher (P<0.01) to treatment with A, PE+A and

PE, respectively. The count of small colonies in the control group was 72.3%, 75.99% and 75.35% higher (P<0.01) to

treatment with A, PE+A and PE, respectively. The average colony count of treatment with A was 58.27%, 75.37% and
3
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99.82% higher (P<0.01) to treatment with PE, PE+A and the control group, respectively. Regarding the large colonies
there were no differences (P>0.01) between treatments. Therefore, in the count MacConkey way, the treated group A
was 88.44%, 91.78% and 56.50% higher (P<0.01) to treatment with PE+A, PE and control, respectively (Table 3).

In assessing the susceptibility testing (percentage data), it was observed that antibiotics (Cefepine, CPM,;
Ceftriaxone, CRO and Merepenem, MPM) showed 100% sensitivity independent of the treatments. The polymyxin
showed 100% resistance in the control treatments, PE, and PE+A, but 66.6% of resistance in the treatment A. The
antibiotic susceptibility to the amoxicillin disc had showed 85.7%, 72.7%, 44.5% and 100% resistance in the control
treatments, PEA and PE+A, respectively (Table 4). The disks with ampicillin and Norfloxacin showed 88.8% and 88.8%
strength, respectively in treatment A. In summary, we can see that the antibiogram with Amoxicillin discs, Norfloxacin
and Ampicillin showed higher percentage of resistance in dependent of treatments. Still, we can see that the antibiogram
with neomycin discs showed 100% of intermediate sensibility in treatment with PE+A and0% resistance in the other
treatments.

Table 2. Performance of piglets in nursery phase fed diets containing bioflavonoids and ascorbic acid

Weight In Weight Fi ADFI DWG CF
Treatments (T) v F M F v F v F v F
Control 5.69 5.55 9.01 8.90 0537 0.53 0.36 0.36 1.42% 1.41
Plant Extract (PE) 5.78 6.61 9.16 9.98 0.52° 0.52 0.36 0.36 1.39° 1.39
Amoxicillin (A) 5.88 6.61 9.22 9.92 0.52° 0.52 0.36 0.36 1.39% 1.41
PE+A 5.41 5.67 8.76 8.79 0.52° 0.52 0.36 0.36 1.40% 1.41
RSD 0.56 0.54 0.89 0.83 0.01 0.01 0.01 0.01 0.01 0.03
Probability

T 0.87 0.91 0.23 0.17 0.01 0.08 0.85 0.94 0.01 0.54

R 0.01! 0.012 0.69 0.70 0.01° 0.07 0.11 0.54 0.01* 0.21

Weight In= initial weight; Weight Fi= final weight; ADFI= average daily feed intake; DWG= daily weight gain; CF= conversion food; RSD = residual
standard deviation; R= repeat; M= male; F= female; Regression equations for *Weight In males: (Weight In=4.65+0.59R) =; *Weight In females:
(Weight In=6.03+0.10R); *ADFI males: (ADFI=0.52+0.0008R); “CF machos: (CF=1.38+0.012R).

Table 3. Count of bacterial colonies of fecal content in initial phase of piglets nursery fed diets enriched with
bioflavonoids and ascorbic acid

Count (UFC mL™)

Treatments Total Count Small Colony Medium Colony Big Colony mC
Control 684797437.5°% 507353125° 515000° 24855375 24855375°
Plant Extract (PE) 247453000° 125062500° 121118125° 1334875 4693963°
Amoxicillin (A) 438725000° 140493750° 290243750° 250000 57148625°
PE+A 198959562.5° 121786875" 71472688° 2668750 6604125°
RSD 179 129 142 288 239
Probability

T 0.01 0.01 0.01 0.14 0.01

W 0.01* 0.012 0.01% 0.01* 0.01°

Atb= antibiotic; RSD=residual standard deviation; W=Week; mC= MacConkey Agar; Regression equation for week evaluation: "W=2.80 - 0.000000
The total colony count; 2W=2.84 - 0.023000 Count small colonies;*W=2.44 + 0.031000 Count medium colonies; “W=2.72 - 0.0420000 Count large
colonies; "W=2.62 - 0.063000 mC.

Table 4. Antibiogram (sensitivity in %) of piglets from stool samples in nursery phase fed diets containing bioflavonoids
and ascorbic acid

Treatments Sensitivity Polym CPM AMO NEO NOR CRO MPM AMP
S 100 100 14.3 85.7 100 100 100 14.3
Control IS 0 0 0 14.3 0 0 0 0
R 0 0 85.7 0 0 0 0 85.7
S 100 100 27.3 54.5 36.4 100 100 27.3
Plant Extract (PE) IS 0 0 0 455 9.1 0 0 0
R 0 0 72.7 0 54.5 0 0 72.7
S 66.6 100 333 55.5 11.2 100 100 11.2
Amoxicillin (A) IS 22.2 0 222 44.5 0 0 0 0
R 11.2 0 44.5 0 88.8 0 0 88.8
S 100 100 0 0 0 100 100 333
PE+A IS 0 0 0 100 0 0 0 0
R 0 0 100 0 100 0 0 66.6

Polym= polymyxin; CPM= Cefepine; AMO= Amoxicillin; NEO= Neomycin; NOR= Norfloxacin; CRO= Ceftriaxone; MPM= Merepenem; AMP=
Ampicillin; S= Sensitive; 1IS= Intermediate sensitivity; R= Resistant
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DISCUSSION

Currently, the nutritional aspects involving the plant extracts have been measured by the antimicrobial activity they have
on the enzyme systems, cell structures and biological molecules. However, it is interesting to note that the biological
effects of natural antioxidants are enhanced by interactions between the constituents of the formula (Middleton et al.,
2000). For example, bioavailability and efficiency of vitamin C and bioflavonoids are lower than if they were
administered alone (Navarro et al., 2008). Among the various actions, antioxidants protect the immune system. The
bioflavonoids modulate inflammatory responses, such as inhibition of PGE2 inhibition of IgE and membrane myelin
phagocytosis in multiple sclerosis process (Florez, 2002). Currently, the acidifying is used in the diets of pigs in the early
stages of growth, aiding in performance after weaning (Miguel, 2008).

In our study, we observed a higher average daily feed intake of males in the control group and consequently lower
feed efficiency, compared to the other treatments. In another study, one of the constituents of the formula for PE, more
specifically fumaric acid was used in the diet of piglets in post- weaning, it had improved animal performance, both the
weight gains and feed conversion as well as increased feed intake (Teixeira et al., 2003). Already using 1.5 to 3.0 %
citric acid in piglet’s diet post weaning, showed no improvement in weight gain and feed efficiency (Radecki et al.,
1988). Already, Xu et al. (2018) testing the combination of OAs and oils essentials didn’t show a larger positive effect
on intestinal health than when supplied individually, but it may increase the growth performance according to the
complementary effects of OA and oils essentials in weaned piglets. Therefore, the responses of the performance
characteristics and the apparent digestibility coefficients of nutrients, acidifying front of supplementation are variable
and contradictory (Miguel, 2008).

Several hypotheses are suggested regarding the mechanism of action of acidifying and between the reduction in
stomach pH, changes in intestinal microflora (by control bactericide) or bacteriostatic, improved digestibility and
nutrient retention (Miguel, 2008). It is important to remember that the secretion of hydrochloric acid in young piglets is
limited due to insufficient production of hydrochloric acid. This was observed in another study, which assessed liquid
diets fermented or not, and stressed that reducing the pH favor the use of short-chain fatty acids (organic acids) and
control of enterobacteria (Canibe et al., 2007). Accordingly, the use of acidifiers in the diets of weaning piglets in the
post may serve as an adjuvant to control pH of the stomach and assist in the digestion of food grain-based and vegetable
bran (Gallo et al., 2003). However, we note that the most consistent results are relative to antimicrobial power of
acidifying.

This power, in most cases occurs when stomach pH has decreased. One of microbial control mechanisms refers to
the capacity of that acidifying have to change the pH of the environment due to its potential dissociation (pKa) between
the dissociated and non- dissociated (Partanen and Mroz, 1999). The absorption of organic acids takes place faster when
the luminal pH value is smaller than pKa of the acids. The pKa of an acid is the pH at which 50% of the acid is in the
ionized form, being determined by the negative logarithm of the acid ionization constant, or Ka, which in turn indicates
the acid strength, so its tendency to donate protons. For be expressed logarithmically, one pH unit above the pKa of an
acid indicates that 90% of the acid is in the non-dissociated form and with two pH units above the pKa, 99% of the acid
will not be dissociated and pKa of the most acidic are between 3 and 5 (Bellaver and Scheuermann, 2004; Thompson and
Hinton, 1997).

When the acid is in the ionized form can diffuse freely through the semipermeable membrane of the microorganism
to its cellular cytoplasm and into the cell in a more alkaline environment releases the proton resulting in a decrease of the
intracellular pH (Canibe et al., 2001). This aspect influences the microbial metabolism, inhibiting the release of
important enzymes and forcing the bacterial cell to use energy to release protons, leading to intracellular accumulation of
anions and consequently reduces their growth rate and this due to energy consumption through the action of pumping
ATPase proton pump (H+) until exhaustion of this bacterium (Gauthier, 2005).

These events reported above may have happened in our study because the total count of bacterial colonies was
more favorable to treatment with PE and PE+A. As an example, the total colony count of treatment with PE was 70.9%
lower than the control group, which brings us the possibility of PE effectively present antimicrobial properties. In this
sense, the result for Mac Conkey method way helps to differentiate presumptively, the genera and species of
microorganisms by staining or colony morphology. In our work, we found that the group receiving PE, had decreased by
91.78% in colony as compared to the control group. Through these results and the biochemical tests carried out, we can
estimate that these colonies are of the genus E. coli. is the microorganism present in samples of feces and part of the
intestinal saprophytic flora. E. coli is facultative anaerobic bacterium rod morphology, gram negative, fermenting lactose
and easily grows in culture media such as Mac Conkey agar, forming large red colonies (Gyles and Fairbrother, 2004).
Under biochemical evaluation, it shows a positive reaction for indole, negative for urease production and hydrogen
sulfide and does not use citrate as a carbon source. These tests sallow a distinction between Enterobacteriaceae (Debroy
and Maddox, 2001).
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Among the measures to reduce and control E. coli is antibiotic therapy (Glattleider, 1993). Sensitivity to antibiotics
many work shaves been performed with varying results (Wilson, 1981; Brito et al., 2000). Because of the diversity of E.
coli front antimicrobial behavior, especially by using sub doses of antibiotics and the easy transfer of resistance by
plasmids from bacterial samples in our study was conducted antibiogram of feces samples from all treatments. We have
observed that the treatments, actually did not influence the susceptibility testing results. The observed sensitivity can be
the direct effect of antibiotic disks ad deed to the samples.

The antibiotics (Cefepine, Ceftriaxone, and Merepenem) were efficient in all samples. These antimicrobial agents
are probably more efficient to inhibit microbial wall synthesis, resulting in bacterial death. This is possible because the
Gram-negative cells such as E. coli have a much smaller amount of peptidoglycan than Gram positive. This makes its
cell wall is not as thick and strong as the others above, but its structure is more complex due to the fact of the existence
of membrane lipoproteins, polysaccharides and phospholipids, which involves its cell wall (Kinn et al., 2005).

To access the bacterial cell, antibiotics must cross through the cell wall porin protein channels embedded in lipid
structure that present the inside with hydrophilic characteristics. So, antibiotics with greater activity against gram-
negative are those with ionizable groups in its chemical structure (Guimaraes et al., 2010).

Therefore, the characterization of an intestinal imbalance, diarrhea, commonly appears as an important sign of the
complexity of the process. It is interesting to remember that bowel momentum is continuing, with immune responses of
different intensities on substances or offensive and harmless agents. These tax challenges, often multifactorial actions
that are caused by a plethora of causes, nutritional or dietary resources can be interesting to accelerate the recovery of
any damage to the digestive system. To this end, further studies are needed to evaluate the optimal levels of inclusion
and better combinations of plant extracts, given the possibility of improving the immune response of piglets in nursery
phase.

CONCLUSION

The use of bioflavonoids and ascorbic acid did not alter the performance of pigs in the nursery phase. The use of plant
extracts and associated with Amoxicillin reduces the count of bacterial colonies. It was observed that the high resistance
of the studied samples for amoxicillin, neomycin and Norfloxacin. The antimicrobial Cefepine, Ceftriaxone and
Merepenem were more efficient in inhibiting the growth of E. coli strains isolated from pigs supplemented with ascorbic
acid and bioflavonoid.

DECLARATIONS

Acknowledgements

The authors wish to acknowledge the LABAC to the aid provided and application of tests, the Department of
Animal Science for granting facilities to run the experiment, the Quinabra Chemical Brazilian Natural Ltda, the partial
funding of the project and the Post Graduate Programming Veterinary Medicine (UFSM), for their supports in the
implementation of work.

Author’s contribution

The authors, Magali Fernandes de Oliveira, Carlos Augusto Rigon Rossi, Matheus Shardong Lucca, Marcelo
Soares, were responsible for collection and tabulation of data, experimental management of the pigs, as well as the
article writing. The authors, Carlos Augusto Rigon Rossi, Vladimir de Oliveira, Julianni Dornelles, Luara Medianeira de
Lima Schlgsserand Cristian Guilherme Graf were responsible for reviewing the manuscript.

Consent to publish

The authors, Magali Fernandes de Oliveira, Carlos Augusto Rigon Rossi, Matheus Shardong Lucca, Marcelo
Soares, Vladimir de Oliveira, Julianni Dornelles, Luara Medianeira de Lima Schldsserand Cristian Guilherme Graf are in
favor of publishing the article entitled: “Performance and Microbiological Profiles of Piglets Fed with Diets Enriched
with Bio-flavonoids and Ascorbic Acid” in the World™® Veterinary Journal.

Competing interests
The authors have declared that there is no competing interest exists.

REFERENCES

Anami RM, Santos JMG and Ferreira SR (2008). Desenvolvimento e avaliagdo de uma bacterina contra colibacilose em suinos.
Iniciacdo Cientifica Cesumar. 10 (2). http://periodicos.unicesumar.edu.br/index.php/iccesumar/article/view/831/644

6
ONEIERIEN LR de Oliveira MF, Rigon Rossi CA, Shardong Lucca M, Soares M, de Oliveira V, Dornelles J, de Lima Schlosser LM and Guilherme Graf C (2018).
Performance and Microbiological Profiles of Piglets Fed with Diets Enriched with Bio-flavonoids and Ascorbic Acid. World Vet J, 8(1): 01-08; http://wvj.science-line.com



Barcellos DE, Sato JPH and Andrade MR (2011). Diarreias nutricionais dos suinos: uma visao do veterinario clinico.In:VI SINSUI -
Simposio Internacional de Suinocultura, Porto Alegre. Anais.23-34. http://eventos.livera.com.br/conteudo/arquivo/anais-vi-
sinsui-2011-1482167492.pdf

Bellaver C and Scheuermann G (2004). Aplicac@es dos &cidos organicos na producéo de aves de corte. In: CONFERENCIA AVESUI,
Florianopolis, SC. Anais. 1-16. http://www.cnpsa.embrapa.br/sgc/sgc_publicacoes/publicacao_h6n45p3z.pdf

Brito BG and Tagliari KC (2000). Sensibilidade antimicrobiana de amostras de E. coli isoladas de leitbes com diarreia ap6s o
desmame. Brazilian Archives of Biology and Technology, Curitiba, 43: (1): 1-5. http://dx.doi.org/10.1590/S1516-
89132000000100017

Canibe N, Hojberg O, Badsberg JH and Jensen BB (2007). Effect of feeding fermented liquid feed ande fermented grain on
gastrointestinal ecology ande growth performance in piglets. Journal of Animal Science, 85: 2959-2971.
https://www.ncbi.nlm.nih.gov/pubmed/17591711

Cushnie TP and Lamb AJ (2005). Antimicrobial activity of flavonoids. International Journal of Antimicrobial Agents, 26: 343-356.
DOI: doi:10.1016/j.ijantimicag. 2005.09.002

DebRoy C and Maddox CW (2007). Identification of virulence attributes of gastrointestinal Escherichia coli isolates of Veterinary
significance. Animal Health Research Reviews, 1: (2):129-140. DOI: 10.1079/AHRR200131.

Diao H, Gao Z, Yu B, Zheng P, He J, Yu J, Huang Z, Chen D and Mao X (2016). Effects of benzoic acid (VevoVitaII®) on the
performance and jejunal digestive physiology in young pigs. Journal Animal Science Biotechnology, 2: 1-7. DOI:
10.1186/540104-016-0091-y

Flérez SM (2002). Los flavonoides: propiedades y acciones antioxidantes. Nutricion Hospitalaria, Ciudad Industrial Venecia, Madrid,
Espanha, 6: 271-278. http://www.nutricionhospitalaria.com/pdf/3338.pdf

Gallo BL, Viola E, and Conde, OR de A (2003). Uso do composto de &cidos orgénicos Profitol em dietas de leitdes pré e pés
desmame. Saldo de Iniciagdo Cientifica, Porto Alegre, RS. 24-28. http://www.lume.ufrgs.br/bitstream/handle/10183/
39404/000394202.pdf?sequence=1

Gauthier R (2005). Modo de agdo dos acidificantes e interesse que geram na fase de crescimento e terminacdo. Revista Pork World, 5:
(28):52-58.

Glattleider DL (1993). Pathologie digestive du porc en croissance et alimentation. Recueil de Medecine Veterinaire. 169: (8/9), 719-
32.

Guimardes DO, Momesso L da S and Puppo MT (2010). Antibidticos: importancia terapéutica e perspectivas para a descoberta e
desenvolvimento de novos agentes. Quimica Nova, 33: (3), 667-679. DOI: http://dx.doi.org/10.1590/S0100-
40422010000300035.

Gyles CL, Fairbrother JM (2004). Escherichia coli. In: Gyles, CL, Prescott, JF, Songer, JG, Thoen, CO. Pathogenesis in Bacterial
Infections in Animals. Ames: Blackwell Publishing. p 223.

Hur J and Lee JH (2012). Development of a novel live vaccine delivering enterotoxigenic Escherichia coli fimbrial antigens to prevent
post-weaning diarrhea in piglets. Veterinary Immunology and Immunopathology, 146: 283-
288.https://www.nchi.nIm.nih.gov/pubmed/22417986

Lei XJ, Park JW, Baek DH, Kim JK and Kim IH (2017). Feeding the blend of organic acids and medium chain fatty acids reduces the
diarrhea in piglets orally challenged with enterotoxigenic Escherichia coli K88. Animal Feed Science and Technology, 224: 46-
51. DOI: https://doi.org/10.1016/j.anifeedsci.2016.11.016

Long SF, Xu YT, Pan L, Wang QQ, Wang CL, Wu JY, Wu YY, Han YM, Yun CH and Piao XS (2018). Mixed organic acids as
antibiotic substitutes improve performance, serum immunity, intestinal morphology and microbiota for weaned piglets. Animal
Feed Science and Technology, 235: 23-32. DOI: https://doi.org/10.1016/j.anifeedsci.2017.08.018

Menin A, Reck C, Souza Daiane DE, Klein C and Vaz E (2008). Agentes bacterianos enteropatogénicos em suinos de diferentes
faixas etarias e perfil de resisténcia a antibicrobianos de cepas de Escherichia coli e Salmonella sp. Ciéncia Rural. 38: (6), 1686-
1693. DOI: http://dx.doi.org/10.1590/S0103-84782008000600030.

Middleton E, Kandaswami C and Theoharides TC (2000). The effects of plant flavonoids on mammalian cells: implications for
inflammation, heart disease, and cancer. Pharmacological Reviews, Bethesda, E.U.A., 4: 673-751.
https://www.ncbi.nlm.nih.gov/pubmed/11121513

MiguelWC(2008). Suplementacéo de acidificantes em ragdes de leitdes desmamados: desempenho e digestibilidade.54 f. Dissertagdo
de Mestrado em Nutricdo e Producdo animal, Faculdade de Medicina Veterinaria e Zootecnia, Universidade de S&o Paulo,
Pirassununga, SP. 2004.

Minitab (2010). User's guide: Meet Minitab, 16: pp. 1-142.

Navarro M, Granizo J and Sebastian M (2008). Publicacion para veterinarios y técnicos del sector de animales de produccion extractos
vegetales como fuente de antioxidantes naturales en la alimentacion animal. Albéitar - Foroempresas:Probena, S.L., Zaragoza,
Espanha. 116:64-65.

Nutrient Requirements Of Swine (2012): Eleventh Revised Edition: Models for Estimating Nutrient Requirements of Pigs Case
studies. http://dels.nas.edu/resources/static-assets/banr/swine-resources/case-studies-pdf.pdf

Padayatty SJ, Katz A, Wang Y, Eck P, Kwon O, Lee JH, Chen S, Corpe C, Dutta A, Dutta SK and Levine M (2003). Vitamin C as an
Antioxidant: evaluation of its role in disease prevention. Journal of the American College of Nutrition, 22: (1):18-35.
DOI:10.1080/07315724.2003.10719272.

Partanen KH and Mroz Z 1999. Organicacids for performance enhancement in pig diets. Nutrition research reviews, 12: (1):117-145.
DOI:10.1079/095442299108728884.

7
ONEIERIEN LR de Oliveira MF, Rigon Rossi CA, Shardong Lucca M, Soares M, de Oliveira V, Dornelles J, de Lima Schlosser LM and Guilherme Graf C (2018).
Performance and Microbiological Profiles of Piglets Fed with Diets Enriched with Bio-flavonoids and Ascorbic Acid. World Vet J, 8(1): 01-08; http://wvj.science-line.com


https://www.ncbi.nlm.nih.gov/pubmed/22417986
http://www.sciencedirect.com/science/journal/03778401
https://doi.org/10.1016/j.anifeedsci.2016.11.016
http://www.sciencedirect.com/science/journal/03778401
http://www.sciencedirect.com/science/journal/03778401
https://doi.org/10.1016/j.anifeedsci.2017.08.018

Pion SJ, Van Heugten E, See MT, Larick DK and Pardue S (2004). Effects of vitamin C supplementation on plasma ascorbic acid and
oxalate  concentrations  and meat  quality in  swine.  Journal of  Animal Science,82: 2004-
2012.https://www.animalsciencepublications.org/.../jas/pdfs/.../0822004

RadeckiSV,JuhIMR and Miller ER(1988). Fumaric and citric acids feed additives in starter pig diets: effect on performance and
nutrient balance. Journal of animal Science,66: 2598-2605. https://www.ncbi.nlm.nih.gov/pubmed/3198539

Teixeira MP, Silva GF, Lopes DC, Corassa A, Teixeira AO, Bunzen S, Pena SM, Gatas G and Costa LF (2003). Avaliacdo de &cidos
organicos e inorganicos em dietas para leitdes desmamados aos 21 dias de idade. Reunido Anual da Sociedade Brasileira de
Zootecnia, Santa Maria, RS. CD ROM.

Thompson JL and Hilton M (1997). Antibacterial activity of formic and propionic acids in the diet of hens on salmonella in the crop.
British Poultry Science. 38: (1), 59-65. https://www.nchi.nIm.nih.gov/pubmed/9088614

Wilson MR (1981). Enteric Colibacillosis. In: Leman, A.D. et al. Diseases of Swine. 5. ed. State University Press. lowa. pp. 477.

Yaeger MJ, Kinyon JM and Songer JGA (2007). Prospective, case control study evaluating the association between Clostridium
Difficile toxins in the colon of neonatal swine and gross and microscopic lesions. Journal of Veterinary Diagnostic Investigation,
1: 52-59. DOI: 10.1177/104063870701900108.

Xu YT, Liu Li, Long SF, Pan L and Piao XS (2018). Effect of organic acids and essential oils on performance, intestinal health and
digestive enzyme activities of weaned pigs. Animal Feed Science and Technology, 235: 110-119. DOI:
https://doi.org/10.1016/j.anifeedsci.2017.10.012

Zlotowski P, Driemeier D and Barcellos DESN (2008). Patogenia das diarréias dos suinos: modelos e exemplos. Acta Scientiae
Veterinariae,36: 81-86. http://www.ufrgs.br/actavet/36-suple-1/11_patogenia.pdf

8
ONEIERIEN LR de Oliveira MF, Rigon Rossi CA, Shardong Lucca M, Soares M, de Oliveira V, Dornelles J, de Lima Schlosser LM and Guilherme Graf C (2018).
Performance and Microbiological Profiles of Piglets Fed with Diets Enriched with Bio-flavonoids and Ascorbic Acid. World Vet J, 8(1): 01-08; http://wvj.science-line.com



2018, Scienceline Publication

World™ Veterinary Journal
World Vet J, 8(1): 09-18, March 25, 2018 ISSN 2322-4568

Molecular Characterization of Staphylococci Isolated
from Cattle with Mastitis

Mohamed M. Ali*, Salwa M.Helmy?, Ibrahim E. El Desouky?* and Hanaa A. Asfour®

Microbiology Department, Animal Health Research Center, Kafr Elsheikh, Egypt

2Bacteriology, Mycology and Immunology Department, Faculty of Veterinary Medicine, Kafrelsheikh University 33516, Egypt
3Department of Mastitis and Neonatal Diseases, Animal Reproduction Research Institute (ARRI), Giza, Egypt

*Corresponding author™ Email: ibrahim543@yahoo.com

ABSTRACT

This study was carried out in order to investigate the occurrence of some virulence genes of Staphylococci isolated
from cattle with mastitis. A total number of 133 milk samples (45 from clinical mastitis and 88 from subclinical
mastitis) were collected from dairy cattle in Kafr EI-Sheikh and EL Gharbia Governorates, Egypt. The samples were
examined for the presence of Staphylococci by classical bacteriological methods and were further characterized
geno-typically. A total of 41 Staphylococcus isolates were recovered from cattle with mastitis with an incidence of
30.8%. Among the isolates, 21(15.8%) of S. aureus [6 from clinical mastitis (13.3%) and 15 from subclinical
mastitis (17%)] and 20 (15%) isolates of CNS [8 from clinical mastitis (17.7%) and 12 from subclinical mastitis
(13.6%)] were identified phenotypically. All isolates were screened for the detection of binding protein A (spa-X),
haemolysine type A (hla), Haemolysine type B (hlb), and toxic shock syndrome (tsst-1) by PCR. The obtained
results revealed that the spa Xgene was detected in all Staphylococcus isolates recovered from subclinical mastitis
while in clinical mastitis was detected with an incidence of 42.9%. Haemolysine type A was detected in clinical and
subclinical mastitis with an incidence of 71.4% and 70% respectively, while haemolysine type B was detected in
clinical and subclinical mastitis with an incidence of 28.5% and 40% respectively. Toxic shock syndrome was not
detected in any of the isolates. The data in the study provided an overview on the distribution of some virulence
genes related to Staphylococci isolated from cattle with mastitis in Egypt.

Key words: Cattle, Mastitis, Staphylococci, Virulence gene, PCR

INTRODUCTION

A wide variety of organisms have been identified as potential mastitis pathogens including E. coli, S. uberis and S.
aureus (Radostitis, 2008; Erskine et al., 2002 and Gitau et al., 2003). Staphylococcal mastitis is a major concern in dairy
farming and a serious source of subclinical and clinical Intra-Mammary Infections (IMI) in dairy cows leading to severe
economic losses to the dairy industry worldwide (Momtaz et al., 2010; Atasever, 2012; Memon et al., 2013). Several
epidemiological studies have suggested that S. aureus is the most prevalent in intramammary infections being related to
more than 80% of the cases (Song et al., 2016). Recently published work has shown that 3 % of all animals are infected
with S. aureus (Schukken et al., 2009), however, S. aureus represents 10 to 12 % of all clinical mastitis infections
(Tenhagen et al., 2009).

Staphylococci have a capacity to produce a large number of putative virulence factors including surface-associated
adhesins, a capsular polysaccharide, exo-enzymes, and exo-toxins. Some of these factors may be of more importance
than others in different diseases or at different stages of the pathogenesis of particular infections, as not all factors are
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produced by each strain (Fitzgerald et al., 2000; Kalorey et al., 2007). One of the important virulence factors is
staphylococcal exo-protein A (spa) which is a bacterial cell wall product that binds to the FC region of immunoglobulin
G and impairs opsonisation by serum complement and phagocytosis by polymorphnuclear leukocytes (Alonso and
Daggett, 2000; Eman et al., 2015). Therefore, low expression of protein A on the cell on surface of S. aureus resulted in
greater number of free receptor sites for complement C3b and in increase in phagocytosis(Gao and Stewart,
2004).Staphylococcal hemolysins are identified as important virulence factors that contribute to bacterial invasion and
escape from the host immune response (Rodrigues and da Silva, 2005). Alpha-hemolysin is the most studied and
characterized S. aureus cytotoxin and is considered as a main pathogenic factor because of its hemolytic, dermonecrotic,
and neurotoxic effects (Dinges et al., 2000). Additionally, beta hemolysin is a sphingomyelinase that is highly active
against bovine erythrocytes (Larsen et al., 2002). The staphylococcal enterotoxins (SEs) are recognized agents of the
staphylococcal food poisoning syndrome and may be involved in other types of infections with sequelae of shock in
humans and animals (Bergdoll, 1981; Marrack and Kappler, 1990). A distantly related protein, toxic shock syndrome
toxin-1 (tsst-1), also produced by S. aureus, was the first toxin shown to be involved in toxic shock syndrome, in both
menstrual and non-menstrual cases (Bergdoll et al., 1981 and Schlievert et al., 1981). However, no immunological
identity and little amino acid homology between tsst-1 and the staphylococcal enterotoxins exist (Blomster-Hautamaa et
al., 1986).

The importance to evaluate Staphylococcus pathogenic activity assessing the combination of virulence genes has
been emphasized both in human and in veterinary medicine (Zecconi et al., 2006; Piccinini et al., 2009). The genotype of
Staphylococcus affects its prevalence and the number of infected quarters within a herd (Fournier et al., 2008). As
information about the genetic variability of different Staphylococcus populations would help in the design of efficient
therapeutic approaches and improvement of control measure. Few reports exist on the prevalence of Staphylococci
among cattle with mastitis in Egypt. Consequently, the purpose of the present study was to investigate the prevalence and
molecular characterization of Staphylococci isolated from dairy cattle with clinical and subclinical mastitis in Kafr El-
Sheikh and EL Gharbia governorates, Egypt.

MATERIALS AND METHODS

Ethics committee approval
Ethical approval handlings of animals were according to the guidelines of animal ethics committee, faculty of
veterinary medicine, Kafrelsheikh University, Egypt.

Sampling and bacterial isolation

A Total of 133 milk samples were collected aseptically from lactating cow (45 from cows with clinical mastitis and
88 from cows with sub clinical mastitis) in Kafr EI-Sheikh and EL Gharbia Governorates, Egypt (Table 1). The samples
were collected into sterile plastic tubes and submitted to the laboratory on ice packs as soon as possible for further
bacteriological examinations. Samples were processed within 24-48 hours after reception. For subclinical mastitis,
apparently normal milk samples were tested by using the California Mastitis Test (CMT), and were graded as negative,
trace, weak, distinct, or strongly positive (Persson et al., 2011). Isolation of Staphylococcus was attempted from the
CMT positive milk samples.

Milk samples were centrifuged; sediment was diluted with equal amount of sterile distilled water and streaked on
Mannitol Salt Agar (Oxoid) at 37°C for 48 h. Suspected colonies were selected and picked onto nutrient agar slants, all
slants were incubated aerobically at 37°C / 24 h for further identification. The isolates were identified as S. aureus based
on their cultural, morphological and biochemical characteristics (tube coagulase, urease, sugar fermentation, catalase
tests). Haemolytic activity was evaluated by plating suspected staphylococcal strains on plates of nutrient agar
supplemented with 10% sterile sheep blood according to Quinn et al. (1994). Types of haemolysins were identified
according to the lysis zone of each Staphylococcus isolates on the blood agar plate after 24 h incubation at 37°C
aerobically.

Table 1. Number and type of samples collected from cattle with mastitis

Farms Clinical Samples Subclinical samples Total samples
Kafr El-Sheikh farms farms 30 61 91
El Gharbia farms 15 27 42
Total 45 88 133
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Molecular detection of Staphylococci virulence genes using PCR

DNA extraction. DNA extraction from samples was performed by using the QlAamp DNA Mini kit (Qiagen,
Germany, GmbH) with modifications from the manufacturer’s recommendations. Briefly, 200 pl of the sample
suspension was incubated with 10 ul of proteinase K and 200 pl of lysis buffer at 56°C for 10 min. After incubation, 200
pl of 100% ethanol was added to the lysate. The sample was then washed and centrifuged following the manufacturer’s
recommendations. Nucleic acid was eluted with 100 pl of elution buffer provided in the kit.

Molecular identification was conducted for the detection of the S. aureus16S rRNA gene by using species-specific
primers described by Wada et al. (2010) and Pradhan et al. (2011). All Staphylococcus isolates were analyzed for four
virulent genes including, spaX (X-region of protein A), hla gene (encoding o haemolysin), hlb gene (gene encoding f3
haemolysin) and tsst-1 gene (encoding toxic shock syndrome toxin). Several PCR protocols were used to detect the
target genes of Staphylococcus isolates. PCR amplification was performed with PTC-100 programmable thermal cycler
(Peltier Effect cycling, MJ, Research, INC, UK). DNA amplification was performed in a final reaction volume of 25 pl
consisting of: 12.5ul of Emerald Amp GT PCR master mix (2X premix), 1 pl of 20 pmol of each primer, 6 pl of the
DNA template and water, nuclease-free up to 25pul. In the present study, the primer pairs used in PCR protocols were
selected from published papers based on specificity, compatibility and ability to target the genes of interest. The
nucleotide sequences and anticipated molecular sizes of PCR amplified fragments for these gene-specific oligonucleotide
primer sets are outlined in table 2. The cycling condition of each gene has been listed in table 3. After PCR reactions, the
amplified products were separated by agarose gel electrophoresis (1.5% agarose gel containing 0.5 mg/ml ethidium
bromide in 0.5 X Tris EDTA electrophoresis buffer) at 5/ cm for 1.5 hand visualized under UV trans-luminator. A 100-
bp DNA ladder (Fermentas, USA) was used as molecular weight marker.

Table 2. Target genes, primers sequences, and amplicon sizes of Staphylococci virulence determinants

Amplified

segment (bp) References

Target genes Primers sequences

165 rRNA TTCGTACCAGCCAGAGGTGGA 229
TCTTCAGCGCATCACCAATGCC

CAA GCA CCA AAA GAG GAA

Wada et al. (2010)
Pradhan et al. (2011)

spa (X region)

CAC CAG GTT TAA CGA CAT 226 Booth etal. (2001)
hla GGTTTAGCCTGG CCTTC 550 Akineden et al. (2001)
CAT CACGAACTCGTT CG Pradhan et al. (2011)
hib GCC AAA GCC GAATCT AAG 850 Wada et al. (2010)
CGC ATATACATCCCATGGC Booth et al. (2001)
-1 ATGGCAGCATCAGCTTGATA
test 350 Booth et al. (2001)
TTTCCAATAACCACCCGTTT
S. aureus nuc GCGATTGATGGT GATACGGTT 267 Brakstad et al. (1992)
gene AGCCAAGCCTTGACGAACTAA AGC

Table 3. Cycling conditions of Staphylococci virulence determinants

Primary Amplification (35 cycles)

Final extension

Target gene

denaturation  secondary denaturation Annealing Extension
16S rRNA 95°C, 4 min. 95°C, 45 sec. 50°C, 60 sec. 72°C, 30 sec. 72°C, 10 min.
spa (X region) 94°C, 4 min. 94°C, 30 sec. 55°C,30sec.  72°C, 30 sec. 72°C, 10 min.
hla 94°C, 4 min. 94°C, 45 sec. 50°C, 45 sec. 72°C, 60 sec. 72°C, 10 min.
hib 94°C, 4 min. 94°C, 45 sec. 57°C, 60 sec. 72°C, 80 sec. 72°C, 10 min.
tsst-1 94°C, 4 min. 94°C, 2 min. 55 °C, 2 min 72°C, 60 sec. 72°C, 10 min.
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RESULTS

Bacteriological identification of Staphylococcus isolates

A total of 41 Staphylococcus isolates were recovered from the milk of 133 mastitic cattle in a prevalence rate of
30.8 %. Among the isolates, 21 were identified as Staphylococcus aureus based on cultural, morphological and
biochemical characteristics in a prevalence rate of 15.8%, while the rest of the isolates (20 isolates) identified as
Coagulase Negative Staphylococci (CNS) (15%). All the S. aureus isolates were positive for tube coagulase test; these
strains were confirmed by PCR (Figure 1). Among the examined cattle, 6 S. aureus isolates were recovered from 45
cattles with clinical mastitis (13.3%) and 15 isolates were recovered from 88 cattles with subclinical mastitis (17 %). On
the other hand, 8 and 12 isolates of CNS were isolated from cattle with clinical and subclinical mastitis in a prevalence
rate of 17.7% and 13.6% respectively (Table 4).

Molecular detection of Staphylococcus virulence genes

Staphylococcus genus specific primers targeting 16S rRNA were employed for the specific confirmation of the
Staphylococcus DNA. All the examined isolates yielded a specific single DNA band of 229 bp amplicon. Furthermore, a
second confirmatory PCR for confirmation of atypical S. aureus was used (Figure 1). All Staphylococcus isolates were
subjected to PCR for the detection of four virulent genes (spaX, hla, hlband tsst-1). All of the isolates were found to be
positive for one or more virulence-associated genes (Table 5). Among the examined 21 isolates of S. aureus, spaxX gene
was the predominant one, detected in 17 isolates with an incidence of 81 % (Figure 2).

SpaX gene was detected in all isolates of S. aureus recovered from subclinical mastitis (100%) while detected in 2
out of 6 isolates from clinical mastitis (33.3%). With regard to hla, it was detected from S. aureus isolated from clinical
and subclinical mastitis with an incidence of 33.3% and 60% respectively (Figure 3). On the other hand, hlb gene was
detected in S. aureus recovered from clinical mastitis and subclinical mastitis with an incidence of 16.6% and 46.6%
respectively (Figure 4).

Regarding to incidence of virulent genes in CNS isolates, spa X gene was detected in all the isolates of
Staphylococcus recovered from subclinical mastitis (100%) while in clinical mastitis, 4 out of 8isolates were positive
(50%). Haemolysine type A was detected in all isolates of CNS from clinical mastitis (100%) while in subclinical
mastitis, 5 isolates gave positive amplicons out of 12 (41.6%). With regard to hlb gene, it was detected in CNS isolates
of clinical and subclinical mastitis with an incidence of 37.5% and 8.3%, respectively. All the isolates tested, failed to
amplify tsst-1(Table 5).

Table 4. Incidence of Staphylococci in cattle with mastitis

S. aureus CNS Total isolates
Types of samples No. of samples
No % No % No %
Clinical mastitis 45 6 13.3 8 17.7 14 31.1
Subclinical mastitis 88 15 17 12 13.6 27 30.7
Total 133 21 15.8 20 15 41 30.8

Table 5. Distribution of virulence determinant genes in Staphylococcus isolates

Clinical Mastitis Subclinical mastitis
Items S. aureus (6%) CNS (8) Total (14) | S.aureus (15) | CNS (12) Total (27)
No % No % No % No % No % No %
spa (X region) 2 33.3 4 50 6 42.9 15 100 12 100 27 100
hla 2 33.3 8 100 10 71.4 9 60 5 41.66 14 70
hib 1 16.6 3 375 4 28.5 7 4666 1 8.3 8 40
tsst-1 0 0 0 0 0 0 0 0 0 0 0 0

*Among the isolates, 210f S. aureus (15.8%) [6 from clinical mastitis (13.3%) and 15 from subclinical mastitis (17%)] and 20 isolates of CNS (15%)
[8 from clinical mastitis (17.7%) and 12 from subclinical mastitis (13.6%)] were identified phenotypically.
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Figure 1. Agarose gel electrophoresis of duplex PCR amplification of 16S rRNA gene of Staphylococci (228 bp) and S.
aureus specific nuc gene (267 bp). Lane M: 100 bp DNA ladder, Lanel, 2and 11: positive isolates for S. aureus. Lanes:
1-11 are positive isolates for genus Staphylococci (228 bp).

Figure 2. Agarose (1.5%) gel electrophoresis of spa X gene of Staphylococcus PCR products (226 bp). Lane M: 100 bp
DNA markers, Lane 1, 3-8: positive samples, lanes 2 and 10: negative samples.

9 10 11 12 13 14 15 16 17 18 19

Figure 3. Agarose (1.5%) gel electrophoresis of hla gene of Staphylococcus PCR products (550 bp). Lane M: 100 bp
DNA marker, Lanes: 1, 3, 9-14 and 18-19: negative isolates, lanes: 2, 4-8 and 15-17: positive isolates.
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Figure 4. Agarose (1.5%) gel electrophoresis of hlb gene of Staphylococcus PCR products (850 bp). Lane M: 100 bp
DNA marker, lanes 1-4 and 7-13: Positive isolates, lanes 5 and 6: negative isolates.

DISCUSSION

Cattle mastitis remains a serious and common disease in animals with significant economic losses in dairy industry
worldwide (Momtaz et al., 2010; Atasever, 2012); therefore, knowing that mastitis causing bacteria and their virulent
determinants using molecular methods is crucial to control the IMI (Ayman et al., 2015). A wide variety of organisms
including Staphylocooci, Streptococci, E.coli, Enterobacter spp., Klebsiella spp., Mycoplasma spp. and
Corynebacterium spp. are responsible for mastitis in animals. Among several bacterial pathogens that can cause mastitis,
Staphylococcus species being the most lethal agent because it causes chronic and deep infection in the mammary glands
that is extremely difficult to be cured (Momtaz et al., 2010).

The isolation of Staphylococci from milk alone is unequivocal in determining its role in the pathogenesis, therefore,
Staphylococci virulent gene surveillance could be helpful in detecting genetic diversity among these major mastitis
causing pathogens to develop effective control strategies against mastitis caused the pathogen (Khan et al., 2013).

In Egypt it was confirmed that S.aureus is considered as the predominant factor among mastitis causing pathogens
followed by S. agalactiae (Elhaig and Selim, 2015) and E.coli (Hamed and Ziatoun, 2014). In the present study, out of
133 milk samples collected from cattle with mastitis, 41 Staphylococcus isolates were identified in a prevalence rate of
30.8%. This result was similar to the finding obtained by Barkema et al. (2009), however, a higher incidence rate was
also recorded by Zecconi and Hahn (2000). Among the isolates, 21(51.2%) identified as S. aureus and 20
(48.78%) isolates as CNS based on biochemical tests and molecular identification.

In the current study, it was noticed that 15.7% (21/133) of S. aureus isolates were isolated and identified from cattle
with mastitis. Similar results were reported by Botrel (2010), Nibret et al. (2011), Persson et al. (2011) and Hamid et al.
(2017) who isolated S. aureus with an incidence of 15.8%, 16.5%, 19% and 22.5% respectively. However, higher
detection rate was reported by other authors (Ahmed and Mohamed, 2009; Ashraf et al., 2016) who isolated S. aureus
with an incidence of 77.1% and 52.5% respectively. Different PCR-based systems for the identification of S. aureus
isolates from various origins have been used by numerous authors (Akineden et al., 2001; Nashev et al., 2004; Momtaz
et al., 2010). As was found by Brakstad et al. (1992), the amplification of the gene encoding an S. aureus-specific part of
the 16S rRNA revealed an amplicon with a size of 1,250 bp for all S. aureus isolates investigated.

The subclinical mastitis has special importance as it goes unnoticed and affects in a great extent the production’s
animal (Bhati et al., 2016). In subclinical mastitis, 15 isolates of S. aureus out of 88 samples were identified in a
prevalence rate of 17%. Similar finding was reported by (Ak, 2000; Busato et al., 2000) who isolated S.aureus with a
percentage of 13.3% and 16% respectively. In contrast to our data, several studies have demonstrated higher incidence of
S. aureus in subclinical mastitis (Mokhbatly et al., 2001; Karimuribo et al., 2005; Khan and Muhammad, 2005; Ahmed
and Mohamed, 2009; Alemu et al., 2014). In clinical mastitis, the incidence of S. aureus was 13.3% (6/45). This record
agreed with the finding reported by Nevala et al. (2004), however, other studies have reported higher detection rates of S.
aureus in clinical mastitis (Workineh et al., 2002; Elsayed et al., 2015). These variations are likely due to geographical
area differences and time of sampling. In the last few years, the prevalence of CNS in mastitis was higher than those
caused by S. aureus. In the present study, the prevalence of S. aureus and CNS in clinical mastitis was 13.3% and 17.7%
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respectively. Similar finding was also reported by Persson et al. (2011). In other studies, incidence of S. aureus was
higher than that of CNS in clinical mastitis (Botrel et al., 2010; Rajeev et al., 2011; Eman et al., 2015).

Epidemiologic studies indicates that S. aureus strains agents of mastitis produce a group of virulence factors and it
is believed that there is a relationship between the severity of mastitis and the virulence factors produced by S. aureus
(Akineden et al., 2001). In the present study, molecular surveillance carried out in all isolates of Staphylococci to screen
the presence of four putative virulence determinants encoding spa (the X-region of protein A) hla gene (encoding o
haemolysin), hlb gene (gene encoding B haemolysin) and tsst-1 gene (encoding toxic shock syndrome toxin) by PCR.
The distribution of virulent genes differed among the examined strains, some genes were present in all of the strains, but
some genes were not found in any strain. The spaX gene typing in current study amplified (150-315bp) (Bhati et al.,
2016). The genes spaX-region was detected in all isolates recovered from the samples of subclinical mastitis, it was
consistent with the finding described by several authors (Coelho et al., 2011; Memon etal., 2013; Ashrafet al., 2016) that
established the presence of spaX gene in nearly all of the isolates. Other reports in several countries including Italy
(Dalla Pozza et al., 1999) India (Kumar et al., 2010) and Poland (Kahl et al., 2016), have previously identified this gene
by 93-100% of S. aureu s isolated from subclinical form. The high incidence of spaX gene in S. aureus isolated from
subclinical mastitis points to the potential role of this gene in this bacterium in a subclinical form, which unlike clinical
mastitis, is milder and more difficult to detect.

Unlike the subclinical form, spaX was detected in S. aureus and CNS isolates in clinical mastitis with an incidence
of 33.33% and 50% respectively. This is in contrast to the results described by (Stephan et al., 2001; Kalorey et al., 2007;
Klein et al., 2012) who identified spaX in Staphylococcus isolates with an incidence of 76.5%, 70.3% and 85.9%
respectively. In previous studies conducted by Salasia et al. (2011); Yang et al. (2012) and Wang et al. (2016), high
frequency of hla was observed in S. aureus isolated from clinical mastitis (100%, 85%, and 94.3%, respectively). In our
study, hla was observed in a percentage of 33.3%. However, hla was detected in all CNS isolates (100%). This finding
might indicate the significant role of CNS isolates in the pathogenesis of bovine mastitis compared to S. aureus isolates.
In subclinical mastitis, hla was detected in S. aureus and CNS with an incidence of (60%) and (41.66%) respectively,
this result disagreed with Haveri et al. (2007); Salasia et al. (2011); Memon et al. (2013) they had recorded hlaas 76%,
84% and 58% respectively. However; a higher frequency was recorded by Elsayed et al. (2015) and Ahmed et al. (2016).
These different frequencies may be due to the different animal populations studied or the implemented methodologies,
among other factors.

With regard to hlb in clinical mastitis, it was detected in S. aureus and CNS with an incidence of (16.66%) and
(37.5%) respectively, these results correspond significantly with similar results obtained by Coelho et al. (2011).
However, other investigators (Elsayed et al., 2015; Wang et al., 2016) have reported a relatively high incidence of this
gene, while in subclinical mastitis, hlb was detected in S. aureus and CNS isolates with an incidence of (46.66%) and
(8.3%) respectively, this percentage is higher than the one recorded by Coelho et al. (2011); Ahmed et al. (2016),
however, in other studies, higher percentages of hlb in S. aureus isolates (Larsen et al., 2002, Salasia et al., 2011; Memon
et al., 2013; Wang et al., 2016) were observed (97%, 84%, 71% and 79.1%, respectively). Toxic shock syndrome toxin
(tsst-1) is one of the enterotoxogenic toxins responsible for food poisoning and is very important in the virulence of
Staphylococci. In agreement with other studies (Nashev et al., 2004; Hassan et al., 2010; Gunaydin et al., 2011), we
observed that the tsst-1 gene was not found in any isolate (0 %). However, these results are in disagreement with an
earlier finding reported by Stephan et al. (2001) and Wang et al. (2016) that described higher tsst-1 gene positivity
among S. aureus isolates (67.7% and 40% respectively).

CONCLUSION

Thus, in conclusion, the study provides a valuable insight into the virulence-associated genes of Staphylococci. The
findings of this study indicated that all of the Staphylococcus isolates harbored one or more virulence-associated genes in
dairy herds of cows suffering from clinical mastitis. The results also indicated that there is a direct relationship between
the presence of spaX gene, it was the most frequent gene detected in examined isolates, and bovine mastitis especially
subclinical type. Therefore, spa X gene could be considered as a good diagnostic method for typing of Staphylococcus
isolates, which provided important results for the effective control of staphylococcal mastitis.

DECLARATIONS

Acknowledgments
The authors are grateful to all staff members of Bacteriology, Mycology and immunology department, Faculty of
Veterinary Medicine, Kaferelshikh University, for their support.

15
IR ElE® Ali MM, Helmy SM, El Desouky IE and Asfour HA (2018). Molecular Characterization of Staphylococci Isolated from Cattle with Mastitis. World Vet.
J, 8(1): 09-18; http://wvj.science-line.com



Author’s contribution
Salwa M.Helmy and Ibrahim E. ElI Desouky planned and supervised the experiments and wrote the paper.
Mohamed M. Ali and Hanaa A.Asfour performed the experiments and/or analyzed the data.

Competing of interest
The author declares that he has no conflict of interest with respect to the research, authorship, and/or publication of
this article, the author declares that he has no competing interests.

REFERENCES

Ahmed A and Mohamed S (2009). Epidemiological Studies on Subclinical Mastitis in Dairy cows in Assiut Governorate. Veterinary
World, 2: 373-380.

Ahmed HFK, Gafer J, Ibrahim S and Abu EI-Magd M (2016). Genotypes and Virulence Factors of Staphylococcus aureus Isolated
from Bovine Subclinical Mastitis. Global Veterinaria, 17: 476-481.

Ak S (2000). Bacterial agents cause contagious and environmental bovine mastitis in Trakya district and their susceptibility to
antibiotics. Journal of Faculty of Veterinary Medicine Istanbul University, 26: 353-365.

Akineden O, Annemuller C, Hassan AA, Lammler C, Wolter W and Zschock M (2001). Toxin genes and other characteristics of
Staphylococcus aureus isolates from milk of cows with mastitis. Clinical and Diagnostic Laboratory Immunology, 8: 959-964.

Alemu G, Almaw G and Abera M (2014). Incidence rate of Staphylococcus aureus and Streptococcus agalactiae in subclinical
mastitis at smallholder dairy cattle farms in Hawassa, Ethiopia,academic journal,8(3):252-256.

Alonso DO and Daggett V (2000). Staphylococcal protein A: unfolding pathways, unfolded states, and differences between the B and
E domains. Proceedings of the National Academy of Sciences USA, 97, 133-138. http://dx.doi.org/10.1073/pnas.97.1.133.

Ashraf AA, Maarouf A, El-Hofy F and Abbas S (2016). Molecular detection of some virulence genes of S. aureus isolated from
mastitic Cows by PCR. Benha Veterinary Medical Journal, 30: 238-245.

Atasever S (2012). Estimation of Correlation Between Somatic Cell Count and Coagulation Score of Bovine Milk. International
Journal of Agriculture &Biology,14: 315-317.

Ayman E, Mohamed E, Eman and Yaser B (2015). Detection of Virulence Genes in Staphylococcus aureus and Streptococcus
agalactiae Isolated fromMastitis in the Middle East. British Microbiology Research Journal, 10(3): 1-9.

Barkema HW, Green MJ, Bradley AJ and Zadoks RN (2009). Invited review: The role of contagious disease in udder health. Journal
of Dairy Science, 92: 4717-4729.

Bergdoll MS, Crass BA, Reiser RF, Robbins RN and Davis JP (1981). A new staphylococcal enterotoxin, enterotoxin F, associated
with toxic-shock-syndrome Staphylococcus aureus isolates. Lancet, 1: 1017-1021.

Bhati T, Nathawat P, Sharma SK, Yadav R, Bishnoi J and Kataria AK (2016). Polymorphism in spa gene of Staphylococcus aureus
from bovine subclinical mastitis. Veterinary World, 9: 421-424.

Blomster-Hautamaa DA, Kreiswirth BN, Kornblum JS, Novick RP and Schlievert PM (1986). The nucleotide and partial amino acid
sequence of toxic shock syndrome toxin-1. Journal of Biological Chemistry,261: 15783-6.

Booth MC, Pence LM, Mahasreshti P, Callegan MC and Gilmore MS (2001). Clonal associations among Staphylococcus aureus
isolates from various sites of infection. Infection and Immunity, 69: 345-352.

Botrel MA, Haenni M, Morignat E, Sulpice P, Madec JY and Calavas D (2010). Distribution and antimicrobial resistance of clinical
and subclinical mastitis pathogens in dairy cows in Rhone-Alpes, France. Foodborne Pathogens Disease, 7: 479-487.

Brakstad OG, Aasbhakk K and Maeland JA (1992). Detection of Staphylococcus aureus by polymerase chain reaction amplification of
the nuc gene. Journal of Clinical Microbiology, 30: 1654-1660.

Busato A, Trachsel P, Schallibaum M and Blum JW (2000). Udder health and risk factors for subclinical mastitis in organic dairy
farms in Switzerland. Preventive Veterinary Medicine, 44: 205-220.

Coelho SM, Pereira 1A, Soares LC, Pribul BR and Souza MM (2011). Short communication: profile of virulence factors of
Staphylococcus aureus isolated from subclinical bovine mastitis in the state of Rio de Janeiro, Brazil. Journal of Dairy Science,
94: 3305-3310.

Dalla Pozza MC, Ricci A and Vicenzoni G (1999). Protein A gene polymorphism analysis in Staphylococcus aureus strains isolated
from bovine subclinical mastitis.Journal of Dairy Research,66: 449-453.

Dinges MM, Orwin PM and Schlievert PM (2000). Exotoxins of Staphylococcus aureus. Clinical Microbiology Reviews, 13: 16-34.

Elhaig MM and Selim A (2015). Molecular and bacteriological investigation of subclinical mastitis caused by Staphylococcus aureus
and Streptococcus agalactiae in domestic bovids from Ismailia, Egypt. Tropical Animal Health Production, 47: 271-276.

Elsayed MS, Mahmoud, EAE and Dawoud MA (2015). Phenotypic and genotypic detection of virulence factors of Staphylococcus
aureus isolated from clinical and subclinical mastitis in cattle and water buffaloes from different farms of Sadat City in Egypt.
Veterinary World, 8: 1051-1058.

Eman AE, Mousa W, Heba H and Saher R (2015). PCR for identification of virulence and antibiotic resistance genes of coagulase
positive Staphylococcus aureus from clinical mastitis in Egypt. International Journal of Basic and Applied Science, 4: 315-319.

Erskine RJ, Walker RD, Bolin CA, Bartlett PC and White DG (2002). Trends in antibacterial susceptibility of mastitis pathogens
during a seven-year period. Journal of Dairy Science, 85:1111-1118.

16
IR ElE® Ali MM, Helmy SM, El Desouky IE and Asfour HA (2018). Molecular Characterization of Staphylococci Isolated from Cattle with Mastitis. World Vet.
J, 8(1): 09-18; http://wvj.science-line.com



Fitzgerald JR, Hartigan PJ, Meaney WJ and Smyth CJ (2000). Molecular population and virulence factor analysis of Staphylococcus
aureus  from bovine  intramammary  infection.  Journal of  Applied Microbiology, 88:1028-1037.
doi:http://dx.doi.org/10.1046/j.1365-2672.2000.01071.x

Fournier C, Kuhnert P, Frey J, Miserez R, Kirchhofer M, Kaufmann T, Steiner A and Graber HU (2008). Bovine Staphylococcus
aureus: association of virulence genes, genotypes and clinical outcome. Research in Veterinary Science, 85: 439-448.

Gao J and Stewart GC (2004). Regulatory elements of the Staphylococcus aureus proteiA (Spa) promoter. Journal of Bacteriology,
186: 3738-3748.

Gitau GK, Waridi M, Makame HA, Saleh MM, Muhamed RA, Mkola AP and Haji MA (2003). Occurrence of high udder infection
rates in dairy cows in Ungunja Island of Zanzibar, Tanzania. Journal of Applied Research in Veterinary Medicine, 1: 73-76.

Gunaydin B, Aslantas O and Demir C (2011). Detection of superantigenic toxin genes in Staphylococcus aureus strains from
subclinical bovine mastitis. Tropical Animal Health and Production, 43: 1633-1637.

Hamed MI and Ziatoun AMA (2014). Prevalence of Staphylococcus aureus Subclinical Mastitis in Dairy Buffaloes Farms at different
seasons at Assiut Governorate, Egypt. International Journal of Livestock Research, 4(3): 21-28.

Hamid S, Bhat MA, Mir IA, Taku A, Badroo GA, Nazki S, Malik A (2017) Phenotypic and genotypic characterization of methicillin-
resistant Staphylococcus aureus from bovine mastitis, Veterinary World, 10(3): 363-367

Haveri M, Roslof A, Rantala L and Pyorala S (2007). Virulence genes of bovine Staphylococcus aureus from persistent and
nonpersistent intramammary infections with different clinical characteristics. Journalof Applied Microbiology, 103:993-1000.
doi: 10.1111/j.1365-2672.2007.03356.x

Kahl BC, Becker K and Loffler B (2016). Clinical Significance and Pathogenesis of Staphylococcal Small Colony Variants in
Persistent Infections. Clinical Microbiology Review, 29: 401-427.

Kalorey DR, Shanmugam Y, Kurkure NV, Chousalkar KK and Barbuddhe SB (2007). PCR-based detection of genes encoding
virulence determinants in Staphylococcus aureus from bovine subclinical mastitis cases. Journal of Veterinary Science, 8: 151-
154. doi:http://dx.doi.org/10.4142/jvs.2007.8.2.151.

Karimuribo ED, Kusiluka LJ, Mdegela RH, Kapaga AM, Sindato C and Kambarage DM (2005). Studies on mastitis, milk quality and
health risks associated with consumption of milk from pastoral herds in Dodoma and Morogoro regions, Tanzania. Journal of
Veterinary Science, 6: 213-221.

Khan AZ and Muhammad G (2005). Quarter-Wise Comparative Prevalence of Mastitis in Buffaloes and Crossbred Cows. Pakistan
Veterinary Journal, 25(1).

Khan A, Hussain R, Javed MT, Mahmood F. (2013). Molecular analysis of virulent genes(coa and spa) of Staphylococcus aureus
involved in natural cases of bovine mastitis. Pakistan Journal of Agriculture Sciences,50(4): 739-743.

Klein RC, Fabres-Klein MH, Brito MA, Fietto LG and Ribon Ade O (2012). Staphylococcus aureus of bovine origin: genetic
diversity, prevalence and the expression of adhesin-encoding genes. Veterinary Microbiology, 160:183-188.

Kumar R, Surendran PK and Thampuran N (2010). Evaluation of culture media for selective enrichment and isolation of Salmonella
in seafood. J AOAC International, 93: 1468-1471.

Larsen HD, Aarestrup FM and Jensen NE (2002). Geographical variation in the presence of genes encoding superantigenic exotoxins
and beta-hemolysin among Staphylococcus aureus isolated from bovine mastitis in Europe and USA. Veterinary Microbiology,
85: 61-67.

Marrack P and Kappler J (1990). The staphylococcal enterotoxins and their relatives. Science, 11(248): 705-711.

Memon J, Yang Y, Kashif J, Yaqoob M, Buriro R, Soomro J, Liping W and Hongjie F (2013). Genotypes, Virulence Factors and
Antimicrobial Resistance Genes of Staphylococcus aureus Isolated in Bovine Subclinical Mastitis from Eastern China. Pakistan
Veterinary Journal, 33:486-491.

Mokhbatly AA, Desouky ML, El-Sawak ML and Abou El-Azb MF (2001). Clinicopathological studies on subclinical mastitis in cattle
and buffaloes in Kafr El-Sheikh Governorate. Suez Canal Veterinary Medical Journal, 4: 123-135.

Momtaz H, Rahimi E, Tajbakhsh E. (2010). Detection of some virulence factors in Staphylococcus aureus isolated from clinical and
subclinical bovinemastitis in Iran. African Journal of Biotechnology,9:3753-3758.

Nashev D, Toshkova K, Salasia SlI, Hassan AA, Lammler C and Zschock M (2004). Distribution of virulence genes of
Staphylococcus aureus isolated from stable nasal carriers. FEMS Microbiology Letters, 233: 45-52.

Nevala M, Taponen S and Pyo6ralé S (2004). Bacterial etiology of clinical mastitis — data from Saari Ambulatory Clinic in 2003-2004.
Finnish Veterinary Journal, 363-3609.

Nibret M, Yilikal A and Kelav B (2011). A Cross Sectional Study on the Prevalence of Sub Clinical Mastitis and Associated Risk
Factors in and Aronund Gondar, Northern Ethiopia. International Journal of Animal and Veterinary Advances, 3: 455-459.

Persson Y, Nyman AK and Gronlund-Andersson U (2011). Etiology and antimicrobial susceptibility of udder pathogens from cases of
subclinical mastitis in dairy cows in Sweden. Acta Veterinaria Scandinavica, 53: 36.

Piccinini R, Cesaris L, Dapra V, Borromeo V, Picozzi C, Secchi C and Zecconi A (2009). The role of teat skin contamination in the
epidemiology of Staphylococcus aureus intramammary infections. Journal of Dairy Research, 76, 36-41.

Pradhan PGSM, Reddy GR, Dechamma HJ and Suryanarayana VVS (2011). Detection of major pathogens in bovine sub-clinical
mastitis by multiplex PCR directly from milk samples in presence of an internal control. Indian Journal of Fundamental and
Applied Life Sciences, 1: 209-218.

Quinn PJC, Markey BK and Carter GR (1994). Clinical Veterinary Microbiology. 1st Edn., London, Mosby, 22-91.

Radostits OM, Blood DC and Gay GC (2008). Veterinary Medicine. A Textbook of the Diseases of cattle, sheep, pigs, goats and
horses. 10th Ed., Bailliare Tindall, London.

Rajeev R, Gupta MK and Singh KK (2011). Study of bovine mastitis in different climatic conditions in Jharkhand, India. Veterinary
World, 4: 205-208.

17
IR ElE® Ali MM, Helmy SM, El Desouky IE and Asfour HA (2018). Molecular Characterization of Staphylococci Isolated from Cattle with Mastitis. World Vet.
J, 8(1): 09-18; http://wvj.science-line.com



Rodrigues da Silva E and da Silva N (2005). Coagulase gene typing of Staphylococcus aureus isolated from cows with mastitis in
southeastern Brazil. Canadian Journal of Veterinary Research, 69: 260-264.

Salasia Sl, Tato S, Sugiyono N, Ariyanti D and Prabawati F (2011). Genotypic characterization of Staphylococcus aureus isolated
from bovines, humans, and food in Indonesia. Journal of Veterinary Science, 12: 353-361.

Schlievert PM, Shands KN, Dan BB, Schmid GP and Nishimura RD (1981). Identification and characterization of an exotoxin from
Staphylococcus aureus associated with toxic-shock syndrome. Journal of Infectious Diseases, 143: 509-516.

Schukken YH, Gonzalez RN, Tikofsky LL, Schulte HF, Santisteban CG, Welcome FL, Bennett GJ, Zurakowski MJ and Zadoks RN
(2009). CNS mastitis: nothing to worry about? Veterinary Microbiology, 134:9-14.

Song M, He Y, Zhou H, Zhang Y, et al. (2016). Combined analysis of DNA methylome and transcriptome reveal novel candidate
genes with susceptibility to bovine Staphylococcus aureus subclinical mastitis. Scientific Reports, 6: 29390

Stephan R, Annemuller C, Hassan AA and Lammler C (2001). Characterization of enterotoxigenic Staphylococcus aureus strains
isolated from bovine mastitis in north-east Switzerland. Veterinary Microbiology, 78: 373-382.

Tenhagen BA, Fetsch A, Stuhrenberg B, Schleuter G, Guerra B, Hammerl JA, Hertwig S, Kowall J, Kampe U, Schroeter A, Braunig J,
Kasbohrer A and Appel B (2009). Prevalence of MRSA types in slaughter pigs in different German abattoirs. Veterinary
Record, 165: 589-593.

Wada M, Lkhagvadorj E, Bian L, Wang C, Chiba Y, Nagata S, Shimizu T, Yamashiro Y, Asahara T and Nomoto K (2010).
Quantitative reverse transcription-PCR assay for the rapid detection of methicillin-resistant Staphylococcus aureus. Journal of
Applied Microbiology, 108: 779-788. doi:http://dx.doi.org/10.1111/j.1365-2672.2009.04476.X.

Wang D, Zhang L, Zhou X, He Y, Yong C, Shen M, Szenci O and Han B (2016). Antimicrobial susceptibility, virulence genes, and
randomly amplified polymorphic DNA analysis of Staphylococcus aureus recovered from bovine mastitis in Ningxia, China.
Journal of Dairy Science, 99: 9560-9569. doi:http://dx.doi.org/10.1111/j.1365-2672.2009.04476.X.

Workineh S, Bayleyegn M, Mekonnen H and Potgieter LN (2002). Prevalence and aetiology of mastitis in cows from two major
Ethiopian dairies. Tropical Animal Health and Production, 34: 19-25.

Yang FL, Li XS, Liang XW, Zhang XF, Qin GS and Yang BZ (2012). Detection of virulence-associated genes in Staphylococcus
aureus isolated from bovine clinical mastitis milk samples in Guangxi. Tropical Animal Health and Production, 44: 1821-1826.
doi:http://dx.doi.org/10.1007/s11250-012-0143-z

Zecconi A and Hahn G (2000).Staphylococcus aureus in Raw Milk and Human Health Risk. Bulletin of the International Dairy
Federation, 345: 15-18.

Zecconi A, Cesaris L, Liandris E, Dapra V and Piccinini R (2006). Role of several Staphylococcus aureus virulence factors on the

inflammatory response in bovine mammary gland. Microbial Pathogenesis, 40:177-183.
doi:http://dx.doi.org/10.1016/j.micpath.2006.01.001

18
IR ElE® Ali MM, Helmy SM, El Desouky IE and Asfour HA (2018). Molecular Characterization of Staphylococci Isolated from Cattle with Mastitis. World Vet.
J, 8(1): 09-18; http://wvj.science-line.com



2018, Scienceline Publication Zae

Fhoa

Im__” :.;
World’s Veterinary Journal ’;}f;ﬁ
World Vet J, 8(1): 19-33, March 25, 2018 ISSN 2322-4568

Parasitic Infection with Emphasis on Tylodelphys spp. as
New Host and Locality Records in Nile Perch; Lates
niloticus from Lake Nasser, Egypt

Awatef Hamed Hamouda'*, Shimaa Sobhy Sorour?, Nagwan Mahmoud El-Habashi®and El-Hussein Amar Adam®*

! Department of Fish Diseases, Faculty of Fisheries and Fish Technology, Aswan University, postal code: 81528, Egypt

2 Department of Veterinary Parasitology, Faculty of Veterinary Medicine, Kafrelsheikh University, postal code: 33516, Egypt
% Department of Veterinary Pathology, Faculty of Veterinary Medicine, Kafrelsheikh University, postal code: 33516, Egypt

* Department of Aquatic Ecology, Faculty of Fisheries and Fish Technology, Aswan University, postal code: 81528, Egypt
*Corresponding author™® Email: awatefhamouda@yahoo.com

ABSTRACT

A total number of 200 Lates niloticus were collected alive from several and various localities at Lake Nasser in
Aswan governorate, to investigate the prevailing parasites that infect this fish species. All the examined fish were
positive for one or more parasites, three trematodes of two families were identified: Diplectanum simile,
Diplectanum lacustris and Tylodelphys spp. (recorded for the first time in Lates niloticus representing new host and
locality records), two nematodes of two families: Philometra ovata and L; larvae of Contracaecum spp.(has zoonotic
importance), one acanthocephalan parasite: Rhadinorhynchus niloticus, two crustaceans parasites of one family:
Ergasilus kandti and Ergasilus latus, while no cestodal infections were recorded at all. The prevalence of trematodes
was at 95% meanwhile the nematodes were at 100% in addition to the acanthocephalan parasite was at 24.5% as
well, crustaceans parasites were at 69.5%. This study evaluated clinical signs, postmortem examinations,
parasitological examinations, seasonal prevalence and histopathological investigations of infected fish in addition to
the relation between fish age and parasitism was also described. This study builds on our current understanding of
different parasites infecting the wild Lates niloticus and provides novel information on the patterns of the isolated
parasites and also serves to reassure the consumers that the musculature (the edible part) of the fish was free from
any parasitic infections and safe for human consumption provided that the fish must be eviscerated as soon as
possible after being caught and adequately cooked.
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INTRODUCTION

Fish is one of the most valuable sources of protein across the world as people obtain about 25% of their animal
protein requirements from fish and shellfish (Matter et al., 2013). The rapid increase in the population in Egypt motivates
the government to pay attention to the development of fisheries, especially in Lake Nasser. The production from such
lake comprises a significant proportion of the Egyptian inland fisheries and is an important alternative source of protein
in the face of increasing meat prices.
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In Lake Nasser, the predominant species for sale as fresh fish are the tilapias, followed by Lates niloticus, which
constitute 25.07% of the fish in the lake (GAFRD, 2016). The annual production of this fish in 2010 was 12,311 tons,
representing 0.9% of the total annual production of the fish wealth sector in Egypt (GAFRD, 2010). In Egypt, the Nile
perch (Lates niloticus), commercially known as Samoos or Ishr-bayad, is a freshwater tropical, carnivorous fish of high
commercial and recreational value in Africa, it inhabits a wide variety of habitats, including rivers, lakes, and irrigation
channels (Aloo et al., 2017). Lates niloticus has been introduced to many lakes in Africa, including Lake Nasser where it
is fished commercially. Lates niloticus has high edible white meat without bone rich in protein and vitamins especially
omega-3 which is vital for human and considered a good fish for aquaculture development (Asnake, 2018).

In the last few years, the increase in parasitic infections among the fish of Lake Nasser has led to a drastic decrease
in fish yields, low marketability, as well as rejection of the fish by consumers who fear the macroscopic parasites.
Moreover, some parasitic infections in the fish have zoonotic importance, delayed sexual maturity of the fish and
increased fish mortality causing great economic losses (Noga, 2010 and Younis et al., 2017).

Trematodes, cestodes, acanthocephalans and nematodes had contributed the most among the major parasitic groups
found in freshwater fish (Schmidt, 1990). Migrating larvae of Contracaecum and Philometra may cause tissue damage
(Noga, 2010). Copepods are extremely important in aquatic ecosystems, where they constitute a food source for small
fish, an intermediate host for fish parasites or fish parasites themselves, and serve as vectors of disease (Piasecki, 2004).

Due to the scarcity of scientific information on the incidence, characteristics and effects of parasitic infection on
Lates niloticus in Lake Nasser, the present work aims to make an- up- to- date study that identifies the present status of
some parasitic diseases afflicting Lates niloticus at the lake, the seasonal incidence, the histopathological alterations in
the infected fish and analyze the relationship between fish age and each detected parasite.

MATERIAL AND METHODS

Ethical approval
Animal ethics committee, Faculty of Fish and Fisheries Technology, Aswan University, Egypt, approved the
protocol and conducting of the study.

Study area

The High Dam Lake was created as a result of the construction of the Aswan High Dam in the 1960’s. The High
Dam Lake extends for 480 kms, from the High Dam in Egypt to the Dal Cataract in Sudan, it lies300 km within the
Egyptian borders (as Lake Nasser) and 180 km of it lies within the Sudanese borders (as Lake Nubia). Lake Nasser,
together with Lake Nubia, is the second largest man-made lake in the world, after Lake Volta, in Ghana. Lake Nasser is
now one of the most important sources of freshwater fish in Egypt.

Fish samples

A total number of 200 Lates niloticus of different weights and sizes (50 fish/ season) were collected, randomly and
alive, from different localities of Lake Nasser at Aswan governorate during the period of February 2016 to January 2017.
The collected fish were transferred alive and kept in prepared glass aquaria in the laboratory of fish diseases, Faculty of
Fisheries and Fish Technology, Aswan University. Identification of the host and the length frequency measurements
were taken by measuring the standard length (the measurement from the most anterior tip of the body to the posterior end
of the vertebral column), the total weight was taken in grams, and scale samples relevant to age determination were
collected for subsequent examination.

Age determination

Scales of each fish were extruded from the area below the lateral line at a level behind the pectoral fin on the left
side, and used to determine age according to Adam (2004). As the age distribution was determined, an age-length key
was constructed. From this key, the length distribution, the number of fish belonging to each age group was determined.
All fish under study were belonging to age groups 1, 2, 3,4, 5, 6, 7 and 8 years.

Clinical and postmortem examination

The fish were subjected to full clinical examination after that, they were euthanized rapidly by percussion stunning
followed by destruction of the brain the procedures complied with local and national animal welfare laws, guidelines and
policies, the external and internal gross lesions were recorded immediately according to the method described by Noga
(2010).
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Parasitological examinations
Parasitological examinations were performed and then the collected parasites were washed, fixed, stained and
permanently mounted according to the methods described by Lucky (1977) and Woodland (2006).

Identification of collected helminthes
The collected helminthes were identified according to the identification keys of Yamaguti (1958, 1961 and 1963);
Thurston and Paperna (1969); Schaperclauus (1992) and Anderson (2000).

Histopathological examination

After necropsy, sections of gills, stomach, intestine, liver, and gas bladder were fixed immediately in 10% formalin
and processed for histopathological evaluation, using the routine paraffin embedding method as described by Bancroft
and Gamble (2007). Sections of 3um thick were cut and stained using hematoxylin and eosin for light microscopic
examination.

RESULTS

Population structure (age composition)

The frequency and age composition of Lates niloticus collected from the study area during the study period is
presented in table 1. From the table, it is clear that age group 2 years old (55 %) of Lates niloticus was the most
dominant group in the catch, followed by age group 1 (18.3 %), then age group 3 (17.8 %); the rest of the groups each
comprise less than 8.9 %.

Table 1. Age-length key of Lates niloticus collected from lake Nasser, Aswan, Egypt showing frequency of fish
specimens in different length groups and their distribution in each age group during the period of February 2016 to
January 2017

Length groups Age groups
Freq.

(mm) 1 2 3 4 5 6 7 8
200 3 3 0 0 0 0 0 0 0
230 7 0 0 0 0 0 0 0
260 23 17 6 0 0 0 0 0 0
290 28 4 24 0 0 0 0 0 0
320 39 0 38 1 0 0 0 0 0
350 22 0 14 8 0 0 0 0 0
380 18 0 5 12 1 0 0 0 0
410 5 0 3 2 0 0 0 0 0
440 6 0 2 3 1 0 0 0 0
470 4 0 1 2 1 0 0 0 0
500 5 0 0 2 3 0 0 0 0
530 1 0 0 0 0 1 0 0 0
560 1 0 0 0 0 1 0 0 0
590 0 0 0 0 0 0 0 0 0
620 0 0 0 0 0 0 0 0 0
650 3 0 0 0 0 0 3 0 0
680 1 0 0 0 0 0 0 1 0
710 1 0 0 0 0 0 0 1 0
740 2 0 0 0 0 0 0 1 1
Sum 169 31 93 30 6 2 3 3 1

Freq. = frequency
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Clinical, postmortem and histopathological examinations induced by parasites

Most of the examined fish showed no pathognomonic abnormalities except heavy parasitic infestation. Moreover,
the examined fish exhibited restlessness, poor appetite, emaciation, slight abdominal distension as well as respiratory
difficulties manifested by surface swimming and gasping.

Emaciation, dark or pale body coloration, detachment of scales and fin erosions were noticed, especially in the
pelvic and caudal areas, together with hemorrhagic spots on different parts of the fish's body and excessive mucus.
Alternatively, paleness and congestion were observed in some parts of gills (Figure 1a and Figure 3a). Excessive mucous
secretion and erosions of gills tips as well as white spots were observed (Figure 1a). Microscopically, gills revealed
varying degrees of pathological changes including congestion of primary lamellae, interlamellar hyperplasia and
adhesion of secondary lamellae, loss of the secondary lamellae in some sections (Figure 1b) and pillar cells hyperplasia
at the tips of the primary lamellae (Figure 3d). Longitudinal sections of parasites including such crustaceans as Ergasilus
spp., such as Ergasilus latus and Ergasilus kandti (Figures le and 1f), and monogenea spp. (Figure 3d) such as
Diplectanum simile and Diplectanum lacustris were also observed.

The internal organs of naturally infected fish were pale and anemic, with enlargement and congestion of the spleen
and liver (Figure 2a), together with congested and hemorrhagic gas bladder (Figure 4a), hemorrhage of the stomach as well
as the enteritis was observed, especially in high parasitic load. Visible parasites could be seen by the naked eye (Figures 2a
and 2b). The stomach and intestine revealed marked necrosis, sloughing of the covering epithelium and infiltrations of
inflammatory cells, including mononuclear cells and heterophils in the mucosa and submucosa (Figures 6c, 6d, 6e and 6f).
Moreover, encysted third stage larva of Contracaecum spp. was observed microscopically attached to the serosa of the
stomach, together with the significant inflammation of its wall (Figure 2f). The gas bladder revealed hemorrhage and
inflammation but the identified parasites, either nematode, or trematode, were not detected microscopically. The livers of
the infected fish revealed marked congestion, fatty change and multifocal necrosis of the hepatocytes, which in some areas
had infiltrated with mononuclear cells and heterophils (Figures 6a and 6b). Marked heterophils infiltrations were also
observed. Proboscis of acanthocephalan was observed and surrounded with inflammatory cells including mononuclear
cells and heterophils (Figure 5f).

Parasitological examinations

On the bases of the morphological examinations, the following parasites were identified from Lates niloticus:
Diplectanum simile and Diplectanum lacustris (Figures 3b and 3c) as monogeneans trematodes microscopically exhibit a
wide range of shapes and sizes as well as Ergasilus kandti and Ergasilus latus (Figures 1c and 1d) as crustacean parasites
from the gills.

Tylodelphys spp., un-encysted metacercariae digenetic trematodes, used fish as intermediate host was recovered
from the wall of the gas bladder and reported as new host and locality records. The live specimens were white in color
and the stained one had linguiform body, measuring few millimeters with rounded anterior end and conical pointed
posterior end (Figures 4b, 4c, 4d, 4e and 4f).

Philometra ovata as nematodes isolated from the gas bladder measuring few millimeters and the live specimens
were white in color and transparent (Figures 4g and 4h).

Third stage larva of Contracaecum spp. nematodes encapsulated in fibrin sheath and attached to the alimentary
canal and encysted in the wall of the stomach in heavy infestation. The liberated live larvae of Contracaecum spp. were
reddish-yellow in color with long, cylindrical body measuring 25-55 milimeters with rounded anterior and tapered
posterior ends (Figures 2b, 2c, 2d and 2e).

Rhadinorhynchus niloticus, acanthocephalan isolated from the stomach, intestine especially rectum and attached to
any organ in the abdominal cavity when liberated from the stomach and intestine. It was white in color with long,
cylindrical body, measuring 2-3 centimeters and had a slender, hollow construction proboscis that forms the anterior end
(Figures 5a, 5b, 5c¢, 5d and 5e).
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Figure 1. Gills of Lates niloticus from lake Nasser infected with Ergasilus spp. during the period of February 2016 to
January 2017:

a. Pale gills of Lates niloticus showing excessive mucus and white dots (Ergasilus spp. -arrow).
b. Gills of Lates niloticus showing interlamellar hyperplasia and adhesion of secondary lamellae, loss of the secondary
lamellae (arrow), H&E, x 100.
c. Ergasilus latus infecting the gills of Lates niloticus, x 240.
d. Ergasilus kandti infecting the gills of Lates niloticus, x200.
e, f. Gills of Lates niloticus showing longitudinal sections of Ergasilus latus and Ergasilus kandti as well as pillar cells
hyperplasia at the tips of the primary lamellae, H&E, x 200
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Figure 2. Lates niloticus from lake Nasser infected with Contracaecum spp. during the period of February 2016 to
January 2017:

a. Lates niloticus showing congested liver, gas bladder and stomach as well as visible third stage larvae of
Contracaecum spp. attached to the alimentary canal.

b. Liberated third stage larvae of Contracaecum spp. recovered from their fibrinous sheaths.

c. Anterior end of third stage larvae of Contracaecum spp. (O, oesphagous- IC, intestinal caecum),x 200.

d. Anterior end of third stage larvae of Contracaecum spp.,x 280.

e. Posterior end of third stage larvae of Contracaecum spp. (a, anal opening- t, tail end),x 200.

f. Stomach showing encysted third stage larva of Contracaecum spp. (arrow) as well as severe necrosis and infiltration of
inflammatory cells in the lamina propria and submucosa, H&E,x 100
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Figure 3. Gills of Lates niloticus from lake Nasser infected with monogenetic trematodes during the period of February
2016 to January 2017:

a. Gills of Lates niloticus infected with Diplectanum spp. showing excessive mucus, pale altered with congested areas as
well as erosions of the gills tips.

b. Wet mount of Diplectanum simile infecting the gills of Lates niloticus,x 200.

c. Diplectanum lacustris infecting the gills of Lates niloticus stained with acetic acid alum carmine, x500.

d. Gills of Lates niloticus showing pillar cells hyperplasia(arrow)at the tips of the primary lamellae as well as
monogenea spp., H&E,x200
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Figure 4. Gas bladder of Lates niloticus from lake Nasser infected with Tylodelphys spp. and Philometra ovata during
the period of February 2016 to January 2017:
a. Gas bladder of Lates niloticus infected with Tylodelphys spp. and Philometra ovata showing slightly congested and
hemorrhagic areas.
b. Wet mount of Tylodelphys spp. recovered from the gas bladder of Lates niloticus,x 200.
c,d,e,f. Tylodelphys spp. recovered from the gas bladder of Lates niloticus stained with acetic acid alum carmine,x200.
(OS, oral sucker - PS, pseudosucker - PH, pharynx- O, oesophagus - IC, intestinal caeca - AC, acetabulum -EB,
excretory bladder - HF, holdfast).
g. Anterior end of Philometra ovata recovered from the gas bladder of Lates niloticus (P, papillae - O, oesophagus - IC,
intestine),x 4000.
h. Posterior end of male Philometra ovata (SP, spicules - G, gubernaculum) recovered from the gas bladder of Lates
niloticus,x 4000
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Figure 5. Rectum, stomach and liver of Lates niloticus from lake Nasser infected with Rhadinorhynchus niloticus during
the period of February 2016 to January 2017:

a. Rhadinorhynchus niloticus inserted their proboscises in the congested rectum of Lates niloticus.

b. Rhadinorhynchus niloticus inserted its proboscis in the stomach of Lates niloticus (arrow).

c. Anterior end of Rhadinorhynchus niloticus infecting Lates niloticus (Pr, Proboscis - I, intestine),x 40.

d. Proboscis of Rhadinorhynchus niloticus infecting Lates niloticus showing the arranged hooks (H) (arrows),x 400.

e. Middle and posterior parts of Rhadinorhynchus niloticus infecting Lates niloticus (T, tests - CG, cement gland - SV,
seminal vesicle - GP, genital pore),x 40.

f. Liver of Lates niloticus showing proboscis (arrow) of acanthocephalan surrounded with inflammatory cells including
mononuclear cells and heterophils, H&E,x 200
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period of February 2016 to January 2017:

a. Liver showing marked necrosis of hepatocytes (arrow), H&E,x 100.

b. Liver showing fatty change and marked heterophils infiltrations (head arrow), H&E,x 200.

¢. Stomach showing severe necrosis of the mucosa (asterisk) and infiltration of inflammatory cells in lamina propria and
submucosa, H&E,x 100.

d. Higher magnification of Figure 6c.
Stomach showing marked heterophils infiltrations (arrow) in the lamina propria, H&E,x 200.

e. Intestine showing severe necrosis of the mucosa and infiltration of inflammatory cells in the lamina propria and
submucosa, H&E,x 100.

f. Higher magnification of Figure 6e, intestine showing marked heterophils and mononuclear cells infiltrations in the
lamina propria, H&E,x 200
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The total and the seasonal prevalence of detected parasites

The examined fish; Lates niloticus revealed a trematodal, nematodal, acanthocephalan and crustaceans infection
rates of 95%, 100%, 24.5% and 69.5% respectively. However, there were no cestodal infections along the period of
study, as presented in (Tables 2 and 3).

Concerning the seasonal dynamics of external Diplectanum simile and Diplectanum lacustris isolated from the
gills of Lates niloticus with an overall prevalence of (30%), a higher infection rate was observed during autumn
(50,58%), followed by summer (40,45%), spring (20,33%) and then winter (10, 18%) respectively, as presented in
(Table 4). The incidence and intensity of infection with Diplectanum spp. in Lates niloticus was highest in the class 1
age group. Tylodelphys spp., un-encysted metacercaria isolated from the gas bladder, used Lates niloticus as an
intermediate host with a total prevalence of (89%). A higher infection rate was observed during summer (96%), followed
by autumn (90%), spring (86%) and then winter (84%), as described in (Table 4). The incidence and intensity of
infection with Tylodelphys spp. in Lates niloticus increased with the class 2 age group.

Regarding the prevalence of different species of nematodal infections in Lates niloticus, Philometra ovata in the
gas bladder was recorded with a total prevalence of 12.5 % and was higher in summer (20%) then spring (12%), winter
(10%) and autumn (8%) (Table 4). It was observed much more in individuals belonging to the class 3 age group.

The third stage larvae of Contracaecum spp. in the abdominal cavity of the fish investigated were recorded with a
prevalence rate of 100% throughout the period of study (Table 4). The recorded presence of Rhadinorhynchus niloticus
isolated from the stomach and intestine of Lates niloticus was highest in winter (40%), then spring (30%), summer
(20%) and autumn (8%) with a total prevalence of 24.5 % (Table 4).

The presence of nematodes (Contracaecum spp. and Philometra ovata) and the acanthocephalan (Rhadinorhynchus
niloticus) in Lates niloticus had increased in incidence and intensity with the age of fish. Ergasilus kandti and Ergasilus
latus were found in the gills of investigated fish at a higher infection rate in summer (90%, 92%), then spring (86%,
90%), autumn (82%, 87%) and winter (20%, 30%) respectively (Table 4). The incidence and intensity of infection with
Ergasilus spp. in Lates niloticus was highest in the class 1 age.

In the present study, we noticed that while the gills are heavily infested with Ergasilus spp., the number of
Diplectanum spp. drastically decreases or are even entirely absent. Interestingly, the musculature of Lates niloticus was
completely free from any larvae, encysted meatacercariae and adult worms.

The parasites detected in Lates niloticus were found throughout the period of study. Some of them showed clear
seasonal variation while the others were of nearly uniform frequency during the different seasons, varying only in the
intensity of infections. The detected parasites were identified in their larval stages and adult worms were also reported.

DISCUSSION

Signs found on Lates niloticus infected with different parasites may be explained as sequences of parasites
presenting different parts of the fish. Similar results have been reported on other fish hosts and other parasitic diseases
(Hamouda, 2014). Few studies have reported on the occurrence of third stage larvae of Contracaecum spp. in Lates
niloticus of Lake Nasser without any behavior abnormalities (Abd Alkareem, 2004).

Paleness and congestion in some parts of gills might be attributed to the mechanical injuries caused by Diplectanum
spp. and Ergasilus spp. at the onset of infection leading to congestion. Indeed, when flukes increased in humber and
attacked the gills aggressively, they increase their feeding activities on the blood of the highly vascularized gills, causing
anemia and pallor of the gills in the chronic phase. Excessive mucous secretion (as a defensive mechanism to diminish
the irritant effect of the pathogen) and the white structures in the gills were Ergasilus spp. These results were nearly
similar to those recorded by Noga (2010); Rashed (2013) and Hamouda (2014).

Internal gross lesions induced by parasites may be attributed to the presence of macroscopic parasites of third stage
larvae of Contracaecum spp., Philometra ovata, Tylodelphys spp. and Rhadinorhynchus niloticus (which embed
themselves in the lining mucosa of the stomach and intestine, causing local damage and possibly peritonitis). Moreover,
proteolytic enzymes discharged from adult worms may be degrading the gastric and intestinal tissues (Woo, 1995).
Helminthes produce toxic metabolic by-products which harm the infected host by causing occlusion of blood vessels,
intestine and other ducts and resulting in the inflammation and congestion described in the internal organs. The above-
mentioned reports suggesting the mechanism of tissue damage induced by parasites were confirmed histopathologically.
However, no study has described in detail signs, lesions, evidences and histological damages induced by parasites in
Lates niloticus as the present paper.

Latus niloticus is a carnivorous fish that assists in the greater transmission of parasites through feeding on young
infested fish or aquatic animals that harbor it in the infective stages. This could be the reason for the maximum parasitic
infestation rate (100%).
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There is scarcity of information on the isolated parasites of Lates niloticus from lake Nasser except 3rd stage larvae
of Contracaecum spp. (Younis et al., 2017) and Rhadinorhynchus niloticus.

The metacercariae of Tylodelphys spp., are highly active and never encyst (Schaperclaus, 1992). Many authors
around the world have detected Tylodelphys spp. in the vitreous humor of fish other than Lates niloticus (Otachi, 2009;
Blasco-Costa et al., 2017 and Chaudhary et al., 2017) and from cranial cavity of Clarias gariepinus (Chibwana et al.
2015). But to our knowledge there is no record of isolation of such parasites from the swim bladder and from Lates
niloticus so it is new host and locality records.

Philometra ovata was recorded with a total prevalence of 12.5 % and was highest in summer (20%) then spring
(12%), winter (10%) and autumn (8%). It was observed much more in individuals belonging to the class 3 age group.
These results were nearly identical with those recorded by Innal and Keskin (2005) on Leucis cephalus L. fish and lower
than recorded by Y|-Tg L (2014) on European minnows. Unidentified species of Philometroides were recorded from
Lates niloticus in Egypt by El-Nafar et al. (1983) with a prevalence of 1.3%. Philometra lati isolated from the abdominal
cavity of Lates niloticus and Philometra spiriformis sp. n. from capsules on the inner surface of the gill covers of L.
niloticus were recorded by Moravec et al. (2009) in Kenya. Members of the family Philometridae has been recorded in
different fish species other than Lates niloticus in Africa (Khalil, 1960, 1965, 1969 and 1973; Fahmy et al., 1976; EI-
Nafar et al., 1983 and Moravec and Van As, 2001).

The third stage larvae of Contracaecum spp. were recorded with a prevalence of 100% throughout the period of
study. This result was identical with that recorded by Rabei (2009) and Younis et al. (2017) and this may be explained as
the definitive hosts of Contracaecum spp. are pelicans, cormorants and herons and these are ubiquitous throughout the
year around lake Nasser, so the infection was equally throughout the year. Contracaecum spp. larvae belonging to
Anisakid nematodes which are considered to be responsible for anisakidosis disease, a serious zoonotic disease, and
there has been a dramatic increase in its reported prevalence throughout the world in the last two decades (Lymbery and
Cheah, 2007) so if the fish are not frozen or filleted soon after capture, larval nematode may migrate into the flesh.
Accordingly, humans may be infected if viable larvae are consumed in uncooked or undercooked fishes (Younis et al.,
2017).

Rhadinorhynchus niloticus was highest in winter (40%), then spring (30%), summer (20%) and autumn (8%) with a
total prevalence of 24.5%. This was higher than that recorded by Ebraheem (1992) and Abd Elmageed (2015). The
presence of nematodes (Contracaecum spp. and Philometra ovata) and the acanthocephalan (Rhadinorhynchus niloticus)
in Lates niloticus increased in incidence and intensity with the age of fish and this may be owing to the accumulation of
the worms over a longer period giving them available spaces for colonization and accumulation in addition to the larger
size of fish, tend to be too big for the piscivorous bird to feed upon (Gichohi et al., 2008 and Zekarias and Yimer, 2008).

Ergasilus kandti and Ergasilus latus were found in the gills of investigated fish at a higher infection rate in summer
(90, 92%), then spring (86, 90%), autumn (82, 87%) and winter (20, 30%), respectively. This was nearly similar to that
recorded by Paperna (1968) but, Aladetohun et al. (2013) recorded the highest infestation rate of Ergasilus spp. in Mugil
cephalus in the rainy seasons.

In the present study, we noticed that while the gills are heavily infested with Ergasilus spp., the number of
Diplectanum spp. is drastically decreased or are even entirely absent. This may be because the heavy infestations with
Ergasilus make the gills less suitable for monogeneans to establish themselves (Tiiurston and Paperna, 1969). Ergasilus
feeding activity induces severe focal damage and very heavy infestations can be lethal (Noga, 2010).

The parasites detected in Lates niloticus were found throughout the period of study. Some of them showed clear
seasonal variation while the others were of nearly uniform frequency during the different seasons, varying only in the
intensity of infections. The snail is restricted to waters that remain warm (probably >17 ° C) year — round (Noga, 2010)
and in Aswan, the high temperature in all seasons is maintained nearly throughout the year. This favors the development
of snails, invertebrate hosts and the final hosts (fish, crocodiles, frogs, snakes and aquatic birds) as well as, an increase in
plankton production, which is the source of nutrition of intermediate hosts.

The detected parasites were identified in both larval stages and adult worms, indicating that Lates niloticus act as
intermediate, definitive or paratenic host contributing the expansion of infestations on intra or inter specific hosts. This
could be due to the nature of the life cycle in these parasites, which involves the presence of snails or invertebrate (a
crustacean; sometimes an annelid, coelenterate and mollusk) as first intermediate hosts, followed by fish as second
intermediate host and finally aquatic birds, fish and reptiles as definitive final hosts (Syobodova and Kolarova, 2004).

Our results may differ partially or completely with many authors and this may be attributed to the different
localities of the examined fish, type, age and sex of fish examined as well as, water hydrochemistry in each locality
(Hamouda, 2014).
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Table 2. Prevalence of trematodes and nematodes among the examined Lates niloticus in lake Nasser, Egypt during the period of February 2016 to January 2017

Trematodal infections Nematodal infections
i . - . . Total Diplect Total of t todal . Total of todal
F'Sh_ No. Diplectanum simile Diplectanum lacustris 0 a. P ?C anum Tylodelphys spp. ° a_o r(?ma oda Contracaecum spp. Philometra ovata 0 a' ° ngma oda
species Exam. infections infections infections
Fish Infected % of Infected % of Infected % of Infected % of Infected % of Infected % of Infected % of Infected % of
No. infections No. infections No. infections No. infections No. infections No. infections No. infections No. infections
rl;ﬁget?cus 200 33 16.5 45 225 60 30 178 89 190 95 200 100 25 12.5 200 100

No. exam. = Number of examined

Table 3. Prevalence of acanthocephalans, crustaceans and cestodes among the examined Lates niloticus in lake Nasser, Egypt during the period of February 2016 to January 2017

Rhadinorhynchus niloticus Ergasilus spp. Cestodes
Fish species . . Ergasilus kandti Ergasilus latus Total Ergasilus infections ) .
No. exam. Fish Infected No. % of infections - - - - - - Infected No. % of infections
Infected No. % of infections Infected No. % of infections Infected No. % of infections
Lates niloticus 200 49 24.5 60 30 90 45 139 69.5 0 0

No. exam. = Number of examined

Table 4. The seasonal prevalence, infection, intensity and mean/fish of helminth parasites in different organs of Lates niloticus from lake Nasser, Egypt during the period of February

2016 to January 2017
Type of parasite % of infected fish _ Seasonal prevalence _ Susceptible organs No. of Parasites per inf. fish Mean /fish
Spring Summer Autumn Winter
Diplectanum simile 16.5 20 40 50 10 Gills 4-10 4
Diplectanum lacustris 22.5 33 45 58 18 Gills 6-20 7
Tylodelphys spp. 89 86 96 90 84 Gas bladder 3-33 20
Philometra ovata 12.5 12 20 8 10 Gas bladder 6-60 28
Contracaecum Lz larvae 100 100 100 100 100 Associated with the alimentary canal 1-99 33
Rhadinorhynchus niloticus 245 30 20 8 40 Stomach and intestine 1-7 4
Ergasilus kandti 30 86 90 82 20 Gills 10- 40 15
Ergasilus latus 45 90 92 87 23 Gill 10-60 22
Cestodes 0 0 0 0 0 —_ 0 0
No. = Number; inf. = infected
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CONCLUSION

Parasitic infestation of Lates niloticus is an important factor affecting wild populations of Lates niloticus and another
aquatic species in Lake Nasser. Therefore, extended investigations about the effects of parasitic infection on fecundity,
survival of this fish species are recommended to ensure successful fishery management plans.

Lates niloticus must be gutted soon after capture to avoid the attack of the detected parasites to its musculature
which is completely free from any parasitic infection. The disposal of viscera or infected fish parts in water should be
strenuously prohibited. Regular monitoring of the fish in Lake Nasser is a must. Further studies on Tylodelphys spp. in
Lates niloticus (new host and locality records) are needed and urged.
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