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ABSTRACT 

   Lambs and goat kid's diarrhea is one of the main sign disease infecting 

in great lost of lambs and goat kid's as result of bacterial infections of 

the gastrointestinal tract. This study was carried out to identify bacterial 

agents associated with lamb and goat kids diarrhoea, to investigate the 

occurrence of Enterobacteriaceae in lamb and goat kid's diarrhoea and 

to determine the sensitivity of the bacterial isolating to commonly used 

and antibiotics (Tetracycline (30mcg), Gentamicin (10µg) Trimethoprim 

(5µg), Ampicillin (10µg), Ceftriaxone (30mcg), Ciprofloxacin (5mcg), 

Norfloxacin (10µg), Penicillin, Erythromycin (15µg), Chlormphenicol 

(30µg), Colistin (10µg) and Lincomycin (15µg)). Bacteriological 

method were used for identification of isolates and API20E strips were 

used for confirmation of the result. Agar diffusion method was used for 

Antibiotic sensitivity testing for the identified bacteria. A total 150 

samples were collected from diarrhoeic lamb and goat kids of age 1 to 

60 days from North Kordufan state areas during August and September 

2017. The number of isolates were 91(60.7%) consisted 27(29.7%) 

Escherichia coli, 8(8.8%) Interobacter cloacae, 7(7.7%) Pseudomonus 

aeruginosa, 5(5.5%) Proteus mirabills, 5(5.5%) Stenotrophomonas 

maltoplila, 4(4.4%) Klebsiella pnemoniae, 3(3.3%) Serratia 

macenscens, 3(3.3%) Salmonella Arizona, 2(2.2%) Yersinia pestis, 

2(2.2%) Pseudomonas oryzihabitans, 2(2.2%) Serratia liquefaciens, 

1(1.1%) Pseudomonas luteola,1(1.1%) Shigella spp 1(1.1%) 

Enterobacter gergoviae,1(1.1%) Citrobacter freundii,1 (1.1%) 

Citrobacter braakii,1 (1.1%) Citrobacter youngae. Escherichia coli 

were found the most cause of diarrhea in lamb and goat kid's, followed 

by Enterobacter cloacae. Most isolates are highly sensitive to 

Gentamycine, Trimethoprim, Ceftriaxon, Norfloxacin, colistin and 
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Ciprofloxacin respectively, while highly resistant to Penicillin and 

Lincomycin. 
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  طروحھلأاملخص 

الاسھال في الحملان وصغار الماعز یعتبر واحد من اھم العلامات المرضیھ التي    
تسبب فقدان كبیر  في صغار المجترات الصغیره نتیجھ للاصابات البكتیریھ في الجھاز 

ھذه الدراسھ اجریت للتعرف علي البكتریا سالبھ الجرام المتعلقھ بالاسھال في الحملان .الھضمي
 مثل تحدید حساسیة البكتیریا المعزولة للمضادات الحیویة شائعة الاستخداموار الماعز وصغ

 ،)میكروجرام 5(تریمیثوبریم ، )میكروجرام10(، الجنتامیسین ) میكروغرام 30(التتراسیكلین (
 ،)میكروجرام 5(سیبروفلوكساسین ، )میكروجرام30(یاكسون سیفتر، )میكروجرام10(أمبیسلین 

 30(كلورمفینیكول ، )میكروجرام 15(إریثرومیسین ، بنسلین، )میكروجرام10(ین نورفلوكساس
تم استخدام الطریقة ). مایكروحرام 15(لینكومایسین ، )ممیكروجرا 10(كولیستن ، )میكروجرام

تم استخدام طریقة  .لتأكید النتیجة API20E البكتریولوجیة لتحدید العزلات واستخدمت شرائح

 150تم جمع إجمالي  .عزلھاتبار حساسیة المضادات الحیویة للبكتیریا التي تم انتشار الأجار لاخ
یومًا  60عینة من  الحملان وصغار الماعز المصابھ بالإسھال الذین تتراوح أعمارھم من یوم الي 

 91وكان العدد الكلي للعزلات ھو. 2017من  ولایة شمال كردفان خلال شھري أغسطس وسبتمبر 
ً للفحص المجھري والخصائص المزرعیھ والبایوكیمیائیھ تم تعریف، عزلھ وقد . العزلات وفقا

اشیریشیا %) 27.7(27عزلھ بكتیریھ سالبھ لصبغة جرام  منھا %) 60.7(91شملت العزلات 
بروتس %) 5.5(5، سدموناس اریجنوزا%) 7.7(7، انتیروباكتر كلواكا%) 8.8(8، كولاي

سراتیا %) 3.3(  3، كلبسیلا نیمونیا%) 4.4( 4، استینوتروفومونس%) 5.5(5، میربلس
سدموناس ) 2.2(2، یسرینیا ستاسي%) 2.2(2، سامونیلا اریزوني%) 3.3(3، مارسنسس

) 1.1(1، شایقلا) 1.1(1، سدموناس لیوتیولا) 1.1(1، سراتیا لكویفاسینس) 2.2(2، اورزیھبیتنس
 )1.1(1، روباكتربراكي ست) 1.1(1، ستروباكتر فریندي) 1.1(1، انتیروباكتر جیرجوفیي

لاشریشیا كولاي اكثر بكتریا تسبب الاسھالات في الحملان وصغار اوجد ان . ستروباكتر ینقي
جنتامایسین ، تریمیثوبریم ، لل معظم العزلات حساسة . ثم تلیھا انتیروباكتر كولواكا الماعز

شدیدة  كانت بینما  ، كولیستین وسیبروفلوكساسین على التوالي ،سیفتریاكسون ، نورفلوكساسین
 .المقاومة للبنسلین واللینكومایسین
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Introduction 

 Infectious diarrhea is the most significant cause of morbidity and 

mortality in neonatal sheep and goat kid's throughout the world. Despite 

improvements in management practices, prevention and treatment 

strategies, diarrhea is still the most common problem and costly disease 

affecting neonatal small ruminants. Diarrhea in lambs and goats is a 

complex, multi-factorial disease involving the animal, environment, 

nutrition and infectious agents. The four major causes of diarrhea in 

lambs and kids during the first month of life are: E. coli, which is most 

common, rotavirus, Cryptosporidium spp. and Salmonella spp. 

(Schoenian, 2007). In a study at sheep experiment station in USA, it was 

found that diarrhea accounted for 46% of lamb mortality and the neonatal 

mortality among control group of kids was 1.0% compared to 3.2% in the 

other non control group. The study also indicated that separating the 

neonates from adult animals, not vaccination of dams against infectious 

diseases especially against pasteurellosis, colibacillosis and 

enterotoxaemia, and miss mothering acts as predisposing factors at the 

disease in the newborn which characterized by progressive dehydration 

and rapid death, sometimes in less than12 hours. In the sub- acute form, 

diarrhea may persist for several days and result in emaciation and stunted 

growth (Sethi, 2019). 

 This study is the first trial on the investigation of diarrhea among 

lambs and goat kid's in North Kordufan State as a breeding area of sheep 

and goats.   

Objectives of the study 

1- To identify the isolated bacteria by conventional bacteriological 

 methods and rapid test.  
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     2- To evaluate the antimicrobial reactions of the isolates using agar 

 diffusion method. 

3- To demonstrate the most effective antimicrobial agent for treatment          

of lamb and goat kid's diarrhea.           
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Chapter One 

Literature Review 

1.1. Definition of diarrhea  

 Diarrhea often results in fluid and electrolyte losses due to 

infectious diseases. As long as the ruminant neonate can compensate for 

losses, it will remain hemodynamically stable and continue to nurse. 

However, if losses exceed intake, systemic، effects will be observed on 

clinical examination. Fluid loss from the vascular compartment leads to 

hypovolemia dehydration, hypotension, and shock. Metabolic acidosis 

develops as a result of intestinal and fecal loss of sodium bicarbonate, 

increased L-lactate from hypoperfused tissues, and increased absorption 

of L-lactate and D-lactate produced by bacterial fermentation in the 

intestinal tract (Lorenz et al., 2005). 

1.2. Pathogenesis of diarrhea 

 Diarrhea in neonatal ruminant is usually associated with disease of 

the small intestine and can be caused by either hypersecretion or 

malabsorption. Hypersecretory diarrhea occurs when an abnormal amount 

of fluid is secreted into the gut, exceeding the resorptive capacity of the 

mucosa. In malabsorptive diarrhea the capacity of the mucosa to absorb 

fluid and nutrients is impaired to the extent that it cannot keep up with the 

normal influx of ingested and secreted fluid (Aiello and Mays, 1998). 

Depending on the causative agent; intestinal malabsorption may be a 

result of different pathological mechanisms which are: Osmotic effect: 

when a substance within the lumen of the intestines raises the osmotic 

pressure to a level that permits excessive fluid to move into the lumen of 

the intestine, the fluid is not reabsorbed and therefore accumulates in the 

lumen creating circumstances conducive to diarrhea. Acute or chronic 



4 
  

inflammation and necrosis of the intestinal mucosa will result in both net 

increase in fluid production and inflammatory products, including lose of 

serum proteins and electrolytes. Examples include many of the diseases 

caused by bacteria, viruses, fungi, protozoa and chemicals. Enteric 

colibacillosis is an example of diarrheal increases resulting from 

intestinal hypersecretion. The villi along with their digestive and 

absorptive capabilities, remain intact, however, their secretion is 

increased beyond the absorptive capacity of intestine, resulting in 

diarrhea and the outcome is a varying degree of dehydration, electrolytes 

imbalance, acidosis, hypocalcaemia and when acidosis is severe 

circulatory failure, shock and death occur (Radostits et al., 1994). 

1.3. Predisposing factors  

 Neonates obtaining insufficient passive immunity (antibodies) 

from colostrums, this might be due to either a quantitative or qualitative 

deficiency, intensive husbandry practice lead to a rapid transmission of 

the pathogenic E.coli strains ,poor hygiene often allows a build-up of 

pathogenic strains in the young animals environment , the normal flora of 

the intestine is not fully established , naive immune system of neonate 

,receptors for the adhesions of E .coli are present for the first week of life 

only in calves and piglets( Quinn et al., 1994). 

 1.4. Etiology of neonatal lambs and goat kid's diarrhea 

 Enteropathogenic bacteria and viruses play important role in causes 

diarrhea in livestock worldwide (Adesiyun et al., 2001). Other pathogens 

may also have a role in enteric diseases including: Clostridium 

Perfringens, Giardia, Eimeria spp, Campylobacter, Klebsiella spp and 

Proteus (Muñoz et al., 1996). 
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 Several agents may be cause diarrhea; more of these agents are 

affecting the host without inducing any clinical sings (Smith and 

Sherman, 1994).  

 There are four major causes of diarrhea in lambs and kids during 

the first month of life; E.coli, which is most common, rotavirus, 

Cryposporidum spp and Salmonella spp (Susan, 2007).  E. coli bearing 

virulence attributes different from those typical of ETEC (verotoxigenic, 

F1 7+ or attaching affecting E. coli), have been found in diarrhoeic and 

healthy lambs and goat kids but the pathogenic significance for these 

species is unknown (Beutin et al., 1993;Cid et al.,1993;Adesiyun and 

Kaminjolo,1994; Drolet et al.,1994).  

1.4.1. Aerobic bacteria associated with lambs and goat kid's diarrhea 

    Lamb enteritis is economically important problem because several 

agents may be involved in the etiology. In study conducted in Behera 

province from 1200 examined lambs, 650 (54.16 %) showed enteritis and 

was also observed that enteritis rate was higher in closed system (83.70 

%) than in open system (46.80 %)and the mortality rate was 4.16 % and 

case fatality was 7.69 %. Bacteriological examination of fecal samples 

revealed that 190 (29%) of the lambs were positive for pathogenic 

bacteria culture. The isolated bacteria were E. coli pathogenic form from 

65 (34.20 %) which was the most predominant bacterial isolated. Other 

bacteria isolated were Salmonella 10 (5.26 %), Clostridia spp. 15 (7.89 

%), Proteus spp isolated 25 (13.10 %), Shigella isolated 20 (10.52 %), 

Klebsiella Spp. 15 (7.89 %) (Mohammad et al., 2014). 

1.4.1.1. Enterobacteriacea 

 Enterobacteriaceae are Gram-negative, non-spore forming, rods, 

up to 3µm in length and 0.6µm in breadth. They ferment glucose and 
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wide range of carbohydrate, oxidase negative, catalase positive, motile or 

non-motile, the motile strains have peritichous flagellate, they grow well 

in macConkey agar. This group of micro-organisms can be divided into 

three categories: Major pathogens, opportunistic pathogens and non 

pathogens. The major animal pathogens are E coli, Salmonella spp., and 

Yesinia spp., which can cause both enteric and systemic diseases (Quinn 

et al., 2001).   

1.4.1.1.1. Escherichia coli (E.coli) 

 E.coli is worldwide in distribution, many are part of normal flora of 

the intestinal tract of human and animals (carter and Wise, 2004). The 

bacteria are a Gram-negative, motile, facultative anaerobe, non-spore 

forming. Most E. coli strains are part of gastrointestinal tract flora, but 

some strains possess virulence factors that enable them to cause diarrhea 

in neonatal farm animals and humans (Nguyen et al., 2005).The strains of 

E. coli can be divided into five groups or pathotypes of diarrhoeagenic E. 

coli include: enterotoxigenic (ETEC), enteropathogenic (EPEC), 

enteroinvasive (EIEC), enteroaggregative (EAEC) and 

enterohaemorrhagic E. coli (EHEC). The strains are capable of producing 

toxins very similar to the one produced by Shigella dysenteriae type1. 

Therefore, these bacteria are often called Shiga toxin-producing E.coli 

(STEC). Active Shiga toxins may be detected using Vero cell toxicity test 

(Beutin et al., 2007).  

1.4.1.1.2. Type of pathogenic E.coli 

 Pathogenic E.coli defferent from non-pathogenic E.coli   by the 

presence of virulence factors in chromosome or plasmid. According to 

the variation in DNA and distribution of genomic location, pathogenic 

E.coli divided into eight categories (Puente and Finlay, 2001).  
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1.4.1.1.2.1 Enterotoxigenic E.coli (ETEC) 

 Enterotoxigenic E.coli is important and wide cause watery diarrhea 

in new-born (sucking) calves and suckling and weaned pigs (Nagy and 

Feket , 1999). ETEC is divided into two virulence factor according to 

production of diarrhea. Fibril antigens (K99 or K88) enable to attach and 

colonize the villi of the small intestine and to secrete enterotoxins include 

LT (heat labile), ST (heat stabile) toxin (Aiello and May, 1998). 

1.4.1.1.2.1.1 Enterotoxins 

 Enterotoxins are plasmid-regulated secreted peptides acting on the 

intestinal epithelium, representing the following enterotoxins categories 

large molecular weight (88 kDa) heat-labile enterotoxins (LT); small 

molecular weight (11-48 amino acid containing) heat stable peptide 

toxins (ST). The LT toxins have good antigenicity; can be divided into 

two antigenically and biologically distinct but structurally similar groups: 

LTI and LTII (O'Brien and Holmes, 1996). 

Heat-labile enterotoxins   

 Mechanism of action of LT and ST enterotoxins is the production 

of functional change in small intestine epithelial cells leading to increase 

secretion of H2o and CL- and decrease of fluid absorption and 

dehydration and acidosis. LT is functionally and structurally related to 

vibrio toxin (O,Brien and Holmes,1996).  

Heat-stable enterotoxins   

 The ST(STa) is a 2-kDa peptide containing 11-18 amino acids it 

can Induce small intestinal fluid secretion in newborn but not in weaned 

pigs, STb which can induce fluid secretion in both age groups of pigs and 

rats (Nagy and Fekete,1999; Whipp, 1991).  
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1.4.1.1.2.2 Enteropathogenic E.coli (EPEC)                              

 Enteropathogenic E. coli (EPEC) have a number of virulence 

attributes that distinguish them from non-pathogenic strains. Adherence 

to the mucosal cells of the gut and production of toxins it essential to 

enteropathogenisity EPEC usually the peristalsis of the small intestine by 

sticking to the enterocytes with the adhesive antigen K99. Enterotoxins 

are produced near the mucosal receptor sites, which lead to leakage of 

fluid into lumen, and cause diarrhea (Donnenberg and Kaper, 1992).  

1.4.1.1.2.3. Enteroinvasive E.coli  (EIEC). 

 EIEC adhere to the cells of the distal small intestine, invade the 

enterocytes and deeper layers of the intestinal mucosa, they reach 

lymphatic system where their multiplication exits. The death of some 

E.coli cells occurs and endotoxin is released. The virulence factors 

adhesions and alpha-hemolysin are important as survival factors for these 

invasive strains, which are responsible for colisepticaemia (Quinn et al., 

1999).   

1.4.1.1.2.4 Enteroaggregative E.coli (EAggEC) 

 These strains are associated with persistent with diarrhea in young 

children, and have ability to attach tissue culture cells in aggregative 

manner, the bacteria adhere to intestinal mucosa and cause non-bloody 

diarrhea without causing of inflammation, they also produce a 

hemolysine related to the hemolysin produced by E.coli strains involved 

urinary tract infections (Todrak, 2002). 
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1.4.1.1.2.5. Attaching and effecting E.coli (AEEC) 

 The AEEC colonize the intestinal mucosa, attach to target cells and 

kill them. These strain have been Isolated from calves and rabbits with 

enteric disease (Quinn et al., 1999).  

1.4.1.1.2.6. Entero hemorrhagic or verotoxigenic E.coli (EHEC) 

 Enterohemorrhagic E. coli (EHEC) cause hemorrhagic colitis and 

are often associated with devastating or life-threatening systemic 

manifestations. The most severe sequelae, the hemolytic uremic 

syndrome (HUS), results from Shiga toxins (Stxs) produced by the 

bacteria in the intestine and act systemically on sensitive cells in the 

kidneys, brain, and other organs (Gyles, 2007). Although most EHEC 

strains produce Stxs, EHEC O157:H7 are especially virulent and are 

responsible for the majority of HUS cases of bacterial etiology worldwide 

(Gyles, 2007; Serna and Boedeker, 2008). 

1.4.1.1.2.8. Uropathogenic E.coli (UPEC)  

 It causes urinary tract infection, UPEC encode several adhesion 

factors, and both fembrial and non fembrial adhesions like type one Pilli. 

Many of EPEC produce hemolysin which may be involved in kidney 

disease in addition to cytotoxin necrotizing factors (Johnson,1991). 

1.4.1.1.8.1. Escherichia coli O157:H7 

 E. coli O157:H7 is gram negative bacillus. The "O" refers to 

somatic antigen and the "H" refers to flagella antigen. The organism has a 

cell structure Similar to Gram-negative cells and posses an outer 

membrane with lipo-polysaccharide component that is distinct from the 

cytoplasmic membrane. The O157 antigen is defined by the carbohydrate 

composition and structure within the lip- polysaccharide. The H7 antigen 
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is determined by the unique polypeptide composition of the flagella. E. 

coli are serologically differentiated based on three major surface antigens: 

O(somatic),H (flagella), and K (capsule) (Figure 1). A total of 173O 

antigens,56H antigens,and103K antigens have been identified(Bettelheim 

and Thomas, 2005). Enterohaemorragic E. coli O157:H7 and related 

organisms are also referred to as Shiga toxin-producing E. coli (STEC) 

because of their ability to produce Stxs (formerly called Shiga-like 

toxins). EHEC O157 are present in fecal flora of the number of animals 

including cattle, sheep, goats, pigs, dogs, cats, chickens and gulls, with 

the primary source of infection for man considered to be cattle and 

bovine-derived meat products (Griffin and Tauxe, 1991). 

1.4.1.1.3. Pathogenesis of E.coli  

 Diarrhea in neonatal ruminants is usually associated with disease of 

the small intestine and can be caused by hypersecretion or malabsorption. 

Hypersecretory diarrhea develops when an abnormal amount of fluid is 

secreted into the gut, exceeding the resorptive capacity of the mucosa. In 

malabsorptive diarrhea, the capacity of the mucosa to absorb fluid and 

nutrients is impaired to the extent that it cannot keep up with the normal 

influx of ingested and secreted fluids. This is usually the result of villous 

atrophy, in which the loss of mature enterocytes at the tips of the villi 

results both in a decrease in villous height (with a consequent decrease in 

the surface area for absorption) and in loss of the brush border digestive 

enzymes. The natural habitat of E. coli is the gastrointestinal tract of 

warm-blooded animals, and in humans, this species is the most common 

facultative anaerobe in the gut. Although most strains exist as harmless 

symbionts, there are many pathogenic E. coli strains that can cause a 

variety of diseases in animals and humans (Whittam 1996). Pathogenic E. 

coli strains differ from those that predominate in the enteric flora of 
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healthy individuals in that they are more likely to express virulence 

factors molecules directly involved in pathogenesis but ancillary to 

normal metabolic functions. Expression of these virulence factors 

disrupts the normal host physiology and elicits disease. In addition to 

their role in disease processes, virulence factors presumably enable the 

pathogens to exploit their hosts in ways unavailable to commensal strains, 

and thus to spread and persist in the bacterial community (Quinn et al., 

1994). 

 The enterovirulent E. coli rank among the most common causative 

agents of bacterial diarrhea in several animal species as well as in humans  

 (Nataro and Kaper, 1998).                                                             

1.4.1.1.4. Klebsiella Pnemoniae and Klebsiella.oxytoca 

     Klebsiella pneumoniae is a Gram-negative, non-motile, capsulated, 

lactose-fermenting, facultative anaerobic, rod-shaped bacterium. It 

appears as a mucoid lactose fermenter on MacConkey agar. Although 

found in the normal flora of the mouth, skin, and intestines (Ryan et 

al., 2004). Kleb. pneumoniae has been demonstrated to increase crop 

yields in agricultural conditions (Riggs et al., 2001). The most 

common condition caused by Klebsiella, bacteria outside the hospital 

is pneumonia, typically in the form of bronchopneumonia and also 

bronchitis. These patients have an increased tendency to develop lung 

abscess, cavitations, emphysema, and pleural adhesions. 

1.4.1.1.5. Proteus mirabilits and Proteus.vulgaris  

 Natural habitat is the faeces of mammals and environment. Proteus 

spp causes urinary tract infection of dogs and horses and  also associated 

with otitis externa in dogs and cats. On occasion, these species are 

https://en.wikipedia.org/wiki/Gram-negative
https://en.wikipedia.org/wiki/Bacterial_capsule
https://en.wikipedia.org/wiki/Lactose
https://en.wikipedia.org/wiki/Fermentation_(biochemistry)
https://en.wikipedia.org/wiki/Facultative_anaerobic
https://en.wikipedia.org/wiki/Bacterium
https://en.wikipedia.org/wiki/MacConkey_agar
https://en.wikipedia.org/wiki/Klebsiella_pneumonia
https://en.wikipedia.org/wiki/Bronchopneumonia
https://en.wikipedia.org/wiki/Bronchitis
https://en.wikipedia.org/wiki/Abscess
https://en.wikipedia.org/wiki/Cavitation_(biology)
https://en.wikipedia.org/wiki/Empyema
https://en.wikipedia.org/wiki/Adhesion_(medicine)
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thought to be involved in diarrhea in young lambs, calves, goats and other 

animals (Quinn et al., 1999; Carter and Wise, 2004). 

1.4.1.1.6. Yersinia enterocolitica  

 It is a gram-negative cocobacilli, which shows bipolar staining  and 

motile when incubated at 22°C and non motile at 37°C.  Also is aerobic 

and facultative anaerobic, selective media of this organism as 

MacConke's agar or SSA. This organism has been isolated from cattle, 

sheep, goats and others animals. It causes infection in animals in the form 

of ileitis, gastroenteritis and mesenteric inflammation (Carter and Wise, 

2004).  

1.4.1.1.7. Enterobacter cloacae  

 Enterobater Spp. have many features in common with Kleb. Spp. 

The organism is gram-negative motile bacteria, and can be found in 

intestinal tract of man and animals, soil, sewage, watery and diary 

product (Quinn et al., 1999). Some strain may produce haemolysin. An 

outer protein termed Ompx may be pathogenic factor for strain of 

Enterobacter.cloacae. This protein appears to reduce production of 

porins, leading to decrease sensitivity to beta lactam antibiotics and might 

play role in host cell invasion (Greenwood et al., 2002).  

1.4.1.1.8. Salmonella spp 

 Salmonellae are Gram-negative rods; non-capsulated, non-

sporulated and most of the species are motile by peritrichous flagella 

(Adesiyun et al., 2001).  

1.4.1.1.9. Diagnosis of enterobacteriaceae  

 Members of the Enterobacteriaceae are small Gram negative, non-

sporing straight rods. Some genera are motile by means of peritrichous 
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flagella except Tatumella, Shigella and Klebsiella species which are non-

motile. They are facultatively anaerobic and most species grow well at 

37°C, although some species grow better at 25-30°C. They grow well on 

peptone and meat extract media. Some strains grow on D- glucose as the 

sole source of carbon and energy, but other strains require vitamins and 

or amino acids. Acid is produced during the fermentation of D-glucose 

and other carbohydrates (Holt et al., 1994). 

1.4.1.1.9.1. Clinical examination:  

 All animals were subjected to through clinical examination 

including general health condition and body temperature, pulse, 

respiration, character of mucous membranes, auscultation of chest and 

abdomen and characters of the diarrhea. 

Fecal samples:  

 Rectal swabs were taken from diarrhoeic (lambs) by means of 

sterile cotton swabs and transported to laboratory as soon as possible in 

sterile nutrient broth that incubated at 37°C for at least 4-8 hours to 

increasing chances of isolation (Kelly, 1984). 

1.4.1.1.9.2. Bacteriological examination:  

 The samples (rectal swabs or tissue organs) from lambs were 

cultivated aerobically and anaerobically and bacterial isolates were 

subjected to characterization by studying their morphological, cultural, 

and biochemical characteristics as well as their motility according to 

(Quinn et al., 2002). 

1.4.1.1.9.3. Serological identification of E. coli isolates:  

 The E. coli isolates were confirmed biochemically and subjected to 

serological identification by using poly-specific and mono-specific 

antisera, using slide agglutination test using somatic (O) antisera with 

heat inactivated bacteria (Ewing 1986). 
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1.4.1.1.9.4. Conventional bacteriological method. 

A-primary test 

 Traditional culture methods, including sample preparation, 

enrichment, dilution, planting, enumeration, and isolation of single 

colonies for further count. Selective and/or differential media are used for 

enumeration of specific class of bacteria and pathogens ( Lau et al.,  

2003; Gracias and McKillip 2004; Kuria et al., 2009). Culturing and 

isolation of the test organisms a sterile wire loop has been used to 

inoculate stool samples on Macconkey agar, then incubated at 37°C for 

24 hours. The pale colonies show the presence of both Shigella and 

Salmonella, while E. coli appears pinkish in color. Shigella, Salmonella 

and E. coli are all gram negative bacteria (Cheesbrough, 2000).  

B-Secondary biochemical test: - 

 All isolates were subjected to the following biochemical tests: - 

(IMVIC) Indole, methyl red, Voges-Proskauer and Citrate. Both the 

methyl red and Voges-Proskauer tests were commonly used in 

conjunction with the indole and citrate tests to form a group of tests 

known as IMVIC which aid in the differentiation of Enterobacteria (Holt, 

1994).  

1.4.1.1.9.5. Rapid test 

1.4.1.1.9.5.1. Api 20E strip 

 The API 20E kit is an identification system for Enterobacteriaceae 

and other non-fastidious Gram-negative rods, which uses 21 standardized 

and miniaturized biochemical tests and a database. It consists of 21 

microtubes containing dehydrated substrates. These tubes are inoculated 

with a bac-terial suspension which reconstitutes the media. During 

incubation, metabolism produces color changes that are either 

spontaneous or revealed by the addition of reagents. The reactions are 

read according to the table provided and the identification is done using 

https://onlinelibrary.wiley.com/doi/full/10.1111/1541-4337.12618
https://onlinelibrary.wiley.com/doi/full/10.1111/1541-4337.12618
https://onlinelibrary.wiley.com/doi/full/10.1111/1541-4337.12618


15 
  

the software provided by the manufacturer on the Internet, the apiweb. A 

seven-digit profile is obtained. API 20E ratings are based on three 

parameters, including the likelihood of a match between the unknown 

organism’s profile and the computer profile, the relative value between 

the likelihood of the first and the likelihood of the second choice, and the 

number of tests against the first choice (Brown and Leff 1996). 

1.4.1.1.9.5.2. Automated vitek 2 compact 

 Automation in clinical microbiology started much later than other 

clinical laboratories. Automation in clinical lab began in clinical 

chemistry with introducing chemical analyser machines based on 

"continuous flow analysis (CFA)". It was invented by Leonard Skeggs in 

1957, and commercialized by Technicon® Corporation in 1960 decade 

(Galen 1990). Clinical serology and enzymes studies were joined to the 

automated departments. But it took more time to introduce first auto 

analyser in microbiology lab. Application of automated systems in 

clinical microbiology is different than other clinical laboratories. The 

main difference is the sterile working condition in microbiology and 

impure clinical bacterial samples which makes one-day extra operation 

for isolation of pure isolated samples. Automated analyse machines still 

are not popular in daily operation in microbiology laboratories. Where 

other clinical laboratories are completely replaced automated systems 

instead of manual methods. Sterile working condition nowadays has been 

replaced by higher concentrations of bacteria in feeding samples. But 

pure colonies preparation which is needed for identification process in 

microbiology still is a problem that needs conventional overnight culture 

plates. Thus, diagnosis process couldn’t be start directly after sampling 

(David and Pincus, 2005). 
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1.4.1.1.9.6. Molecular diagnosis 

 Molecular diagnostics is a collection of techniques used to analyse 

biological markers in the genome and proteome-the individual's genetic 

code and how their cells express their genes as proteins-by applying 

molecular biology to medical testing. The technique is used to diagnose 

and monitor disease, detect risk, and decide which therapies will work 

best for individual patients, Poste (Burtis, et al., 2012). By analysing the 

specifics of the patient and their disease, molecular diagnostics offers the 

prospect of personalised medicine (Hamburg and Collins 2010). 

1.5. Treatments of lambs and goat kid's diarrhea 

 Treatment includes fluid and electrolytes replacement, alteration of 

the diet, antimicrobial and immunoglobulin therapy and use of anti 

diarrhoeal drugs and adsorbents fluid and electrolyte therapy is most 

important and should be instituted as soon as possible regardless of 

whether clinical evidence of dehydration has developed (Blood et 

al.,1990). 

1.6. Antibiotic  

 Antibiotic used in livestock is in any antibiotics used for any 

purpose in the husbandry of livestock, which includes treatment when ill 

(therapeutic), treatment of a group of animals when at least one is 

diagnosed with clinical infection (Bousquet et al., 2010) and used as 

preventative treatment (prophylaxis). Antibiotics are an important tool to 

treat animal as well as human disease, safeguard animal health and 

welfare, and support food safety (British Veterinary Association, 2019). 

However, when used irresponsibly, this may lead to antibiotic resistance 

which may impact human, animal and environmental health (Sarmah, 

2014), while levels of use vary dramatically from country to country, for 
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example some Northern European countries use very low quantities to 

treat animals compared with humans, (European Medicines Agency, 

2019).Worldwide an estimated 73% of antimicrobials (mainly antibiotics) 

are consumed by farm animals (Boeckel et al., 2019). Furthermore, the 

report  also estimates that global agricultural antibiotic usage will 

increase by 67% from 2010 to 2030, mainly from increases in its use in 

developing BRIC countries (Van Boeckel et al.,2015). 

1.6.1. Classification and mechanism of action of antibiotics  

 Antimicrobial agent can be divided into four groups as they affect 

the synthesis of protein and nucleic acid, formation of cell walls and 

permeability of cell membrane. 

1.6.1.1. Protein synthesis inhibitors  

 According to inhibitors protein synthesis, they include: -                           

-Aminogycoside e.g. gentamycine, kanamycin, tobramycine, 

streptomycin, tertracycline and chloramphinnicol. Macrolides, e.g 

erythromycin and azithromycin, and lincosamides, e.g clindamycin 

(Forbes et al., 1998; Cheesbrough,2000).Tetracycline inhibit protein 

synthesis by binding to the 30s ribosomal subunit so that incoming t 

RNA-amino acid complexes cannot bind to the ribosome, thus halting 

peptide chain elongation. Tetracycline has a   broad spectrum of activity 

that includes gram-negative bacteria, gram-positive bacteria and several 

intracellular bacteria pathogens such as Chlamydia and Rickettsia (Forbes 

et al., 1998).Aminoglycosides inhibit bacterial protein synthesis by 

binding to the organism 30s ribosomal subunit. This process interrupts 

several steps, including initial formation of the protein synthesis complex, 

accurate reading of the mRNA code, and disruption of the ribosomal-

mRNA complex (Forbes et al., 1998).Macrolides (erythromycine and 
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azithromycin) bind to the 50s submit of the ribosome and the binding site 

is a 23s r RNA (Jawetz et al.,1998).  

1.6.1.2. Nucleic acid inhibitors 

 Replication of the nucleic acid of the bacterial cell is prevented 

directly by nalidixic acid and rifamycin and indirectly by the 

sulphonamides. Sulphonamides ultimately deprive the cell of nucleic acid 

and the presence of nalidixic acid prevents its replication (Aiello and 

Mays 1998).  

1.6.1.3. Inhibitors of cell wall synthesis  

 Cell wall play essential role in the life of bacteria, which composed 

of peptidogycan. The cell wall of bacteria is tough and rigid and lies 

external to the cell membrane preventing the whole cell production from 

possible osmotic damage (Forbes et al.,1998). Several agents affect cell 

wall synthesis, the most important being penicillin, cloxacillin, 

ampicillin, amoxicillin, cephalosporine, cefuroxine, ceftazidime, 

vancomycin (Cheesbrough, 2000). Beta lactam antimicrobial agent are 

that contain the four-membrane, nitrogen-containing beta lactam ring at 

the core of their structure, and mode of action of these drugs that target 

and inhibit cell wall synthesis by binding the enzymes involved in 

synthesis. These beta lactam antibiotics inhibits the last step in 

peptidoglycan synthesis, the final cross linking between peptide side 

chains, mediated by bacterial carboxy peptidase and transpeptidase 

enzymes (Forbes et al., 1998). 

1.6.1.4. Inhibitors of cell membrane function  

 Polymyxins are antibiotic used in treatment of gram negative 

bacteria but poor against gram-positive infection (Forbes et al., 1998). 
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They work mostly by breaking up the bacterial cell membrane. 

Polymyxins become firmly bound to cytoplasmic membrane and acts by 

damaging this structure (Thomas, 1993). 

1.6. Prevention and control of lamb and goat kids' diarrhea 

 Because of the complex nature of diarrhea in neonates, it is 

unrealistic to expect total prevention and control of economic is the major 

objective. Incidence of the disease dependence on the balance between 

the levels of exposure to infectious agents and the resistance in the 
neonates as follows: The degree of exposure of neonates should be 

reduced by   isolating diseased animals.  Nonspecific resistance should be 

maximized by providing good  nutrition to the dam and neonate and 

assuring that newborn  consume ≥5% of their body weight of high-

quality colostrum,  preferably within 2 hrs. and certainly within 6 hrs of 

birth,  followed by equivalent amounts at 12-hr intervals for the next 48 

hr.The specific resistance of the newborn should be increased by 

vaccinating the dam in 6and 2weeks before parturition to stimulate 

antibodies to strains of ETEC these antibodies are then passed to the 

newborn through the colostrums (Aiello and Mays, 1998).   
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CHAPTER TOW  

MATERIALS AND METHODS  

2.1. Study areas:                                                                                          

        The area conducted with study was North Kordufan State (Shekan, 

El-rahad, Om-rowaba, Bara, Jabrta-Elshekh, Omdam, Sodary). An area 

exceeding 700 square kilometers, coordinate 14-22N, 29-32E. North 

Kordufan State poses large number of farm animals as well as Sheep and 

Camel.                                                                                                          

2.2. Sample collection                                                                                  

      150 rectal swab were collect from diarrheic lambs and goat kids less 

than 2 month. Sterile cotton swabs were used for collection 150fecal 

samples then placed in sterile samples bags in ice box and transported to 

El-Obied Regional Veterinary Research Laboratory for bacteriological 

analysis.                                                                                                        

2.3.Sterilization                                                                                            

    Sterilization was done according to Barrow and Feltham (2003). The    

glass wares such as Petri dishes, test tubes, flasks and pipettes were 

sterilized using dry heat oven regulated at 160°C for 1 hours. The media, 

automatic pipette tips an distilled water were sterilized using steam 

autoclave at 121°C for 15 minutes (15Ib/ inch2).                            

    

2.4. Preparation of media                                                                          

        All media were obtained in dehydrated form and were prepared 

according to the  manufacturer’s  instructions.  After  taking  appropriate  

weights,  the  stated distilled water was added to the media, then it was 

heated to dissolve completely and sterilized. Then cooled to 44 - 50°C. 

The media were poured aseptically (10-12 ml) into sterile plates by gentle 

lifting of the cover of the plate high enough to pour the medium. The 
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plates were then allowed to solidify within five to ten minutes and 

inverted (Marshall,1992)                                                 

                                                                            

2.5. Isolation and identification                                                                  

      She-camel milk samples were kept at room temperature for five to ten 

minutes and a loopfull was inoculated by streaking onto 10% defibrinated 

sheep blood agar، MacConkey agar and nutrient agar. The plates were 

incubated aerobically at 37°C for 24-48 hours for bacterial growth. The 

plates were examined daily by the naked eye for growth and colonial 

morphology and characteristics such as shape, size consistency 

haemolysis or pigment production. Smears were made from primary         

cultures, dried in the air, fixed by heating, stained by Gram’s staining 

method and examined microscopically. Isolated bacterial colonies were 

purified by subcultring on  nutrient  agar  and  for  suspected  β-

haemolytic  streptococci  on  blood  agar. Identification of the bacterial 

isolates was done according to the method outlined by (Barrow and 

Feltham ,2003).                                                                                              

The isolates were stored in a refrigrator and subcultured weekly on fresh 

sheep blood  agar  plates  or  nutrient  agar  and  transferred  to  fresh  

medium  when bacteriological studies were started.                                     

2.5.1.Primary tests                                                                                      

2.5.1.1.Morphological appearance                                                             

      The bacterial appearance and morphology were recorded according to 

Barrow and Feltham (2003).                                                                           

2.5.1.2.Gram stain                                                                                       

       Gram stain technique was done as indicated by (Harrigan and 

Mccance, 1976).The tested organism was picked up using sterile wire 

loop and put in the drop of sterile  normal  saline,  which  was  previously 

 put  in  a  sterile  slide.  Emulsified، spread, allowed to dry and then fixed 

by passing the smear three times over a flame. Crystal violet was added to 

the smear for one minute then washed with distilled water. Lugol’s iodine 

was added for one minute and washed using distilled water. The slide was 

decolorized by ethanol for 10 seconds. The smear was then stained using 
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saffranin for 20-30 seconds and rinsed using distilled water. The slides 

were dried by filter paper and one drop of immersion oil was added to the 

slide for  examining  under  the  microscope.  Gram  positive  organisms  

appeared  purple, while Gram negative ones appeared pink.                       

2.5.1.3.Catalase test                                                                                       

       On a clean microscope slide, a loopful of 3% hydrogen peroxide was 

placed. A colony of test culture, on nutrient agar, was picked using a 

wooden stick or glass rod and put in the reagent. Production of gas 

bubbles indicated positive result.                                                                  

2.5.1.4.Oxidase test                                                                                     

          Pieces of filter paper were soaked in 1% solution of tetramethylene 

phenylene diamine dihydrochloride and dried. A colony of an overnight 

growth, on nutrient agar, was picked with sterile bend glass rod and 

rubbed on the filter surface placed in a Petri dish. Development of dark 

violet colour within 60 seconds intecated positive test (Barrow and 

Feltham, 2003).                                                                                                

2.5.1.5.Motility test                                                                                     

           Young broth cultures of the organism, incubated at or below the 

optimum growth temperature (e.g. 37 °C and 22 °C), were examined in 

'hanging drop' preparations, using a high-power dry objective and 

reduced illumination. Motile organisms was indicated by their movement 

in different directions (Barrow and Feltham, 2003).                                      

2.5.1.6.Sugar fermentation test                                                                   

      The medium was prepared by adding 1% of the required sugar to 

peptone water with Andred’s indicator in a Bigu vials with inverted 

Durham tube and inoculated with tested organism and incubated at 37 °C 

and examined daily. Acid production was indicated by appearance of 

pinkish color, while gas production was indicated by presence of empty 

space in the inverted Durham’s tube (Barrow and Feltham, 2003).   
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2.5.1.7.Oxidation Fermentation (O/F) test                                                

           Two tubes of Hugh and Leifson’s medium were inoculated with 

the test culture. One of the tubes was covered by a layer of sterile paraffin 

oil to about 3cm above the surface of the medium, the other was left 

unsealed. Both were then incubated at 37°C and examined daily up to two 

weeks (Hugh and Leifson, 1953). The result read as follows:                     

1.Fermentative if both tubes were changed to pink color                             

Oxidative if tube without oil was changed to pink color                           .2  

Negative result was indicated by no color changes in both tubes             .3  

2.5.2.Secondary Biochemical tests                                                              

2.5.2.1.Tube coagulase test                                                                         

      To 0.5 ml of 1/10 dilution of plasma in saline add 0.1 ml of an 18-24-

hour broth culture of the organism was added incubated at 37 °C and 

examined after 1، and 6 h for coagulation. If negative, the tubes were left 

at room temperature overnight and then re-examined (Gillespie, 1943).      

2.5.2.2.Methyl red (MR) reaction                                                              

     Glucose Phosphate (MR) medium was inoculated by the test organism 

and incubated at 30 °C for 5 days. Add 2 drops of methyl red solution 

were added،shaked and examined. A positive MR reaction was shown by 

the appearance of a red  colour  at  the  surface. An  orange  or  yellow  

colour  should  be  regarded  as negative (Barrow and Feltham, 2003).        

2.5.2.3.Voges-Proskaur (V.P) test                                                              

    Glucose phosphate medium (M.R-V.P medium) was inoculated with 

the tested organisms and incubated at 37°C for 48 hours. An amount of 

0.2 ml of 40% potassium hydroxide and 0.6 ml of 5% α-nephthal solution 

were added to one ml of culture, then shaken, placed in slope position and 

examined after 15 minutes and one hour, a positive reaction was indicated 

by bright pink or red colour (Barritt,1936).                                                 
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2.5.2.4.Indole production test                                                                      

    Peptone Water or Nutrient Broth was inoculated with the test organism 

and incubated for 48 h. 0.5 ml Kovacs' reagent was added, shaked well, 

and examined after about 1min. A red colour in the reagent layer     

indicates indole production                             )Barrow and Feltham, 2003( 

2.5.2.5.Nitrate reduction                                                                            

 Nitrate Broth was lightly inoculated with the test organism and incubated 

for up to 5 days. 1 ml of nitrite reagent A followed by 1 ml of reagent.A 

B were add .A deep red colour which shows the presence of nitrite and 

thus shows that nitrate has been reduced, indicated a positive reaction 

(Barrow and Feltham, 2003).                                                                      

2.5.2.6.Phenylalanine deamination                                                              

   Malonate-phenylalanine medium was lightly inoculated and incubated 

for 18-24 h and 0.1 N-HCI was added drop by drop until the medium was 

yellow. Then 0.2ml of a 10% aqueous solution of FeCl3 was added; 

shaked and any colour change was observed immediately; a positive 

reaction was indicated by a dark green colour which quickly fades (Shaw 

and Clarke, 1955).                                                                                       

2.5.2.7.Urease activity                                                                                 

     A slope of Christensen's Urea medium was heavily inoculated with the 

test organism and examined after incubation for 4 hours and daily for 5 

days. Red colour indicated positive reaction (Barrow and Feltham, 2003). 

2.5.2.8.Citrate test                                                                                       

    A slope of Simmons' citrate medium was Inoculated as a single streak 

over the surface. Examined daily for up to 7 days for growth and colour 

change. Positive results were confirmed by subculture to Simmons' or 

Koser's Citrate medium. blue colour and streak of growth indicated citrate 

utilization original green colour indicated citrate not utilization (Barrow 

and Feltham, 2003).                                                                                     
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2.5.2.9.Antibiotics  sensitivity test                                                               

     A volume of two ml of diluted culture were spread on the surface of 

nutrient agar. The excess fluid was discarded and the plate was allowed to 

dry, then Oxoid discs of ((Tetracycline (30mcg), Gentamicin(10µg) 

Trimethoprim(5µg), Ampicillin(10µg), Ceftriaxone(30mcg), 

Ciprofloxacin(5mcg), Norfloxacin(10mcg), Penicillin, 

Erythromycin(15µg), Chlormphenicol( 30µg), Colistin(10µg), 

Lincomycin(15µg) ).were applied to the surface of the medium by sterile 

forceps and incubated at 37°C for 24 hours. Zone of inhibition was 

determined whether the organism was sensitive, intermediate or resistant.  

2.5.2.10.KCN test                                                                                         

     1ml KCN Broth was inoculated with one loopful of an overnight broth 

culture or a light suspension of the organism. Cap of the bottle was 

screwed tight and incubated for up to 48 h and examined after 24 and 48 

h for turbidity indicating growth, which constitute a positive reaction 

(Barrow and Feltham, 2003). Controls: positive - Klebsiella 

pneumoniaesubsp. aerogenes negative - Escherichia coli.                         

2.6.Media used:                                                                                            

                                                  2.6.1.Nutrient broth (Oxoid,CM1)(g/L)   

Contents:                                                                                                       

Lab-lemco powder                      1.0                                                          

Yeast extract (Oxoid L 20)          2.0                                                              

Peptone (Oxoid L 37)                   5.0                                                            

Sodium chloride                            5.0                                                            

pH 7.4 (approx).                                                                       

Procedure:                                                                                              

  Thirteen grams of the dehydrated powder were added to one litre of 

distilled water mixed  well  and  distributed  into  bottles  in  5  ml  

amounts  and  sterilized  by autoclaving at 15 pressure per square inch 

(p.s.i) for 15 minutes. The prepared medium was kept at 4°C until used.     
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2.6.2.Nutrient agar (OXOID CM3) (g/L)                                              

Contents:                                                                                                        

Lab-lemco powder          1.0                                                                           

Yeast extract                    2.0                                                                          

Peptone                             5.0                                                                        

Sodium chloride                5.0                                                                        

Agar No 3                       15                                                                          

pH 7.4 (approx).                                                                       

Procedure: Twenty eight grams were suspended in one litre of distilled 

water and brought to the boil to dissolve completely, then sterilized by 

autoclaving at 121°C for 15 minutes, cooled to 45-50°C and distributed 

into sterile Petri dishes in 15 ml portion each. The medium was kept at 

4°C until used.                                                                                        

Peptone water (OXOID CM1049) (g/L)                                                        

Contents:                                                                                                       

Peptone                       10.0                                                                             

Sodium chloride           5.0                                                                             

pH 7.4 (approx).                                                                           

Procedure: Fifteen grams were added to one litre of distilled water, 

mixed well and  distributed  into  ten  ml  test  tubes  in  three  ml  

amounts,  and  sterilized  by autoclaving at 121°C for 15 minutes. The 

prepared medium was kept at 4°C until used.                                           

                                        2.6.3.Blood agar base(OXOID CM0055)(g/L)  

Contents:                                                                                                      

Nutrient agar                                 900 ml                                                     

Sterile defibrinated blood              100 ml                                                     

Procedure:                                                                                                     
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The  nutrient  agar  was  prepared  according  to  the  manufacturer’s  

instructions، sterilized by autoclaving at 121°C for 15 minutes, cooled to 

50°C and aseptically sterile blood  was added  and  thoroughly  mixed. 

Formation  of  air bubbles was avoided. The blood was allowed to warm 

to room temperature before being added to the molten agar, dispensed 

aseptically in 15 ml amounts in sterile Petri dishes.Each batch of the 

meduim was labeled by a number and date. The plates were then            

stored at 4°C in sealed plastic bages to prevent loss of moisture. 

Depending upon the agar base used, the pH was within the range of 7.2-

7.6 at room temperature. The prepared medium was kept at 4°C until 

used.                                                                                                       

2.6.4.MacConkey’s agar (OXOID, CM7b) (g/L)                                       

Contents:                                                                                                       

Peptone                       20                                                                                

Lactose                       10                                                                                 

Bile salts                       5                                                                                

Sodium chloride            5                                                                                

Neutral red                 0.075                                                                         

Agar No 3                     12                                                                              

pH 7.4 (approx).                                                             

Procedure:                                                                                                   

Fifty two grams were suspended in one litre of distilled water, boiled 

until dissolved completely and sterilized by autoclaving at 121°C for 15 

minutes       ، then poured into sterile Petri dishes in portions of 15 ml and 

then stored at 4°C until used.                                                                       

2.6.5.Hugh and Leifson’s (O/F) medium (Barrow and Feltham, 1993)   

Contents:                                                                                                         

Peptone                                              2.0                                                        

Sodium chloride                                 5.0                                                       
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Agar                                                     3.0                                                      

K2HPO4                                              0.3                                                      

Distilled water                                1000 ml                                                   

Bromothymol blue, 0.2% eq. Sol      15 ml                                                    

Procedure:                                                                                                     

The ingredients were dissolved by heating in water bath set at 55°C, the 

pH was adjusted to 7.1, then the indicator was added and the medium 

sterilized at 115C for minutes. A volume of 10 ml of sterile glucose 

solution was aseptically added to ml of medium. Then the medium was 

mixed and distributed aseptically in 10 ml amounts into sterile test tubes. 

The prepared medium was kept at 4°C until used.                                    

2.6.6.Motility medium (Barrow and Feltham, 1993) (g/L)                         

Contents:                                                                                                        

Peptone                                          10.0                                                          

Meat extract                                     3.0                                                          

Sodium chloride                               5.0                                                          

Agar                                                  4.0                                                         

Gelatin 80 Distilled water               1000ml                                                     

Procedure:                                                                                            

The gelatin was soaked in water for 30 minutes, then the other ingredients 

were added, heated to dissolve, and sterilized at 115°C for 20 minutes. 

The prepared medium was kept at 4°C until used.                                         

2.6.7.MR VP medium (OXOID CM43) (g/L)                                            

Contents:                                                                                                       

Peptone                                                5.0                                                      

Dextrose                                               5.0                                                     

Phosphate buffer                                   5.0                                                     



29 
  

Distilled water                                 1000 ml                                                  

pH 7.5 (approx)                                                               

Procedure:                                                                                                    

Fifteen  grams  were  added  to  one  litre  of  distilled  water,  mixed  

well,  then distributed into test tubes and sterilized by autoclaving at 

121°C for 15 minutes. The prepared medium was kept at 4°C until used  

2.6.8.Simmon’s citrate agar (OXOID CM0155) (g/L)                         

Contents:                                                                                             

Magnesium sulphate                                                   0.2                               

Ammonium dihydrogen phosphate                              0.2                             

Sodium ammonium phosphate                                     0.8                             

Sodium citrate, tribasic                                                  2.0                            

Sodium chloride                                                          5.0                             

Bromothymol blue                                                      0.05                             

Agar No 3                                                                     15                              

pH 7.0 (approx)                                                                       .  

Procedure:                                                                                                      

Twenty  three  grams  were  suspended  in  one  litre  of  distilled  water,  

boiled  to dissolve completely and sterilized by autoclaving at 121°C for 

15 minutes, then the medium  was  distributed  in  ten  ml  portions  into  

sterile  MacCarteny  bottles aseptically and allowed to set in slope 

position. The prepared medium was kept at 4°C until used.                      

         2.6.9.Agar 2.0 (OXOID CM49) (g/L)                                              

                                                                                                                

Peptone water                                                  1000 ml                                  

Procedure:                                                                                                      
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The ingredients were dissolved in peptone water, sterilized by 

autoclaving at 115°C for 10 minutes, poured into sterile MacCarteny 

bottles aseptically and allowed to set in slope position to solidify, then 

stored at 4°C until used.                                                                               

2.6.10.MacConkey broth (OXOID CM5) (g/L)                                       

Content:                                                                                                 

Peptone                                                20                                                       

Lactose                                                 10                                                       

Bile salts                                               5.0                                                     

Sodium chloride                                    5.0                                                     

Neutral red                                           0.075                                                  

pH 7.4 (approx)                                                                           

Procedure                                                                                                       

Fourty grams was added to one litre of distilled water, mixed well, 

distributed into test tubes, fitted with Durham tube and autoclaved at   
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CHAPTER THRE  

RESULTS  

3.1. Isolation   

Atotal of 150 fecal samples were collected from diarrheic lambs and goat 

kids from North Kurdofan state (Shekan, El-Rahad, Omrowaba, Bara, 

Jabrat El-Shekh, Om-dam, Om-kiradem and Sodari).  

All samples were cultured onto biood agar and Maconky agar media and 

were incubated aerobically at 37oC. All fecal samples showed bacterial 

growth.  

Tabl1: percentage of gram-negative isolates from 150 fecal samples 

of lambs and kids in North Kordufan state. 

Isolated Genus  NO 

27(29.7%) E.coli 1 

13(14.3%)  Klebsiella pnemoniae  2 

8(8.8%) Entero.cloacae 3 

7(7.7%) Pseudomonus. Aeruginosa 4 

5(5.5%) Stenotrophomonas maltoptilia 5 

5(5.5%) Proteus mirabilis 6 

4(4.4%) Enterobacter. Amnigenous 7 

3(3.3%) Serratia macenscens 9 

3(3.3%) Salmonella arizonae 10  
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3(3.3%) Raou.ornithnolytica 11 

2(2.2%) Serratia liquefaciens 12 

2(2.25)   Yersinia pestis 13 

2(2.2%) Pseudsomonus oryzihabitans 14 

1(1.1%) Citro, freundii 15 

1(1.1%) Citro.braakii 16 

1(1.1%) Citro.youngae 17  

1(1.1%) Shigella 18 

1(1.1%) Pseudomonus pneumonia 19 

1(1.1%) Pseudomonus luteola 20 

1(1.1%) Entero gergoviae 21 

  

3.1.1. E.coli isolaties  

    Twenty seven stains of E. coli were isolated; they were gram-negative 

rods, motile. On MacConkey,s  agar medium, convex, circular, pink and 

large colonies were observed. Also on EMB showed metallic sheen 

appears. When inoculated the bacteria in API 20E that is appear catalase 

positive, oxides negative,  Indole-positive, methyl-red-positive, citrate-

negative, urease-negative and H2S-negative, Voges proskaur-negative. 

Acid and gas were produced from glucose, lactose, maltose, mannitol and 

xylose, According to figure1the organism was sensitive to Ciprofloxacin. 
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3.1.2. Klebsiella pneumonia isolates 

      Thirteen   strains were isolated, they were gram-negative rod, 

capsulated, non spore forming in MaConky agar media, large colony 

appear, mucoid  lactose fermentation and capsule formation. The 

Klebsiella isolates were Voges Proskaur-positive, and methyl red 

negative, Klebsiella pneumonia was indole-negative. Indicating the 

fermentation of both glucose and lactose, H2S was not produced on 

API20E (Table4).                                   

3.1.3. Enterobacter cloacae 

     All the strains of Enterobacter cloacae were isolated in this 

investigation were gram-negative and short rods. On nutrient agar media, 

colony with irregular round edges and were mucoid in nature. the isolated 

were citrate positive but urease and indole negative, yellow color were 

observed indicating the fermentation of glucose and not lactose 

API20E(Table4).                                                                                         

3.1.4. Proteus spp. isolates  

  Five strains were isolated; they were gram-negative rod, non-capsulated, 

non spore forming. On nutrient agar medium, colonies with distinctive 

smell and swarming growth were seen, urease-positive, non-lactose 

fermenters, and variable indol-positive, fermenting of glucose and not the 

lactose, on (table4).                                                                                       

 pp3.1.5 .Yersinia s 

 Two strains of Yesinia spp. were isolated. They were gram negative rods, 

non motile, catalase positive, oxides negative, lactose non fermentative, 

(table 4).                                                                                                        
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3.1.6. Pseudomonus spp.  

   Pseudomonas aeruginosa is a common encapsulated, Gram-negative, 

rod-shaped bacterium that can cause disease in plants and animals, 

including humans. It is citrate, catalase, and oxidase positive. A species 

of considerable medical importance. It is found in soil, water, skin flora, 

and most man-made environments throughout the world. If such 

colonization's occur in critical body organs, such as the lungs, the urinary 

tract, and kidneys, the results can be fatal Balcht and Smith R, (1994).        

3.1.7. Salmonella arizonae  

   Three strains of salmonella  arizonae were isolated. They were gram-

negative bacteria rods shaped, non spore-forming, motile, facultative 

anaerobes, ferment glucose and lactose; reduce nitrate into nitrite, oxidase 

negative and catalase positive, they usually produced H2S, (Table 4). 

3.1.8. Citrobater spp  

 Three strains were isolated (Citro. youngae, Citro.freundii, Citro.braakii, 

gram-negative rods,  motile, non spore form cells and non-capsulated, 

ferment glucose, catalase positive and oixdase negative, and are genetally 

lactose-negative, H2S positive, indole negative, and Voges proskaur-

negative                                                                                                       

3.1.9. Stenotrophomonas maltoptilia  

    Five  strains isolates they were gram-negative rods, motile, on nutrient 

agar medium as round straw yellow colored colonies, ferment 
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glucose,maltose, and sucrose. catalase positive and oxides negative, 

Voges proskaur-negative  (Tabl4).                                                                

  

3.1.10 Shigella  

    One strain was isolated gram-neegative rods, non-motile and non-spore 

form,  catalase positive and oxidase negative, Voges proskaur-negative, 

urease and H2S negative, ferment mannitol and mannose, reduction 

nitrate to nitrite (Table 4).                                                                               

3.2. Commercial antibiotic discs which used for  gram-negative 

bacteria isolated from diarrheic lambs and kids:-  

    The bacterial isolates from this study were subjected to antimicrobial 

susceptibility testing by disc diffusion method by using Muller-Hinten 

ager medium and commercial antibiotic discs (Tetracycline(30mcg), 

Gentamicin(10µg), Ampicillin(10µg), Ceftriaxone(30mcg), 

Ciprofloxacin(5mcg),Norfloxacin(10mcg),Penicillin, Trimethoprim(5µg), 

Erythromycin(15µg), Chlormphenicol (30µg), Colistin(10µg), 

Lincomycin(15µg).                                                                                       

Table1: 

Properties of the gram-negative bacterial isolated from fecal sample   

citrobater 
youngae  

Proteus 
mirabili
s  

  

Yersini
a pestis  

  

Enteroba
cter 
amnigen
ous 

  

Enterobac
ter 
cloacae  

  

Klebsi
ella 
pneum
oniae  

E.co
li 

Chara
cter 

Rod Rod Rod Rod Rod Rod  Rod Shape  

+ +  -  +  +  -  +  Motilit
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y 

-  -  - - -  +  -  Capsule  

- - -  - -  - - Gram 
stain 

+  - - + + + + ONPG 

+  -  -  +  +  -  -  ADH  

-  -  -  -  -  +  +  LDC 

-  +  -  +  +  -  +  ODC 

+  +  -  +  +  +  -  CIT 

+  +  -  -  -  -  -  H2S 

-  +  -  -  -  +  -  URE  

-  +  -  -  -  -  -  TDA 

-  -  -  -  -  -  +  IND 

-  +  -  -  -  -  -  VP 

-  +  -  -  -  -  -  GEL 

+  +  -  +  +  -  +  GLU 

+  -  +  +  + + + MAN  

-  -  -  -  -  +  -  INO 

-  -  -  -  +  +  + SOR 

+  -  -  +  +  +  +  RHA 

-  -  -  +  +  +  +  SAC 

-  -  - +  +  +  +  MEL 

-  -  +  +  +  +  +  AMY 

+ -  -  +  +  +  +  ARA 

-  -  -  -  -  -  -  OX 

 

Pasteurell
a luteola 

Pasteur
ella 

Stenotr
ophom

Serrattia 
marcesc

Serrattia 
liquefacie

Shigell
a 

Citro
bact

Chara
cter 
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aerugin
osa 

onas 
maltop
hilia 

ens 
 

ns 
 

er 
braa
kii 

Rod Rod Rod Rod Rod Rod Rod Shape 
- - + + + - + Motilit

y 
- + - - - - - Capsule 

- - - - -  - Gram 
stain 

- - - + + - + ONPG 
+ + - - + - + ADH 

- - - + + - - LDC 

- - - + + - + ODC 

+ + + + + - - CIT 

- - - - - - + H2S 

- - - + - - - URE 

- - - - - - - TDA 
- - - - - - + IND 
- - - + - - - VP 
+ + + + + - - GEL 
+ - - + + + + GLU 
- - - + - - + MAN  
- - - + + - - INO 

- - - + + - + SOR 

- - - - - - + RHA 
- - - + + - - SAC 
+ - - + + + + MEL 
- - - + + - + AMY 
+ - - + + + + ARA 
- - - - - - - OX 

 

Citroba
cter 
freundii 

Pasteur
ella 
Pnemo
niae 

Raoultel
la 
ornithin
olytica 
 

Pasteurella 
oryzihabita
ns 
 

Salmonel
la 
arisonae 

Interobacte
r gergoviae 

Characte
r 

Rod Rod Rod Rod Rod Rod Shape 
+ - - - + + Motility 
- - - - - + Capsule 
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- - - - - - Gram stain 
+ - + - + + ONPG 
+ - - - + - ADH 
- - + - + + LDC 
- - + - + + ODC 
+ - + + + + CIT 
+ - - - + - H2S 
+ + - - - + URE 
+ - - - - - TDA 
+ - + - - - IND 
- + - - - + VP 
- - - - - - GEL 
+ - +  + + + GLU 
+ - + - + + MAN 
+ - + - - - INO 
+ - + - + + SOR 
- - + - + + RHA 
+ - + - + + SAC 
+ - + + + + MEL 
+ - + - - + AMY 
+ - + - + + ARA 
- - - - - - OX 

 
Table 2: 
 Relationship between pathogenesis of Enterobacterieceae and animal 
species. 

 
  Frequency Percent Valid Percent Cumulative Percent 

Valid Sheep 82 90.1 90.1 90.1 

Goat 9 9.9 9.9 100.0 

Total 91 100.0 100.0  

 

Table 3:  
Relationship between pathogenesis Enterobacterieceae and animal 
sex. 

 
  Frequency Percent Valid Percent Cumulative Percent 

Vali

d 

Male 38 41.8 41.8 41.8 

Femal

e 
53 58.2 58.2 100.0 

Total 91 100.0 100.0  
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Table4: 
 Relationship between pathogenesis Enterobacterieceae and animal 
age 

. 

  Frequency Percent Valid Percent Cumulative Percent 

Vali

d 

1-30 57 62.6 62.6 62.6 

31-60 34 37.4 37.4 100.0 

Total 91 100.0 100.0  
 

Table 5:  

Reading of AST zones which were sensitive / resistance or 

Iintermediate   

 

 

 

Antibiotics sensitivity test   

Bacteria 

spp 

P CRD CIP CT TE SXT CL NOR L CN E AM 

R 32 32 12 R 25 15 30 R 16 12 10 E.coli 

R 32 25 11 25 30  R  35 R 20 10 R Klebseiallea

.spp 

R 25 30 12 28 25 R 35 R 25 13 13  Enterobacte

ria spp 

R  28 26 12 22 R R 22 R 22 10 R  Pseudomon

as spp 
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Table 6:  

 Relationship between (ampicillin, gentamicin, norfloxacin, trimethoprim, 

ciprofloxacin, ceftriaxone) antibiotics and gram-negative bacteria isolated 

from lamb and goat kids diarrhea.                                                               

AM 
 Sensitive Resista

nt 
Intermedi
ate 

Total 

E.coli 4 23 2 29 
Entero.cloacae 2 5 0 7 
Entero.amigenous 2 1 0 3 
Kleb.pnemoniae 1 10 0 11 

CN 
 Sensitive Resista

nt 
Intermedi
ate 

Total 

E.coli 27 1 1 29 

EIntero.cloacae 6 0 1 7 
Entero.amigenous 3 0 0 3 
Kleb.pnemoniae 9 1 1 11 

NOR 
 Sensitive Resista

nt 
Intermedi
ate 

Total 

E.coli 26 3 0 29 
Entero.cloacae 7 0 0 7 
Entero.amigenous 3 0 0 3 
Kleb.pnemoniae 9 0 2 11 

SXT 
 Sensitive Resista

nt 
Intermedi
ate 

Total 

E.coli 27 2 0 29 
Entero.cloacae 7 0 0 7 
Entero.amigenous 3 0 0 3 
Kleb.pnemoniae 9 1 1 11 

CIP 
 Sensitive Resista

nt 
Intermadi
ate 

Total 

E.coli 24 3 2 29 
Entero.cloacae 7 0 0 7 
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Entero.amigenous 3 0 0 3 
Kleb.pnemoniae 11 0 0 11 

CRO 
 Sensitive Resista

nt 
Intermedi
ate 

Total 

E.coli 27 1 1 29 
Entero.cloacae 7 0 0 7 
Entero.amigenous 2 1 0 3 
Kleb.pnemoniae 7 4 0 11 
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CHAPTER FOUR  

DISCUSSION  

  Infectious diarrhea is the most significant cause of morbidity and 

mortality in neonatal sheep and goat kids throughout the world and 

economically devastating conditions encountered in the animal 

agriculture industry. Acute infectious diarrhea encountered in a herd is 

often difficult to manage because of the large number of potential 

enteropathogens involved, differences in individual animal immunity 

within the herd, population dynamics, environmental stresses, nutritional 

status, and difficulty in establishing an etiologic diagnosis .The etiologic 

diagnosis is not determined for a large percentage of cases of neonatal 

diarrheas. This study was aiming at identifying the bacteria associated 

with lambs and kid's diarrhea at the age from 1 day to 2month. One 

hundred and fifty were collected  from diarrheic cases. Ninty one (60.7%) 

bacteria isolated  from the swab samples were the isolated bacteria gram-

negative and fifty nine (39.3%) gram-positive bacteria. The findings were 

in agreement with the report of Daboura (2002), who reported that gram-

negative bacteria were about 80% and gram-positive bacteria about 20% 

in fecal samples collected from diarrheic and non diarrheic calves.  In this 

study E.coli was much more prevalent with the percentage of 29.7%, 

Kleb.pnemoniae represeanted 14.3%, Enterobacter spp 14.3 %, Yersinia 

pestis 2.25%, Pseudomonas spp 12.1%, Salmonella arizonae 3.3%, 

Proteus mirabilis 4.49%, Raoultella ornithinolytica 3.37%, Serratia spp 

5.5 %, citrobater spp 3.3%.  These results were in line with that reported 

by (Ahamed et al.,2010) who reported Escherichia coli 42 (36.84%), 

Salmonella spp 18 (15.79%), Klebsiella spp15(13.16%), Shigella spp 8 

(7.02%), Proteus vulgaris 6 (5.26%).In this study the diarrhea is more 
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prevalent 62.6% in lambs and kids at age between 1day and 1month, 

femal were more affected 58.2% and males 41.8%,  lambs were more 

susceptible to diarrhea 90.1% than the kids. These results were in line 

with that reported by (Osman  et al., 2013; Adesiyun et al., 2001),who 

detected the E. coli was the most frequently enteropathogen among the 

investigated sheep (34.7%) and goats (30.7%).                                                                     

 Bacteria isolated in present study were resistant to many antibiotics 

commonly used for treatment of bacteria diseases in animals. Members of 

Enterobacteriaceae isolated in this study showed very high resistance to 

Penicillin (97.7%) , Lincomycine  (98.9%), Erythromycin- (68.2%) , 

Ampicillin(65.9%). this Result were in line that reported by Mohamed 

(2009) who related that the E.coli isolates showed resistance to ampicillin 

(38%) and streptomycin (31%). E.coli isolated in this study showed very 

sensitive to Ciprofloxacine (89.8%), Norfloxacine (89.8), Gentamycine 

(87.5%) and Trimethoprime (83%), Which agrees with Orden (2001) who 

found that  E.coli strains isolated form dairy calves affected by neonatal 

diarrhea were very susceptible (89-95%) to Gentamycin. 
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Conclusions and Recommendations 
Conclusions: 
    E. coli was the most common bacteria that caused lambs and goat kid's 

diarrhea.Enterobacteriaceae were highly sensitive for ciprofloxacine and 

norfloxacine.But highly resistant to penicillin and lincomycine.  

Recommendations: 

-Using of PCR techniques for detection of E.coli serotype in case of 

lambs and goat kids diarrhea. 

-Further studies should be carry-out to investigate the predisposing 

factors of lambs and goat kid's diarrhea. 

-Further research should carryred out to investigate the role of gram 

positive bacteria in lambs and goat kid's diarrhea.  

-Application of sequenciy to determine the resistance genus specially for 

E.coli and Enterobacter spp.  
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Appendices 

APTable (1) 

I 20E reading table 

Negative Positive Test Negative Positive Test 

blue/blue-
green Yellow INO Colourless Yellow 

ONPG 

blue/blue-
green Yellow SOR Yellow red/orange 

ADH 

blue/blue-
green Yellow RHA Yellow Orange 

LDC 

blue/blue-
green Yellow SAC Yellow red-orange 

ODC 

blue/blue-
green Yellow MEL pale green/yellow 

blue-
green/green 

CIT 

blue/blue-
green Yellow AMY colourless/grayish black deposit 

H2S 

blue/blue-
green Yellow ARA Yellow red/orange 

URE 

Colourless Violet OX Yellow dark brown TDA 

Yellow Red NO3 pale green/yellow pink/red IND 

Red Yellow NO3/Zn Colourless pink/red VP 

Non motile Motile MOB restricted black 
diffused 
black 

GEL 

Absence Present MAC blue/blue-green Yellow GLU 

Green Yellow OF blue/blue-green Yellow MAN 
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Table 2 

Zone size interpretation chart: (Quinn et al, 1999) 

Susceptible Intermediate Resistant Antimicrobial 

≥15 12- 14 ≤11 Tetracycline(30mcg) 

≥15 13- 14 ≤12 Gentamicin(10µg) 

≥16 11- 15 ≤10 Trimethoprim(5µg) 

≥17 14- 16 ≤13 Ampicillin(10µg) 

≥23 20- 22 ≤19 Ceftriaxone(30mcg) 

≥21 16-20 ≤15 Ciprofloxacin(5mcg) 

17 13- 16 ≤12 Norfloxacin(10mcg) 

29 - 28    
Penicillin(10 units) 

≥23 14- 22 ≤13 Erythromycin(15mcg) 

≥18 13- 17 ≤12 Chlormphenicol 
(30mcg) 

≥11 - ≤10 Colistin(10mcg) 

- - - Lincomycin(15mcg) 
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Fig1: Sensitivity of Enterobacterioceae to Ciprofloxacin:- 

These figures determine the E.coli and Klebsilla-pnemoniae were highly 

sensitive to Ciprofloxacin. 
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Fig 2: Sensitivity of E.coli to Trimethoprim:- 

These figures determine the E.coli and Klebsilla-pnemoniae were highly 

sensitive to Trimethoprim.  
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Fig3: Sensitivity of E.coli to Norfloxacin  

These figures determine the E.coli and Klebsilla-pnemoniae were highly 

sensitive to Norfloxacin. 
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Fig 4: Sensitivity of E.coli to Gentamicin:- 

These figures determine the E.coli and Klebsilla-pnemoniae were highly 

sensitive to Gentamicin. 
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Fig 5: Sensitivity of E.coli to Cifitriaxon 

 This figure determine the E.coli  was highly sensitive to Cifitriaxon. 
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Figure (6): Reaction of E.coli to biochemical test inAPI20E strips 

This figure determine the E.coli was converted VP from colorless to pink 
and GEL from restricted black to diffuse black and fermentative of sugars 
from blue green to yellow color.   
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Figure (7): Appearance of E.coli in EMB medium (metalic sheen)  

 

Figure (8): Samples collection from diarrheaitic lamb.  

 

 




