
 
 

1 
 

    Chapter One 

Introduction 

Bacterial infections are significant threat to the health of neonates 

and adults. The throat and skin of the human host are the principal 

reservoirs for the bacterial pathogen.  

The genus Streptococcus, a heterogeneous group of Gram-positive 

bacteria, has broad significance in medicine and industry. Streptococci are 

Gram-positive, non-motile, non-spore forming, catalase-negative that occur 

in pairs or chains, and produce grey mucoid 2 mm diameter colonies. Older 

cultures may lose their Gram-positive character. Most Streptococci are 

facultative anaerobes, and some are obligate (strict) anaerobes. Most 

require enriched media (blood agar). Streptococci are essential in industrial 

and dairy processes and as indicators of pollution (Patterson, 1996). 

Streptococci are classified on the basis of colony morphology, 

haemolysis, biochemical reactions, and (most definitively) serologic 

specificity. They are divided into three groups by the type of haemolysis on 

blood agar: β-haemolytic (clear, complete lysis of red cells), α haemolytic 

(incomplete, green haemolysis), and γ haemolytic (no haemolysis). 
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Serologic grouping is based on antigenic differences in cell wall 

carbohydrates (groups A to V, except I and J), in cell wall pili-associated 

protein, and in the polysaccharide capsule in group B Streptococci. 

Diagnosis is based on cultures from clinical specimens. Serologic methods 

can detect group A or B antigen; definitive antigen identification is by the 

precipitin test. Bacitracin sensitivity presumptively differentiates group A 

from other β-haemolytic Streptococci (B, C, and G); group B Streptococci 

typically show hippurate hydrolysis; group D is differentiated from other 

viridans Streptococci by bile solubility and optochin sensitivity (Patterson, 

1996).  

Various species of Streptococci are important ecologically as part of 

the normal microbial flora of animals and humans; some can also cause 

diseases that range from acute to sub-acute or even chronic (Patterson, 

1996).  

Group A Streptococci (GAS) or Streptococcus pyogenes has been 

recognized as an important human pathogen, since early days of modern 

microbiology, and it remains among the top ten causes of mortality from an 

infectious disease (Ralph and Carapetis, 2013). 

Group B Streptococci (GBS) or Streptococcus agalactiae is a major 

cause of sepsis and meningitis in neonates and infants and of invasive 
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disease in pregnant and non-pregnant women, presumably 

immunocompromised adults, and the elderly.  Nine GBS serotypes have 

been described (Borchardt, et al., 2004). 

The roles of group C and F Streptococci in causing endemic 

pharyngitis are still controversial, although group C Streptococci are 

implicated in the outbreaks of pharyngitis and associated disorders. Group 

C beta hemolytic Streptococcal infections are uncommon in humans, and 

group C beta hemolytic Streptococcal pneumonia is exceedingly rare (Al-

charrakh, et al., 2011). 

The Viridans Group Streptococci (VGS) are human commensal, 

colonizing the gastrointestinal and genitourinary tracts in addition to the 

oral mucosa. VGS are generally considered to be of low pathogenic 

potential individuals. However, in certain patient populations, VGS can 

cause invasive disease, such as endocarditis, intra-abdominal infection, and 

shock (Christopher and Carey, 2010). 

Enterococci are commensal of the human and animal gastrointestinal 

tract and opportunistic pathogens that cause urinary tract infections (UTIs), 

endocarditis and sepsis (Louise, et al., 2012). 
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Koppe, et al., (2012) found that Streptococcus pneumoniae is both a 

frequent colonizer of the upper respiratory tract and a leading cause of life-

threatening infections such as pneumonia, meningitis and sepsis.  

Group G Streptococci (GGS) are usually, but not exclusively, beta-

hemolytic. S. canis is an example of a GGS which is typically found on 

animals, but can cause infection in humans. 

Among methods that allow quicker bacterial identification from 

growing colonies, the study of Jonathan, et al., (2013) who found that, 

Matrix-Assisted Laser Desorption Ionization Time-Of-Flight (MALDI-

TOF) mass spectrometry was demonstrated to accurately identify bacteria 

routinely isolated from blood culture in clinical biology laboratories, in 

order to speed up the identification process.  
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Objectives 

General objective 

To determine the phenotypic and molecular characterization of 

Streptococcal infection in Sudanese patients 

Specific objective 

       1/ To isolate and identify Streptococcal groups in patients suffering 

from different disease conditions. 

       2/ To study the phenotypic and genotypic characters of the isolated 

organisms by biochemical and serological methods.  

       3/ To improve the laboratory diagnosis of Streptococcal infection in 

Sudan through introduction of Polymerase Chain Reaction (PCR) 

technique. 

       4/ To study the sensitivity of the isolated organisms to antibiotics.  
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Chapter Two 

Literature Review 

2-1 Identification of Pathogenic Bacteria 

The rapid identification of pathogenic bacteria is important for 

earlier effective patient management and antimicrobial therapy, especially 

for the infant patient, whose immunological system is not fully developed. 

However conventional microbiogical techniques of bacterial identification, 

culture and isolation of pathogenic bacteria, identification by biochemical 

and serological assay, are time-consuming and require intensive labour. On 

the basis of special gene sequence, Polymerase Chain Reaction (PCR) 

provides a simple and rapid way to identify bacteria. But it is difficult to 

identify all of bacteria species which are suspicious of pathogenic agents 

(Shen and Feng, 2004). 

Identifying different types of organisms within a species is called 

typing. Traditional typing systems based on phenotype, such as serotype, 

biotype, and phage-type or anti bio-gram, have been used for many years. 

However, the methods that examine the relatedness of isolates at a 

molecular level have revolutionized the ability to differentiate among 
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bacterial types (or subtypes). The choice of an appropriate molecular 

typing method (or methods) depends significantly on the problem to solve 

and the epidemiological context in which the method is going to be used, as 

well as the time and geographical scale of its use. Therefore, typing 

techniques should have excellent typeability to be able to type all the 

isolates studied (Sabat, et al., 2013). 

2-2 Taxonomy of Streptococci 

Since the division of the Streptococcus genus into Enterococci, 

Lactococci and Streptococci in 1984, many changes in the nomenclature 

and taxonomy of the Streptococcus genus have taken place. The 

application of genetic comparisons has improved the proper classification 

of the different species. The Lancefield system of serogrouping the 

Streptococci by the expression of beta-haemolysis on blood agar plates are 

still very useful for the identification of Streptococci for patient 

management. The Lancefield grouping system cannot be used in itself for 

accurate identification of specific beta-hemolytic species, but it can be a 

useful part of the identification procedure (Ritchard, 2002). 

Riapis and Briko (2008) performed a comparative analysis of main 

trends of taxonomy, classification, and nomenclature of prokaryotic 
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organisms and Streptococci. Phylogenetic classification of Streptococci 

was thoroughly considered. Original classification of Streptococci based on 

pathogenicity and ecological-epidemiological criteria was proposed for 

medical purposes. It was shown that according to ecological-

epidemiological criterion Streptococci can be referred to as agents of 

anthroponoses, zoonoses, and sapronoses.  

2-3 Sore Throat  

The sore throat decision rule can identify both patients who are so 

likely to have Group A Beta Haemolytic Streptococci (GABHS) that a 

confirmatory test is not needed and patients who are so unlikely to have 

GABHS that further testing is unrewarding. Using the rule will 

successfully identify most patients who need treatment for GABHS 

infection, while decreasing antibiotic use for sore throat by about 80%. The 

4 most useful features to look for in diagnosing GABHS are enlarged sub-

mandibular glands, throat exudates, fever, and absence of cough and runny 

nose (Graham, 2007). 

A study carried by Ayse (2014) resulted in that Streptococcus 

pyogenes (Lancefield group A Streptococci (GAS) is a common human 

pathogen which causes a variety of diseases with a great difference in 

severity. Person-to-person spread of S. pyogenes occurs from an infected 
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person by respiratory droplets or by direct contact with secretions of the 

nose or throat. 

Management of pharyngitis is commonly based on features which 

are thought to be associated with Lancefield Group A Beta-Haemolytic 

Streptococci (GABHS) but it is debatable which features best predict 

GABHS. Non-group A strains share major virulence factors with group A, 

but it is unclear how commonly they present and whether their presentation 

differs (Little, et al., 2012). 

A study performed by Giordano, et al., (2001) for assessing genetic 

diversity of Streptococci. It resulted in that, 114 Group A Streptococcus 

(GAS) isolates were recovered from pediatric pharyngitis patients in Rome, 

Italy. These isolates comprised 22 different M protein gene (emm) 

sequence types, 14 of which were associated with a distinct Serum Opacity 

Factor (SOF) /fibronectin binding protein gene sequence type.  

The throat and skin of the human host are the principal reservoirs for 

the bacterial pathogen Streptococcus pyogenes. The peak incidence for 

Streptococcal pharyngitis and impetigo varies with season and locale, 

leading to wide spatial and temporal distances between throat and skin 

strains. Streptococcus pyogenes strains are among the most prevalent of 

pathogenic bacteria which afflict humans. They have a worldwide 
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distribution, and humans are the only known biological host. S. pyogenes 

can cause a life-threatening illness, such as toxic shock syndrome, or 

trigger autoimmune disorders, such as rheumatic fever. However, most 

often S. pyogenes causes only mild infection at either the throat or skin, 

leading to pharyngitis or impetigo respectively (Awdhesh, et al., 2002). 

Studies on the carriage rate of beta-hemolytic Streptococci among 

children form an important component of public health practice to prevent 

disease complications. Throat swabs collected from asymptomatic school 

children were inoculated into appropriate media for isolation of beta-

hemolytic Streptococci. They were identified by standard biochemical 

methods and sero-grouped. Antibiotic sensitivity was evaluated using the 

Kirby-Bauer disk diffusion method. The study resulted in that Beta-

hemolytic Streptococci were isolated in a percentage of 7.7% throat swabs 

and Group F was the predominant sero-group isolated.  Moreover the 

highest resistance observed among all the beta-hemolytic Streptococci was 

to trimethoprim-sulfamethoxazole (Devi, et al., 2011).  

Adult group C beta-hemolytic Streptococcal pharyngitis has a 

prevalence of approximately 5% and can present with a broad spectrum of 

severity. Negative rapid test was observed in a woman with severe 
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pharyngitis. This presentation illustrates the importance of a systematic 

approach for evaluating patients with negative rapid strep tests and 

worsening pharyngitis. Current guidelines assume that group A beta-

hemolytic Streptococcus is the only important treatable cause of episodic 

pharyngitis. These guidelines dissuade physicians from using antibiotics, 

unless a firm diagnosis of group A beta-hemolytic Streptococcus can be 

made. The study presents a woman who presented with worsening 

pharyngitis and negative rapid antigen tests for group A pharyngitis. This 

presentation raises important diagnostic considerations for the General 

Internist (Mobin, et al., 2007). 

The role of large colony Streptococci groups C or G as pathogenic 

agents in sore throat have been questioned. A study by Lindbaek, et al., 

(2005), aimed to analyze clinical features of patients with large colony 

Streptococci groups C or G compared with patients with group A 

Streptococci (GAS) and with negative cultures. The results showed that out 

of 306 patients with a sore throat, 244 were adults and 62 were children 

under 10 years old; 40% were men. One hundred and twenty-seven had 

GAS, 33 had Streptococci groups C or G, and 146 had negative throat 

cultures. It was concluded that patients with tonsillitis caused by 

Streptococcus groups C or G have, to a large extent, the same clinical 
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picture as patients with GAS. Large colony Streptococci groups C and G 

should be considered as throat pathogens in line with GAS.  

A study was conducted by Al-charrakh, et al., (2011). She concluded 

that groups C and F Streptococci were implicated as a cause of acute 

pharyngitis in 6.2% of the specimens among other groups of Streptococci. 

Most of these isolates have the ability to produce more than one virulence 

factor. There was a high rate of resistance among isolates for β-lactam 

antibiotics; however, they were highly susceptible to vancomycin, 

Ofloxacin, and clindamycin.  

In a study of the prevalence Streptococcus pyogenes group A (GAS) 

strains colonizing the upper respiratory tracts of children, Riza, et al., 

(2003), showed that the organism plays an important role in the spread of 

this bacterial infection, especially among children at school, day-care 

centers, orphanages, and home. The molecular epidemiology of the isolates 

may provide useful information about the origin and spread of this 

infectious agent, allowing for more effective control measures. The 

prevalence of nasopharyngeal Streptococcus pyogenes was 14.3%. Isolates 

were found to be susceptible to all antibiotics tested.  
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Detailed epidemiologic studies of impetigo, particularly among 

indigenous communities in the Pacific among whom rheumatic fever is 

endemic, indicated that the disease was remarkably prevalent. In contrast, 

group A Streptococcal pharyngitis occurs no more frequently than in 

regions wherein rheumatic fever is rare. Studies of molecular epidemiology 

reveal that overall there is a greater diversity of group A Streptococcal 

strains in tropical regions, and skin-associated strains appear predominant. 

These skin strains may move between skin and throat, and there is 

increasing evidence of skin-associated strains being linked to cases of 

rheumatic fever (Parks, et al., 2012). 

Bacterial sore throats respond well to antibiotics, whereas viral ones 

do not. However, Streptococcal throat infection remains a leading cause for 

physician visits, and researchers have long struggled to determine how best 

to treat it. The best clinical management of patients with sore throat 

depends on both the clinical probability of group A Streptococcal infection 

and clinical judgments that incorporate the importance ratings of the 

individual patients as well as practice circumstances (Dalalah and 

Magableh, 2008). 

Diagnosis and correct treatment of group A Streptococcal sore throat 

is important particularly to prevent non-suppurative sequelae. Clinical 
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findings continue to be used to differentiate Streptococcal infection from 

viral sore throat. The American Academy of Pediatrics recommends that 

Streptococcal sore throat diagnosis should always be performed by 

microbiological identification methods. A study was aimed to evaluate the 

accuracy of clinical diagnosis in comparison with culture and rapid test. It 

concluded that the microbiologic method is necessary for the correct 

prescription of antibiotics in children with Streptococcal sore throat  

(Santos and Berezin, 2005). 

A study was designed by Steer, et al., (2009) to estimate the 

prevalence of carriage of Beta-Hemolytic Streptococci (BHS) and the 

incidence of BHS culture-positive sore throat in school aged children in 

Fiji. The study concluded that GAS culture-positive sore throat was more 

common than expected. Group C and group G Streptococci were frequently 

isolated in throat cultures, although their contribution to pharyngeal 

infection was not clear. The molecular epidemiology of pharyngeal GAS in 

the study differed greatly from that in industrialized nations and this has 

implications for GAS vaccine clinical research in Fiji and other tropical 

developing countries.  

Streptococcus pyogenes or group A Streptococcus (GAS) is a 

common cause of vulvo-vaginitis in pre-pubertal females but is 

http://www.ncbi.nlm.nih.gov/pubmed?term=dos%20Santos%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=15742082
http://www.ncbi.nlm.nih.gov/pubmed?term=dos%20Santos%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=15742082


 
 

15 
 

uncommonly isolated from the vaginal swabs of adult females. A study 

aimed to describe the clinical and laboratory findings of adult females with 

GAS isolated from vaginal swabs in a community and hospital laboratory. 

It concluded that isolation of GAS from the vaginal swabs of adult females 

is uncommon. In the community setting it may represent infection with 

vulvo-vaginitis or asymptomatic colonization. In the hospital setting, its 

isolation is frequently associated with pregnancy-related infectious 

complications (Upton and Taylor, 2013). 

Streptococcus pyogenes (group A) is a major pathogen capable of 

causing wide range of diseases in different age group of people. In a study 

100 patients were presented with the complaint of sore throat. All the 

patients were divided in four age groups. Streptococcus pyogenes colonies 

were confirmed on the basis of beta-haemolysis, bacitracin sensitivity test, 

and latex agglutination test for group A. Forty two out of a total of 100 

samples, were confirmed as group A Streptococcus. From the study, it has 

been observed that all age groups, with a maximum occurrence in 5-15 

years of age, were suffering from group A Streptococcal pharyngitis. 

Therefore every case of sore throat especially affecting children should be 

investigated to detect the causative agent for initiation of proper therapy 

(Ray, et al., 2010). 
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The European Society for Clinical Microbiology and Infectious 

Diseases established the Sore Throat Guideline Group to write an updated 

guideline to diagnose and treat patients with acute sore throat. In diagnosis, 

Center clinical scoring system or rapid antigen test can be helpful in 

targeting antibiotic use. The Center scoring system can help to identify 

those patients who have higher likelihood of group A Streptococcal 

infection. In patients with high likelihood of Streptococcal infections, 

physicians can consider the use of Rapid Antigen Test (RAT). If RAT is 

performed, throat culture is not necessary after a negative RAT for the 

diagnosis of group A Streptococci (Pelucchi, et al., 2012).  

 A study by Alexandre, et al., (2014), at Ponta Grossa, a midsize city 

of southern Brazil; aimed to determinate the prevalence of oropharyngeal 

colonization by GABHS in pediatric population and to estimate the 

effectiveness of Anti Streptolysin-O (ASO), compared to culture, in 

presence of infection; and design an unpublished investigative algorithm of 

rheumatic fever's suspicion, based on needs identified in worldwide 

consensus. It was an epidemiologic, observational and transversal study, 

involving children younger than 12 years. Secretion of posterior 

oropharynx was collected for culture; and peripheral blood for 

determination of ASO. It resulted in that; the prevalence encountered was 
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3.9%, and 25.5% of the children showed reagent ASO. This serological test 

demonstrated quantitatively and qualitatively significant associations to the 

GABHS presence. The results emphasize the need for similar studies in 

other populations, to provide better targeting of the diagnosis and treatment 

of oropharyngitis by GABHS.  

2.4 Vaginal Bacteria 

 Group B Streptococcus (GBS) is one of the most important bacteria 

in the majority of maternal and neonatal infections, such as 

chorioamnionitis, endometritis, bacteremia, sepsis and meningitis. During 

pregnancy, GBS screening is one of the recommended strategies that are 

recommended by the Center of Disease Control (CDC). A study by 

Hamedi, et al., (2012) in Iran, aimed to determine the rectovaginal 

colonization prevalence among pregnant women, and also the rate of 

transmission to their offspring. Between June 2008 and April 2009, two 

hundred pregnant women admitted in the department of Obstetrics and 

Gynecology (Ghaem Hospital, Mashhad) were enrolled in the study. 

Samples from maternal rectum and vagina as well as neonate ear and 

umbilical cord were taken for culture. It resulted in that; the colonization 

rate for GBS in pregnant women and their neonates was around 6% and 

5%, respectively. All the carrier mothers were cases with premature rupture 

http://www.ncbi.nlm.nih.gov/pubmed?term=Hamedi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23456521
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of membranes (at least 18 hours before delivery). In terms of colonization, 

there was a significant correlation between mothers and newborns, and 

more than 80% of neonates from GBS carrier mothers were colonized by 

GBS.  

Streptococcus agalactiae is a major pathogen of neonates and 

immunocompromised adults. Prior studies have demonstrated that, beyond 

the neonatal period, S. agalactiae rarely causes invasive infections in 

children. However, during 2004-2005, S. agalactiae was the causative 

agent of 60 meningitis episodes in children aged 3 months to 12 years from 

Angola (Florindo, et al., 2011). 

A retrospective study carried by Wloch, et al., (2013) to analyze the 

frequency of group B Streptococci carriage in pregnant women from the 

region of Krakow Poland, was carried out between 2008- 2012. The study 

included the pregnant women between 35 and 37 weeks of gestation, 

studied in accordance with the guidelines of the Polish Gynecological 

Society (2008). A high percentage of pregnant women who are carriers of 

group B Streptococci were demonstrated. During the study period, it was in 

the range of 25-30%, with an average value equal to 28%. The results 

confirm the need for taking swabs from both the vagina and anus, since 

15% of GBS-positive patients showed only rectal carriage  
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In a prospective observational study in Egypt to detect the magnitude 

of group B Streptococcal (GBS) colonization and disease among a sample 

of pregnant women, 95 pregnant females, 35-37 weeks of gestational age, 

attending the antenatal outpatient clinic at AlFayom University Hospital 

between September 2006 and June (2007), all participants were screened 

with vaginorectal swabs by a conventional GBS PCR assay. Participants 

were grouped into group A (GBS present, 17 patients) and group B (GBS 

absent, 78 patients). Ninety-five infant data were also recorded. All 

neonates of group A (17 out of 95 with known positive maternal GBS) 

underwent collection of simultaneous specimens from surface sites for PCR 

before their first bath and within four hours of birth. The study resulted in 

that GBS carriage rate in the study sample was 17.89%. It was concluded 

that maternal GBS carriage is associated with a significant increase in 

neonatal infection rate but is not associated with an increase in neonatal 

intensive care admission (Elbaradie, et al., 2009). 

Group B Streptococcus colonization in pregnant women usually has 

no symptoms, but it is one of the major factors of newborn infection in 

developed countries. In Iran, there was a little information about the 

prevalence of maternal colonization and newborns infected with group B 

Streptococcus. A study was conducted in Iran to find out its prevalence 
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among Iranian pregnant women and its vertical transmission to their 

newborns. It resulted in that 50% symptomatic neonates were born from 

the mothers with positive vaginal culture for group B Streptococcus. About 

63% had absolute neutrophil count more than normal, and 9.1 % newborns 

were omitted from the study. Therefore, 50% of neonates showed clinical 

feature, whereas Para-clinical test was required to detect the infection for 

the rest of neonates who showed no signs or symptoms (Shirazi, et al., 

2014). 

Genital colonization by Group B Streptococcus (GBS) in pregnant 

women in their third trimester, which is a known risk factor of morbidity 

and mortality among newborns, was studied. Dechen, et al., (2010), studied 

the prevalence and the correlates of vaginal colonization by GBS among 

pregnant women. Three high vaginal swabs were obtained from all the 

pregnant women admitted at term and in preterm labor. The first set of 

swabs was cultured on 5% Sheep blood agar plates. The second set of 

swabs were inoculated into Todd-Hewitt broth and then subcultured in 5% 

sheep blood agar plates and the third one for Gram staining. It resulted in 

that, the main outcome measures were the presence of GBS infection in 

comparison to the age group, gravida, and gestational age, Premature 

Rupture Of Membrane (PROM), preterm labor and association with febrile 
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spells of the present pregnancy. It resulted in that the culture positivity rate 

of GBS was 4.77% and coexistent organisms isolated were Candida species 

(36%), Staphylococcus aureus (8%) and Enterococcus species (8%). It 

concluded that GBS infection among pregnant women was significantly 

correlated with the gestational age, PROM and preterm labor.  

Streptococcus agalactiae (GBS) vaginal pathogenicity is not 

uniformly acknowledged throughout the literature. Accordingly, genital 

itching and burning, along with leukorrhea in women, were commonly and 

almost exclusively referred to bacterial vaginosis, candidiasis and 

trichomoniasis. Conversely, GBS virulence for vagina was recognized in 

the past, as the organism has been observed to potentially cause local 

inflammation and discharge. A study depiced a case where a non-hemolytic 

(γ-hemolytic) GBS strain was found to be the etiological agent of vaginal 

infection, such uncommon S. agalactiae phenotypes are hard to be 

recognized and may be therefore responsible for misdiagnosing and 

underestimation of GBS vaginitis prevalence  (Vincenzo, et al., 2013).  

Group B Streptococci (GBS) are the most frequent cause of severe, 

life-threatening neonatal infections. Significant infections are also seen in 

adult women as a complication of pregnancy and in the elderly and 

immunocompromised hosts. Jannati et al., (2012) found that, commonly, 
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10–40 % of pregnant mothers carry GBS in their genitourinary and 

gastrointestinal tracts and maternal colonization with GBS is the 

predominant risk factor for the development of invasive neonatal GBS 

disease. They concluded that, GBS carriage screening at weeks 35-37 of 

gestation and subsequent Intrapartum Antibiotic Prophylaxis (IAP) for 

culture-positive women is recommended in many countries. 

Streptococcus agalactiae (Group B Streptococcus, GBS) are the 

most common cause of serious bacterial infections in newborn and adults 

with underlying medical disorders. At the time of birth, GBS is vertically 

transmitted to the neonate, and it is estimated that 50% or more of 

newborns exposed to GBS will become colonized if the mother is a carrier 

(Georgia, et al., 2013). 

During a national surveillance program on Group B Streptococci 

(GBS) maternal carriage and neonatal infections, a GBS strain isolated 

from a pregnant woman's vagino-rectal swab was non typable by either 

serological or molecular methods. Further molecular characterization 

demonstrated that the strain lacked the entire capsular locus, possibly by a 

recombination event that excised. The natural loss of the capsular locus by 

GBS isolated from a human has never been described so far. Such an event, 

while possibly a dead-end from the evolutionary point of view, leaves a 
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still able-to-colonize organism unrecognizable by the vaccines currently 

under development (Creti, et al., 2012). 

  Streptococcus agalactiae regarded mainly as a pathogen of 

neonates and pregnant women, is increasingly affecting non pregnant 

adults. In adults, S. agalactiae causes skin and soft tissue infections, 

bacteremia, urinary tract infections, pneumonia, osteomyelitis, meningitis, 

endocarditis, and Streptococcal toxic shock syndrome. Risk factors 

associated with invasive GBS in adults are old age, diabetes mellitus, 

neurologic diseases, cirrhosis or other liver diseases, stroke, breast cancer, 

and renal failure. S. agalactiae colonizes the lower gastrointestinal and 

genitourinary tracts of 30 to 50% of healthy adults, and an estimated 20 to 

30% of all pregnant women are carriers. S. agalactiae can be isolated from 

vaginal or rectal swabs, and prenatal screening for colonization of pregnant 

women is recommended (Charlotte, et al., 2011). 

During the last few decades, group B Streptococcus (GBS) has 

emerged as an important pathogen. The major reservoirs for GBS  are  the  

vagina  and  the  peri-anal  regions/rectum,  and  the  colonization  of  these  

regions  is  a  risk  factor  for  subsequent  infection  in pregnant women 

and newborns. A study was performed in India to determine the prevalence 

of GBS colonization in the vagina and rectum of pregnant women and the 



 
 

24 
 

antibiotic susceptibility pattern of the isolates. It aimed also to identify risk 

factors associated with GBS colonization. It resulted in that GBS 

colonization rate was 2.3%. It concluded that the GBS colonization rate 

was low. No resistance to penicillin or clindamycin was seen, while the 

majority of the isolates were resistant to tetracycline (Vijayan, et al., 2011). 

Group B Streptococci are leading cause of infections in newborns, 

pregnant women, and older persons with chronic medical illness. Kimberly, 

et al., (2013), found that In addition to maternal cervicovaginal 

colonization and neonatal infection that results from the vertical 

transmission of bacteria from mothers to their infants, GBS can also cause 

urinary tract infection (UTI). The spectrum of GBS UTI includes 

asymptomatic bacteriuria (ABU), cystitis, pyelonephritis, urethritis, and 

urosepsis. GBS ABU is particularly common among pregnant women, 

although those most at risk for cystitis due to GBS appear to be the elderly 

and immunocompromised individuals.  

A study by Horvath, et al., (2013), assessed the benefits of a 

chemoprophylaxis program based on screening women for GBS infection 

between 30 and 32 weeks of pregnancy in a population with a high rate of 

premature births. It resulted in that, there were 0.2% infected newborns in 

the study cohort, and 1 of 8 with sepsis died. Also 0.7% infected newborns 
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in the historical cohort, and 29 of 31 with sepsis died. It was concluded that 

screening women early in a population with a high rate of premature births 

may simplify preterm labor management.  

Group B Streptococcus is the leading cause of neonatal infections. 

Oviedo, et al., (2013), characterized GBS colonization in pregnant women, 

current serotypes, resistance phenotypes and genes associated with 

virulence. Vaginal-rectal swabs from pregnant women were studied. GBS 

strains were identified by conventional and serological methods. Serotypes 

were detected using Strep-B Latex. Resistance phenotypes were 

determined by the double-disk test. Genes were studied by PCR. Maternal 

colonization was 9.38%. 

The capsular polysaccharide (CPS) is an important virulence factor 

and a vaccine target of the major neonatal pathogenic GBS. Population 

studies revealed no strong correlation between CPS type and multilocus 

sequence typing (MLST) cluster, with the remarkable exception of the 

worldwide spread of hyper virulent GBS CC17, which were all until 

recently CPS type III. The study showed that GBS CC17 hyper virulent 

strains have switched one of their main vaccine targets. Thus, continued 
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surveillance of GBS population remains of the utmost importance during 

clinical trials of conjugate GBS vaccines (Bellais, et al., 2012). 

A group B Streptococcus vaccine for pregnant women would add to 

the currently available vaccines given during pregnancy to protect mothers 

and their infants against serious and potentially lethal diseases, including 

tetanus, influenza, pertussis and meningococcal infection. Implementation 

of the administration of these high priority vaccines during routine prenatal 

care would result in a maternal immunization program with the potential to 

have a positive impact in public health globally, by reducing maternal and 

neonatal morbidity and mortality (Munoz and Ferrieri, 2013). 

2.5 Urinary Tract Infection 

Urinary tract infections (UTI) can lead to poor maternal and prenatal 

outcomes. Investigating epidemiology of UTI and antibiotics sensitivity 

among pregnant women is fundamental for care-givers and health planners. 

A cross sectional study was conducted at Khartoum North Teaching 

Hospital Antenatal Care Clinic between February-June 2010 by Hamdan, et 

al., (2011) to investigate epidemiology of UTI and antibiotics resistance 

among pregnant women. UTI was diagnosed using mid stream urine 

culture on standard culture media. The results showed that 28.0% were 
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symptomatic and 71.9% asymptomatic. The prevalence of bacteriuria 

among symptomatic and asymptomatic pregnant women was 12.1%, and 

14.7% respectively, and the overall prevalence of UTI was 14.0%. In 

multivariate analyses, age, gestational age, parity, and history of UTI in 

index pregnancy were not associated with bacteriuria.  

UTI is a common bacterial infection known to affect the different 

parts of the urinary tract and the occurrence is found in both males and 

females. Despite the fact, that both the genders are susceptible to the 

infection, women are mostly vulnerable due to their anatomy and 

reproductive physiology. The infection is usually caused as a consequence 

of bacterial invasion of the urinary tract including the lower and the upper 

urinary tract. Among the bacterial species Escherichia coli account to 80% 

to 85% of the infection followed by Staphylococcus species that constitutes 

10% to 15%. In addition, bacterial species such as Klebsiella, 

Pseudomonas, Proteus and Enterococcus species play a minor role in 

conferring the infection. A variety of parameters are related to UTI 

including age, parity, gravidity, pregnancy and association of diseases 

augment the condition of the infection (Ranganathan, 2014). 

 A study was undertaken to prospectively evaluate a Streptococcus 

pneumoniae urinary antigen test for diagnosis of pneumococcal pneumonia 
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among patient and control groups between 2004 and 2006. Non-

concentrated urine samples were tested using an immunochromatographic 

assay, the NOW S. pneumoniae antigen test. The urinary antigen test was 

positive in 9 (15.3%) of 59 patients enrolled in the study and in 8 (73%) of 

11 patients with pneumococcal pneumonia confirmed by conventional 

methods. The study concluded that the urinary antigen test can supplement 

conventional microbiological tests in the diagnosis of pneumococcal 

pneumonia (Ercis, et al., 2006).    

Recurrent urinary tract infections (RUTI) are common in pregnant 

women and may cause serious adverse pregnancy outcomes for both 

mother and child including preterm birth and small-for-gestational-age 

babies. Interventions used to prevent RUTI in pregnant women can be 

pharmacological (antibiotics) or non-pharmacological. So far little was 

known about the best way to prevent RUTI in pregnant women. The study 

of  Schneeberger, et al., (2012) assessed the effects of interventions for 

preventing recurrent urinary tract infections in pregnant women showed 

that primary maternal outcomes were RUTI before birth and preterm birth 

(before 37 weeks). The primary infant outcomes were small-for-gestational 

age and total mortality. It resulted in that, no significant differences were 
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found for the primary outcomes: recurrent urinary tract infection before 

birth and preterm birth.  

Bacteriuria is defined as the presence of bacteria in urine, regardless 

of the number of colony-forming units per mL (CFU/mL). A study carried 

by Allen, et al., (2012) to provide information regarding the management 

of GBS bacteriuria to midwives, nurses, and physicians who are providing 

obstetrical care. Results were restricted to systematic reviews, randomized 

controlled trials, and relevant observational studies. Its recommendations 

were quantified using the evaluation of evidence guidelines developed by 

the Canadian Task Force on Preventive Health Care. The recommendations 

in this guideline were designed to help clinicians identify pregnancies in 

which it is appropriate to treat GBS bacteriuria to optimize maternal and 

prenatal outcomes, to reduce the occurrences of antibiotic anaphylaxis, and 

to prevent increases in antibiotic resistance to GBS and non-GBS 

pathogens.  

Urinary tract infection in pregnancy is associated with significant 

morbidity for both the mother and the baby. A study aimed to determine 

the bacterial profile and antibiotic resistance pattern of the urinary 

pathogens isolated from pregnant women at Felege Hiwot Referral 
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Hospital Bahirdar, Ethiopia showed that a total of 367 pregnant women 

with and without symptoms of urinary tract infection were enrolled as a 

study subject. Organisms were identified from mid-stream clean catch 

urine samples and antibiotic susceptibility was performed using 

bacteriological standard tests. Bacteriological screening of urine samples 

revealed growth of bacteria in 8.5% and 18.9% for symptomatic and 

asymptomatic pregnant women respectively, with overall prevalence of 

9.5%. The most common isolates detected were E. coli (45.7%) followed 

by coagulase negative Staphylococcus (17.1%) and S. aureus (8.6%). 

Gram-negative bacteria showed resistance rates in the range of 56.5% –

82.6 % against trimethoprim/sulfamethoxazole, tetracycline, amoxicillin 

and ampicillin. Gram positive isolates showed resistant rate ranging from 

50–100% against tetracycline, trimethoprim-sulphamethoxazole, 

amoxicillin and penicillin-G. It was concluded that, the isolation of 

bacterial pathogens both from symptomatic and asymptomatic pregnant 

women that are resistance to the commonly prescribed drug calls for an 

early screening of all pregnant women to urinary tract infection (Tazebew, 

et al., 2012). 

Streptococcus agalactiae is one of the uropathogens responsible for 

urinary tract infections (UTI) in children, pregnant women, and elderly 
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people with chronic underlying diseases. A study was performed by 

Shayanfar, et al., (2012) to determine the prevalence of urinary tract 

isolates of group B Streptococci (GBS) in a group of females referred to a 

referral University Hospital in Iran. Urine analysis and urine culture results 

were reviewed. Bacteriuria, colony count, pyuria and demographic data of 

patients were also evaluated, (20.1%) of them had positive urine cultures. 

GBS was the isolated microorganism in 8.92% cases, yielding a prevalence 

of 1.79% in total study population.  

Urinary tract infections (UTI) are one of the most common infections 

among women worldwide. E. coli often causes more than 75% of acute 

uncomplicated UTI, however, little is known about how recurrent UTIs and 

indiscriminate use of antimicrobials affect the aetiology of UTIs. A study 

was aimed to establish the aetiology of UTI in a population of recurrent 

and self-medicated patients referred from pharmacies to a hospital in 

Hanoi, Vietnam and to describe genotypes and antimicrobial susceptibility 

of the associated bacterial pathogens. The aetiology of bacterial pathogens 

associated with UTI was established by phenotypic and molecular methods. 

Enterococcus faecalis isolates were typed by Multi Locus Sequence 

Typing (MLST), Pulsed-Field Gel Electrophoresis (PFGE) and 

antimicrobial susceptibility testing (Louise, et al., 2012). 
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2.6 Blood Culture 

Blood culture has been the gold standard for the detection of sepsis 

pathogens. Continuously monitored blood culture systems have reduced the 

detection time of positive blood cultures, but there are few rapid and 

accurate methods for identifying pathogens directly from these samples. 

Nucleic-acid-based methods (DNA probe method, fluorescent in situ 

hybridization, PCR) may offer one solution, the accuracy and feasibility of 

one of them was studied. The Genotype blood culture assays (Hain Life 

science, Nehren, Germany). The two Genotype BC panels identify 41 

bacterial species. Additionally, the methicillin resistance-gene and the 

vancomycin resistance-genes can be detected. The genotype procedure 

includes three steps: DNA isolation, multiplex amplification with 

biotinylated primers, and strip-based reverse hybridization and detection 

(Santra, et al., 2012). 

Rapid and reliable identification of bacteria directly from blood 

culture is an important criterion in clinical practice to guide appropriate 

antibiotic therapy. A study of the performance of the AccuProbe (Gen-

Probe, Inc., San Diego, Calif.) in direct identification of Staphylococcus 

aureus, Streptococcus pneumoniae, Enterococci, and group A and B 
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Streptococci from positive blood culture bottles was evaluated by using 6-

year routine clinical laboratory blood culture material from Paijat-Hame 

Central Hospital, Lahti, Finland. With the Enterococcal and group A and B 

Streptococcal probes, the diagnostic performance of the test was excellent 

at a cut off value of 50,000 relative light units (RLU) as recommended by 

the manufacturer (Lindholm and Sarkkinen, 2004). 

Rapid identification of pathogens directly from positive blood 

cultures can play a major role in reducing patient mortality rates. A study 

evaluated the performance of the Verigene Gram-Positive Blood Culture 

(BC-GP) for detection of commonly isolated Gram-positive organisms as 

well as associated resistance markers from positive blood cultures. Positive 

blood cultures were analyzed using the BC-GP assay within 12 h for the 

detection of 12 different organisms, including Staphylococci, Streptococci, 

and Enterococci, as well as for the presence of 3 resistance markers (mecA, 

vanA, and vanB). Results were compared to those of routine laboratory 

methods for identification and susceptibility testing. For identification of 

organisms and detection of resistance markers in 178 mono microbial 

positive blood cultures, the BC-GP assay showed 94% and 97% 

concordance, respectively, with routine methods. After 25 poly microbial 

cultures were included, the results showed 92% and 96% agreement for 
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identification and resistance markers, respectively, for a total of 203 

positive cultures. The BC-GP assay is capable of providing rapid 

identification of Gram-positive cocci as well as detection of resistance 

markers directly from positive blood cultures at least 24 to 48 h earlier than 

conventional methods (Linoj, et al., 2013). 

Bloodstream infection remains a major cause of morbidity and 

prolonged hospital stay in children. Samuel, et al., (2013) found that, in 

neonates and infants, it is a life-threatening emergency, and therefore 

identifying the common bacteria and their susceptibility patterns will 

provide information necessary for timely intervention.  

Streptococcus urinalis was isolated from a blood culture of a 60-

year-old man with a history of urethral stricture. This species has been 

recently described as a new member of the pyogenic subgroup of 

Streptococci that cause urinary tract infections (Peltroche, et al., 2012). 

The viridans groups Streptococci (VGS) are a heterogeneous group 

of organisms that can be human commensals, colonizing the 

gastrointestinal and genitourinary tracts in addition to the oral mucosa. 

VGS are generally considered to be of low pathogenic potential in 

immunocompetent individuals. However, in certain patient populations, 
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VGS can cause invasive disease, such as endocarditis, intra-abdominal 

infection, and shock. Within the VGS, the rates and patterns of 

antimicrobial resistance vary greatly depending upon the species 

identification and the patient population. In general, Streptococcus mitis 

group organisms are resistant to more antimicrobial agents than the other 

VGS species. A review of recent pediatric-specific data regarding the 

clinical manifestations of VGS revealed that the Streptococcus anginosus 

group (SAG) organisms may be important pathogens in pediatric patients 

and that the VGS may contribute to disease in patients with cystic fibrosis. 

It also appears that rates of antimicrobial resistance in VGS in pediatric 

patients are surpassing those of the adult population (Christopher and 

Carey, 2010). 

An unidentified strain of the viridans group of Streptococci was 

isolated from a human blood sample. It was distinguished from all other 

recognized species of the Streptococcus sanguinis group by several 

biochemical characteristics. Phylogenetic analysis based on 16S rRNA 

gene sequence comparisons clustered this strain with Streptococcus ferus 

(mutans group) but phylogenetic analysis based on rpoB and sodA gene 

sequence comparisons included it in the S. sanguinis group. The isolates 

showed 95.4 and 95.2 % 16S rRNA gene sequence similarity to S. ferus 
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and S. sanguinis, respectively, confirming it as belonging to a novel taxon, 

for which the name Streptococcus massiliensis sp. nov. was proposed 

(Glazunova, et al., 2006). 

A study suggested that underlying valvular heart disease and 

persistent bacteremia are independently associated with Viridans 

Streptococcal Infective Endocarditis (VSIE). The study recommends 

routine echocardiography in patients who have these conditions. Previous 

steroid use and immunosuppressive therapy have both been shown to be 

associated with poor prognosis in patients with Viridans Streptococcal 

Bacteremia (VSB). Many studies have shown that viridans Streptococci 

cause various and severe infections and play an important role in the 

etiology of primary bacteremia following immunosuppressive therapy. In 

light of these findings, there was growing interest among clinicians about 

viridans Streptococci and their role in infection. The study reported that 

previous steroid use and immunosuppressive therapy are independently 

associated with mortality due to VSB (Soo-Kyeong, et al., 2013). 

2.7 Resistant to Antibiotics 

Resistance to antibiotics is a major public-health problem, and 

studies that link antibiotic use and resistance have shown an association but 

not a causal effect.  Macrolide azithromycin and clarithromycin were used 



 
 

37 
 

to investigate the direct effect of antibiotic exposure on resistance in the 

oral Streptococcal flora of healthy volunteers. The study showed that, 

notwithstanding the different outcomes of resistance selection, Macrolide 

use is the single most important driver of the emergence of Macrolide 

resistance in vivo. Physicians prescribing antibiotics should take into 

account the striking ecological side-effects of such antibiotics (Malhotra-

Kumar, et al., 2007). 

2.8 Molecular detection of Streptococci 

Developments in molecular based microbial detection methods, such 

as polymerase chain reaction (PCR), have significantly contributed to rapid 

identification and quantification of unknown biological agents. Public 

health and clinical laboratories are often tasked with developing PCR-

based assays for detecting unknown pathogens in complex matrices 

(Nathan and Jayne, 2012). 

Extraction of DNA, RNA, and protein is the basic method used in 

molecular biology. Currently, there are many specialized methods that can 

be used to extract pure biomolecules, such as solution-based and column-

based protocols. Manual method has certainly come a long way over time 

with various commercial offerings which included complete kits containing 

most of the components needed to isolate nucleic acid. Automated systems 
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designed for medium-to-large laboratories have grown in demand over 

recent years. It is an alternative to labor-intensive manual methods. The 

technology should allow a high throughput of samples; the yield, purity, 

reproducibility, and scalability of the biomolecules as well as the speed, 

accuracy, and reliability of the assay should be maximal, while minimizing 

the risk of cross-contamination (Siun and Beow, 2009). 

2.9 Polymerase Chain Reaction (PCR) 

Polymerase chain reaction (PCR) using universal bacterial primers 

and subsequent DNA sequence analysis of the PCR product was used to 

detect beta-haemolytic Streptococci in clinical samples. Streptococcus 

pyogenes, Streptococcus agalactiae and Streptococcus dysglactiae were 

identified in 19 primary culture-negative cases of infections from 203 

patient samples with detectable bacterial DNA (Grarup, et al., 2008). 

A study described the construction and use of a multiple-locus 

variant-repeat assay (MLVA) on 126 well-characterized human GBS 

strains, consisting mostly of invasive Norwegian strains and international 

reference strains, based on in silico whole-genomic analysis of the 

genomes of strains A909, NEM316, and 2603V/R, 18 candidate loci were 

selected and investigated by PCR (Radtke, et al., 2010). 
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Accurate identification of isolates belonging to genus Enterococcus, 

Streptococcus, coagulase-negative Staphylococcus, and Lactococcus at the 

species level is necessary to provide a better understanding of their 

pathogenic potential, to aid in making clinical decisions, and to conduct 

epidemiologic investigations, especially when large blind samples must be 

analyzed. It is useful to simultaneously identify species in different genera 

using a single primer pair (Xuerui, et al., 2012).  

A 761-bp portion of the tuf gene from 28 clinically relevant 

Streptococcal species was obtained by sequencing amplicons generated 

using broad-range PCR primers. The specificity of the PCR assay was 

verified using 102 different bacterial species, including the 28 

Streptococcal species. Genomic DNA purified from all Streptococcal 

species was efficiently detected. The Streptococcus-specific assay was 

highly sensitive for all 28 Streptococcal species tested. The tuf sequence 

data was also used to perform extensive phylogenetic analysis, which was 

generally in agreement with phylogeny determined on the basis of 16S 

rRNA gene data. However, the tuf gene provided a better discrimination at 

the Streptococcal species level that particularly useful for the identification 

of very closely related species (Francois et al., 2004). 
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A comparative study evaluated three different PCR-based capsular 

gene typing methods applied to 312 human and bovine Streptococcus 

agalactiae (group B Streptococcus [GBS]) isolates and compared the 

results to serotyping results obtained by latex agglutination. Among 281 

human isolates, 27% could not be typed by latex agglutination. All 312 

isolates except 5 could be typed by the three PCR methods combined. Two 

of these methods were multiplex assays. Among the isolates that were 

typeable by both latex agglutination and capsular gene typing, 94% showed 

agreement between the two methods. However, each of the PCR methods 

showed limitations. One of the methods did not include all 10 recognized 

serotypes, one misidentified eight isolates of serotypes Ib and IV as 

serotype Ia, and one did not distinguish between serotypes VII and IX. For 

five isolates that showed aberrant patterns in the capsular gene typing, 

long-range PCR targeting the cps operon disclosed large insertions or 

deletions affecting the cps gene cluster. In the same study a sensitive flow 

cytometric assay based on serotype-specific antibodies was attempted 

applied to 76 selected isolates that were nontypeable by latex agglutination 

revealed that approximately one-half of these did express capsular 

polysaccharide (Yao, et al., 2013). 
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A study aimed to evaluate diagnostic tests in order to introduce a 

diagnostic strategy to identify the most common Gram-positive bacteria 

(Pneumococci, Enterococci, β-haemolytic Streptococci and S. aureus) were 

found in blood cultures within 6 hours after signalling growth. It resulted in 

that, during the validation period, 150 (91%) of a total of 166 Gram-

positive cocci (119 in clusters, 45 in chains or pairs and 2 undefined 

morphology) were correctly identified as S. aureus, CoNS, Pneumococci, 

Enterococci or group A Streptococci (GAS), group B Streptococci (GBS), 

group G Streptococci (GGS) within 6 hours with a minimal increase in 

work-load and costs. The remaining samples (9%) were correctly identified 

during the next day. No samples were incorrectly grouped with this 

diagnostic strategy and no patient came to risk by early reporting. It was 

concluded that a simple strategy gives reliable and cost-effective reporting 

of more than 90% of the most common Gram-positive cocci within 6 hours 

after a blood cultures become positive. The high specificity of the tests 

used makes preliminary reports reliable. The reports can be used to indicate 

the focus of infection and not the least, support faster administration of 

proper antimicrobial treatment for patients with serious bacterial infections 

(Larsson, et al., 2014). 
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Although various diagnostic approaches for pathogen detection have 

been proposed, most were too expensive, lengthy or limited in specificity 

for clinical use. Hyun, et al., (2013), studied a new assay diagnostic 

platform for the rapid detection and phenotyping of common clinical 

pathogens. The assay makes use of magnetic nanoparticles (MNPs) and 

oligonucleotide probes to specifically detect target nucleic acids from the 

pathogen. It concluded that; nucleic acid-based techniques allow the 

specific typing of species with high enough sensitivity to circumvent 

lengthy culturing processes. The 16S rRNA sequence information has been 

used for bacterial classification and taxonomy, so typing methods based on 

these databases have emerged as the preferred technique for microbial 

identification over traditional culture and biochemical assays.  

Comet assay provides a rapid and reliable way to screen genotoxic 

effects of a wide variety of nanoparticles. Single cell gel electrophoresis 

assay (SCGE) or comet assay gained in popularity as a standard technique 

and is widely used for testing novel particles or chemicals for genotoxicity, 

monitoring environmental contamination with genotoxins, human 

biomonitoring and molecular epidemiology, and fundamental research in 

DNA damage and repair (Bowman, et al., 2012). 
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2- 10 Sequencing 

Recently, analysis of microbial epidemics has been revolutionized by 

whole-genome sequencing. Nahuel, et al., (2013) recently sequenced the 

genomes of 601 type emm59 Group A Streptococcus (GAS) organisms 

responsible for an ongoing epidemic of invasive infections in Canada and 

some of the United States. The epidemic has been caused by the emergence 

of a genetically distinct, hyper virulent clone that has genetically 

diversified. The ease of obtaining genomic data contrasts with the 

relatively difficult task of translating them into insightful epidemiological 

information. Authors sequenced the genomes of 90 additional invasive 

Canadian emm59 GAS organisms. They used an improved bioinformatics 

pipeline designed to rapidly process and analyze whole-genome data and 

integrate strain metadata. They discovered that emm59 GAS organisms are 

undergoing continued multiclonal evolutionary expansion.  

The molecular mechanisms underlying pathogen emergence in 

humans is a critical but poorly understood area of microbiologic 

investigation. Serotype V group B Streptococcus (GBS) was first isolated 

from humans in 1975, and rates of invasive serotype V GBS disease 

significantly increased starting in the early 1990s. Flores, et al., (2015) 
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found that 92% of the serotype V GBS strains isolates were multilocus 

sequence type (ST) 1. Elucidation of the complete genome of a 1992 ST-1 

strain revealed that this strain had the highest homology with a GBS strain 

causing cow mastitis and that the 1992 ST-1 strain differed from serotype 

V strains isolated in the late 1970s by acquisition of cell surface proteins 

and antimicrobial resistance determinants. Whole-genome comparison of 

202 invasive ST-1 strains detected significant recombination in only eight 

strains. The remaining 194 strains differed by an average of 97 SNPs. 

Phylogenetic analysis revealed a temporally dependent mode of genetic 

diversification consistent with the emergence in the 1990s of ST-1 GBS as 

major agents of human disease. Thirty-one loci were identified as being 

under positive selective pressure, and mutations at loci encoding 

polysaccharide capsule production proteins, regulators of pilus expression, 

and two-component gene regulatory systems were shown to affect the 

bacterial phenotype. These data revealed that phenotypic diversity among 

ST-1 GBS is mainly driven by small genetic changes rather than extensive 

recombination, thereby extending knowledge into how pathogens adapt to 

humans.  

Enterococcus faecalis ATCC 29212, a vancomycin-sensitive strain, 

has been extensively used as a representative control strain for clinical and 
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laboratory experiments. A study reported the draft genome and annotation 

of this strain, containing 3,027,060 bp, with a G+C content of 37.2% in 126 

consigns (≥500 bp). It was increasingly recognized as a nosocomial 

pathogen. It was isolated from human urine, and was  used as a control 

strain to assess the quality of commercially prepared microbiological 

culture media, susceptibility testing of pathogens to antibiotics, 

commercialized biochemical identification of bacterial species  and 

microbiological quality testing of food and animal feeding stuffs. The need 

for genome-level information is indicated by the fact that E. faecalis strains 

are now regarded as opportunistic pathogens and those hospital-associated 

strains typically share a similar genetic composition and resistance to 

clinically relevant antibiotics. The study sequenced and annotated the 

genome of ATCC 29212 to enable broader applications of this organism 

for comparison of genotypic differences among members of this species 

(Eun, et al., 2012). 
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Chapter Three 

Materials and Methods 

3-1 Study Design 

3-1 -1 Type of Study 

The type of this study was a Cross-sectional hospital- based study 

carried from September 2013 to November 2016. 

3-1-2 Study Area 

1- Khartoum Ear Nose and Throat Teaching Hospital (Khartoum E. 

N. T. Teaching Hospital) 

2- Saudi  Maternal Hospital 

3- Omdurman  Teaching Hospital 

4- Khartoum North Teaching Hospital 

 3-1- 3 Samples   

Five hundred samples were collected in this study including 150 

(30%) throat swabs, 125 (25 %) vaginal swabs, 125 (25 %) urine samples 

and 100 (20 %) blood samples. 

               The number of each sample was calculated according to the type 
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of infection which was obtained from the Ministry of Health records 

(Tonsillitis, UTI, Urine and blood during 2012) {Appendix 1}, according 

to the number of each infection recorded.   

3-1- 4 Study Population  

Patients included in this study were those who attended the study 

hospitals suspected with Streptococcal infection. 

3-1-5 Ethical Consideration 

 The study took into account the regulations and the instructions of 

the University Ethical Committee. The administrations of the hospitals 

were informed about the type of the samples that were collected. Nature 

and the goal of the study were explained to all candidates. The 

confidentiality of the patients was established by coding of the 

questionnaires. All investigations were carried out for patients free of 

charge and they were not claimed for analysis expenses. 

3-1-6 Inclusion Criteria 

Untreated patients suspected with Streptococcal infection. 

3-1-7 Exclusion Criteria 

Patients who were under treatment with antibiotic or treated seven 

days before collection were excluded. 
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3-2 Methodology 

3-2-1 Data Collection 

All information required from patients was collected with the 

questionnaire {Appendix 2}.  

3-3 Sterilization 

3-3-1 Sterilization of Swabs and Urine Containers 

 Ready sterilized swabs and urine containers were purchased. 

3-3-2 Sterilization of Petri Dishes 

 Sterilized plastic Petri dishes were purchased. Glass Petri dishes 

were sterilized in a hot air oven at 160 ºC for one hour. 

3-3-3 Sterilization of Equipment 

 Test tubes, flasks, graduated pipettes and other glass wares used 

were sterilized in a hot air oven at 160 ºC for one hour. 

 Bottles and plastic tips were sterilized by autoclaving at 15 lb/sq inch 

for 15 minutes at 121 ºC. 

3-3-4 Sterilization of Culture Media and Solutions 

 Media and solutions were sterilized by autoclaving at 15 lb/sq inch 

for15 minutes at 115 ºC.    
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3-4-1 Sample Collection 

      Throat swabs were collected from the specific patients who attended 

Khartoum E. N. T. Teaching Hospital suffering from sore throat. 

Vaginal swabs were collected from pregnant women who attended 

the Saudi Maternal Hospital at the third trimester (35 – 37 weeks of 

gestation).  

Urine and blood samples were collected from suspected patients who 

attend Omdurman and Khartoum North Teaching Hospitals. Some of the 

urine samples were collected also from same pregnant women in addition 

to the vaginal swabs.  

Blood was collected under aseptic technique (Sodium Polyanethol 

Sulphonate (SPS) was used as anticoagulant) and the samples were 

transferred directly into Tryptone soya broth diphasic media (which was 

purchased ready for use).   

3-4-2 Samples Preservation 

       After collection, all samples were kept at refrigerator temperature for 

laboratory investigation. 

3-5 Reagents  

All reagents were prepared as described by Barrow and Felltham 
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2003 {Appendix 3}. 

3-5-1 Hydrogen Peroxide 

 This solution was prepared in a concentration of 3% and was used 

for the catalase test. 

3-5-2 Bile Salts Solution 

 This solution was prepared in a concentration of 10% and was used 

for the bile solubility test. 

3-5-3 Normal Saline Solution 

 This solution was prepared in a concentration of 0.85% and was 

distributed into test tubes of 5 ml each and the tubes were then sterilized by 

autoclaving at 15 lb/sq inch for 15 minutes at 121 ºC. Then 4 ml were used 

as a suspension solution to keep the bacterial culture for the extraction of 

the DNA and one ml was used for the bile solubility test.  

3-6 Blood 

 Fresh defibrinated sheep blood was used in the preparation of blood 

agar medium. It was collected from sheep’s jugular veins in sterile 10 ml 

syringes containing sodium citrate as an anticoagulant, it was mixed gently 

and it was stored in a refrigerator.  

 



 
 

51 
 

3-7 Types of Media  

A: Solid Media 

3-7-1 Blood Agar 

 The medium was prepared and sterilized by autoclaving at 15 lb/sq 

inch for 15 minutes at 121 ºC. Then it was cooled to 55 ºC and 50 ml of 

fresh sheep blood were added to 950 ml nutrient agar (5%), mixed and 

distributed into sterile Petri dishes 10 ml and 20 ml in each dish and stored 

in refrigerator after solidification. It was used for culturing throat swabs, 

vaginal swabs and urine samples. It was also used for identification of the 

type of haemolysis, Bacitracin and Optochin sensitivity and the CAMP 

reaction. (Christie Alkins and Munch-Petersen = CAMP). 

3-7-2 Bile Salt Agar    

 Bile salt agar was prepared, sterilized and distributed into sterile Peri 

dishes and stored in a refrigerator after solidification, it was used for 

detection of the growth of the organisms isolated in 40% bile salt agar.    

3-7-3 Muller Hinton Agar 

 Muller Hinton was prepared, sterilized and distributed into sterile 

Petri dishes and stored in refrigerator after solidification. It was used for 

sensitivity to antibiotics.  
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B: Liquid Media 

3-8-1 Nutrient Broth 

 This medium was prepared; the pH was adjusted to 7.4. The medium 

was then distributed into test tubes (5 ml each) and sterilized by 

autoclaving at 15 lb/sq inch for 15 minutes at 121 ºC. After cooling; 0.25 

ml cow serum was added into each tube (5% serum) and it was then stored 

at refrigerator temperature. It was used for the catalase test. 

3-8-2 Aesculin Broth 

Aesculin broth medium was prepared and the pH was adjusted to 

7.4. The medium was then distributed into test tubes (5 ml each) and 

sterilized by autoclaving at 15 lb/sq inch for 15 minutes at 121 ºC and 

stored at refrigerator temperature. It was used for Aesculin test. 

3-8-3 Arginine Broth 

 Arginine broth medium was prepared and the pH was adjusted to 

7.4. The medium was then distributed into test tubes (5 ml each) and 

sterilized by autoclaving at 15 lb/sq inch for 15 minutes at 121 ºC and it 

was then stored at refrigerator temperature. It was used for Arginine test. 
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3-8-4 Nessler’s Reagent 

 Nessler’s reagent was prepared as describe by Barrow and Felltham 

(2003). It was used in Arginine test. 

3-8-5 Hippurate Broth 

Hippurate broth medium was prepared and it was then distributed 

into test tubes (5 ml each), it was sterilized by autoclaving at 15 lb/sq inch 

for 20 minutes at 121 ºC. It was used for detection of Hippurate hydrolysis.  

All types of media described in this study were prepared as described 

by Barrow and Felltham (2003) {Appendix 3}. 

3-8-6 Lancefield Grouping Kit  

Lancefield grouping kit was provided ready for use from Saudia 

Arabia and it was used as described by the manufactures (Remel Europe 

Ltd. Clipper Boulevard Kent, D A2 6 PT UK)  {Appendix 4}.  

3-9-1 Culturing and Identification of Organism 

Swabs and urine samples were streaked on the surface of blood agar 

plates and the plates were incubated under 10% Co2 for overnight at 37 ºC. 

When no growth was observed, plates were reincubated for further 48 hrs 

before they were discarded as negative.  

The type of haemolytic reaction displayed on blood agar was 
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observed and used to classify the Streptococci to β- Haemolylic 

Streptococci, which was associated with complete lyses of red cells 

surrounding the colony, whereas α-hemolytic Streptococci appeared partial 

or “greening” haemolysis associated with reduction of red cell hemoglobin 

or γ- non-haemolytic Streptococci. Haemolysis was not used as a stringent 

identification criterion. 

3-9-2 Gram Stain 

The Gram stain was done from the overnight growth. A colony of 

the tested organism was emulsified in a drop of sterile normal saline placed 

on a clean slide and allowed to dry then fixed by passing the slide three 

times over a flame then stained for one minute by crystal violet, washed 

with tap water and iodine solution was then added for one minute as a 

mordant, then washed with tap water, acetone was then added for 10 

seconds as a decolourizing agent, washed with tap water, dilute carbol 

fuchsin was then added as a counter stain for half a minute , washed with 

tap water and the slide was then allowed to air dry and examined 

microscopically.  

Organisms that showed Gram-positive reaction, were subjected to 

further examination and organisms that showed Gram-negative reaction, 

were excluded.          
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3-9-3 Diagnosis of Gram-Positive Organisms 

 All Gram-positive samples were subjected to further examinations 

including different biochemical tests. 

3-10 Biochemical Tests 

 All biochemical tests were done as described by Barrow and 

Felltham (2003). 

3-10-1 Catalase Test 

 Few drops of 3% hydrogen peroxide were added to the tested 

organism which was previously cultured for overnight at 37 ºC in 5 ml 

nutrient broth to which 5% serum was added. Positive result was detected 

by immediate production of air bubbles. Streptococci are considered as 

catalase-negative. Catalase positive samples were excluded.  

3-10-2 CAMP Reaction 

           The CAMP reaction was done on a 5% sheep blood agar plates by 

streaking a strain of Staphylococcus aureus that produces ß –haemolysins, 

then the tested organisms were streaked at right angles to it. The tested 

organisms were not allowed to touch the Staphylococcus aureus inoculum. 

The tested organism was diagnosed to be S. agalactiae if after overnight 
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incubation at 37 ºC there was an arrow- head shaped area of haemolysis 

were the Staphylococcus organism met the tested organism.   

3-10-3 Aesculin Test 

           Hydrolysis of Aesculin was done by inoculating the tested organism 

in Aesculin broth and incubated aerobically at 37 ºC and was examined 

daily up to five days for blackening; which indicates hydrolysis of 

Aesculin.  

3-10-4 Arginine Test 

            Arginine hydrolysis was done by inoculating the tested organism in 

5 ml of Arginine broth and after 24 hrs incubation, 0.5 ml of the culture 

was added to 4.5 ml distilled water and after shaking, 0.25 ml of Nessler's 

reagent was added, appearance of brown colour indicates positive result.  

3-10-5 Growth on Bile 

            Growth on 40% bile was performed by streaking the tested 

organism on 10% and 40% bile agar plates and was incubated at 37 ºC for 

24 – 48 hrs. Growth indicates resistance to bile.  

3-10-6 Bile Solubility 

      A heavy inoculum of the tested organism was emulsified in one ml 

of normal saline and 0.25 ml of 10% bile salt sodium deoxycholate was 
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added and the tube was incubated at 37 ºC for 15 minutes. This dissolves 

positive organism by clearing the turbidity within 10-15 minutes. Negative 

organisms were not dissolved and therefore there was no clearing of the 

turbidity.  

3-10-7 Hippurate Hydrolysis 

 Hippurate hydrolysis for Streptococci was done by inoculating the 

tested organism in Hippurate broth for 2- 4 days at 37 ºC, then a 

centrifugation of the culture was made and 0.5 ml of 50% sulphuric acid 

was added to 2 ml of the supernatant, appearance of white precipitate 

indicates hydrolysis of the Hippurate. (Streptococcus agalactiae positive 

others are negative).  

3-10-8 Bacitracin Sensitivity 

Bacitracin discs were placed on the surface of blood agar plate which 

was previously streaked with the tested organism. The plate was then 

incubated for 18 – 24 hrs at 37 ºC. Sensitivity to Bacitracin was shown by 

inhibition of the bacterial growth around the disc; resistant organism grew 

up to the disc.  
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3-10-9 Optochin Sensitivity  

Optochin disc was placed on the surface of blood agar plate which 

was previously streaked with the tested organism and the plate was then 

incubated for 18 – 24 hrs at 37 ºC. Sensitivity to Optochin was shown by 

inhibition of bacterial growth around the disc for a distance of at least 5 

mm; resistant organism grew up to the disc or may show a small inhibition 

zone not more than 1-2 mm. 

3-10-10 Serological Method  

Serologic methods can detect group A or B antigen. Bacitracin 

sensitivity differentiates group A from other β-haemolytic Streptococci (B, 

C, G); group B Streptococci typically shows Hippurate hydrolysis; group D 

is differentiated from other viridans Streptococci by bile solubility and 

Optochin sensitivity.   

3-10-11 Lancefield Grouping 

 Serological identification of the organism was made by using the 

commercial Lancefield-grouping antisera. Few colonies of the tested 

organism were placed in a test tube containing 0.4 ml of the reacting 

enzyme solution and it was then incubated at 37 ºC for 10 minutes or up to 

one hour, then 0.04 ml of this culture was placed on a separate well of the 
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examination card provided (containing 6 wells), and a drop of each antisera 

(specific for group A, B, C, D, F and G) was added to the drop of tested 

organism culture in a separate well and was mixed, and finally, it was 

observed for  appearance of  agglutination up to one minute. A positive 

control was also provided and it was used to compare the agglutination of 

the tested organism as described by the manufacturing company.   

3-11 Blood Culture 

Blood samples were collected from patients who were suspected 

with Streptococcal infection (white blood cell count > 13000/ comm.), and 

inoculated directly into tryptone soya broth media bottles and were 

incubated at 37 ºC and were examined daily up to seven days for 

appearance of turbidity which indicates bacterial growth; samples that 

showed turbidity were subjected to further examination after streaking 

them on blood agar plates. The plates were incubated under 10% Co2 

overnight at 37 ºC and then their examination was carried out as for other 

samples bearing that Gram’s stain was done first on a smear which was 

made from the Buffy coat after centrifugation of  a blood sample collected 

in EDTA anticoagulant containing bottle. 
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3-12 Sensitivity to Antibiotics 

Sensitivity to antibiotics was done by the disc diffusion method by 

adding few colonies from a growth of the tested organism into a nutrient 

broth medium to which 5% serum was added and then incubated for 2-3 

hours at 37 ºC. Then about 1 ml of this culture was spread on the surface of 

Muller Hinton agar plates; by using commercial sensitivity disc containing 

Penicillin (10 units), Augmenting (30 µgm), Vancomycin (30 µgm), 

Erythromycin (10 µgm), Fluidic acid (10 µgm), Chloramphenicol (30 

µgm), Amikacin (30 µgm), ampicillin (10 µgm), Cotrimoxozole (25 µgm), 

Cephalexin (30 µgm), Tetracycline (30 µgm), Cefotaxme (30 µgm), 

Gentamycin (10 µgm), Ciprofloxacin (05 µgm), and Ofloxacin (05 µgm).  

The plates were then incubated at 37 ºC for overnight; the sensitivity was 

indicted by the inhibition zone around each disc.  

3-13 Polymerase Chain Reaction (PCR) 

3-13-1 DNA Extraction  

The DNA extraction was done using saturated bacterial culture 

which was previously kept in a normal saline solution at freezing 

temperature. The protocol used is a modified protocol; was often referred 

to as plasmid “mini-prep,” yield fairly clean DNA quickly and easy. 

Samples were centrifuged to pellet the bacterial cells then 0.2 ml of ice-
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cold solution one (50 mM Glucose, 25 mM Tris HCl and 10 mM EDTA) 

was added to each pellet and vortexed. Solution two (0.2 N NaOH and 

1%SDS) was then added, mixed by inversion and incubated at room 

temperature for 5 minutes. Ice-cold solution three (5 M acetic acid and 3M 

potassium acetate) was then added. Sample was vigorously shacked to 

release DNA and kept at room temperature for 10 min. Centrifugation and 

transformation of supernatant into fresh micro centrifuge tube using clean 

disposable transfer pipette was done. This fraction step separates the DNA 

from the cellular debris. The tube was then filled with Ice-cold Isopropanol 

which effectively precipitates nucleic acids. A centrifugation was then 

made to precipitate the milky pallet of the DNA at the bottom of the tube 

and the supernatant was poured off without dumping out the pellet. Then 

ice-cold 70% ethanol was added before another centrifugation was done 

and the supernatant was poured off.  Finally samples were dried then 

dissolved in double distilled water and kept at – 20 ºC until used.  

3-13-2 DNA Amplification (PCR) 

Polymerase Chain Reaction (PCR) amplification was done using a 

genus- specific primer for Streptococci: (ST R1 5’- GTA CAG TTG CTT 

CAG GAC GTA TC-3’ and STR2 5’- ACG TTC GAT TTC ATC ACG 

TTG-3’) (Vivantis Technologies) {Appendix 5}. PCR reaction was 
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performed using a touchdown program profile: 94 °C for 2 min as an initial 

denaturation followed by 14 cycles during which annealing temperature 

was 63°C, decreasing per cycle for 14 cycles until the annealing 

temperature 55 °C was reached. The program was then continued using 

final temperature as annealing step for additional 35 cycles of: 45 s at 94 

°C, 45 s of annealing and 1 min of extension at 72 °C. Finally the reaction 

was ended with 5 min at 72 °C.  The mixes contained 1 µl (10 mM) of each 

forward and reverse primer, 1 µl of 25 mM MgCl2, 1µl of 10 mM dNTPs, 

1 unit of Taq DNA polymerase, 2.5µl of 10X PCR buffer (10 mM tris-HCL 

pH 8.3, 50 mM KCL), ~150 ng of DNA and the volume was completed to 

25 µl by double distilled water. PCR products were subjected to gel 

electrophoreses using 2% agarose in Tris Boric EDTA (TBE). 

3-14- Quality Control 

The isolates were subjected to sequencing using two other pairs of 

primers including the  16 S rRNA Primer: F (5’-AGA GTT TGA TCC 

TGG CTC AG-3’ and 16 S rRNA R 5’-AAG GAG GTG ACT CAG CCG 

CA-3’) {Appendix 6} and the TUF primer: (TseqF 5’-AAY ATG ATI ACI 

GGI GCI CAR ATG GA -3’ and TseqR 5’- CCI ACI GTI CKI CCR CCY 

TCR CG -3’) {Appendix 6}. 
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3-15 Electrophoresis (Agarose Gel) 

The products were analyzed in 2% agarose gel and stained with 

0.05% ethidium bromide in 1x Tris Boric EDTA (TBE) {Appendix 7} 

running buffer. The agarose gel was prepared by adding 2 gm of agarose to 

100 ml of 1XTBE buffer and melting the mixture in a microwave. The 

mixture was cooled to reach 60°C before 2 µl of ethidium bromide solution 

were added. The gel was poured into electrophoresis apparatus, the comb 

was placed until solidification of gel. Then the comb was removed and the 

samples were loaded. Three micro liters of PCR products were mixed with 

5 µl of the loading dye (Bromophenol blue dye) and loaded into gel wells. 

A hundred bp DNA ladder was used for the determination of band size and 

negative controls with no template DNA were included in all reactions.  

At the end of electrophoreses, the gel tray was carefully transferred 

into a gel documentation system and examined under UV light. 

3-16 DNA Sequencing 

          The selected PCR products were sent to Macrogen Company (Korea) 

for sequencing using the amplified primer. Sequencing reactions were 

performed for both directions (Forward and reverse) for each sample. 
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The obtained sequences were analyzed using different software packages. 

Firstly, sequences were aligned using BIO-EDIT and MEGA 6 software. 

Sequences were cleaned by removing the regions at the beginning and at 

the tail of the traces. 

All sequences were blasted at NCBI to confirm and identify 

Streptococcus sp. at species level. For each species comparable sequences 

were downloaded and used for alignments and phylogenetic analysis. 

Accession numbers of GeneBank sequences used are displayed in the 

alignments and trees. 

Multiple sequence alignments were performed using MEGA5. The 

evolutionary history was inferred using the Neighbor-Joining method. The 

optimal trees with the sum of branches lengths were shown (Fig 5 & 6). 

The percentage of replicate trees in which the associated taxi clustered 

together in the bootstrap test (1000 replicates) was shown next to the 

branches. The tree is drawn to scale, with branch lengths in the same units 

as those of the evolutionary distances used to infer the phylogenetic tree. 

All positions containing gaps and missing data were eliminated. There 

were a total of 727 positions in the final dataset. Evolutionary analyses 

were conducted in MEGA5 to evaluate the best technique for identification 

of Streptococci. 
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Chapter Four 

RESULTS 

Out of 500 samples that were collected from patients suspected with 

Streptococcal infection, 115 samples of Streptococci were isolated from 

patients suffering from sore throat (76.67%) using a total number of 150 

throat swabs. From 125 vaginal swabs, four isolates of Streptococci were 

isolated (3.2%), while 8 Streptococci were isolated from 125 samples of 

urine (6.4%) and five Streptococci were isolated from hundred samples of 

blood (5%). The percent of each type from the total number of samples was 

as follows: throat samples 23%, vaginal samples 0.8%, urine samples 1.6% 

and the blood samples 1%. Hence Streptococci isolated from the whole 

samples constituted 132 (26.4%) as shown in Table (1). 

 

 

 

 

 

 



 
 

66 
 

Table (1): Number of Streptococci isolated from each type 

                of sample and their percentages  

Type of 

samples 

No of 

samples 

Percent 

from total 

samples 

(500) 

No of 

positive 

Strep 

Percent of 

positive 

Strep  

Percent 

from total 

No 

Throat 150 30% 115 76.67% 23% 

Vaginal 125 25% 4 3.2% 0.8% 

Urine 125 25% 8 6.4% 1.6 

Blood 100 20% 5 5% 1% 

Total 500 100% 132 26.4 26.4 
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The primary identification of the collected samples included the 

growth on blood agar media, Gram’s stain reaction (Figure 1), catalase test 

(Figure 2) and the type of haemolysis that appears on the surface of the 

blood agar plate. 

All of 150 throat swab samples showed growth on blood agar except 

one sample, for the Gram stain reaction, 146 samples were found to be 

Gram-positive while three samples were Gram-negative. For catalase 

reaction, 115 samples showed catalase-negative reaction, while the other 

samples (31) showed catalase-positive reaction. For the type of haemolysis 

there were 93 samples appeared as β haemolysis and 22 samples appeared 

as α. Non-haemolytic (γ) was not found. 

All the samples of the vaginal swabs (125) showed growth on the 

blood agar medium and Gram-positive staining reaction but only four 

samples were recognized as Streptococci as they showed catalase-negative 

reaction, while the remaining (121) were found as catalase-positive. These 

samples also appeared only as β haemolytic organisms. 

All the urine samples (125) showed growth on blood agar but only 

34 samples reacted as Gram-positive organisms, while the others (91) were 

found to be Gram-negative organisms. For the catalase reaction, only 8 

organisms were recognized as Streptococci (catalase-negative) as the 
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remaining samples (26) showed catalase-positive reaction. Out of these 8 

samples, three samples appeared as β haemolytic organisms, five samples 

appeared as α haemolytic and γ (non-haemolytic) was not found. 

For the blood samples (100 samples), 55 showed growth on blood 

agar whereas 45 samples did not grow. Out of these 55 samples, 21 

samples reacted as Gram-positive organisms but the remaining samples 

(34) were Gram-negative organisms. Using the catalase reaction, only five 

samples were negative, while the 16 remaining samples were catalase-

positive. The type of haemolytic reaction was β haemolytic in four 

samples, one sample appeared as α haemolytic reaction and γ (non-

haemolytic) was not found as shown in Table (2). 

Table (2): Primary identification of samples 

Type of 

sample 

Growth 

on blood 

agar 

No 

growth 

Gram stain Catalase Haemoslysis 

Pos. Neg. Pos Neg β α γ 

(No) 

Throat 149 1 146 3 31 115 93 22 - 

Vaginal 125 - 125 - 121 4 4 - - 

Urine 125 - 34 91 26 8 3 5 - 

Blood 55 45 21 34 16 5 4 1 - 

Total 454 46 326 128 195 132 104 27 - 

       



 
 

69 
 

 

Figure (1): Gram stain 

 

 

          Figure (2): Catalase test 

           Left: negative reaction 

           Right: positive reaction  
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Samples that were primarily identified as Streptococci were 

subjected to secondary identification using different biochemical reactions 

including aesculin and arginine hydrolysis, growth on 10% and 40% bile 

agar media, bile solubility, hippurate hydrolysis, bacitracin and optochin 

sensitivity in addition to CAMP reaction. 

Out of 115 throat samples eighty three samples were found positive 

to aesculin and 32 were negative, only one sample grew on 10% bile, the 

others are negative. However all the samples did not grow on 40% bile as 

all of them also were not soluble in the bile and did not hydrolyze the 

hippurate. One hundred and eleven samples were sensitive to bacitracin 

and the other 4 samples were resistant. For optochin sensitivity and CAMP 

reaction, all the throat samples were negative.   

    Two of the 4 samples of vaginal swabs hydrolyzed aesculin, while 

the other two did not. The 4 samples hydrolyzed arginine and they did not 

grow in 10% and 40% bile agar. Also they did not solublized bile and did 

not sensitive to bacitracin and optochin but they hydrolyzed the hippurate 

and showed positive CAMP reaction.  

Two of the urine samples hydrolyzed aesculin, while the other 6 did 

not, 7 samples hydrolyzed arginine and one sample did not. Only one 

sample grew in 10% bile and all samples did not grow in 40% bile, and did 
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not solublized bile, not hydrolyzed hippurate and not sensitive to bacitracin 

and optochin, while two of them reacted positively to CAMP but the other 

six reacted negatively. 

One of the blood samples hydrolyzed aesculin; the other four did not. 

The 5 samples hydrolyzed arginine; did not grow on 10% and 40% bile; 

one of them solublized bile, while the others did not. Two samples 

hydrolyzed hippurate, the others did not. The five samples were found 

resistant to bacitracin; one sample was sensitive to optochin, the other four 

resisted. Two samples reacted as CAMP positive and the other three were 

negative, as shown in Table (3).  
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Table (3): Biochemical reactions of catalase-negative organisms 

 

Type of 

reaction 

Throat swab Vaginal 

swab 

Urine Blood 

 pos. neg. pos. neg. pos. neg. pos. neg. 

Aesculin 83 32 2 2 2 6 1 4 

Arginine 113 2 4 - 7 1 5 - 

Growth on 

10% bile 

1 114 - 4 1 7 - 5 

Growth on 

40% bile 

- 115 - 4 - 8 - 5 

Bile solubility - 115 - 4 - 8 1 4 

Hippurate - 115 4 - 2 6 2 3 

Bacitracin 111 4 - 4 - 8 - 5 

Optochin - 115 - 4 - 8 1 4 

CAMP 

reaction 

- 115 4 - 2 6 2 3 

 

Key: According to Barrow and Feltham (2003) 

Bacitracin sensitive   = group A 

CAMP pos. + Hippurate hydrolysis  = group B 

Optochin pos. + bile solubility  = S. pneumoniae   

 



 
 

73 
 

Grouping of Streptococci, according to their biochemical reaction, 

showed that 107 samples were group A from the throat samples, four 

samples group F and four samples were not typable. According to 

Lancefield grouping 111 samples were found to belong to group A and four 

samples to group F. 

For the vaginal swab, the four samples were grouped as group B 

Streptococci by the two methods. 

From the eight urine samples, two samples were grouped as group B 

and the other six as group D by the two methods. 

Out of the five blood sample, two were grouped as group B 

Streptococci, two group D Streptococci and one as S.pneumoniae 

according to the biochemical results; but according to Lancefield grouping, 

two samples were grouped as group B Streptococci, two as group D 

Streptococci and the last sample was not typable as shown in Table (4).  
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Table (4): Grouping of isolated Streptococci 

 

   Group 

 

 

Sample 

Biochemical grouping Lancefield 

grouping 

Non 

typable 

A B C D F A B C D F Bio. Lan. 

kit 

Throat 107 - - - 4 111 - - - 4 4 - 

Vaginal - 4 - - - - 4 - - - - - 

Urine - 2 - 6 - - 2 - 6 - - - 

Blood - 2 - 2 - - 2 - 2 - - 1 
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Table (5) shows sensitivity to antimicrobial drugs and as the table 

shows all isolates were found highly sensitive to Penicillin, (except those 

isolated from blood culture which were moderately sensitive to Penicillin 

and highly sensitive to Vancomycin), Augamentin, Vancomycin and 

Erythromycin, all of the samples were mildly sensitive to Fusid acid and 

Cloxacillin while they were all resistant to Chloramphenicol Tetracycline 

Gentamycin and Ciprofloxacin except the urine samples which were seen 

with mild sensitivity to Ciprofloxacin.  
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Table (5): Sensitivity of isolated Streptococci to antimicrobial drugs 

sample No 

tested 

Pen Aug Van Ery Fus Cox Ch

l 

Tet Cip Gen 

Throat 115 xxxx xxx xxx xx xx x - - - - 

Vaginal 4 xxxx xxx xxx xx x x - - - - 

Urine 8 xxx xxx xx x x x - - x - 

Blood 5 xx xx xxxx x x x - - - - 

 

Pen=Penicillin, Aug=Augamentin, Van=Vancomycin, Ery= Erythromycin, 

Fus=Flusidic acid, Clox= Cloxacillin, Chl= Chloramphenicol, Tet= 

Tetracycline, 

 Cip= Ciprofloxacin,    Gen =Gentamycin. 

Key 

XXXX = highly sensitive 

XXX = sensitive 

XX = moderately sensitive 

X = weak sensitive 

-  = resistant 
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Table (6) shows the number of samples for which the PCR was done 

or not according to the type of primer used. 

Out of 115 throat samples, the PCR results were positive for 112 

samples by the use of two primers; the genus- specific tuf primer and the 

other pair of tuf primers used to amplify a larger part of the gene.  Three 

samples were negative by both primers. Both primers produced the 

expected band size (200 bp and 700 bp, respectively) (Figure 3 and 4). 

All the fifty five samples (middle column) subjected to PCR by the 

use of the 16 s rRNA primer (which was used as another confirmatory 

result), produced the expected size band.   

For the four samples that were isolated from the vaginal swabs the 

PCR was successful to all of them by the use of the two tuf primers. 

However, only two samples were successfully subjected to 16 s rRNA 

primer. For the other two samples DNA was not available for PCR. 

For the eight urine samples, all samples were positive for the PCR 

using the two tuf Primers,  while only seven samples were used 

successfully to amplify the 16s rRNA gene primer. DNA was not available 

for the one left sample of that group. 

For the blood samples the PCR was also positive for all samples (N= 
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5) using genus specific tuf primer and the second tuf primer. PCR was also 

positive for the available three DNA samples using the 16s rRNA primer.  

 

 

Table (6): PCR results by the use of the three types of primers  

Type of 

sample 

Genus  

specific 

16 s rRNA 

primer 

Tuf. 

Primer 

PCR 

failed 

Throat 112 43 112 3 

Vaginal   4 4 4 - 

Urine 7 5 7 1 

Blood 5 3 5 2 
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Table (7) shows the results of samples that were sent for sequencing 

by each type of primer. Each selected sample (total= 35) was subjected to 

two sequencing reactions; the first sequencing analysis was done by the 

forward primer and the second by the reverse primer. For the tuf gene 

specific primer, five selected PCR products (throat = 2, urine 2, blood 1) 

were used to confirm identification process using that primer. All samples 

resulted in typical Streptococcus sequence.  

By the use of the second tuf gene primer, 23 samples were sent for 

sequencing (Throat = 13, vaginal = 2, urine = 5, blood = 3). The 

sequencing results were readable for 18 samples, while the quality of the 

sequence was bad in the five samples. 

Seven PCR products were selected for sequencing using the 16 s 

rRNA primer (Throat =3, urine = 2, blood = 2). Sequencing results were 

successful in four samples, while three samples were not good for 

subsequent analysis.  
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Table (7): Sequencing results for the selected 

 Positive Streptococci samples  

Type of 

primer 

 

Throat 

 

Vaginal 

 

Urine 

 

Blood 

Seq. 

succeed 

Seq. 

failed 

Genus 

specific 

 

2 

 

- 

 

2 

 

1 

 

5 

 

- 

16s (r RNA) 3 - 2 2 4 3 

Tuf gene 13 2 5 3 17 6 

Total 18 2 9 6 26 9 
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           Figure (3):   Gel electrophoresis result for the 

            PCR amplification Genus - specific primer of streptococci. 

Lane 1 = negative control. Lanes 2 -10 amplified DNA samples. Lane 11 

100 bp DNA molecular Marker 

 

 

Figure (4): Gel electrophoresis result for the  

PCR amplification tuf primer of streptococci. 

 Lane 1 = negative control. Lanes 2 -10 amplified DNA samples. Lane 11 

1000 bp DNA molecular Marker 

1      2       3       4      5      6        7       8       9       10     11 

200 bp 

1      2        3        4        5        6        7       8        9      10     11 

700 bp 

1000 bp 
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Figure: (5) A Neighbor-Joining Phylogenetic tree of Streptococcus sp. 

(including group D) based on a 691 bp portion of elongation factor (Tuf) 

generated using the MEGA5 software. The value on each branch represents 

the percentage of bootstrap supporting replications. A total of 1,000 

bootstrap replications were calculated. All sequences used were obtained 

either from this study or from the following sources: GenBank 

(http://www.ncbi.nlm.nih.gov). Gen Bank accession numbers are given in 

the case of Gen Bank sequences 
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Figure (6): A Neighbor-Joining Phylogenic tree for Streptococcus 

sp. (excluding group D) based on a 691-bp portion of elongation factor 

(Tuf) generated using the MEGA5. The value on each branch represents the 

percentage of bootstrap supporting replications. A total of 1,000 bootstrap 

replications were calculated.  All sequences used were obtained either from 

this study or from the following source: GenBank 

(http;//www.ncbi.nlm.nih.gov) GenBank accession numbers are given in 

the case of GenBank sequences.  
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Figure (7):  Multiple sequence alignments of all Streptococcus sp. 

(including group D) sequences using tuf elongation factor gene sequences 

performed using MEGA5. Four isolates of the current study and four NCBI 

partial sequences were used in the alignment representing Streptococcus sp. 

Accession numbers precedes GenBank sequences.  
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Figure (8): Multiple sequence alignments of identified Streptococcus sp. 

using tuf elongation factor gene sequences and performing using MEGA5. 

Four isolates of the current study and four NCBI partial sequences were 

used in the alignment representing Streptococcal sp. Accession numbers 

proceeds GenBank sequences. 

 

 

Figure (9): Multiple sequence alignment of all Streptococcus sp. 

Sequences (excluding group D) using tuf elongation factor gene translated 

sequences generated using MEGA5 software. Two isolates of the current 

study and thee NCBI partial sequences were used in the alignment 

representing Streptococcus sp. Accession numbers proceeds GenBank 

sequence 
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Figure (10): The quality of analyzed sequences. All sequences of bad 

quality were not included in subsequent analysis. Enterococcus sp. isolated 

from urine sample. 

 
 

 

 

 

 

 

 

 
 

Figure (11): The quality of analyzed sequences. All sequences of bad 

quality were not included in subsequent analysis. Streptococcus sp. isolated 

from blood sample. 
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Table (8) shows comparison between the biochemical grouping, serological 

grouping (Lancefield grouping) and molecular grouping (sequencing). 

All samples of throat that were diagnosed as group A Streptococci 

(S. pyogenes) and those which could not be typable by biochemical 

reaction and those were diagnosed as group A Streptococci (S. pyogenes) 

by the Lancefield grouping were differentiated by the molecular grouping 

as there were 3 samples diagnosed as S. salvarius, 3 samples 

Staphylococcus sp., while 2 samples were found as Enterococci species  

and there were 5 samples that their sequences could not be clearly read by 

the use of the tuf primer. By the use of the 16s rRNA one sample was 

diagnosed as S. salvarius and one was diagnosed as Staphylococcus 

species, while the last one could not be clearly read. By the use of the 

genus specific primer one sample was diagnosed as S. salvarius and the 

second as viridans group. 

For the two vaginal samples, one sample was diagnosed as 

Enterococci; the second sample could not be clearly read by the use of the 

Tuf gene. The molecular diagnosis by the other two primers was not done. 

The biochemical and serological diagnosis resulted in group B Streptococci 

by the two methods for all samples. 
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Urine samples resulted in that 3 samples were diagnosed as 

Enterococci (group D) by the use of the tuf primer but one was diagnosed 

as Staphylococcus species and one could not be clearly read by the use of 

the same primer. By the use of the 16s r RNA primer two samples could 

not be clearly read, while one was diagnosed as Enterococci and one as 

Staphylococcus species. For the genus specific primer the two selected 

samples resulted in viridans group (group D). Using the biochemical and 

Lancefield grouping, 4 samples were diagnosed as Enterococci (group D) 

and one as group B in both methods.    

For the blood samples, one was diagnosed as S. agalactiae (group B) 

and the two other samples could not be read by the use of the tuf primer, 

while no samples were diagnosed by the 16s r RAN primer, one sample 

was diagnosed by the genus specific primer as viridans group (group D). 

The biochemical grouping resulted in one sample as S. pneumoniae which 

was not provided with the Lancefield kit but the result was the same for 

other 4 samples as two were diagnosed as viridans group (group D) and the 

other two as group B Streptococci.        
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Table (8): Comparison between biochemical, serological and molecular 

grouping of streptococci 

Sample 

No 

Site of 

collection  

Tuf primer 16 s  

rRNA 

Genus 

specific 

Biochemical 

grouping 

Lancefield 

grouping 

2 throat could not be 

read 
S. 

salvarius 

S. 

salvarius 

group F group F 

9 throat Staph - - group A group A 

18 throat Staph. Staph. - group A group A 

35 throat Enterococci - - group A group A 

40 throat S. 

salvarius 

could not 

be read 

viridans group A group A 

43 throat Enterococci - - group A group A 

16 throat could not be 

read  
- - group A group A 

91 throat could not be 

read 
- - group A group A 

92 throat S. 

salvarius 

- - group A group A 

93 throat could not be 

read 
- - group A group A 

1 throat S. 

salvarius 

- - group F group F 

124 throat could not be 

read 
- - group A group A 

5 throat Staph - - group A group A 

1 vaginal could not be 

read 

- - group B group B 

2 vaginal Enterococci - - group B group B 

1 urine E. faecalis - - Enterococci group D 

2 urine Staph Staph viridans Enterococci group D 

124 urine E. faecalis could not 

be read 

viridans Enterococci group D 
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Sample 

No 

Site of 

collection  

Tuf primer 16 s  

rRNA 

Genus 

specific 

Biochemical 

Grouping 

Lancefield 

grouping 

48 urine could not be 

read 

could not be 

read 

- group B group B 

81 urine E. faecalis Enterococci - Enterococci group D 

96 blood could not be 

read 

- - S. pneum. - 

47 blood group B - - group B group B 

24 blood could not be 

read 

- viridans viridans group D 
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Statistical analysis  

Cross tables 

Table (9): Cross table of case processing summary (sex) 

 Cases 

 Valid Missing Total 

 N Percent N Percent N Percent 

Sex * total 
result 

500 100.0% 0 .0% 500 100.0% 

 

                               

 

 

Crosstabs 

Table (10): Case Processing Summary 

 Cases 

 Valid Missing Total 

 N Percent N Percent N Percent 

Age group * total 
result 

500 100.0% 0 .0% 500 100.0% 
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Table (11): Cross table of sex total result 

 Tal result 

Total  +ve -ve 

Count 59 91 150 

% within sex 39.3% 60.7% 100.0% 

% within total result 44.7% 24.7% 30.0% 

% of Total 11.8% 18.2% 30.0% 

Count 73 277 350 

% within sex 20.9% 79.1% 100.0% 

% within total result 55.3% 75.3% 70.0% 

% of Total 14.6% 55.4% 70.0% 

Count 132 368 500 

% within sex 26.4% 73.6% 100.0% 

% within total result 

% of Total 

100.0% 

26.4% 

100.0% 

73.6% 

100.0% 

100.0% 
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Table (12): Age group * total result Cross tabulation 

 Total result  

Total +ve -Ve 

age          1 – 17                count 

                           % within age 

group                        group 

                           % within total 

                                 result 

                           % of Total 

 

83 

47.7% 

 

62.9% 

 

16.6% 

91 

52.3% 

 

24.7% 

 

18.2% 

174 

100.0% 

 

34.8% 

 

34.8% 

            18 – 50                 count 

                           % within age 

                                 group 

                           % within total 

                                  result 

                           % of Total 

42 

14.9% 

 

31.8% 

 

8.4% 

240 

85.1% 

 

65.2% 

 

48.0% 

282 

100.0% 

 

56.4% 

 

56.4% 

50 and                              count 

                           % within age 

more                         group 

                           % within total 

                                  result   

                           % of Total 

7 

15.9% 

 

5.3% 

 

1.4% 

37 

84.1% 

 

10.1% 

 

7.4% 

44 

100.0% 

 

8.8% 

 

8.8% 

Total                                count 

                           % within age 

                                 group  

                           % within total 

                                 result 

                           % of Total 

132 

26.4% 

 

100.0% 

 

26.4% 

368 

73.6% 

 

100.0% 

 

73.6% 

500 

100.0% 

 

100.0% 

 

100.0% 
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Table (13 a): Chi-Squire Tests 

  

Value 

 

df 

Asymp. Sig. 

(2- sided) 

Person Chi-Squire 

Likelihood Ratio 

Linear-by-linear 

association 

N of Valid Cases 

62.340 ͣ 

60.429 

 

48.441 

500 

2 

2 

 

1 

.000 

.000 

 

.000 

 

a. 0 cells (.0%) have expected count less than 5. The minimum 

expected count is 11.62. 

 

 

 

 

Table (13 b ): Chi-Squire Tests 

 Value df Asymp. 
Sig. (2-
sided) 

Exact 
Sig. (2- 
sided) 

Exact 
Sig. (1-
sided) 

Person Chi-Squire 

Continuity 

Correctionᵇ 

Likelihood Ratio 

Fisher’s Exact 

Test 

Linear-by-linear 

Association 

N of Valid Casesᵇ 

18.447 ͣ 

 

17.509 

 

 

18.410 

 

500 

1 

 

1 

 

 

.000 

.000  

 

 

 

.000 

 

 

 

 

.000 

 

a. Cells (.0%) have expected count less than 5. The minimum 

expected count is 39.60. 

b. Computed only for a 2x2 table. 
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Chapter Five 

Discussion 

Routine bacterial identification is based on phenotypic tests, 

including Gram staining, culture and growth characteristics in addition to 

biochemical patterns. Complete identification is routinely achieved within 

three days, but may be longer for fastidious or a typical organisms. 

As expected S. pyogenes was the major isolated pathogen in the 

current study (93%). S. pyogenes is a major pathogen capable of causing a 

wide range of diseases in different age groups of people. The prevalence of 

the carriage of GAS was previously found to be more common than 

expected by Steer, et al., (2009) who also isolated group G and group C 

from throat cultures. In the present study, in addition to group A 

Streptococci group F was also isolated (3.4%).  

There were four organisms which could not be clearly grouped by 

biochemical reactions into group A or Group C because they showed 

bacitracin sensitivity, which is related to group A, but the type of 

haemolysis is similar to group C which is bacitracin negative. The current 

throat results are similar to those of Al-Charrkh, et al. (2011) in isolating 

group F Streptococci as a cause of sore throat together with group C; 
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however none of the current tested samples was identified as group C. The 

present findings seem to differ from the results of Mobin, et al. (2007) who 

isolated only group C Streptococci as a cause of pharyngitis in a recurrent 

case and Lindbaek, et al. (2005) who isolated group C and group G as a 

cause of sore throat. These results highlight the importance of other 

possible groups like group F which might complicate the consequent 

antibiotic treatment. These findings are also in agreement with Graham 

(2007) and Dalalah et al. (2008) in proving that the proper identification of 

the groups is necessary for the correct use of antibiotics. Ignoring these 

groups in the diagnosis will lead to misuse of antibiotics and recurrence of 

infections after a short period of antibiotic treatment resulting in resistant 

bacteria. 

Collected data in the current study indicated that sore throat infection 

was mostly incriminated to S. pyogenes (GAS) which was found to be the 

main cause of tonsillitis especially in children but, the diagnosis depended 

only on symptoms and physical examination of the tonsils and pharynx. 

About 50% of cases of pharyngitis were caused by other groups and they 

were mainly isolated from adults. Laboratory investigations were rarely 

requested and include only ASO titer, ESR and CBC. Bacteriological 
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investigations, if requested, include bacitracin sensitivity only which is a 

stringent criterion for GAS.  

These presentations illustrate the importance of a systematic 

approach for evaluating patients with negative rapid Streptococci GAS 

tests and to avoid worsening sore throat infections. The current study also 

showed that the recommended diagnostic approach to the adult sore throat 

patient focuses on the possibility of group A beta-hemolytic Streptococci. 

Subsequently, current guidelines consider group A beta-hemolytic 

Streptococcus as the sole group for antibiotic treatment. These guidelines 

ignores none -group A beta–hemolytic Streptococcal pharyngitis 

(especially group C or group G beta–hemolytic Streptococcal pharyngitis 

and peritonsillar abscess) infections leading to  negative rapid strep tests 

and worsening during the  first week of symptoms. Although Beta-

hemolytic group C Streptococcus is a less common cause of acute 

pharyngitis, it has both similar microbiology and presentation to group A 

beta-hemolytic Streptococci. The diagnosis of group C Streptococcus 

should be considered in a patient with negative rapid antigen detection test 

and a worsening clinical course because it can cause severe pharyngitis. 

We would suggest that worsening pharyngitis patients should have a throat 
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culture to test for both group A and non-group A beta-hemolytic 

Streptococci.  

Group B Streptococcus (GBS), when present during pregnancy, it is 

either colonizer or pathogenic, as its presence in the intestinal tract is 

normal. In the last few decades Streptococcus agalactiae or Group B 

Streptococcus (GBS) has gained importance due to its ability to cause 

serious neonatal infections. In developed countries GBS is a leading cause 

of sepsis and meningitis in neonates (Shirazi, et al., 2014). 

This study isolated GBS bacteria from 4 pregnant women out of the 

125 studied cases (3.2%). Detection rate reached 4% when Gram negative 

samples were excluded. Maternal colonization by GBS was observed to 

range from 4% to 40% in several studies conducted worldwide (Jannati, 

2012). Although the frequency of GBS colonized female was less than the 

rates of nearby countries like Egypt (17%) (Elbaradie, 2009); we consent 

that the screening test for this group of bacteria is recommended to be done 

during pregnancy. The lower rate of GBS colonization in this study might 

be due to the fact that only vaginal swabs (no rectovaginal swabs) were 

collected. Rectovaginal swabs could have increased the detection rates.  

We also found that GBS should be screened among pregnant women at the 

age of 35 - 37 weeks of gestation of pregnancy as stated before by 
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Elbaradie (2009).  

In agreement with the recommendation of the Center of Disease 

Control (CDC) and Shirazi et al., (2014), these results indicated that 

screening test for this group of bacteria during pregnancy is recommended. 

The results of the current study signify a strong need for further 

biochemical reactions to be done in addition to antimicrobial sensitivity. 

Detection rates although slightly less but are in agreement with Vijayan 

(2011) who isolated (GBS) in a ratio of 2.3%., Shirazi, et al., (2014) 

isolated the same type of bacteria with a ratio of 4.8%, and with Hamedi, et 

al., (2012) who isolated GBS with a slightly higher ratio (6%). 

 In the current study it was found that the commonest pathogens 

were Gram-positive organisms as they constituted 92 % of isolates. 

However, going further in the identification of these types of bacterial 

isolates was not in the scope of this study. Among the studies went into that 

direction the study by Hammoud, et al., (2012) who isolated 

Staphylococcus, Enterococcus, Enterobacter and Candida but not GBS. 

In this study only group B Streptococci was isolated from pregnant 

women as only colonizers (asymptomatic). The study showed that the 

diagnosis and correct treatment of group B Streptococci is important 

particularly to prevent its colonization in the urinogenital tracts of pregnant 
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women as a normal commensal or pathogen because it is one of the most 

important bacteria in the majority of maternal and neonatal infections 

(Hamedi, et al., 2012).  

The present data showed that, a substantial percentage of GBS 

carriers were otherwise asymptomatic. When a universal approach to 

screening is consistently applied, all of these asymptomatic GBS carriers 

should be screened and consequently treated with intrapartum prophylactic 

antibiotics. They should be overlooked, however, if a risk-based approach 

was used. The main findings of this study in this type of infection were: the 

prevalence of colonization of this group among pregnant women was 

higher than expected regardless to the women's age, parity and gestational 

age. Treating group B Streptococci carriers with benzathine penicillin G in 

the late third trimester eradicates or significantly reduces maternal group B 

Streptococcal colonization at delivery. This may provide an adjuvant 

therapy to those mothers at risk.  

Urinary Tract Infection (UTI) is described as the microbial invasion 

of any tissues of the urinary tract and is the second most common clinical 

symptom for experimental antimicrobial treatment in primary and 

secondary care. Normally, the urinary tract is sterile, but urinary tract 

infections can be caused by a variety of conditions, asymptomatic or 
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symptomatic infections. Urinary tract infections (UTIs) are among the most 

common human infections and can occur at any time of life. Urinary tract 

infections are common during pregnancy. It is common among both 

genders with higher prevalence among women due to a variety of 

physiological changes during the course of pregnancy which enhances the 

occurrence of infection (Ranganathan, 2014). 

Urine culture and sensitivity testing are the standard diagnostic 

investigations to detect the causative organism and to determine the type of 

antimicrobial therapy needed.  

Enterococci are commensals of the human and animal 

gastrointestinal tract and opportunistic pathogens that cause urinary tract 

infections (UTIs), endocarditis, and sepsis. Nosocomial infections caused 

by enterococci have increased; these pathogens were considered recently as 

the third most common at hospitals after Escherichia coli and 

Staphylococcus aureus (Louise, et al., 2012). Enterococcus sp. as 

pathogens have increased, but the sources of infection often remain 

unclear.  Enterococci are frequently recorded as the cause of UTIs, wound 

infections, bacteremia, and endocarditis (Louise, et al., 2012). 

Again, the commonest pathogens in urine isolates were Gram-

negative organisms as they constituted 72.8 % of isolates. Although the 
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current study was not intended to identify Gram negative organisms, 

Ranganthan (2014) isolated Escherichia coli, Staphylococcus species, 

Klebsiella, Pseudomonas and Proteus in addition to Enterococcus species.  

According to the findings of this study, GBS can also cause urinary 

tract infections as it was diagnosed in two samples (1.6%). The present 

results are in agreement with those of Shayanfar, et al., (2012) who isolated 

GBS from urine in a ratio of 1.79% and those of Louise, et al., (2012) and 

Ranganathan (2014) who isolated Enterococci from urine. 

Blood stream infection remains a major cause of morbidity and 

prolonged hospital stay in children. In neonates and infants, it is a life-

threatening emergency (Samuel, et al., 2013).  

Blood culture is likely the most significant specimen type used for 

the diagnosis of bacterial infections, especially for blood stream infections. 

The blood culture represents a critical tool for the health care professional 

as a mean of detecting the dangerous presence of living organisms in the 

blood stream. A positive blood culture can suggest a definitive diagnosis 

and enable the targeting of therapy against the specific organism (Linoj, et 

al., 2013) and (Jonathan, et al., 2013). 
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Viridans Streptococci are groups of Streptococcus species that are 

nutritionally fastidious and mainly alpha-hemolytic on sheep blood agar. 

They are normally commensals, but when present in blood culture, they 

may be contaminants (0.6 – 6%) or invade the blood stream during the state 

of neutropenia. Studies have found that viridans Streptococci are among the 

most common organisms isolated from the cultures of bacteremia samples 

(Christopher and Carey 2010). 

This study diagnosed five samples as Streptococci out of 100 

samples. By the use of biochemical reactions the isolates were grouped into 

three groups: viridans Streptococci (Group D, two isolates), S. agalactiae 

(Group B, two isolates) and the last one was diagnosed as S. penumoniae 

(Bile solubility). While Lancefield grouping kit was not designated to 

detect the S. penumoniae other biochemical results confirmed the other 

four isolates grouping. These findings were in agreement with Lindoholm 

(2004) in isolating group B Streptococci and S. pneumoniae in addition to 

S. aureus and to those of Glazunova, et al., (2006), Christopher and Carey, 

(2010) and Soo-Kyeong, et al., (2013) in isolating viridans Streptococci.   

In this study group B Streptococci was again isolated from blood 

culture, therefore the diagnosis and correct treatment of group B 

Streptococci is important.   
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In agreement with the recommendation of Linddholm and Sarkkinen, 

(2004) these results indicated that identification of bacterial groups isolated 

from blood culture is an important criterion. Thus further biochemical 

reactions and quick diagnostic tests are recommended in addition to 

antimicrobial sensitivity. 

The results of the current study signify a strong need for further 

diagnostic methods to be done in addition to antimicrobial sensitivity. As 

GBS is a significant urinary pathogen in both pregnant and non-pregnant 

adults, its presence signals a need for screening for urinary tract 

abnormalities. 

In our study, we found that most of the isolates respond well to 

antibiotics with high susceptibility to penicillin, augamentin and 

vancomycin as Dalalah (2008) found that sore throat bacteria respond to 

antibiotics.  

Molecular biology based techniques allow fast and rapid 

identification of pathogens. Strategies based on polymerase chain reaction 

(PCR) and sequencing has shown particular promise as highly sensitive 

tools for microbiological identification. Conventional microbiogical 

techniques of bacterial identification, culture and isolation of pathogenic 
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bacteria, identification by biochemical and serological assay, are time-

consuming and require intensive labor. On the basis of special gene 

sequence, polymerase chain reaction (PCR) was the basis of special gene 

sequence, polymerase chain reaction (PCR) was found to provide a simple 

and rapid way to identify bacteria (Shen and Feng, 2004).   

 The main goal of this part of the study was to introduce a rapid and 

sensitive method to detect and identify bacteria as the gene sequencing 

analysis remains the most reliable method by far, for the laboratory 

identification of Streptococci.  

Firstly, PCR using universal Streptococci primers (tuf gene) was 

used in the study to confirm the microbial and serological diagnosis of 

selected Streptococci isolated. 

Using the first set of tuf primer, PCR was able to identify 

Streptococcal genome in 100% of all vaginal, urine and blood. Moreover 

the primer was 97.3% sensitive in the detection of Streptococcus isolates 

from throat. Accordingly, the used tuf primer set was considered about 

100% sensitive in the detection of Streptococcus samples. The lower 

detection rate in throat samples is negligible as it was due to bad DNA 

quality and quantity in the negative samples.  
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In agreement with Shen, (2004) who found that conventional 

microbiogical techniques of bacterial identification, culture and isolation of 

pathogenic bacteria, identification by biochemical and serological assay, 

are time-consuming and require intensive labour, on the basis of special 

gene sequence, Polymerase Chain Reaction (PCR) provides a simple and 

rapid way to identify bacteria. 

Strategies based on polymerase chain reaction (PCR) and sequencing 

has shown particular promise as highly sensitive tools for microbiological 

identification. 

The tuf sequences were used to select Streptococcus-specific PCR 

primers and to perform phylogenetic analysis and to perform extensive 

phylogenetic analysis, which was generally in agreement with phylogeny 

determined on the basis of 16S rRNA gene data which was also used in this 

study. 

  After PCR analysis the size of GBS amplification fragment was 

found to be 200 - 255 bp using the genus specific primer. As Xuerui, et al., 

(2013) found, it will be more useful to identify species in different genera 

using a single primer pair. 
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In the present study the 5 samples that were selected for sequencing 

using the genus specific primer resulting in specific streptococci sequence, 

using the tuf gene sequencing 23 samples were selected for sequencing 

from the four types of samples as the sequencing was failed in three 

samples and when the 16s rRNA was used, 7 samples were selected for 

sequencing the sequencing was again failed in two samples resulting in 

100%, 88% and 71.4% Streptococci sequence with a medium percent of 

86.4% which was found to be a little pit lower than that found by 

Glazunova, et al., (2006) who reached a percent of 95.2 - 95.4 %  gene 

sequence similarity.  

Comparing between biochemical, Lancefield and sequence grouping 

of Streptococci isolated in this study, the results of biochemical and 

Lancefield grouping were typical to each other except that there were two 

samples could not be clearly grouped by biochemical reaction, while one 

sample of S. pneumoniae which was isolated from one blood sample could 

not be grouped by the Lancefield kit because the anti-sera was not provided 

in the kit. Comparing these results with sequencing results, samples that 

were grouped as S. pyogenes (GAS) by the two methods were resulted in S. 

salvarius which is normally isolated from saliva and as it shares GAS in 

most of the biochemical reactions especially Bacitracin which may be 
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positive or negative in case of S. salvarius and known to be specific to 

GAS. 

Sequencing of tuf gene revealed variable results. Of the 23 samples 

sent for sequencing only 16 (64%) samples were either readable or partially 

readable. Sequence analysis indicated that 62 % of these samples were 

related to Streptococcus species. Blast analysis revealed that of these were; 

three S. salivarius isolates from throat swabs and one S. agalactiae isolated 

from one blood sample. In addition to that, 6 samples were identified as 

group D Streptococcus species (now classified as Enterococcus species).  

In comparison to the previously applied microbial techniques, all S. 

salivarius isolates were identified as S. pyogenes. It is tempting to 

speculate that the obtained discrepancy between classical microbial assays 

and sequencing technique might be due to mixed infection of more than 

one Streptococcus sp as both S. salivarius and S. pyogenes are inhabitant of 

human oral cavity.  Also, in a research study, it was found that within the 

same Streptococcus genus, some species could actually inhibit the growth 

of other species (Upton, et al., 2001). Streptococcus salivarius is the 

principal commensal bacterium of the oral cavity in humans. It is a normal 

inhabitant of the upper respiratory tract (Francesco, et al., 2012). It can be 

transmitted by direct contamination of sterile body fluid, or it may enter the 
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blood stream by accident during dental work or when brushing the teeth. It 

therefore seems to be the pioneer in colonizing dental plaque; it creates 

favorable conditions so other species can begin to colonize (Rashmi, et al., 

2015). It is also a bacterium which plays the role of moderator, permitting 

the implantation of bacteria which are harmful to the health of the oral 

cavity (Rashmi, et al., 2015). 

Interestingly, the organism Streptococcus salivarius was identified to 

cause significant growth inhibition on Streptococcus pyogenes through a 22 

amino acid lantibiotic (= antibiotic peptide) designated salivaricin A. 

(Upton et al., 2001). Moreover, looking at the applied biochemical 

reactions it can be considered fairly possible to get confusing result if both 

organisms are present in the sample as the only differentiating reaction was 

arginine. Other biochemical reactions were either similar or uncertain. 

The unexpected results of identifying 4 Staphylococcus spp. samples 

is most probably due to contamination during preparation of samples for 

molecular assay. Identification and isolation of Streptococcus colonies can 

be quite problematic but it was not possible in this case as the microbiology 

work was done correctly. There are a lot of similarities between 

Streptococcus (Strep) and Staphylococcus (Staph) that lead to confusion. 

Both are spherical, facultative anaerobic Gram-positive bacteria, common 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Naik%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26288790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naik%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26288790
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members of the normal human microbiota, capable of resisting many forms 

of important antibiotics and some species are capable of being pathogenic, 

responsible for serious infections and even deaths directly or indirectly 

through virulence factors such as toxins. The key differentiating 

characteristics between these two groups of bacteria includes formation and 

cell division e.g. division occurs on a single axis growing in pairs or chains 

(Strep) as division in various directions on multiple axes (Staph) growing 

in grape-like clusters and their ability to produce catalase (enzyme to break 

down hydrogen peroxide) e.g. Strep is catalase negative as Staph is catalase 

positive.  

In terms of site of collection, contamination was possible as often 

staph found on the skin or in the mucus membranes of healthy people and it 

can remain there without signs of infection. 

 Contamination may lead to misdiagnosis and thus would render 

false negative results. Several studies highlighted the effects of the possible 

contamination of biological sample using molecular assays. This study 

supports other asserts that contamination is an important complication of 

the molecular assays, which should be avoided through careful laboratory 

controls (Xu, et al., 2005). Molecular finding are consequently should be 

carefully interpreted together with other laboratory findings, such as 
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culture, biochemical serological and the clinical scenario of the patient. 

Nevertheless, the molecular approach might be superior to culture during 

antimicrobial treatment of the patient and in the detection of bacteria with 

unusual growth requirements.  

Moreover, the sensitivity and specificity of the culture techniques 

were found to be greatly affected by the presence of bacteria other than 

targeted organism on the culture media (McClean, et al., 2011; Sarma, et 

al., 2016). For this reason, isolated Streptococcus colonies might have been 

masked by the growth of other bacteria in the second round of culture for 

molecular assays. Contamination of the culture medium might also occur 

due to delay in processing, transport and culture of the swab samples or 

even delay in the process of DNA extraction. 

To reconfirm the first run of PCR using the first set of tuf primers, 5 

samples were selected for a second round of sequencing using the genus 

specific tuf primer. Results indicated that all five samples were 

Streptococci sequences supporting that the sequenced other organisms are 

due to contamination during DNA preparation. From the four types of 

samples as the sequencing was failed in three samples and when the 16s 

rRNA was used, 7 samples were selected for sequencing the sequencing 

was again failed in two samples resulting in 100%, 88% and 71.4% 



 
 

112 
 

Streptococci sequence with a medium percent of 86.4% which was found 

to be a little pit lower than that found by Glazunova, et al., (2006) who 

reached a percent of 95.2 - 95.4 % gene sequence similarity.  

 

Conclusion 

In conclusion, the diagnostic methods in Sudan hospitals strongly 

need to be changed by introduction of modern diagnostic methods and 

equipments because isolation and identification of pathogenic bacteria by 

biochemical and serological assay are time-consuming and require 

intensive labour. On the basis of special gene sequence, Polymerase Chain 

Reaction (PCR) provides a simple and rapid way to identify bacteria and 

better results will be obtained if single species primers used. 

It was concluded that, not only S. pyogenes is incriminated in sore 

throat infection and other groups can also cause sore throat and further 

examination should be made when Group A Streptococci (GAS) is not 

detected in patients suffering from sore throat.  

There is also a strong need for further screening tests including 

biochemical reactions to identify the type of bacteria other than 

Streptococcus agalactiae that colonizes the pregnant women in maternal 
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Sudanese hospitals. Hence it is recommend that further identification 

methods should be done and a proper diagnosis of bacteria that colonizes 

the pregnant women to be reached. Detection methods should be adopted 

as routine work and follow-up programs to the neonates of infected women 

or colonizers might be needed as recommended by the center of disease 

control  

   Screening for streptococci in UTI infection and positive blood 

culture is recommended as an important test to be looked after in all 

hospitals to improve the correct diagnosis and to decrease the misuse of 

antibiotics.  

In conclusion also, we have performed sequence analysis of 

streptococci showing that tuf generally offers a better discrimination power 

than 16S rDNA to distinguish streptococcal species. And we agree with 

Francois, et al., (2004) in that, future developments will seek to combine 

this genus-specific assay with detection of species-specific tuf sequence 

polymorphisms to provide a molecular diagnostic tool for rapid and 

accurate diagnosis of streptococcal infections. 

An accurate evaluation (using larger samples) to evaluate 

streptococcal invasive disease and to determine whether PCR is cost 

effective is required for the selection of appropriate preventive strategies.   
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Future work should focus on larger multicentre studies of 

streptococcal infections, evaluation of culture versus rapid detection 

methods, and randomized controlled trials of strategies for prevention of 

infection. 

Recommendations 

It was recommended that full bacteriological examination must be 

done as a routine practice for diagnosis in all hospitals in addition to PCR 

technique. 

1- Sampling for throat infection should be carefully performed, 

especially in children to avoid miss-diagnosis 

2- All pregnant women must be screened between 35 and 37 weeks to 

determine if they are carriers of GBS by taking vaginal and rectal 

swabs. 

3- Introduction of a diagnostic strategy to identify the most common 

Gram-positive bacteria is recommended in the hospitals. 

4- Combination between culture, biochemical, serology and molecular 

tools should be adopted to ensure the proper diagnosis 

5- Application of molecular strategies in the detection of Gram-positive 

bacteria is recommended 
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6- Special laboratory set-up should be prepared to avoid contamination.  

7- Antibiotic sensitivity screening test should be practiced before 

prescribing treatment.  
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Appendixes 

  Appendix (1) 

Annual statistical report (2012) 
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Appendix 2 

Questionnaire 

Name   ………………………………………………………………………… 

Sex:   .……………………………………………………………………….. 

Age:  …………………………………………………………………………. 

Address: ………………………………………………………………………………. 

Past infection: ……………………………………………………………………… 

Date: ……………………………………………………………………………………. 

Laboratory investigation made: …………………………………………… 

…………………………………………………………………………………………….. 

Antibiotics used: ………………………………………………………………….. 

Date: ……………………………………………………………………………………. 

Recurrent infection: …………………………………………………………….. 

Date: ……………………………………………………………………………………. 

Surgical treatment: ……………………………………………………………… 

Date: ……………………………………………………………………………………. 

Type of sample: 

O Throat swab 

O Urine 

O Blood 

O Vaginal swab 

Date of collection: ……………………………………………………………….. 
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Appendix 3 

Statistical Analysis Tables 

     Table ( 14 ): Frequency of samples according to sex 

 Sex Frequency Percent 

 male 150 30.0 

female 350 70.0 

Total 500 100.0 

 

Table (15): Age group of patients 

 Age 
group 

Frequency Percent 
Valid 
Percent 

Cumulative 
Percent 

Valid 1-17 174 34.8 34.8 34.8 

18 -50 282 56.4 56.4 91.2 

50 and  
more 

44 8.8 8.8 100.0 

Total 500 100.0 100.0  

 

 

Table (16): Patients have known past 

infection before sample collection 

  

Frequency 

 

Percent 

 

Valid 

percent 

Cumulative 

percent 

Valid  yes 

            no 

          Total 

242 

258 

500 

48.4 

51.6 

100.0 

48.4 

51.6 

100.0 

48.4 

100.0 
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Table (17 ): Patients for whom laboratory 

investigation made during their past infection 

 

Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

Valid  yes 81 16.2 16.2 16.2 

           no 419 83.8 83.8 100.0 

         Total 500 100.0 100.0  

 

 

        Table (18): Use of antibiotic during past infection 

 

Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

Valid yes 10 2.0 2.0 2.0 

          no 

        Total 

490 98.0 98.0 100.0 

500 100.0 100.0  

 

 

            Table (19): Patients who had recurrent infection 

 

Frequency Percent 

Valid 

Percent 

Cumulativ

e Percent 

Valid yes 223 44.6 44.6 44.6 

          no 

        Total 

277 55.4 55.4 100.0 

500 100.0 100.0  
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              Table (20): Patients who had surgical treatment 

 

Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

Valid  yes 110 22.0 22.0 22.0 

            no 390 78.0 78.0 100.0 

         Total 500 100.0 100.0  

 

 

Table (21): Type of sample collected 

 Frequency Percent Valid 

percent 

Cumulative 

percent 

Valid  throat swab 

           urine 

           blood 

          vaginal swab 

            Total 

150 

125 

100 

125 

500 

30.0 

25.0 

20.0 

25 

100.0 

30.0 

25.0 

20.0 

25.0 

100.0 

30.0 

55.0 

75.0 

100.0 

 

Table (22): Frequency of total positive result 

  

Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

Valid +ve 132 26.4 26.4 26.4 

-ve 368 73.6 73.6 100.0 

Total 500 100.0 100.0  
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Table (23): Number of positive results per samples 

  
Frequency Percent 

Valid 
Percent 

Cumulative 
Percent 

Valid throat swab 115 87.1 87.1 87.1 

urine 8 6.1 6.1 93.2 

blood 5 3.8 3.8 97.0 

vaginal 
swab 

4 3.0 3.0 100.0 

Total 132 100.0 100.0  

 

 

Table (24): Total of positive result according to sex 

Sex Frequency Percent 
Valid 
Percent 

Cumulative 
Percent 

male Valid +ve 59 100.0 100.0 100.0 

female Valid +ve 73 100.0 100.0 100.0 

 

 

         Table (25): Total of positive result according to age 

Age group Frequency Percent Valid 

percent 

Cumulative 

percent 

1-17     valid +ve 

18–50   valid +ve 

50 and  valid +ve 

more 

83 

42 

7 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 
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Appendix 4  

Preparation of media and reagents  

Hydrogen peroxide 

 This solution was prepared in a concentration of 3% by adding 3ml 

of hydrogen peroxide to 97 ml distilled water.  

Bile salts solution 

 Bile salts   10 gm 

Distilled water  100 ml  

Normal saline solution 

 Sodium chloride  8.5 gm 

Distilled water  1000 ml  

Types of media 

Solid media 

Blood agar 

 Nutrient agar (nutrient broth + 2% agar)   950 ml 

Defibrinated blood       50 ml  
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The pH was adjusted to 7.4. The medium was then sterilized and 

after cooling to 55 ºC, the blood was added. (5% blood agar). 

Bile salt agar    

a/ preparation of 10% bailed salt agar  

Bile salts    10 gm 

Distilled water   100 ml 

Agar     2 gm 

b/ preparation of 40% bailed salt agar 

Bile salts    40 gm 

Distilled water   100 ml 

Agar     2 gm 

Muller Hinton agar 

Beef infusion   300 gm 

Casein acid hydrolysate  17.5 gm 

Starch     1.5 gm 

Agar      17 gm 

Distilled water    1000 ml 
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Dissolve by heating. 

 

Liquid media 

 Nutrient broth 

Nutrient broth powder   13 gm  

Distilled water    1000 ml  

Aesculin broth 

Aesculin powder    1 gm 

Ferric citrate gm 

Peptone water     15 gm 

Distilled water    1000 ml 

Arginine 

Arginine powder     5 gm  

Peptone      5 gm  

Yeast extract     5 gm 

Dipotassium hydrogen phosphate  2 gm 
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Glucose      0.5 gm 

Distilled water    1000 ml 

Nessler’s reagent 

Potassium iodide      5 gm 

Freshly-prepared distilled water   5 ml 

 Cold saturated mercuric chloride solution Added until a slight 

precipitate remains permanently after thorough shaking. 

 9-N sodium hydroxide     40 ml 

Distilled water      complete to 100 ml 

Allow to stand for 24 hrs. 

Hippurate broth 

Minced meat    540 gm  

Water     1000 ml 

Peptone    10 gm  

Sodium chloride      05 gm 

Sodium hippurate   10 gm    
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Allow the meat to infuse in the water overnight at 4 ºC. Skim the fat 

from the infused mixture, add the peptone and sodium chloride, boil for 30 

minutes, filter, adjust the pH to 8.4 and boil for 20 minutes filter, adjust the 

pH to 7.4 and add 10 gm of sodium hippurate.   

Gram stain solutions 

Crystal violet 

Crystal violet   20 gm 

Ammonium oxalate 9 gm 

Absolute ethanol  95 ml 

Distilled water   to 1 liter 

Filter before use 

Lugal’s Iodine 

 Iodine    5 gm 

 Potassium iodide  10 gm 

 Dist. Water   100 ml 

Carbol fuchsin 
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 Phenol   85 gm 

 Basic fuchsin  15 gm 

 Ethanol (95%)  250 ml 

 Distilled water  1250 ml 

  Mix the phenol and fuchsin, if necessary heat gently 

  Add the ethanol and distilled water and filter 

 Working solution 

 Dilute one volume of strong carbol fuchsin in 10 – 20 volumes of 

distilled water.  
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Appendix 5 

Lancefield kit 
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Appendix 6 

Preparation of TBE (250 ml) 

 Tris base   2.695 gm 

 Boric acid   1.376 gm 

 EDTA   0.186 gm 

 pH    8.3 

Running buffer 

 TBE    25 ml 

 Distilled water  225 ml 
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Appendix 7 

 Figures 

                     

       Figure (12): Aesculin                                 Figure (13): Arginine 

 Left = negative    Right = positive          Left = negative    Right positive 

 

 

       

 Figure (14 a): growth on 10% bile          Figure (14 b): growth on 40% bile
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 Figure (15): Hippurate hydrolysis                       
Left = negative     Right = positive 
 

 

 

 

   Figure (17 a) CAMP negative 

 

 

 

 

 
      Figure (16): Bile solubility  
 Left = positive    Right = negative 
 

 

 

 

 

 

 

    Figure (17 b): CAMP positive 
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Figure (18): Bacitracin sensitivity  

  

      

 

Figure (20): Lancefield 

agglutination 

 

 

 Figure (19): Optochin sensitivity 

 

 

 

  Figure (21): antibiotic sensitivity 
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