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Abstract 

Bacterial meningitis is a serious infection of the fluid in the spinal cord and the fluid 

that surrounds the brain.   A multiplex assay was devised to provide simultaneous 

detection and discrimination of bacterial and Herpes viruses as pathogenic agents of 

meningitis. 

A DNA extraction method that was suitable for both bacterial and viral meningitis was 

devised; the method was designed to allow concentration of viral  particles by 

ammonium sulfate precipitation, for bacterial pathogens, simultaneous treatment of the 

sample with 2-mercaptoethanol.  The prepared samples were tested for amplifiable 

bacterial or Herpes DNA. Detection was successful when samples were fresh, or when 

DNA was correctly preserved.  Old samples with crude DNA extracts usually produced 

negative PCR results indicating the unstable nature of crude DNA extract and old 

samples. 

The PCR amplification of bacterial DNA was based on previous studies by Barghouthi 

(2009) where the universal method bacterial multiplex (G7) was utilized directly. A 

new multiplex (IM) targeting Human Herpes Viruses 1-6 and 8 was designed in this 

study.  IM multiplex was capable of detecting HHV DNA when extracted from water 

or several dilutions of adulterated CSF (HHV 3/VZV).  Epstein-Barr virus was 

refractory to detection even when two additional primer pairs were introduced, EBV 

was undetectable from DNA and sera of patients with mononucleosis. 

Simultaneous detection of bacterial and VZV virus or CMV was possible when IM was 

combined with G7 in a single multiplex (IMG7).  The results were promising since the 

combined  IMG7 multiplex effectively had detected VZV or CMV DNA extracted 

from CSF.  IMG7 was also efficient in detecting Escherichia coli from adulterated 

CSF.  The results were encouraging with the exception of EBV. 
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Clinically, 230 potential meningitis samples from hospitals in different cities in the 

West Bank, Palestine were collected and tested.  Three samples were reported by the 

hospitals to be viral meningitis. Only one sample was found to be caused by CMV in 

this study, the other two samples were most likely caused by viruses other than HHV 1-

3, 5,6, or 8.  The positive sample was confirmed to contain CMV as shown by DNA 

sequencing and BLAST results determined for the PCR amplicon. 

Although this study did not solve the issue of viral detection, it has brought us closer to 

identifying etiological agents of meningitis; it had shown a new method for DNA 

extraction and the possible mixing of bacterial and viral multiplexes.  In addition, the 

study showed that EBV was refractory to detection by conventional PCR and that 

samples better be processed immediately (bedside testing) to overcome the potential 

loss of viral pathogens in the sample; a result that dictate to hospital directors to move 

in the direction of adopting new technologies and enter the realm of applied research. 

The study has raised questions regarding the detection of over 150 viruses implicated in 

central nervous system pathology including the RNA and DNA known and unknown 

viruses. This study should encourage others to search for solutions for this health 

problem; detection of viruses in general is a health requirement in different settings 

including organ transplants, transfusion, cancer, surgery, immune deficiency cases, and 

others. 
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Introduction: 

Meningitis is a an inflammation of the meninges (1), which form the thin 

protective membrane covering the brain and spinal cord (1, 2).  Meninges have three 

layers; the outermost layer is dura mater, is composed of tough, nonelastic, dense 

connective tissue and adheres to the skull and vertebral column, it is covered on its 

inner most surface by squamous epithelial cells.  The arachnoid is the middle layer 

composed of collagenous and elastic connective tissue, adheres to the dura mater, and 

has trabeculae to connect it to the third inner layer (pia mater).  The pia mater covers 

the brain and the spinal cord. 

 Meningitis may develop in response to a number of causes, usually bacterial or 

viral infection, or can also be caused by other agents.  Bacterial meningitis is the most 

common and notable of central nervous system infections, with high rate of mortality 

and many cases of severe sequelae (1, 3, 4).  Viral meningitis of the central nervous 

system (CNS) (5) include DNA and RNA viruses.  procedures currently used in clinical 

laboratories are microscopic examination of gram stained CSF, this simple method, is 

rapid, accurate, and inexpensive for detecting bacterial meningitis but it is not useful in 

other meningitis (1), Culture is used in detecting bacteria in CSF.  Culturing requires at 

least 8 hours of incubation in culture medium under aerobic and anaerobic conditions, 

and  with several types of media (1, 6, 7).  Moreover, culture frequently remains 

negative, especially if the CSF is taken after initiation of antimicrobial therapy (6, 7).  

Bacteria is an important cause of meningitis and have a high morbidity and mortality 

rates.  The early administration of antibiotics correlates with reduced rate of mortality 

and morbidity.   Antibiotic resistance is a rising problem and increasing with increase 
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use of Empirical therapy without accurate and rapid detection (3, 4, 7).  Antibiotics 

have no role to play in the treatment of viral meningitis, as they neither kill nor stop the 

multiplication of viruses  (8).  The severity of meningitis and its treatment depends on 

the causative virus, this shows the importance of accurate identification and diagnosis 

of the causative agent  of the disease (2). 

Effective treatment of bacterial or viral meningitis often requires the rapid and 

accurate detection and identification of causative in cerebrospinal fluid (CSF) (7).  

Recently; developed polymerase chain reaction (PCR) method using different target 

genes, has made it  possible to detect low number of infectious agents or even 

fragments of their DNA (4, 9, 10, 11, 12).  PCR use of broad-range 16SrRNA gene, 

with subsequent sequencing has been reported, then we use develop system that uses a 

specific-specific multiplex PCR focused on the bacterial and viral micro-organism most 

frequently found in CSF (3, 13).  

1.2 Types of meningitis 

1.2.1. Bacterial meningitis 

Bacterial meningitis is an infection with a high rate of morbidity and mortality, 

this meningitis type is mostly severe, and can cause brain damage, hearing loss, and 

learning disabilities.  Approximately 95% of bacterial meningitis cases are caused by  

Neisseria meningitides, Streptococcus pneumoniae, Streptococcus agalactiae, 

Staphylococcus spp, Escherichia coli, Haemophilus influenzae, or Listeria 

monocytogenes (3, 6, 14).  Bacterial meningitis cause sudden fever, headaches, neck 

stiffness, nausea, vomiting, increased sensitivity to light and confused mental status (9, 

15). 
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Lyme meningitis is the direct result of invasion of the nervous system by 

Borrelia burgdorferi, occurring within the first few months of infection.  It initially 

presents as a chronic basilar meningitis, erythema migrans within the first few weeks 

after injection and still present from 1-6 months later (16, 17).  

1.2.2. Viral meningitis 

Aseptic meningitis is a central nervous system infection.  It is the most common 

type of meningitis that occurs in sporadic outbreaks.  It is generally less severe than 

bacterial meningitis and resolves without specific treatment (16).  Over 100 viruses are 

known to cause viral meningitis in human (17).  These viruses that records under many 

viruses family (Enteroviruses, Arboviral, Mumps, Lymphocytic 

choriomeningitis(LCM) virus and Herpesviruses) (16).  As shown: 

 

1.2.2.1 Enteroviruses 

 Enteroviruses are  the most frequent cause of  life threatening meningitis (15, 

17).  Enteroviruses are small, nonenveloped viruses with +ssRNA genomes  

polyadenylated molecule and one long open reading frame.  Human enteroviruses 

(HEV) types are classified into four species including polioviruses which belongs to 

picornavirus (18), 80% of Enteroviruses cause meningitis.  They are transmitted from 

person to person by fecal-oral or oral-oral routs.  They depend on temperate climate, 

the typical season occurring during June-October (16). 
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1.2.2.2. Arboviral meningitis 

  They are  RNA virus and have the same seasonal pattern as enteroviruses.  

Arbovirviruses are maintained in nature through biological transmission between 

vertebrate host and mosquito vectors.  These viruses cause neurologic signs and 

symptoms of aseptic meningitis.  These types of viruses mostly infect elder people (16).  

1.2.2.3. Mumps 

 It is a ssRNA virus and is a serious causative agent of aseptic meningitis in an 

unimmunized population (16).  Its threat has been greatly reduced due to vaccination 

programs. 

1.2.2.4. Lymphocytic choriomeningitis (LCM). 

  It is a single strand RNA virus and is rarely reported.  This type is transmitted to 

human by contact with rodents or their excretions (2, 16).   

1.2.2.5. Herpes viruses.   

The Herpes group of viruses encompasses double stranded DNA virus with 

linear genomes, and are the most common cause of human meningitis; Human herpes 

simplex virus type-1 (HHV-1) and type-2 (HHV-2), Vericella-Zoster Virus VZV 

(HHV-3), Epstein-Barr virus EBV (HHV-4), Cytomegalovirus CMV (HHV-5) and 

human herpes 6,7, &8 (HHV-6,7, & 8) (13, 16, 17, 19).  

The Human herpes virus-(1&2) is a large virus.  Herpes simplex 1&2 are 

frequently benign but can cause severe disease including skin lesions and cold sores, 

mucous membranes and nervous system infection (20, 21).  The complications of 
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neurological system appear with or without mucocutaneous lesion.  The initial lesions  

appear as clear vesicles containing infectious viruses with a base of red (erythematous) 

lesions at the base of the vesicle (21).  After the primary infection, the virus remains 

latent in the nervous ganglia, where it can reactivate.  This type of disease called 

Mollaret´s disease or meningitis (19, 21).  It is the most recurrent aseptic meningitis 

(19).  HHV 1&2 cause more disease as oral herpes-Cold sores, herpes keratitis, herpes 

whitlow, herpes gladiatorum, Eczema herpeticum, genital herpes, HSV proctitis and 

HSV encephalitis, HSV meningitis (13, 16, 19, 20, 21, 23) its Transmissible by skin-to-

skin contact. 

Varicella Zoster virus (VZV, HHV-3) is known as chicken pox virus.  It is 

characterized with rash (22), skin lesion infection.  If this virus reaches blood 

circulation then it can cause aseptic meningitis with or without typical skin lesions (13, 

16, 17, 19, 20, 21). 

Epstein-Barr virus EBV (HHV-4) causes central nervous system (CNS) 

infection.  This infection occurs in up to 18% of patients with infectious mononucleosis 

and may include encephalitis, meningitis, and other neurological disease especially in 

immunocompetent patients (13, 16, 17, 19, 20, 21, 22, 23).  EBV infection is associated 

with AIDS related CNS lymphoma in HIV-infected patient (16, 17). 

Cytomegalovirus Or CMV(HHV-5) (13, 16, 17, 20, 21), has the largest genome 

of all herpes viruses and appears only to replicate in human cells (21).  CMV 

meningoencephalitis is a disease of congenitally infected newborns and 

immunocompromised individuals.  It plays an important role in organ transplants and in 

patients with advanced HIV infection (17).       
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Human herpes 6 and 7 (exanthum subitum or roseola) infantum are found 

worldwide and found in saliva of the majority of adults and children are infected and 

remain infected for life.  It is latent infection in B and T lymphocytes, which can be 

activated when the cells stimulated to divide (17, 21).  

Human herpes 8 (Kaposi's sarcoma-associated herpes virus), is found in the 

saliva of many AIDS patient.  It infects peripheral blood lymphocytes.        

1.2.3. Fungus. 

Fungal meningitis is much less common than the bacterial and viral meningitis.  

Fungus is rare but can be life threatening, Fungal meningitis rarely occurs in healthy 

people; however,  at higher risk are  those with AIDS, leukemia, or other forms of 

immunodeficiency and immunosuppressed patients.  The most common cause of fungal 

meningitis is Cryptococcus neoformans, Histoplasma capsulatum, Coccidioides 

immitis, Candida albicans, Blastomyces dermatitidis, Aspergillus species and others 

(2). 

1.2.4. Parasitic meningitis 

Parasitic  meningitis is rare but may be fatal.  Naegleria fowleri  (2), 

Toxoplasma gondii and Trypanosoma cruzi are common.  
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1.2.5. Non infectious meningitis 

Non–infectious meningitis may result from cancers, systemic lupus 

erythematosus, some drugs, head injury, and brain surgery.  This type of meningitis is 

non transmissible from patient to another as the name suggests (2). 

1.3. Sign and symptoms 

Clinical manifestation of meningitis include sudden onset of fever, chills, severe 

headaches, nausea, vomiting, neck stiffness, back pain, diffuse paresthesia, mental 

status, increase sensitivity to light and focal neurological deficits (5, 9, 13, 15, 17, 25, 

26). 

1.4. Lab findings 

Normal CSF specimens are color less, whereas bacterial meningitis CSF 

specimens will have a turbid appearance, elevated white blood cell count > 3x107 

cells/l, elevated protein > 1.0g/l, and decreased glucose concentration <2.22 mmol/l. 

Neutrophils more than 70% of the total WBCs in CSF.  In viral meningitis it shows 

mild increase in protein, normal level of glucose and pleocytosis (13, 26, 27). 

1.5. Diagnostic Laboratory tests 

  CSF samples are collected by lumber puncture, need tests are biochemical tests 

such as (glucose and protein concentration), WBC and neutrophils counts, bacterial 

Gram stain, microscopy, and bacterial cultures should be carries out.  Cultures 

frequently remain negative, especially if the CSF samples were taken after 

antimicrobial therapy (1, 4, 6, 7, 9).  Antimicrobial susceptibility testing is done for 

bacteria from CSF to determine their antibiotic spectrum (1, 27).  CSF samples can be 
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seen directly after lumber puncture, but do not give an accurate result, because the 

diagnostic usefulness of the procedures depends on the concentration of bacterium in 

the CSF of patients with bacterial meningitis ranging from 101 to 109 colony forming 

unit (CFU/ml) (1,27), a false negative result may prevail when bacterial concentration 

is low, or if antibiotic had been administered to the patient before CSF collection.  

 Alternative methods of diagnosis of bacterial meningitis include antigen 

detection by Counter immune electrophoresis (CIE), coagglutination (COAG), latex 

agglutination (LA) which  have been  established as rapid and direct detection of 

soluble bacterial antigen in CSF.  These methods are rapid antigen detection test that 

may provide true positive result.  Most CNS bacterial pathogens have been detected by 

antigen-antibody reactions except Streptococcus group B because it has a soluble, type 

specific, capsular, polysaccharide antigen that is released into surrounding body tissues 

and fluid as the bacterium proliferates.  This method can be complicated by non-

specific reactions, cross-reactions and /or low concentration of antigen in clinical 

specimens (1).  

Previous methods cannot improve the diagnoses of meningitis, if the causative 

agent is not a bacterium.  Other ways to diagnose bacterial meningitis and to determine 

the causative agent were sought.  Enzyme immunoassay (EIA) and enzyme-linked 

immunosorbent assay (ELISA), for the detection of bacterial antigens in CSF use 

specific antibodies (1, 28).  The tests can detect bacterial antigens in concentrations as 

low as 0.1 to 5 ng/ml (1).  This method needs several hours to detect the antigen-

antibody complex and  is expensive (1, 28).  Other methods depend on molecular 

component is polymerase chain reaction (PCR).  Recently, developed polymerase chain 
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reaction (PCR) method using different target genes, has made it possible to detect low 

numbers of infectious agent or even fragments of DNA (4, 5, 9, 11, 12).  

 Multiplex PCR use for the detection of nine targeted pathogens has been 

reported to have excellent sensitivity and specificity; specific-Specific multiplex PCR 

focused on a limited number of  bacterial and viral microorganism most frequently 

found in CSF was illustrated (3, 13).  In a most recent study, The Method was applied 

to the detection of bacteria in CSF.  The study showed that the universal method could 

detect bacteria that was missed by culture and bacteria that was obtained after antibiotic 

administration to the patient (29, 30). 

1.6. The universal method. 

Tow study that was developed to take advantage of the multiplex approach, 

probability, and conservative sequences of the 16S rDNA (29, 30), the universal 

method that includes a number of multiplex mixture of primer that contain G5, G7 and 

G11 that can detect and give PCR positive result to any bacterium, G7 has been tested 

and is believed to detect any bacterium,  The Universal Method (Barghouthi 2009) had 

integrated several general primers, PCR amplification, DNA sequencing, and sequence 

alignment (BLAST) in one system designed for the detection and identification of  that 

bacterium, some works have used the 16S rDNA gene as a target for bacterial 

detection.  PCR can be used as a method for the rapid detection of bacteria in clinical 

samples and would be useful in differentiating bacterial from viral infections (29).  

 Strategic application of broad range primers has been found to be superior to 

conventional techniques for detection of bacteria in sterile body fluids (30).  When 

antibiotics were introduced to the patient, culture technique cannot be used since it will 
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have poor sensitivity, there for it would be better to use PCR technique for rapid 

diagnosis of bacterial meningitis (1).  The specificity of broad range universal PCR has 

been satisfactorily improved by further analysis of the PCR products by different 

methods (30).  The assay is valuable for initial screening to confirm or rule out bacterial 

meningitis (29). 

1.7. Treatment. 

Accurate and immediate therapeutic intervention in cases of meningitis may 

prevent undesirable outcomes of the infection.  In addition, accurate determination of 

the absence of bacterial meningitis will prevent administration of ineffective 

antibacterial drugs and allow the continuous search for the true pathogen.  Meningitis is 

a medical emergency requiring immediate diagnosis and immediate treatment.  

Cerebral imaging and repeated lumbar puncture should be considered in patients who 

fail to improve clinically after 48 h of treatment.  Acyclovir and Ganylovire are the  

drugs useful in the treatment of viral infections.  Corticosteroids reduce brain edema, 

intracranial hypertension and meningeal inflammation in experimental models of 

bacterial meningitis (27).  Analgesic drugs may be used to reducing the meningitis 

symptoms (4).   
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1.8. literature Review. 

The most recent study:  The Universal Method Developed by Barghouthi 2009, 

universal method was designed to identify all bacteria.  This method includes a number 

of multiplex mixture of primers (29).   

Universal Method Was successfully applied in the detection of any bacterial 

DNA in CSF samples (30) 

A series of studies have developed species-specific multiplex PCR focused on 

the bacterial and viral microorganisms most frequently found in CSF.  Haemophilus 

influenzae strains that are detected and identified by Real Time PCR (3, 32). 

Streptococcus pneumoniae is an important causative pathogen of acute bacterial 

meningitis, the traditional method need a minimum of 104-105 bacilli/ml to detect it; 

PCR provides a quick detection of Streptococcus pneumoniae (9).  45% of meningitis 

cases involve bacterial loads of less than 105 CFU per/ml (7).  Multiplex PCR applied 

in sero-typing  of Streptococcus pneumoniae directly on clinical sample has sensitivity 

higher than cultural  methods (33).  Multiplex PCR succeeded in detecting, Chlamydia 

pneumoniae DNA in cerebrospinal fluid and in detecting fungi in blood stream 

infection ( 31, 36). 

The use of PCR for rapid diagnosis of microorganisms that cause meningitis has 

the potential to overcome the poor sensitivity and slow growth of pathogens when 

using cultures (35).  In addition to the fact that some pathogens are not culturable, 

diagnosis of viral CNS infection has been revolutionized by the advent of new 

molecular diagnostic technologists such as PCR to amplify viral nucleic acid (17).  The 
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use of multiplex PCR for the diagnosis of CNS diseases has been well evaluated for 

human herpes virus encephalitis (34).  Multiplex PCR used in serotyping and CSF 

based PCR had at least 80% sensitivity and 100% specificity.  For many years many 

studies developed to detect  one or few of the six major human herpes virus (HHSV) 

from cerebrospinal fluid by single tube (3, 16).  
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1.9. Specific Aims and Justification: 

Specific Aims and Justification: Simultaneous  detection of bacteria & HHV1-

6 & 8 in CSF, to reduce the time required for detection, enhance disease treatment, 

management, and minimize administration of empirical antibiotic therapy.  Evaluation 

of clinical CSF bacterial and viral infection is amply justified for treatment and 

epidemiological studies which can be applied upon identification of etiological agents. 

The specific aim of the present study was to develop a single-tube multiplex 

PCR assay for the simultaneous detection of bacteria and human herpes viruses for 

diagnostic application as a multiplex PCR in hospitals with the potential for identifying 

any bacterial agent and most HHVs from CSF- meningitis infections.  The Clinical 

Significance of the single-tube assay is to reduce the time required for detection of 

bacterial or HHV meningitis, in order to enhance treatment and disease management as 

well as minimizing the administration of empirical antibiotic therapy. The study will 

contribute to epidemiological studies and prevention of meningitis that will be a normal 

extension of successful diagnosis of bacterial and Herpes pathogenesis. 

 

1.10. Statement of the Problem 

Molecular method is a new method with some specifications fast, sensitive and 

specific.  This research is designed to test the ability to detect the seven human herpes 

viruses in a single test in addition to any  bacterial pathogen in CSF sample according 

to The Universal Method Developed by Barghouthi 2009, and tested by Barghouthi and 

Zughayyer 2012. in the same reaction. 
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1.11. Hypothesis and Principle: 

A multiplex can be formulated that will allow the simultaneous detection of all 

bacterial pathogens and all or most of the Human Herpes viruses from CSF..   
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Chapter 2 

Materials and methods 
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Materials and methods: 

The method being developed should be sensitive, specific for bacterial and 

Herpes viral infections, easy to apply and interpret, inexpensive, and most importantly 

time saving.  A multiplex that can be formulated as a single-tube test may represent a 

good choice and advancement of CSF diagnosis.  

2.1 Clinical samples and Patient: 

  230 CSF samples obtained from pediatric and adult patients by LB (lumber 

puncture), suspected of suffering from meningitis, were collected over a period of one 

year from hospitals in the west bank; Hebron Governmental Hospital , Yata Hospital,  

Jenin Governmental Hospital, and Nablus Governmental  Hospital.  The clinical CSF 

samples were collected in DNA free sterile screw cap microfuge tubes and stored at -

40˚C.  These samples were tested for bacterial and viral meningitis in the hospitals, 

with conventional method. 

2.1.1 Target pathogens to be detected in this research: 

 Human herpes virus (1&2), Human herpes virus 3 (VZV),  Epstein Barr virus 

(HHV 4), Human herpes virus 5 (CMV), human herpes six and eight (HH6&8), and all 

pathogenic bacteria. The procedure depend on the DNA extraction from the CSF 

samples, do the PCR reaction with thermocycler cycles, and then identify gene 

according to molecular weight on gel electrophoresis.  
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2.2 Primer design: 

Bacterial Universal detection multiplex was as described for G7 multiplex 

(Barghouthi 2009).  Viral primer pairs (Table 2.1) were selected from published DNA 

sequences.  The selected DNA sequence that was targeted for amplification was 

BLAST analyzed against all published sequence to insure its uniqueness and lack of 

cross reactivity.  Similarly, selected primer sequences were analyzed using BLAST.  

The primers were designed to allow their use at a fixed annealing temperature (58-

60˚C).  The primers were also designed to produce a specific size amplicon that did not 

match any other amplicon; each of the potential amplicons should produce a unique 

size  
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Table 2.1: Primer pairs of Herpes viruses designed in this study 

Human 

Herpes Virus 

Viral Primer Length Tm PCR product 

size 

HHV1&2 F 5'- CCTCATGATCCTCATCGAGGGCG -3' 

tR 5'- CCGAAACAGCCGGTACACGCG-3' 

23 mer 

21 mer 

61ºC 

60 ºC 

213 

HHV 3 VZ F 5'-GCTCACCCCAAAGGATGACCC-3' 

tR  5'- CGTCGCATACACCGTGTGTACC-3' 

21 

22 

58 ºC 

59 ºC 

679 

HHV4 F 5'-CCACCTCCAGGTGCGCCTAGG-3’ 

tR-5’- TTGGTGCCACCATCTGGCAGC-3’ 

21 

21 

62 ºC 

58 ºC 

346 

        HHV6 A&B F 5’-AGACCGCTGCTGGACGAACTG-3’ 

tR-5’- TTCCTCCGCGGGACCTGGC-3’ 

21 

19 

58 ºC 

60 ºC 

850 

HHV 5 CMV F  5'- GCGTGGAGTCGACGGCCTCC - 3’ 

tR-5’- TGGTGGACATCACGGATACCGAG-3’ 

19 

23 

62 ºC 

59 ºC 

395 

HepB F-  5’- GGACTGGGGACCCTGCACCG-3’ 

tR-5’- GTGGGGGAAAGCCCTACGAACC-3’ 

19 

22 

62 ºC 

60 ºC 

589 
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Additional primer for Epstein-Barr virus 

Table 2.2: Epstein Barr Virus primers. 

Name Sequence 5’3’ TM 

EB-F CCACCTCCAGGTGCGCCTAGG 62˚C,  21-mer , 346bp 

EB-R TTGGTGCCACCATCTGGCAGC 63˚C,  21-mer 

 

BARF QF* GACCGGGGTCCTCACAAACACAG 62˚C, 23-mer , 497bp 

BARF QR CTGCTTGGTGACCTCGGTCTC 60˚C, 21-MER 

 

EB15F GAACAGCTCCTGGACGTTGCG 61˚C, 21-mer,   507bp 

EB15R GTGGCGGCGGCCTTCCTC 64˚C, 18-mer 

(35, 36). 

 

 

 



 

 

21

 

Figure 2.1:  A representation of predicted PCR amplicons that may be produced by the 

single multiplex. The predicted sizes are shown.  

2.3 Sample preparation: 

Dry skin from viral lesions was weighed (~ 30mg) and soaked for 10min at 

36˚C in 190µl sterile pure water in a sterile microfuge tube. 

The skin lesion was disrupted and squashed using the plastic pipette tip and 

vigorous vortexing.  A turbid milky suspension was obtained, centrifuged for one 

minute at 5,000 rpm and the supernatant was used in DNA extraction as detailed below. 
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2.4 DNA Extraction from pure stock sample 

Stock sample was collected that contained human herpes viruses; HHV-1 was 

obtained from cold sore volunteer patients showing Herpes oral-lesions, Human herpes 

virus-3 (VZV) was obtained from several children recovering from chicken pox; 

mature dried lesions were collected.  Human herpes virus-4, 6 and 8 (EBV) DNA were 

a gift from Dr. Rania Abu Sir, human herpes virus-5 (CMV) was a gift from Dr. Maysa 

Al-Azza and was obtained as a tissue-culture supernatant.   

DNA extraction from bacterial or viral suspension was optimized; a new 

method was invented for the purpose of satisfying the conditional and simultaneous 

extraction of bacterial and viral DNA.  The new extraction method took into 

consideration possible concentration of both bacteria and viruses.  It was based on 

ammonium sulfate precipitation of viruses followed by centrifugation to ensure the 

concentration of bacteria and the precipitated viruses.  The method is detailed as 

follow:  

To 100µl of viral sample as CSF, or water suspension placed in a labeled sterile 

screw- cap microfuge tube, 190µl of saturated ammonium sulfate (Sigma Chemical 

Company) containing (0.1% 2-mercapto ethanol) were added.  After vigorous mixing, 

and standing for 5 min at ambient room temperature, it was centrifuged ( MIKRO 12-

24) for two minutes at 13,000 rpm.  The pellet (visible or invisible) was dissolved  in 

25µl of 1% sodium dodecyl sulfate (SDS) then diluted with175µl pure sterile water, 

and steamed over a boiling water bath for 15 minutes, centrifuged to remove insoluble 

components, the clear supernatant was collected, used in PCR and stored at -20ºC. 
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2.5 Multiplex Primer preparation. 

A mixture of (10 pmol) of both forward and reverse primer pairs of each target 

virus (Table 2.1) was prepared. .  The Multiplex was prepared by mixing all primer 

pairs (10 pm each) in one mixture; which contained primers for  human herpes virus1 

(HHV-1 / 2),  human herpes virus-3 (VZV), human herpes virus-4 (EBV), human 

herpes virus-5 (CMV), and human herpes virus-6 / 8 (HHV-6&8) The viral multiplex 

was labeled as IM primers.  

Bacterial DNA was detected using G7 multiplex of the Universal method which 

was provided by Dr Barghouthi. 

The single-tube multiplex was prepared by mixing IM and G7 (1:1) ratio which 

produced a solution containg 5 pmol of each viral and bacterial primers (IMG7). 

 

2.6 Specificity testing 

All viruses obtained as DNA or as live viruses from confirmed cases of 

infection (VZV and HHV1/2)  were tested with their specific primer pairs, the viral 

multiplex primer (IM), G7, and the G7-IM mix. 

Bacterial DNA and Escherichia coli DNA was tested with G7 and G7-IM mixture. 
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2.7  PCR reaction preparation 

A final  PCR reaction of  25 µl contained: 

12.5 µl green master mix (Promega, Madison, W1 USA), 11.5 µl water,0.8 µl primer 

mix, 0.2 µl sample DNA.  PCR  parameters were : 

Hot start at 95°C for 3 minutes, followed by 33 cycles of (94°C for 90 sec, 60°C for 

90sec, 72°C for  70 sec), followed by a final extension step at 72°C for 3 minutes.  

 

2.8 Agarose gel electrophoresis. 

Agarose gel buffer, was prepared(250 ml  of Tris-acetate EDTA buffer 

(TAE;48.4 g Tris base, l1.4 ml glacial acetic acid, and 19 ml of 0.5M  EDTA; PH 8.0).  

The buffer was used to prepare 1.5% (w/v) agarose gel and as electrophoretic buffer.  

Ethidium bromide was added (0.5 µg /ml), and the gel was solidification.  The gel was 

electrophoresed for 30 min approximately at 60 volts; 0.6mAmp and visualized under 

UV.  A digital camera with sepia filter, was used to document the gel.  The size of 

DNA bands was determined relative to 100bp-ladder markers  (New England BioLabs). 

 

2.9  DNA Sequencing  

Amplified DNA was purified using DNA purification kit (Nucleo Trap, 

Macherey –Nagel) according to supplier instructions.  The purified product was 

checked on agarose gel and sent for sequencing (DNA sequencing Services, Bethlehem 

University).  The received DNA sequence was analyzed using online BLAST. 
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Results 
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Result 

3.1 Assay development: 

This method was developedt to increase the range of PCR identification of all 

bacteria and most human herpes viruses in one PCR test; G7 which contains primers 

that amplify different regions of the bacterial 16SrDNA gene was prepared.  Five 

different primer pairs for human herpes virus (HHV1/2, 3, 4, 5,and 6/8) that can cause 

meningitis (Table 2.1).  Bacterial (G7) and viral (IM mix) primers were all mixed to 

generate a single-tube mix (IMG7), G7 and IM mix were used separately as well. The 

results showed that IMG7 was capable of producing positive results when bacterial 

DNA or relevant viral DNA was added to the PCR reaction.  

  

3.2 Detection of viral DNA using specific primer pairs or multiplexes  

The newly established DNA extraction was useful in the detection of viral DNA 

with specific primer pairs or multiplexes; IM or IMG7. Figure 3.1shows the PCR 

product of HHV1&2 with 213bp (lane1),  human herpes virus 3 ( varicella zoster virus) 

appeared as 679 bp, human herpes virus 5 (cytomegalo virus; CMV) appeared as 395 

bp.  Human herpes virus 4 (Epstein Barr virus A&B) with PCR product 346 could not 

be detected (see discussion). IM multiplex and IMG7 were successful in detecting 

HHV1/2, 3, and 5 but not EB (HHV4) which was refractory to detection throughout the 

study even when pure DNA or clinical serum samples from mononucleosis patients 

(diagnosed positive via serological testing) was utilized several times while changing 
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the DNA extraction method or designing new primers (see discussion). HHV6/8 which 

was obtained later in the study, it was detectable with IM and IMG7 as well.  The DNA 

was obtained as pure samples or as water suspension viral particles in water that was 

extracted as described in methods.  

 

Figure 3.1: M, 100-bp marker ladder; Specific Primer pairs (lanes 1, 2 , 3 and 4); 

231bp amplicon of HHV(1/2) lane1; 679 bp amplicon of VZV/HHV3 lane 2; 395 bp 

amplicon of CMV/ HHV5 lane 3; EBV/HHV4 lane 4 (no amplification);  IM mix 

(lanes 5, 6, 7 and 8); IMG7 mix (lanes 9, 10,11, and 12 ). 

 

3.3 Efficacy of DNA extraction from CSF and detection with Multiplexes IM and 

IMG7 

CSF samples that produced negative results with IM and IMG7 were pooled.  

Viral particles and or Bacteria were then added to the CSF.  The adulterated CSF was 
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used to extract DNA and test for the presence of bacterial and or viral DNA.  The 

results are shown in Figure 3.2. 

 

 

Figure 3.2: Adulterated CSF; VZV water -suspension particles (obtained from healing 
scales of a 3-year old girl) and/or Escherichia coli colonies were mixed with CSF then 
extracted.  VZV 679 bp amplicon was detectable  with IMG7.  Bacterial amplicons 

C 

395
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(usually more than one amplicon) was detected with G7 and IMG7 (panel A). CMV 
particles were used to adulterate CSF, the DNA was extracted and was subjected to 
detection with CMV specific primer pair (S*), IM multiplex, or IMG7 (panel B,C).   

3.4 Sensitivity of PCR detection of Varicella zoster virus in CSF : 

Varicella zoster virus (section 2.3) was diluted by 10-folds serial dilutions in 

CSF (pooled from negative samples). After mixing, the DNA was extracted from each 

dilution (10-105). The extracted DNA was then tested with IM mix.  The results are 

depicted in Figure 3.3.  The virus was detectable after 103 folds dilutions but was not 

detected at higher dilutions.  

 

 

Figure 3.3: Ten-fold serial dilutions of VZV in CSF, a band at 750 bp appeared that is 

longer than the theoretically predicted 679 bp was clearly detected (lanes 10-1, 10-2, 10-3 

, but not at 10-4, and  10-5 . 
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3.5 CSF Clinical Samples  

Clinical CSF samples (230 samples) were collected, kept frozen or were utilized 

as fresh samples for DNA extraction and PCR analysis.  To ensure the reliability of 

results, each sample was tested (screened) separately with both IM and G7 mix; any 

positive sample was retested using the IMG7 mix.  Only one sample showed a positive 

reaction with IM mix, it was suspected for being a CMV meningitis case.  The sample 

was retested with CMV specific primer pair (Figure 3.4).  Which gave a positive result, 

that result was viral meningitis, the PCR product gave positive on 395 kd by used 

multiplex primers (IM primers) and specific CMV primer. 
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Figure 3.4 . Clinical sample showing positive results with CMV specific primer pair (S) 

and with the viral multiplex IM mix, the remaining samples (229 were negative with 

IM) and all 230 samples were negative for bacteria as judged by G7.  

The DNA sample was re-subjected to amplification with CMV primer pair, the 

amplicon was purified using Nucleo Trap binding matrix.  The purified DNA was  

checked on agarose before it was sent for sequencing (Bethlehem University DNA 

sequencing services).  The obtained sequences (Figure 3.5F & R) were aligned against 

available Nucleotide Data Base using online alignment BLAST.  
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Figure 3.5F: Sequencing results with the forward primer of CMV virus applied to the 

Clinical sample amplicon. Showing the sequence and the BLAST results identifying 

Human herpesvirus 5 strain VR1814 (99.17% similarity). 

5’.AGCCCTCATGACCGTGGTGACGCTGTATTTGAGAGCCGTGGAAGTCGTAGGCATCCTG
AAGGGATTGTAAGCCAGGTGAGGATTCTTGAGGGCCCACGCGCGTTCGCGCGGCCAGTT
GGCGGGGTTCATATCCCCGGGCAACGGCGCCGTCGGAGCCCAGGGCGAGTTACCGTTGA
CCGGGGTTTGGGTACCCGCGAAGGTAGGTGTCGGGGCCGGAGCGGGGGCCGTGGAAGG
ATTGACAGGCGTCGGCGTGAGGATGGCAGCGCCGGCGCCAGCAGGAACGTTAACTCCGG
CGCCGAACGTCAACGTCGGTTGCTCGAACTTGTACGCGGTGGTGACGGGCGGTTTGGCG
CTCGTCTCGGTATCCGTGATGTCCACCACCCCTCGGGG3’  

gb|GU179289.1|  Human herpesvirus 5 strain VR1814,  

complete genome Length=235233, Score = 651 bits (352),   

Expect = 0.0;  Identities = 359/362 (99%), Gaps = 2/362(1%),Strand=Plus/Plus 

 

Query  19     ACGCTGTATTTGAG-AGCCGTGGAAGTCGTAGGCATCCTGAAGGGATTGTAAGCCAGGTG  78 

              ||| ||| |||||| ||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  41189  ACGGTGT-TTTGAGAAGCCGTGGAAGTCGTAGGCATCCTGAAGGGATTGTAAGCCAGGTG  41247 

 

Query  79     AGGATTCTTGAGGGCCCACGCGCGTTCGCGCGGCCAGTTGGCGGGGTTCATATCCCCGGG  138 

              |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  41248  AGGATTCTTGAGGGCCCACGCGCGTTCGCGCGGCCAGTTGGCGGGGTTCATATCCCCGGG  41307 

 

Query  139    CAACGGCGCCGTCGGAGCCCAGGGCGAGTTACCGTTGACCGGGGTTTGGGTACCCGCGAA  198 

              |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  41308  CAACGGCGCCGTCGGAGCCCAGGGCGAGTTACCGTTGACCGGGGTTTGGGTACCCGCGAA  41367 

 

Query  199    GGTAGGTGTCGGGGCCGGAGCGGGGGCCGTGGAAGGATTGACAGGCGTCGGCGTGAGGAT  258 

              |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  41368  GGTAGGTGTCGGGGCCGGAGCGGGGGCCGTGGAAGGATTGACAGGCGTCGGCGTGAGGAT  41427 

 

Query  259    GGCAGCGCCGGCGCCAGCAGGAACGTTAACTCCGGCGCCGAACGTCAACGTCGGTTGCTC  318 

              |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  41428  GGCAGCGCCGGCGCCAGCAGGAACGTTAACTCCGGCGCCGAACGTCAACGTCGGTTGCTC  41487 

 

Query  319    GAACTTGTACGCGGTGGTGACGGGCGGTTTGGCGCTCGTCTCGGTATCCGTGATGTCCAC  378 

              |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  41488  GAACTTGTACGCGGTGGTGACGGGCGGTTTGGCGCTCGTCTCGGTATCCGTGATGTCCAC  41547 

 

Query  379    CA  380 

              || 

Sbjct  41548  CA  41549 
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Figure 3.5R: Sequencing results with the reverse primer of CMV virus applied to the 

Clinical sample amplicon. Showing the sequence and the BLAST results identifying 

Human herpesvirus 5 strain VR1814 (99.46% similarity). 

 

5’AGGGCGCCAACCGCCCGTACACCACCGCGTACAAGTTCGAGCAACCGACGTTGACGTTCGGCGCCGGAGTTA

ACGTTCCTGCTGGCGCCGGCGCTGCCATCCTCACGCCGACGCCTGTCAATCCTTCCACGGCCCCCGCTCCGGCCC

CGACACCTACCTTCGCGGGTACCCAAACCCCGGTCAACGGTAACTCGCCCTGGGCTCCGACGGCGCCGTTGCCC

GGGGATATGAACCCCGCCAACTGGCCGCGCGAACGCGCGTGGGCCCTCAAGAATCCTCACCTGGCTTACAATCC

CTTCAGGATGCCTACGACTTCCACGGCTTCTCAAAACACCGTGTCCACCACCCCTCGGAGGCCGTCGACTCCACG

CA-3’ 

gb|GU179289.1|  Human herpesvirus 5 strain VR1814, complete genome 

Length=235233, Score = 669 bits (362), Expect = 0.0, Identities = 367/369 (99%), Gaps 

= 2/369 (1%), Strand=Plus/Minus 

 

Query  4      GCGCC-AACCGCCCGTACACCACCGCGTACAAGTTCGAGCAACCGACGTTGACGTTCGGC  62 

              ||||| |||||||||| ||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  41522  GCGCCAAACCGCCCGT-CACCACCGCGTACAAGTTCGAGCAACCGACGTTGACGTTCGGC  41464 

 

Query  63     GCCGGAGTTAACGTTCCTGCTGGCGCCGGCGCTGCCATCCTCACGCCGACGCCTGTCAAT  122 

              |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  41463  GCCGGAGTTAACGTTCCTGCTGGCGCCGGCGCTGCCATCCTCACGCCGACGCCTGTCAAT  41404 

 

Query  123    CCTTCCACGGCCCCCGCTCCGGCCCCGACACCTACCTTCGCGGGTACCCAAACCCCGGTC  182 

              |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  41403  CCTTCCACGGCCCCCGCTCCGGCCCCGACACCTACCTTCGCGGGTACCCAAACCCCGGTC  41344 

 

Query  183    AACGGTAACTCGCCCTGGGCTCCGACGGCGCCGTTGCCCGGGGATATGAACCCCGCCAAC  242 

              |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  41343  AACGGTAACTCGCCCTGGGCTCCGACGGCGCCGTTGCCCGGGGATATGAACCCCGCCAAC  41284 
 

Query  243    TGGCCGCGCGAACGCGCGTGGGCCCTCAAGAATCCTCACCTGGCTTACAATCCCTTCAGG  302 

              |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  41283  TGGCCGCGCGAACGCGCGTGGGCCCTCAAGAATCCTCACCTGGCTTACAATCCCTTCAGG  41224 

 

Query  303    ATGCCTACGACTTCCACGGCTTCTCAAAACACCGTGTCCACCACCCCTCGGAGGCCGTCG  362 

              |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  41223  ATGCCTACGACTTCCACGGCTTCTCAAAACACCGTGTCCACCACCCCTCGGAGGCCGTCG  41164 

 

Query  363    ACTCCACGC  371 

              ||||||||| 

Sbjct  41163  ACTCCACGC  41155 
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Chapter 4 

Discussion 
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4.1  General aspects of diagnosis: 

It was possible to formulate a few multiplexes (G7 and others; Barghouthi, 

2009)  that allows the detection of any eubacterium based on a common gene shared by 

all eubacteria.  However, viruses are diverse and do not have common genetic features 

that lends itself well to the development of a multiplex for even a group of viruses.  

This is mainly because viruses have small genomes, yet they are distributed among the 

RNA and DNA domains of nucleic acids. 

 In order to have a comprehensive robust assay for detecting any virus, different 

approach must be considered.  Such approach most likely will depend on microarray 

design rather than multiplex, a combination of molecular methods, or development of 

new methods.  Over 150 different viruses have been implicated in the pathogenesis of 

encephalitis; however, due to limitations with diagnostic testing, etiologies of over half 

of the cases remain unknown.  Deficient in traditional laboratory techniques with 

regard to the diagnosis of viral CNS infection have meant that in many patients, a 

clinical diagnosis of viral meningitis is made without supportive laboratory evidence of 

viral etiology.   

Laboratory diagnosis of viral infections of the CNS relied on virus isolation in 

cell culture, and detection of specific antibody production in CSF.  The impact of 

laboratory diagnosis on acute patient management was relatively small because of the 

time taken for virus replication to produce a characteristic cytopathic effect in cell 

culture or for development of a specific antibody response.   
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PCR can be applied to the diagnosis of any disease in which nucleic acid DNA 

and RNA or their expression as mRNA plays a role.  PCR techniques allow for the in 

vitro synthesis of millions of copies of specific gene segment, and allow the rapid 

detection of as few as 1 to 10 copies of target DNA from the original sample.  One of 

the most successful application of CSF PCR is the diagnosis of viral nervous system 

infections.  PCR is ideally suited for identifying fastidious organisms that may be 

difficult or impossible to culture, CSF PCR is previously the gold standard for 

diagnosis of many CNS herpes virus infections (17, 37).  HHV-6 has been associated 

with a wide spectrum of neurological disorders including febrile seizure epilepsy, 

multiple sclerosis, and encephalitis (39). 

Many HHV including HHV1/ 2 , CMV, and HHV 6 possess the characteristic property 

of becoming latent in the host following primary infection (39). 

Enteroviruses may cause up to 90% of aseptic meningitis cases for which a specific      

etiology is identified, Enteroviral meningitis leads to a large number of hospitalizations 

of both children and adults (40).  

 

4.2 Human Herpes Viruses  

In this study, only the Human Herpes Viruses associated with Meningitis were 

targeted for detection (HHV1-6 &8).  The developed multiplex IM was able to 

experimentally detect all targeted viruses except HHV4 (Epstein Barr Virus) for 

unknown reasons. Additional primers listed in table (2.2)  were tested with old and new 

DNA samples as well as with sera from mononucleosis patients, yet the results were 

indifferently negative.  Similar negative PCR results were seen with hepatitis B sera 
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when repeatedly tested with Hepatitis B primer pairs directed to the large S gene and 

two additional nested pairs in a nested DNA reaction (Barghouthi, 2012, unpublished 

data). 

4.3 The development of a simple new method for simultaneous DNA extraction 

from bacteria and viruses 

Simple method such as exposure to high temperature or repetitive freeze-

thawing have been utilized to release nucleic acids from viruses or bacteria.  Nucleic 

acid extraction and purification techniques, such as deposition methods to precipitate 

DNA, this method provides a pure nucleic acid for entry into the amplification reaction, 

along with removal of potential inhibitors of the PCR amplification reaction as well as 

substances that may degrade nucleic acid and reduce yields.  In deposition method used 

in this study; 2-mercaptoethanol along with ammonium sulfate to deposit whole viruses 

and concentrate them since they are largely made of proteins, to isolate the pure DNA, 

then add sodium dodecyl sulfate (SDS 1%) and  then boil the sample to denature the 

proteins and release single strand DNA.  The method was shown to be efficient, simple, 

reliable, time saving, and inexpensive.  It can be used in screening tests similar to the 

IMG7 screening.   

4.4 CSF sample screening with IMG7 

In cases of positive samples; bacteria can be suspected when the PCR contains 

one, two, or multiple bands similar to those shown in Figure 2.1. Herpes viruses are 

suspected when a band of the sizes depicted  in Figure 2.1 appears.  In all cases, 

confirmation of the identity of amplicon source will be made by retesting the sample 

with specific primer pairs, IM multiplex, and G7.  Sequencing of amplicon follows; this 
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was done with the CSF sample that revealed CMV amplicon when amplified with 

multiplexes or specific primer pair (Figures 3.4, 3.5F and 3.5R)   

Although this study did not solve the issue of viral detection, it has brought us closer to 

identifying etiological agents of meningitis; it had shown a new method for DNA 

extraction and the possible mixing of bacterial and viral multiplexes.  In addition, it 

showed that EBV was refractory to detection by conventional PCR and that samples 

better be processed immediately (bedside testing) to overcome the potential loss of viral 

pathogens in the sample; a result that dictate to hospital directors to move in the 

direction of adopting new technologies and enter the realm of applied research.  The 

study has raised questions regarding the detection of over 150 viruses implicated in 

central nervous system pathology including the RNA and DNA known and unknown 

viruses.  This study should encourage others to search for solutions for this health 

problem; detection of viruses in general is a health requirement in different settings 

including organ transplants, transfusion, cancer, surgery, immune deficiency cases, and 

others.  It is strongly recommended that molecular diagnosis of viral pathogens and 

other pathogens be adopted, supported, encouraged, and funded by the State, public, 

and private businesses and firms. 

 

 

 

 

 

 

 



 

 

39

References: 

 

1. Gray L; AND Fedorko D., Laboratory Diagnosis of Bacterial 

Meningitis, clinical microbiology reviews, apr. 1992, p. 130-145, vol. 5, 

no. 2 

2. http://www.cdc.gov/meningitis/index.html. 

3. Boving M; Pederson L; Moller J,  Eight-Plex PCR and Liquid-Array 

Detection of Bacterial and Viral Pathogens in Cerebrospinal Fluid from 

Patients with Suspected Meningitis, journal of clinical microbiology, 

apr. 2009, p. 908–913, doi:10.1128/jcm.01966-08. 

4. Dogan R; Shriker O; Hazan I; Leibovitz E; Greenberg D; Schlaeffer F; 

Levy R, prospective study to determine clinical relevance of detection of 

pneumococcal DNA in sera of children by PCR, of clinical 

microbiology, mar.1998,  p 669-673. 

5. Big C; Reineck L; David D; aronoff  M, Viral Infection of the central 

Nervous System: A Case-Based Review, journal of clinical medicine & 

research, (2009), vol 7, 4:p 142-146. 

6. Poppert S; Essig A; Stoehr B; Steingruber A; Wirths B; Juretschko S; 

Reischl U; Wellinghausen N, Rapid diagnosis of bacterial meningitis by 

real time PCR and fluorescence in situ hybridization, journal of clinical 

microbiology, july 2005, p. 3390-3397, Vol. 43, No. 7 

7. Greisen K; Loeffelholz M; Purohit A ; Leong D, PCR primers and 

probes for the 16s rRna gen  of the most species of pathogenic bacteria, 



 

 

40

including bacteria found in Cerebrospinal Fluid, journal Clinical 

microbiology, Feb.1994, P. 335-351, Vol. 32,NO.2 

8. Mackeever T; lewis S; smith CH; hubbard R, the important of prenatal 

exposures on the development of allergic disease, American Journal of 

Respiratory and Critical Care Medicine, (2002) Vol 166. pp. 827-832,  

9. Wei C; Kuo T; Yau H; Yeh S; Tsai Y; Lin D; Lee J; Chang F; Tsao W, 

PCR Assay for the diagnosis of Pneumococcal meningitis: journal Acta 

Neurologica taiwanica sep 23,2002 P:38-42. 

10. Taha M; Olcen P, Molecular genetics methods in diagnosis and direct 

characterization of acute bacterial central nervous system, APMIS 

(2004) 112: 753–70, , V. 112. 

11. Deshpande P; Kashyap R; Ramteke S; Nagdev K; Purohit H; Taori1 G; 

Daginawala H, Evaluation of the IS6110 PCR assay for the rapid 

diagnosis of tuberculous meningitis, Cerebrospinal Fluid Research 

2007, 4:10 P:1-7. 

12. Clem A; Sims j; Telang S; Eston J ; Chesney J, Virus detection and 

identification using random multiplex (RT)- PCR with 3'- locked 

random primer; Virology journal 2007, P: 1-11 

13. Minjolle S; Michelet C; Joannes M; Cartier F ; Colimon R, 

Amplification of the six major human herpesviruses from cerebrospinal 

fluid by a single PCR, journal clinical microbiology, Apr 1999,P. 950-

953, VOL. 37.NO. 4. 

14. Rothman R; Ramachandran P;Yang S; Hardick A; won H; Kecojevic A; 

Quianzon C; Hsieh Y; Gaydos CH, use of quantitative brod-based 



 

 

41

polymerase chain reaction for detection and identification of common 

bacterial pathogens in cerebrospinal fluid, journal society for academic 

emergency medicine, January 8,  2010, 17:741–747 

15. Archimbaud C; Bailly J; Chambon M; Tournilhac O; Travade PH; 

Lafeuille H, Molecular evidence of persistent echovirus 13 

meningoencephalitis in a patient with relapsed lymphoma after an 

outbreak of meningitis in 2000, Journal of clinical microbiology, oct. 

2003, P4605-4610. Vol. 41, No. 10. 

16. Viral (aseptic) meningitis, infectious disease epidemiology section, 

office of public health, 2/2009 

http://new.dhh.louisiana.gov/assets/oph/Center-PHCH/Center-

CH/infectious-epi/EpiManual/MeningitisViralManual.pdf (accessed 

Dec. 2012) 

17. DeBiasi R; Tyler K, Molecular method for diagnosis of viral 

encephalitis, journal American society for microbiology, Oct. 2004, P. 

903-925, Vol. 17, No. 4.  

18.  Yozwiak N; Cox P; Gordon A; Saborio S; Kuan G; Balmaseda A; 

Ganem D; Harris E ; Derisi J, Human enterovirus 109: a novel 

interspecies recombinant Enterovirus isolated from a case of acute 

pediatric respiratory illness in Nicaragua, Journal of Virology, 

sept.2010.p.9047-9058, Vol, 84, No.18. 

19. Kojima Y; Hashiguchi H; Hashimoto T; Tsuji S; Shoji H; Kazuyama Y, 

Recurrent herpes simplex virus type 2 meningitis a case report of 

mollaret s meningitis, Jornal pn. J. Infect. Dis., 55, 85-88, july 26,2002. 



 

 

42

20. Rohl E;  Lindell A;  Grillner L;  Aurelius E, Increase detection rates in 

diagnosis of herpes simplex virus type 2 meningitis by Real-time PCR 

Using Cerebrospinal fluid sample, journal of clinical microbiology, aug. 

2007, p. 2516–2519 Vol. 45, No. 8 

21. Dr Richard Hunt, VIROLOGY - CHAPTER ELEVEN HERPES 

VIRUSES, Microbiology and Immunology on-line, university of south 

Carolina of medicine. 

22. Weinberg A; Li Sh; Palmer M; Tyler K, Quantitative CSF PCR in 

Epstein-Barr Virus Infections of the central nervous system, journal 

Microbiology  and Immunology, Apr 16, 2002, 52:543–548. 

23. Ibrahim A; Obeid M; Jouma M; Roemer K; Lantzsch N; Gärtner B, 

Prevalence of Herpes Simplex Virus (Types 1 and 2), Varicella-Zoster 

Virus, Cytomegalovirus, and Human Herpesvirus 6 and 7 DNA in 

Cerebrospinal Fluid of Middle Eastern Patients with Encephalitis, 

journal Clinical of  Microbiology. 2005 August; 43(8): 4172–4174. 

24.  Pachner AR, Early disseminated Lyme disease: Lyme meningitis, Am 

journal Med. 1995 Apr 24;98(4A):30S-37S; discussion 37S-43S. 

25. Aminoff M, Neurology and general medicine, Preview, third edition. 

26.  Kennedy W;  Chang S;  Purdy K;  Le T;  Kilgore P; Kim J; Anh D;  

Huong P;  Dong B; Tan D; Clemens J; Ward J, incidance of bacterial 

meningitis in asia using enhanced csf testing, pcr, latex agglutination 

and culture, journal Epidemiol Infect , v.135(7); Oct 2007 , 1217–1226. 



 

 

43

27. Hoffman O; Weber J , (Pathophysiology and treatment of bacterial 

meningitis), journal Therapeutic Advances in Neurological Disorders, 

journal Adv Neurol Disord (2009) 2(6) 401-412. 

28. Deshpande P;  Kashyap R; Ramteke S; Nagdev K; Purohit H; Taori H; 

Daginawala H, Evaluation of the IS6110 PCR assay for the rapid 

diagnosis of tuberculous meningitis, Cerebrospinal Fluid Res. 2007; 4: 

10.  November 2007 

29. Barghouthi S, A universal method for the identification of bacteria based 

on general PCR primers, Indian journal of microbiology, June 2009. 

30. Barghouthi S, Al Zughayyar D, Detection of Neisseria meningitidis and 

unknown Gammaproteobacteria in cerebrospinal fluid using the two-

step universal method, African Journal of Microbiology Research , pp. 

3415-3424, 16 April, 2012, Vol. 6(14), 

31. Ikejima H; Haranaga S; Takemura H; Kamo T; Takahashi Y; Fridman 

H; Yamamoto Y, PCR-Based Method for Isolation and detection of 

Chlamydia pneumoniae DNA in Cerepospinal Fluid, journal of clinical 

and diagnostic laboratory immuonology, may 2001, P. 499-502. 

32.  Maaroufi Y; Bruyne J; Heymans C; Crokaert F, Real –Time PCR for 

determining capsular serotypes of Haemophilus influenza, journal 

clinical microbiology, July 2007, P. 2305-2308.  

33.  Azzari C; Moriondo M; Indolfi G; Cortimiglia M; Canessa C; 

Becciolini L; Martino M; Resti M, realtime PCR is more sensitive than 

multiplex PCR for diagnosis and serotyping in children with culture 



 

 

44

negative Pneumococcal invasive disease, journal plos one, February 

2010, volum 5.  

34. Read S; Kurtz J, laboratory diagnosis of common viral infection of the 

central nervous system by using a single multiplex PCR screening assay, 

journal American society for microbiology, May 1999, P.1352-1355. 

35. Zhang Y; Ohyashiki J; Takaku T; Shimizu N; Ohyashiki K, 

Transcriptional profiling of Epstein–Barr virus (EBV) genes and host 

cellular genes in nasal NK/T-cell lymphoma and chronic active EBV 

infection. British Journal of Cancer (2006) 94,599 – 608. 

36. Arbach H; Viglasky V; Lefeu F; Guinebretière J; Ramirez V; Bride N; 

Boualaga N; Bauchet Th, Peyrat J; Mathieu M; Mourah S; Podgorniak 

M; Seignerin J; Takada K; Joab I, Epstein-Barr Virus (EBV) Genome 

and Expression in Breast Cancer Tissue: Effect of EBV Infection of 

Breast Cancer Cells on Resistance to Paclitaxel (Taxol), journal Virol. 

2006 January; 80(2): 845–853. doi: 10.1128/JVI.80.2.845-853.2006. 

37.  chakrabarti P; Das B; Kapil A, amplification of 16S rDNA based 

seminested PCR for diagnosis of acute bacterial meningitis, Indian 

journal med res 129, February 2009, P 182-188. 

38.  Ahao Y; Park S; Krewiswirth B; Ginocchio C; Veyret R; Laayoun A; 

Toroesch A; Perlin D, rapid real-time nucleic acid sequence-based 

amplification-molecular beacon platform to detect fungal bacterial 

bloodstream infections, journal of clinical microbiology, july 2009, 

p.1967-1978, dio:10.1128/gcm.02230-08. 



 

 

45

39.  Yao K; Honarmand S; Espinoza A; Akhyani N; Glaser C; Jacobson S, 

Detection Of Human Herpesvirus-6 In Cerebrospinal Fluid Of Patients 

With Encephalitis, journal Ann Neurol. 2009 March ; 65(3): 257–267. 

40.  Nolte F;  Rogers B;  Tang Y;  Oberste M;  Robinson C; Kehl K;  Rand 

K; Rotbart H;  Romero J; Nyquist A; Persing D, Evaluation of a Rapid 

and Completely Automated Real-Time Reverse Transcriptase PCR 

Assay for Diagnosis of Enteroviral Meningitis, journal of clinical              

microbiology, feb. 2011, p. 528–533 Vol. 49, No. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

46

Appendixes: 

A:TABLES 

Primer Pair (F&R) for G7 .   

Bacterial 16S  

F3R1 719-740 

F3R2 625 

F3R3 00 

F4Rn1 635 

F4Rn2 530 

F4Rn3 00 

F5R1 1160 

F5R2 1070 

F5R3 470 

F6Rn1 990 

F6Rn2 890 
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F6Rn3 300 

 

 

 

PCR prodct size for each pair of primer. 
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Appendex B: Figures. 

 

Fig (1) 

HHV-1&2 Specific 

primer

 
HHV-1&2 

mix IM 
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Fig (2) 

1&2 the same figure, HHV(1&2), first band with specific primer , the 

second with mix IM primer 

 

 

 

 Fig (3) Clinical cold sore (lane 1, 213bp HHV1/2), lane 5(single 

primer) and 6 (IM), 395bp CMV. 
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          Fig (4)  395 CMV virus. 
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HHV-6 light 

band (850)
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  . الكشف عن التهاب السحايا البكتيرية والفيروسية في السائل المخي الشوآيPCRمتعددة إستخدام 

  إيمان مناصرة :إعداد

  الدآتور سمير البرغوثي:إشراف 

  الملخص

المغلفѧѧة ) الѧѧسحايا(الأغѧѧشية الدماغيѧѧة  لتهѧѧابا ، هѧѧو: ENINGITISM(باللاتينيѧѧة )الحمѧѧة الѧѧشوآية أو التهѧاب الѧѧسحايا 

جرثوميѧѧة، فيروسѧѧية، فطريѧѧة (علѧѧى الѧѧرغم مѧѧن أن غالبيѧѧة أسѧѧباب الإصѧѧابة تكѧѧون عدويѧѧة   .والحبѧѧل الѧѧشوآي للѧѧدماغ

  .، إلا أن هناك عوامل آيميائية وخلايا ورمية قد تسبب ذلك أيضاً)وطفيلية

 

بكتيريѧѧة والفيروسѧѧية علѧѧى حѧѧد اسѧѧبة لالتهѧѧاب الѧѧسحايا الولقѧѧد ابتكѧѧر طريقѧѧة اسѧѧتخراج الحمѧѧض النѧѧووي التѧѧي آانѧѧت من

وقد صمم للسماح الأسلوب ترآيز الجسيمات الفيروسѧية عѧن طريѧق الترسѧيب آبريتѧات الأمونيѧوم، لمѧسببات                    , سواء

 لمنѧѧع النѧѧشاط الأنزيمѧѧي وتعطيѧѧل  2-الأمѧѧراض البكتيريѧѧة، والعѧѧلاج فѧѧي وقѧѧت واحѧѧد مѧѧن العينѧѧة مѧѧع المرآابتويثѧѧانول    

. DNA أو الهѧربس     لكѧشف تم اختبار العينات البكتيريѧة المعѧدة ل       . ومن ثم إذابه للراسب وبعدها غلي     . PCRمثبطات  

العينѧѧات . DNAوآѧѧان الكѧѧشف عѧѧن عينѧѧات ناجحѧѧة عنѧѧدما آانѧѧت جديѧѧدة، أو عنѧѧدما تѧѧم الحفѧѧاظ عليهѧѧا بѧѧشكل صѧѧحيح   

 .اذا آانت العينة قديمةالقديمة آانت تعطي نتائج سلبيه وهذا يشير إلى طبيعة الحمض النووي الغير مستقره 

التي استخدم فيها ) 2009( البكتيرية على الدراسات السابقة التي آتبها البرغوثي  DNA من   PCRواستند التضخيم   

تستهدف الإنѧسان   ) IM( الجديدة    الباديات تم تصميم متعدد  . مباشرة) G7( عالمية البكتيرية     من باديات  أسلوب متعدد 

 HHV قѧѧادرة علѧѧى اآتѧѧشاف الحمѧѧض النѧѧووي عنѧѧدما      IMآѧѧان  . ه الدراسѧѧة فѧѧي هѧѧذ  8 و 6-1 الهѧѧربس فيروسѧѧات 

 فيѧروس ابѧشتاين   EBVآѧان  ). HHV 3/VZV( المغѧشوشة  CSFالمستخرجة مѧن الميѧاه أو التخفيفѧات العديѧد مѧن      

 مѧن   لا يمكѧن الكѧشف عنѧه      EBV للكشف حتى عندما تѧم إدخѧال اثنѧين مѧن أزواج التمهيѧدي إضѧافية،                  لا يستجيب   بار  

DNAل من المرضى الذين يعانون من عدد آريات الدم البيضاء والأمصا.  



 

 

53

  متعѧدد الباديѧات   جنبѧا إلѧى جنѧب مѧع    CMV أو  VZV الفيروسات البكتيرية و    ممكن وآان الكشف في وقت واحد من     

G7IM واحد  فحص متعدد في )IMG7 .(  ةѧوآانت النتائج واعدة منذ مجتمعIMG7     شفѧال والكѧشكل فعѧددة بѧمتع 

  أيضا آفاءة في الكشف عن الإشѧريكية القولونيѧة  IMG7آان . CMV CSFخرج من  المستDNA أو VZVعن 

Escherichia coli)( من CSFوآانت النتائج مشجعة باستثناء .  المغشوشةEBV.  

تѧم  .  عينات التهاب السحايا المحتملة من المستشفيات فѧي مѧدن مختلفѧة فѧي الѧضفة الغربيѧة، تѧم جمѧع واختبارهѧا                        230

  عينѧة واحѧدة تѧم التأآѧد منهѧا فѧي هѧذه           . التهѧاب الѧسحايا الفيروسѧي       محتملѧة  ينات مѧن المستѧشفيات    الإبلاغ عن ثلاث ع   

-HHV 1على الفيروسات الأخرى مѧن  العينتين الأخريات من الممكن أن تحتوي ، وCMVالدراسه وآانت تحوي 

 BLASTديد النتائج    آما يتضح من تسلسل الحمض النووي وتح       CMVوأآد العينة إيجابية لاحتواء     . 8 أو   5،6،  3

  .AMPLICON PCRل

على الرغم من أن هذه الدراسة لم تحل مسألة الكѧشف الفيروسѧية، و ذلѧك يجعلنѧا أقѧرب إلѧى تحديѧد العوامѧل المѧسببة                            

 متعѧѧدد الباديѧѧاتلالتهѧѧاب الѧѧسحايا، بѧѧل قѧѧد أظهѧѧرت طريقѧѧة جديѧѧدة لاسѧѧتخراج الحمѧѧض النѧѧووي واخѧѧتلاط ممكѧѧن مѧѧن    

للتغلѧب علѧى الخѧسائر    ) اختبѧار الѧسرير  ( تѧتم معالجتهѧا علѧى نحѧو أفѧضل العينѧات فѧورا            والتѧي . البكتيرية والفيروسѧية  

 وهي النتيجة التي تملي على مѧديري المستѧشفيات للتحѧرك فѧي              ,بات الأمراض الفيروسية في العينة    المحتملة من مسب  

 أآثѧر   ؤلات بشأن الكشف عѧن    وأثارت الدراسة تسا  . الاتجاه اعتماد تكنولوجيات جديدة وأدخل عالم الأبحاث التطبيقية       

 والحمض النووي المعѧروف وفيروسѧات غيѧر         RNA بما في ذلك علم الأمراض        من تسبب التهاب السحايا    150من  

  .معروفة

هذه الدراسة يجب أن تشجع الآخرين على البحث عن حلول لهذه المشكلة الѧصحية؛ الكѧشف عѧن              

، هѧا بما في ذلك عمليѧات زرع الأعѧضاء، ونقل        الفيروسات بشكل عام هو شرط الصحة في البيئات المختلفة          

 .والѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧسرطان، والجراحѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧة، وحѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧالات نقѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧص المناعѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧة، وغيرهѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧا     

  


	iman cont
	iman final12

