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ABSTRACT

Background: More than 80% of the clear cerebrospinal fluid (CSF) submitted to the 

National Reference Laboratory (NRL), Centre Hospital University Kigali and King Faysal 

Hospital in Kigali, Rwanda, are found to be negative for Cryptococcus neoformans and 

Mycobacterium tuberculosis, the only microorganisms tested for at this facility. These 

samples are obtained from patients with clinical suspicion of meningitis and encephalitis, 

which may be caused by different microorganisms including herpesviruses. The purpose of 

this study was to test CSF obtained from different regions of Rwanda for human herpes 

simplex viruses (HSV) type I (HSV-1) and type 2 (HSV-2) using a commercial multiplex 

PCR kit. The objective of this study was to determine the prevalence of HSV in clear CSF in 

Rwanda and to demonstrate that HSV-1 and HSV-2 can be PCR co-amplified in the same 

reaction tube.

Methodology: Clear CSF was obtained from patients with clinical suspicion of meningitis 

and encephalitis from Five provinces in Rwanda. All the samples were transported to the NRL 

for DNA extraction and then subjected to multiplex PCR for detection of HSV-1 and HSV-2. 

The PCR amplicons were resolved on 2% agarose gels and bands corresponding to HSV-1, 

HSV-2, and the internal control identified under ultra-violet (UV) light.

Results: A total of 196 clear CSF samples were analyzed with this assay. Eleven out of 196 

samples (5.6%) tested positive for Cryptococcus neoformans based on information supplied 

by medical officers where CSF originated. Of these samples, 7 (4.3%) were positive for 

HSV-1, 12 (6.0%) for HSV-2. 2 (1.0%) were dually infected with both HSV-1 and HSV-2. 

Overall, 21 out of 196 samples (10.7%) were positive for HSV nationally.

Conclusion: Multiplex PCR for diagnosis of HSV-1 and HSV-2 in clinical specimens (CSF) 

was found to be rapid and specific at the NRL. Demonstration of viral DNA detection by 

PCR is a major milestone as this provides a platform to the NRL to institute viral diagnostic 

procedures using PCR. The prevalence of HSV in CSf in this study is high enough (10.7%) 

to prompt the NRL to undertake a validation of the assay so that it can be adapted for routine 

HSV diagnosis in the laboratory. Once validation of the assay is done, its implementation at 

this referral laboratory will provide advisory leadership to physicians on whom patients can 

effectively benefit from available anti-HSV drugs like acyclovir, hence improving the quality 

of life for all Rwandese and its neighbours.
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CHAPTER 1
1.0 INTRODUCTION

Human herpesviruses, including herpes simplex virus type I (HSV-1), and type 2 (HSV-2), 

cytomegalovirus (CMV), Epstein-Barr virus (EBV), varicella-zoster virus (VZV), and human 

herpesvirus 6 (HHV-6) commonly cause infections of the central nervous system (CNS) and 

the urinary tract. Clinical signs and symptoms resulting from these six viruses are often 

indistinguishable from other neurological conditions1.While clinical outcome is favourable 

when therapy is administered in early stages of disease; this requires early detection of 

herpesvirus in clinical specimens obtained from the patient. Herpes simplex viruses (HSV) 

persist in various cells of the host following primary infection. Infection of CNS by HSV is 

often associated with severe disease including encephalitis and meningitis with mortality.*1 1 

HSV-1 is the most common cause of sporadic encephalitis in adults where the seroprevalence 

is widespread in the population. Meningitis resulting from infection with HSV-2 is usually 

self-limiting and seldom causes severe CNS symptoms.5 Compared to HSV-1 induced 

encephalitis^ the symptoms associated with HSV-2 encephalitis have been described as 

milder, often diagnosed as Menengoencephaletis/ Symptoms of HSV-2 CNS infection can 

arise without typical genital herpes eruptions and also in patients who have never 

experienced genital herpes before.

Encephalitis is an inflammation of the brain, normally caused by virus infection. In infected 

individuals with encephalitis, symptoms such as headache, fever vomiting, confusion and 

light-sensitiveness are common and can in severe cases also cause unconsciousness, seizures 

and paralysis. Meningitis, on the other hand, has bacterial or non-bacterial origin and leads to 

inflammation of the membranes covering the brain and spinal cord. Common symptoms for 

meningitis include stiff neck, light-sensitivity, severe headache, nausea, fever and mental 

status changes.8 Early specific antiviral therapy will significantly reduce the mortality and 

serious morbidity of cases. Since the therapy must be started as possible, before the patient 

progresses into more lethal forms of the disease, timely diagnosis of HSV infection in the 

CNS must be done to enable proper treatment. With the introduction of PCR. virus DNA can 

be detected in the CSF and is the method most widely used for diagnosing viral CNS 

infections today.g

In Rwanda, the National Reference Laboratory (NRL) and referral hospitals routinely 

examine clear CSF for Cryptococcus neoformans and Mycobacterium tuberculosis in patients 

suspected of having CNS disease. However, the majority of clear CSF (more than 80%)
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from clinically suspected cases is negative for these infections. The NRL and referral 

hospitals do not examine CSF for HSV infection due to lack of capacity to diagnose the virus. 

The purpose of this study was to use a multiplex PCR-based approach to examine the 

presence of HSV-1 and HSV-2 infections in clear CSF from people with clinical suspicion of 

meningitis and encephalitis. Results obtained in the study not only give the NRI. the 

opportunity to provide leadership to Rwanda with respect to HSV diagnostics but also point 

the direction for PCR-based viral diagnostics at NRL for any other disease.
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CHAPTER 2

2.0 LITERATURE REVIEW

2.1 Classification of human herpes viruses

Herpes viruses belong to the herpesviridae family and are among the largest viruses known 

after poxviruses. Their genomes contain double-stranded DNA with the capacity to encode 

several hundred virus-specific proteins. Infection of susceptible cells begins with the 

attachment of host cell receptors to the virion envelope glycoprotein resulting in translocation 

of the virus particle into the cell cytoplasm. Replication of viral DNA and assembly of 

progeny nucleocapsid occur in the nucleus. Progeny viruses exit the cell via budding from the 

nuclear membrane leading to cell lysis, the main mechanism of pathogenesis for these 

viruses. Herpesviruses form a large group of infective agents that affect many animal species 

including humans. There are at least 8 known human herpes viruses (HHV) which include 

HHV-1 (HSV-1), HHV-2 (HSV-2), HHV-3 (VZV), HHV-4 (EBV), HHV-5 (CMV), HHV-6. 

HHV-7, and HHV-8 (KSHV).10’11

2.2 Epidemiology of human simplex virus
Herpes simplex virus (HSV) infection is one of the most common viral sexually transmitted 

diseases (STD) worldwide12 Herpes simplex virus type 2 (HSV-2) is the cause of most genital 

herpes and is almost always sexually transmitted. Herpes simplex virus type 1 (HSV-I) is 

usually transmitted during childhood via non-sexual contacts. However, HSV-1 has emerged 

as a principle causative agent of genital herpes in some developed countries11 

Most HSV infections occur in women of reproductive age. The risk of maternal transmission 

of the virus to the foetus or neonate has become a major health concern.11 

HSV-1 and HSV-2 each have linear, double-stranded DNA genomes of approximately 152 

kbp). They belong to Alphciherpesvirinae, a subfamily of the Herpesviridae family and are 

characterized by a short reproductive cycle, prompt destruction of the host cell, and the 

ability to establish latency in sensory ganglia.1 HSV infections are common in humans, and 

acquisition early in life is associated with low socioeconomic status.1 ‘ Both viruses, 

transmitted across epithelial mucosal cells, as well as through skin interruptions, migrate to 

nerve tissues, where they persist in a latent state. HSV-1 predominates in orofacial lesions 

and it is typically found in the trigeminal ganglia, whereas HSV-2 is most commonly found 

in the lumbosacral ganglia. Nevertheless these viruses can infect both orofacial areas and the 

genital tract.17
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In developing countries substantially higher rates of HSV-2 have been observed in sub- 

Saharan Africa, where prevalence in adults ranges from 30% to 80% in women. And 10% to 

50% in men. More than 80% of female commercial sex workers are infected  ̂ Age and sex 

are important risk factors associated with the acquisition of genital HSV-2 infection. In fact, 

the prevalence of HSV infection is very low in childhood and early adolescence but it rises 

with age, reaching the maximum around 40 years.14 Regarding sex, serological surveys have 

confirmed that infection is more frequent in women than in men in the general us population 

(23.1% in women versus 11.2% in men) and other countries, although in Italy, the 

seroprevalence is slightly higher in men (6.7%) than in women (4.9%).|v The strongest 

association with HSV-2 infection appears related to the number of sexual partners.

The acquisition of genital herpes during pregnancy has been associated with spontaneous 

abortion, intrauterine growth retardation, preterm labour, congenital and neonatal herpes 

infections.20 The risk of neonatal infection varies from 30% to 50% for HSV infections that 

occur in late pregnancy (last trimester), whereas early pregnancy infection carries a risk of 

about 1% [CDC website]. When primary HSV infection occurs during late pregnancy, there 

is not adequate time to develop antibodies needed to suppress viral replication before labour. 

Transmission of HSV from mother to foetus during pregnancy is uncommon; about 85% of 

perinatal transmission occurs during the intrapartum period.'1 Moreover, studies in HIV- 

infected pregnant women show that co-infection with HSV significantly increases the risk of 

perinatal HIV transmission above all in women who had a clinical diagnosis of genital herpes 

during pregnancy22.

2.3 Neurological complications associated with HSV
Herpesvirus infections of the central nervous system (CNS) are a significant cause of 

morbidity and mortality, including long-term neurologic sequelae. Amongst the family of 

herpesviruses, the most significant CNS infections are due to HSV and CMV although V/V 

and HHV-6 are also important players as major causes of meningitis and encephalitis.23 24 

The onset of HSV CNS infection can occur in neonates as well as older children and adults. 

Though CNS infections due to HSV are much less common, they are associated with 

significant morbidity and mortality in spite of antiviral therapy. CNS involvement in HSV 

infections can be categorized as neonatal HSV CNS disease when it involves neonates, and as 

herpes simplex encephalitis (HSE) in individuals beyond the neonatal period.

The majority of neonatal herpes simplex infection cases are caused by HSV-2's The risk of 

transmission is increased with primary maternal infection during the third trimester it can be
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decreased by cesarean delivery if HSV has been isolated from the cervix or external genitalia 

near the time ol delivery.' Herpes Simplex Encephalitis occurs in approximately I per 

250,000 to 500,000 individuals per year2 and is considered the most common cause of 

sporadic, fatal encephalitis'* There is a bimodal age distribution of the disease; most cases 

occur in patients 6 months to 20 years of age or in patients older than 50 years (one-third and 

one-half of all cases, respectively)'y HSE can occur as a primary infection (30% of cases) or 

it can be caused by a recurrent infection (70% of cases), and virtually all cases of HSE arc 

caused by HSV-1.30 If untreated. HSE mortality approaches 70%, and of those patients who 

do survive, significant neurologic morbidity occurs in nearly 97%31

2.4 Pathogenesis of HSE
Human herpesvirus types 1 & 2 enter the CNS by either viremic spread via infected cells 

entering the brain and meninges, direct infection from the nasal mucosa along the olfactory 

tract, or through spread from the trigeminal ganglia. These viruses cause a wide spectrum of 

clinical manifestations in the CNS of infants (encephalitis with or without disseminated 

visceral infection) and adults. Encephalitis is an inflammation of the brain normally caused 

by virus infection and is associated with symptoms such as headache, fever; vomiting, 

confusion and light- sensitiveness are common and in severe cases can also cause 

unconsciousness, seizures and paralysis3' On the other hand, meningitis is inflammation of 

the membranes covering the brain and spinal cord. Common symptoms are stiff-neck, light 

sensitivity, severe headache, nauseas, fever and mental status charges 3.

In general, HSV-2 tends to induce meningitis while HSV-1 causes focal encephalitis34. In 

adults necrotizing encephalitis occurs in the medial temporal and inferior frontal lobes it is 

associated with elevated levels of cytokines and other markers of immune activation in 

CSF.35 By far the majority of HSE cases where virus has been identified (outside the neonatal 

period) have been due to HSV-1. HSV-2 encephalitis does occasionally occur in 

immunocompromised adults and may be seen more frequently in those infected with the 

human immunodeficiency virus (HIV). Even though HSE is a rare condition, infection of the 

CNS often results in high mortality rates and significant morbidity in survivors especially in 

the acute form of the disease/ 6 Symptoms of HSE include a prodrome of fever and malaise 

followed by headache and behavioural change sometimes associated with a sudden focal 

episode such as seizure, or paralysis; coma usually precedes death.
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Most neonatal infections result from the retrograde spread of HSV-2 secondary to maternal 

genital infection or via passage of the infant through an infected maternal genital tract. 

Neonates may present with infection localized to the skin, eyes, and mucosa or to the CNS, or 

they may present with a disseminated infection'4. The mortality rate for untreated infants 

who develop disseminated infection exceeds 70%. Clinical recognition leading to early 

specific antiviral therapy will significantly reduce the mortality and serious morbidity of 

untreated cases.

2.5 Prevention and Treatment of HSV infections.

In order to avoid the majority of neonatal herpes cases, identification of the at-risk mother is 

the goal. The first and most important step is the determination of the pregnant women’s 

serostatus to establish their susceptibility to the infection during early pregnancy.l/ Women 

with a negative personal history of HSV and especially those with a positive history in the 

male partner, should be strongly advised to have no oral and sexual intercourse at the time of 

recurrence in order to avoid infection (in particular during the third trimester of 

gestation).38The most effective measure to prevent perinatal herpes infections is to avoid viral 

exposure to the neonate when primary genital herpes develops in late pregnancy whereas the 

risk of severe neonatal infection is small in recurrent episodes.38 Moreover, use of condoms 

throughout pregnancy should be recommended to minimize the risk of viral acquisition, even 

it the male partner has no active lesions.38 However, condoms are not a complete barrier for 

the genital region. It is recommended that prophylactic administration of acyclovir or 

valacyclovir in the third trimester of pregnancy should be provided to all pregnant women 

with frequent genital herpes outbreaks and with active genital HSV infection near term or at 

the time of delivery. 37,39,40 All pregnant women who have a suspected active genital HSV 

infection or symptoms of HSV infection should undergo caesarean section even though 

membranes may be intact.

Though advancements in antiviral therapy for HSV infections involving the CNS have led to 

substantially improved outcomes, the mortality and morbidity due to these infections are still 

unacceptably high. In patients affected by HSV, the best outcomes are seen when appropriate 

antiviral therapy is given prior to significant viral replication within the CNS or widespread 

dissemination throughout the body.41 Early institution of therapy can substantially reduce the 

morbidity and mortality of mucocutaneous infections and the mortality rates of disseminated 

and CNS infections42Effective antivirals - acyclovir [2-hydrorulteoxymethyl guanine] 

vidarabine, and more recently the prodrugs valacyclovir (converted to acyclovir) and
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famciclovir (converted to penciclovir) are available for therapeutic intervention. The first 

choice of antiviral drugs now available for HSV treatment is acyclovir, because it is relatively 

nontoxic and easy to administer and cheap. Acyclovir is phosphorylated by a virus-specific 

enzyme, Thymidine Kinase (TK), to acyclovir monophosphate, which is subsequently 

phosphorylated to acyclovir triphosphate by cellular kinases. The triphosphate form of 

acyclovir competes with the natural substrate dGTP for viral DNA polymerase, resulting in 

termination of DNA synthesis. Treatment of encephalitis with this agent reduces the mortality 

rate to 19% 6 months after treatment, compared with 50% among those patients treated with, 

vidarabine and 70% among those patients treated with placebo in prior studies4'

Resistance of HSV to antiviral agents has not been a major limitation of therapy to date. 

Though reported in the laboratory, HSV resistance to acyclovir has not been a clinically 

important finding in immunocompetent patients, having a reported prevalence of less than 

1%.44 In immunocompromised patients, however, clinical strains of acyclovir-resistant HSV 

have been reported as 6%45 with higher degrees of immunosuppression and more prolonged 

exposure to the agent being the most significant risk factors for the development of 

resistance. The most common cause of acyclovir resistance in clinical HSV strains is the 

deficiency or alteration of the viral thymidine kinase such that acyclovir cannot undergo the 

initial phosphorylation required for its activity4' As acyclovir use for the treatment and 

suppression of HSV infections increases, further surveys will be necessary to monitor for 

increases in clinical acyclovir resistance.

A major limitation to the treatment of HSV CNS infections is the ability to diagnose the 

infection promptly. Though characteristic findings on magnetic resonance imaging (MRI) of 

the brain or electroencephalography (EEG) may be helpful, the current gold standard for 

diagnosis of HSV infection with CNS involvement is the detection of HSV DNA in the CSF 

by polymerase chain reaction (PCR). Other causes of encephalitis can mimic the MRI 

findings of HSV CNS infections41 but are also non-specific47 HSV PCR is more specific and 

should be able to provide rapid diagnosis; however, some laboratories are unable to perform 

the test in a timely fashion, and so prompt diagnosis remains a limitation to optimal therapy

in many cases.
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2.6 Diagnosis of HSV.

Diagnosis of genital HSV infections is often complicated because not only are non-classical 

presentations common, but clinical signs may also be mild and non-specific. Moreover, HSV 

infection is characterized by clinical outbreaks followed by asymptomatic periods within 

HSV transmission is possible. Therefore, it is necessary to improve the recognition and hence 

diagnosis of genital herpes, because a correct laboratory diagnosis is important for clinical 

management, counselling, treatment, management of pregnancy and assessment of the risk of 

transmission14

Conventional methods for diagnosis of HSV included virological techniques such as virus 

isolation from CSF by cell culture or using virus-specific antibody response approaches. 

These techniques have the disadvantage of being slow and insensitive. The HSV infection 

may be identified directly by detection of the virus or one of its components (viral antigen or 

DNA), or indirectly by assaying for specific serum antibodies of the viruses14 48 4 ' Indirect 

(serological) testing can provide useful information in symptomatic patients when direct 

methods have yielded negative results. Although serological testing cannot reveal the onset of 

HSV infection or identify the locus of shedding, it allows identification of HSV infection 

when direct virus detection methods are not viable or when evidence of seroconversion is 

required14 Enzyme-linked Immunosorbent Assay (ELISA), though not expensive, has some 

drawbacks like pre-exposure to viruses like HSV, CMV and EBV reduces the specificity for 

the episode of illness.

2.7 Multiplex PCR.
Today, PCR is recognized as the reference standard assay method for the sensitive and 

specific diagnosis of CNS infections caused by HSV.50,51,52,53' 54 The application of molecular 

biological techniques to routine clinical specimens has led to a revolution in diagnostic 

virology. Not only does PCR have high sensitivity but also the ability to detect non-culture 

viable or fastidious organisms. Such techniques offer particular advantage in the diagnosis of 

CNS viral infections where PCR has not only improved diagnostic sensitivity but also 

expanded the clinical phenotype of several virus infections. For example it is now 

recognized, by this technique, that both HSV-1 and HSV-2 are common causes of meningitis 

(HSV-2) and encephalitis (HSV-I) in different patients.5' For example, isolation of HSV 

from CSF has been reported in cases of primary meningitis caused by both types of virus, i.e., 

HSV-1 and HSV-2 56' 57 even though in recurrent meningitis, attempts to isolate HSV in the 

CSF have been unsuccessful'8 In general, however, implementation of PCR for the detection
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of viral DNA in CSF has resulted in considerable improvement in diagnosis as HSV DNA has 

been detected by PCR in several patients with primary as well as recurrent aseptic meningitis 

5 9 .6 0 ,6 i use mu|tjpjex pcR for the diagnosis of CNS disease has been well evaluated 

for HSV encephalitis64, 65 661 67 The use of this highly sensitive technique has increased 

understanding of the etiological role of viruses in CNS disease. For example, it has been 

demonstrated that varicella-zoster virus (VZV) and HSV type 2 (HSV-2) can cause 

meningitic symptoms without causing concurrent skin lesions 68,69,70

The development of a multiplex PCR method for a rapid and accurate detection and typing of 

helps simplex virus typel (HSV-1), and type-2 (HSV-2), Cytomegalovirus (CMV) and 

Epstein-Barr virus (EBV) is very important for clinical diagnosis allow the deliver) of 

therapy as early as possible71

This study used a multiplex PCR commercial kit for the detection of HSV-1 and HSV-2 in 

CSF at the NRL in Kigali, Rwanda. Cerebrospinal fluid was collected across Rwanda from 

both district and referral hospitals from patients who showed signs associated with meningitis 

and encephalitis and who consented to participate in the study. These C SI samples were 

those ordinarily not tested for Cryptococcus neoformans and Mycobaterica tuberculosis on 

the basis of being clear as opposed to turbid. Detection of HSV by this assay will be a major 

contribution to the diagnostic capacity for the NRL as currently no laboratory in Rwanda 

does any type of HSV diagnosis.
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CHAPTER 3

PROBLEM STATEMENT AND JUSTIFICATION

There are currently no diagnostic tests for HSV infections in Rwanda even though these 

viruses have been implicated as causative agents of meningitis and encephalitis. There are 

four reference laboratories in Rwanda, namely National Reference Laboratory (NRL), Centre 

Hospital University Kigali (CHUK), King Faysal Hospital (KFH) and Centre Hospital 

University Butare (CHUB), where clear CSF samples from district and provincial hospitals 

are submitted for further analysis. These clear CSF samples are derived from suspected cases 

of encephalitis and meningitis, and the expectation is that the reference laboratories will be 

able to advise the doctors on the etiologic agents responsible for the condition. However, the 

current practice in these laboratories is that the CSF samples are only examined for 

Cryptococcus neoformans and Mycobacterium tuberculosis as no assays are available for 

virus detection.

A review o f the available archived data from the reference hospitals by the NRL and the 

Ministry of Health indicates that between 2004 and 2007 NRL processed 34 clinical 

specimens o f clear CSF. Of these 17- tested positive for Cryptococcus neoformans on India 

Ink, one was positive for Mycobacterium tuberculosis while 16 samples (47%) were negative 

on both culture on Sabouraud Dextrose Agar (SDA) and India Ink test. Similarly, in the 

period 2002 to 2007, CHUK processed 4623 clear CSF samples: 499 tested positive for 

Cryptococcus neoformans on India Ink and SDA, 7 were positive for Mycobacterium 

tuberculosis using kinyoun staining, and 4117 (89%) were negative on both culture and India 

Ink. Between 2004 and 2007 KFH processed 545 clear CSF samples, 63 tested positive for 

Cryptococcus neoformans on India Ink and SDA, while 482(88.4%) of all samples processed, 

were negative on both culture and India Ink.

Based on these statistics from archived registers used by CHUK, KFH and NRL in the 

indicated periods through ministry of health rapport 2007- 2008 and 2009 in Rwanda, it is 

clear that a large number of CSF samples are negative for both Cryptococcus neoformans and 

Mycobacterium tuberculosis. Furthermore, clinical evaluation by attending physicians to 

these patients indicated that they had meningitis and/encephalitis of unknown cause. None of 

the samples testing negative for Cryptococcus neoformans and Mycobacterium tuberculosis 

were tested for a virus as a potential etiologic agent even though these CNS diseases can be 

associated with virus infection. Since HSV has been implicated in CNS diseases, it is
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important that NRL and referral laboratories in Rwanda have the capacity to detect this virus 

so that it can provide results to doctors who will in turn be able to administer appropriate 

antiviral drugs. A clinical evaluation of the patient alone is not enough since symptoms 

associated with meningitis and encephalitis are similar irrespective of the causative agent. A 

differential diagnosis of HSV by PCR at the NRL will ensure that treatment of these CNS 

diseases target the right patients whose infection status with HSV has been proven, hence 

improve on the morbidity and mortality associated with these deadly diseases. The NRL is 

well equipped and has the responsibility of providing leadership in viral CNS diagnostics to 

the Rwandan people.

3.1 Hypothesis
Use of a multiplex PCR diagnostic method for detection of HSV-I and HSV-2 in clear CSF 

of suspected cases of neurological disease at National Reference Laboratory in Rwanda will 

facilitate timely diagnosis and recommend appropriate treatment to infected individuals.

3.2 Objectives

3.2.1 General Objective
To determine the prevalence of HSV-1 and HSV-2 in clear CSF from patients suspected of 

having meningitis and encephalitis in Rwanda.

3.2.2. Specific Objectives
a. To demonstrate that multiplex PCR can detect HSV-1 and HSV-2 in clear CSF in 

patients suspected of having meningitis and/or encephalitis in Rwanda

b. To determine the proportion of HSV-1 and HSV-2 among clear C SI samples

c. To compare HSV infection rates versus the positives cases of Cryptococcus 

neoformans and Mycobacterium tuberculosis from clear C SF samples.



12

CHAPTER 4

4.0 MATERIALS AND METHODS

4.1 Study Area

Several hospitals in different provinces in Rwanda were requested to assist in clear CSF 

collection for this study. In every case, the selected hospitals had the capacity for CSF 

collection and diagnosis as they ordinarily serve as referral hospitals for other smaller and 

more remote hospitals within the province. Additionally, they were all within 2 hours (by 

road) to the NRL in Kigali. The selected hospitals were as follows: (1) Within Kigali City -  

two Referral hospitals, Central Hospital University of Kigali, [CHUK] and King Faysal 

Hospital [KFH])) and 3 district hospitals (Kanombe Military Hospital. (KMH), Kibagabaga 

Hospital and Muhima Hospital), (2) North Province (Ruhengeri and Byumba district 

hospitals), (3) East Province (Rwamagana District Hospital), (4) West Province (Kibuye 

district hospital), and (5) South Province (Kabgayi and Remera Rukoma District Hospitals). 

The participating hospitals were requested to save (at -20 C) clear CSF samples that they 

routinely collected for diagnosis of Cryptococcus neoformans and mycobacterium 

tuberculosis from patients suffering from meningitis and encephalitis. All stored CSF 

samples were subsequently collected and transported to the NRL in boxes filled with ice to 

maintain the cold chain. On arrival at the NRL, the samples were frozen at -70 C freezer until 

the time they were needed for DNA purification.

4.2 Study Design
This was a laboratory-based cross sectional study. All clear CSF collected from five different 

provinces were analyzed using multiplex PCR technique at the NRL in Kigali. Rwanda. lotal 

DNA from CSF of patients with encephalitis and/or meningitis were used in PCR to 

determine HSV-1 or HSV-2 viral sequences. PCR amplification primers derived from both 

viruses, as well as internal control primers, were combined in the same tube and amplification 

attempted using previously optimized conditions. Since virus-specific primers target different 

regions of the virus genome, PCR amplicons of HSV-1 amplified a 300bp product, while 

those of HSV-2 amplified a 473 bp product. The internal control primers amplified a 981 bp 

product -  these primers were included to control for the integrity of the PCR reagents and the 

amplification efficiency which can be affected by the presence of DNA polymerase 

inhibitors. The PCR products were resolved by gel electrophoresis and the bands visualized 

under UV-light on ethidium bromide-stained gel. The molecular weight markers, included in



13

the kit, provided the expected positions for HSV-I and HSV-2.

4.3 Study Samples

Clear CSF collected at various hospital sites from patients with clinical symptoms of 

meningitis, and encephalitis presenting between May and September 2010 were transported 

to NRL and stored at -20°C or -70°C until enough samples (196) were received for DNA 

extraction and PCR amplification.

4. 4 Sample size calculation
The sample size calculation was based on routinely collected data stored in the archives of 

two referral hospitals: Central Hospital University of Kigali, (CHUK), King Faisal Hospital 

(KFH) and National Reference Laboratory. No study has been carried out on HSV using CSF 

samples in Rwanda. A study on HSV in Sub-Saharan Africa showed that the rate of HSV in 

genital ulcer was 23% in Kigali which was mainly among the HIV positive individuals 

(WHO report, 2001; CDC guidelines, 2002; and WHO guidelines, 2003). However, this 

study does not anticipate higher rates for HSV using CSF among hospital attending patients 

suffering from meningitis and encephalitis. The rate for HSV is anticipated to vary from 10% 

to 20% among these patients. Therefore, in the estimation of the sample size the study used 

the value of 15% with an error margin of 5%. Hence, the minimum sample size to estimate a 

significance difference at 5% level with 95% confidence interval, the sample size of 196 was 

estimated using the Kish and Leslie formula (1965)63 where n= [Zo/2 (p) (1-p)] /d* where:

Z= is the corresponding value to the 95% confidence interval = 1.96

p= expected prevalence

d= is the error margin usually taken around 5%

n= is estimated sample size

n= Z2„aP(1-P)/d2

= (l.96)2(0.15) (0.85)/(0.05)! = 196

4.5 Sampling at different hospitals
The data obtained at the two referral hospitals (CHUK and Ki ll) and nine district hospitals 

was used to determine the number of samples to be collected at various sites. A probability



14

proportional to size of the number of cases recorded at every facility was used. The collection 

was as follows:

N= 196

CHUK, and KFH = (196*45)/81 = 109 

Others nine District Hospitals = ( 196* 36)/81 =87

4.6 Inclusion/exclusion criteria.
All clear CSF samples with the correct volume (1.0 to 3.0 ml) collected in selected hospitals 

were eligible for inclusion. Clear CSF samples with volumes less than 1.0 ml were not 

eligible for inclusion into the study.

4.7 Duration of study
The study took five (5) months, starting from May to September 2010.

4.8 Procedure
Since three referral and nine district hospitals were involved. I visited the selected hospital 

sites to consult the Director Generals and research teams, before starting my research 

activities. The sterile tubes were distributed to the selected sites for sample collection and 

storage of CSF before being transported to the NRL. The objective of consultations was to 

organize and explain to the teams appropriate sample collection, storage and transportation. 

The questionnaire and Consent forms were distributed to the study team for explanation to 

participants about the importance of this study and to inform them that participation is 

voluntary without payment, not harmful and request for signature to the participants after the 

explanation. The stored samples at selected hospitals for the study in the provided period 

were transported in cold boxes with ice and well packaged to the NLR where they were 

stored at -20°C or -70°C.

Only samples with the correct volumes were accepted for the study. 232 samples were 

collected but only 196 samples were analysed. The facilities for this study were accepted by 

the Ministry of Education and NRL who covered the payment of reagent, transportation of 

sample, training of the study teams, and statisticians for data analysis.

In this study, only adequate clear CSF samples were transported, frozen and stored in NRL 

before they were used for multiplex PCR in detection of HSV types I and 2.
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4.9 CSF collection and storage

All C SI from patients with clinical suspicion of encephalitis and/or meningitis were collected 

and examined for Cryptococcus neoformans and Mycobacterium tuberculosis. All adequate 

clear samples were eligible for inclusion in this study. Patients of all ages were eligible 

including those who were either positive or negative for HIV. The collection period was from 

May to September 2010 in all eleven (11) hospitals. Experienced medical officers, using 

sterile wide-bore needles, collected CSF aseptically to avoid contamination. The needle was 

inserted into the arachnoid space between the 4th and the 5,h lumbar vertebra and allowed to 

collect CSF. The CSF was transferred into two dry sterilized tubes. The two tubes were 

labelled number 1 and 2. Tube number 1 was used for routine laboratory detection of 

Cryptococcus neoformans and Mycobacterium tuberculosis while tube number 2 was used to 

store 1.0 -  3.0 ml of CSF for this study. The handling of CSF was done in biosafety cabinets 

according to the World Health Organization (WHO) guidelines. All clear CSF collected from 

different hospital laboratories was stored at -20°C and transported in curved box with ice to 

NRL for multiplex PCR analysis.

4.10 Laboratory tests

4.10.1 Total DNA purification from CSF

Total DNA purification from CSF was done with a commercial DNA purification kit from 

South Africa (Inqababiotec. Hartfield, South Africa). Briefly, 200 pi of CSF was mixed with 

800 pi of lysis buffer (ZR viral DNA Buffer) in a 1.5 ml sterile eppendorf tube. The mixture 

was mixed by vortexing and the tubes incubated at room temperature for 5-10 minutes. The 

mixture was transferred to a ZYMO-SPIN IC column in a collection tube and centrifuged at

10.000 rpm for 1 minute. The flow-through in the collection tube was discarded. Three 

hundred pi of DNA Washing Buffer was added to the column followed by centrifugation at

10.000 rpm for 1 minute as before. This wash step was repeated 3 times. The ZYMO-SPIN 

IC column was placed in a sterile 1.5 ml microcentrifuge tube and 10 pi of the DNA elution 

buffer added to the column and allowed to stand at room temperature for 1 minute. This was 

followed by centrifugation at > 10,000 rpm (typically 14,000 rpm) for 1 minute to elute the 

DNA. The spin column was discarded and the flow-through (containing purified total DNA) 

was saved at -20°C until required for PCR.
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4.10.2 Multiplex PCR assay

The special HSV detection kit (Seeplex HSV2 ACE) supplied by Inqababiotec. Hartfleld, 

South Africa contains reagents that have been optimized for detection of both HSV-I and 

HSV-2. The 5x HSV2 ACE PM solution is a mixture of HSV-I and HSV-2 primers along 

with an internal control DNA template and the corresponding primers. The 2x Multiplex 

Master Mix contains the enzyme DNA polymerase, buffer with dNTPs (dATP, dCTP, dGTP, 

and d T I P) and MgCh. Also contained in the kit is the HSV2 ACE Marker which is used to 

determine the approximate size of the PCR product on agarose gels. Each PCR amplification 

run for the samples will include a positive control which is contained in the kit as HSV2 ACE 

PC. Briefly, the multiplex PCR for HSV-1 and HSV-2 was set up as follows: 4.0 pi of 5x 

HSV2 ACE PM was mixed with 3.0 pi of 8-Mop solution and 10.0 pi of2x Multiplex Master 

Mix solution. This was followed by addition of 3.0 pi of viral DNA purified from CSF 

samples. For positive and negative controls, 3.0 pi of HSV ACE PC and 3.0 pi of distilled 

water was added in place of viral DNA respectively. The amplification profile was as 

follows: One cycle at 94°C for 15 minutes followed by 40 cycles of PCR each consisting of 

94°C for 30 seconds, 63°C for 90 seconds, and 72°C for 90 seconds. After the last cycle, the 

samples were incubated for a further 10 min at 72°C to complete the extension of primers. 

The PCR machine was programmed to store the amplified PCR products at 4°C until 

removed for either analysis on agarose gel or stored at -20°C for later analysis.

4.10.3 Detection of PCR products on agarose gel
All PCR products were run on 2% agarose gel (containing Green Nucleic Acid Stain) to 

determine if HSV sequences were amplified in DNA derived from biological samples (CSF). 

Briefly, 2.0 pi of the amplified PCR products from all analyzed DNA were mixed w ith 6.0 pi 

of loading buffer and then loaded on the agarose gel. Molecular weight markers (supplied in 

the kit) were also loaded alongside the samples. Once the DNA samples are resolved on 

agarose gels the results were visualized under ultra-violet (UV) light. A picture of the green 

nucleic acid -stained gel was taken, labelled according to the loading programme, and saved 

in a folder created on desktop for raw data.

4.10.4 PCR results interpretation
The internal control DNA spiked into all samples was to help identify DNA that contained 

inhibitors of PCR. For this reason, only samples that amplified the 981 bp band amplified by 

the internal control primers were eligible for interpretation with respect to whether or not they 

contained HSV. All samples that did not amplify the 981 bp (even though they may contain
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one or both HSV bands) were not valid and had to be repeated for suspicion of 

contamination. Only samples that amplified the HSV-1 (300bp) or HSV-2 (473bp) bands 

together with the 981 bp band were considered for scoring or interpretation, l or this reason. 

HSV-1 positive samples showed the 981- and the 300bp bands while those positive for HSV- 

2 showed the 981- and the 473bp bands. Samples with dual infections had all the 3 bands 

(981-, 300-, and 473bp bands).

4.10.5 Study limitations

Even if PCR is sensitive and specific it is not always able to detected HSV DNA in CSF. 

Sometimes it is not possible to detect HSV in the CSF sample taken at the initial time of 

diagnosis but it is detected later owing to the fact that individuals were recently infected and 

the virus has not entered the CSF. Since there were no follow up of patients, therefore, it is 

likely that some negative samples will turn positive later.

4.11 ETHICAL CONSIDERATIONS
This study was done using clear CSF samples from patients suffering from meningitis or 

encephalitis. Study team doctors obtained signed informed consent forms from patients. 

Approval to carry out the study was obtained from the Kenyatta National Hospital Ethics and 

Research Committee ref number KNH-ERC/A/466 and also Rwanda National Ethics 

Committee (Approval No.l57/RNEC/2010). furthermore, a recommendation letter for 

samples collections facilitation in selected hospital from Rwanda Ministry of Health was 

sought before the start of the study. Results from this study are being treated with 

confidentiality using laboratory codes for all samples. Authorization letter to use National 

Reference Laboratory for sample analysis was obtained by Director General of NRL.
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CHAPTER 5

5.0 RESULTS

5.1 Multiplex detection of HSV-1 and HSV-2

A total of 196 participants from three referral and nine district hospitals from five provinces 

in Rwanda were enrolled for this study. The expected bands of 300-, 473-, and 981 bp 

corresponding to HSV-1, HSV-2. and internal control respectively were observed in both the 

molecular weight markers and positive control samples (Fig 1). As expected, the negative 

control well only amplified the 981 bp band indicating that there was no contamination of 

PCR reagents. Figure 1 is a representative gel which shows results for a section of samples 

that were scored positive for either HSV-1 alone (e.g. lanes 6. 7. and 14 (bottom panel)), 

HSV-2 alone (lanes 6-8. 10 and 12 all on top panel: and lanes 9. 10, and 15 on bottom panel), 

or dually infected with HSV-1 and HSV-2 (lane 9 (top panel)). An example of a sample in 

this gel (Figure 1) that had an indeterminate result is the sample loaded in well 5 (top panel) 

where a faint HSV-1 band is observed but there was no internal control band. This sample 

was subsequently repeated and found to be positive (data not shown). Some bands were more 

intense than others (e.g. HSV-2 band in lane 9 in bottom panel was more intense than all the 

other HSV-2 bands in this gel).

The majority o f samples tested were negative for both HSV-1 and HSV-2 as shown in Figure 

2 below which is a representative gel. Only the internal control (981 bp) bands were 

amplified indicating that DNA was well extracted and PCR reactions were adequate.



19

981 bp

Utf«r>»l Control

MS V I

HSV1

Figure 1- HSV PCR products amplified from clear CSF resolved on 2% agarose ge^l-irst 

two wells (top and ^  ̂

sr*rr snrisj -  *— —• -"  -"
(bottom panel) which were empty.
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Figure 2: A 2% agarose gel showing results of the majority of samples that tested 
negative for HSV. Lane M is the molecular weight marker, “+ve” and N wells were 
loaded with positive and negative controls respectively, while wells labelled 1-12 
were loaded with PCR products from different specimens.



21

Table 1: Infection by C. neoformans, HSV-1 and HSV-2 by provinces

Crypto % HSV1 % HSV2 % Both HSVI & 
2

% j

PROVINCE Neg Pos Neg Pos Neg Pos Neg Pos
East 7 0 0 7 0 0 7 0 0 7 0 3
Kigali 128 11 7.9 133 6 4.3 127 12 8.6 137 2 1.4
North 7 0 0 7 o 0 7 0 0 7 0 o H
South 35 0 0 34 1 2.9 35 0 0 35 0 0
West 8 0 0 8 0 0 “ r 0 0 8 0 0

Total 185 11 5.6 189 7 3.6 184 12 6.1 194 2 1.0
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5.2 Proportion of HSV-1 and HSY-2 compared toC. neoformans and M. tuberculosis in 

clear CSF samples

Data on Cryptococcus neoformans was obtained from hospitals that participated in sampling 

of clear CSF. In all Rwandan hospitals, testing for Cryptococcus neoformans is routinely 

done using India ink. Culture of these microorganisms on SDA media is also performed but 

only in referral hospitals and at the NRL. M. tuberculosis is done by /iehl-Nelson staining 

technique.

A summary of data obtained for Cryptococcus neoformans from different provinces that 

participated in this study is shown in Table 1 above. Only II of 139 clear CSF samples 

(7.9%) from Kigali City Province were positive for Cryptococcus neoformans -  samples 

from all other provinces had no Cryptococcus neoformans. When the entire sample size (196) 

for the study is considered, this translates to only 5.6% of samples as Cryptococcus 

neoformans positive. For Kigali City Province, the prevalence of Cryptococcus neoformans 

(7.9%) and HSV-1 or HSV-2 (4.3% and 8.6% respectively) for the same population is not 

statistically different (Figure 3).

When all samples were analyzed by multiplex PCR. a total of 7 samples were positive for 

HSV-1. Of these, 6 were from Kigali City Province while one was from South Province. The 

total number of CSF samples from these two provinces was 174 (139 from Kigali City and 35 

from South Province). This represented a prevalence of 4.0% of HSV-1 for these two 

provinces alone and 3.6% when all the five Rwandan provinces are considered (Table I). On 

the other hand, 12 out of 38 CSF samples were positive for HSV-2 alone in Kigali C its 

Province while two samples from Kigali City Province were positive for both HSV-1 and 

HSV-2 (1%). This study, therefore, identified a total of 21 out of 196 CSF samples (10.7%) 

as being HSV positive. The majority of CSF samples were negative for HSV as shown in 

Figure 2 and summarized in Table 1. Of all the clear CSF collected and analyzed, no M. 

tuberculosis infection was detected (data not shown).
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Prevalence of Cryptococcus and HSV by 
province

East Kigali North South West

■  Crypto

■  HSV1

■  HSV2

■  Both HSV-1 
and HSV-2

Figure 3: Summary on the prevalence of Cryptococcus neoformans and HSV by province. 
The y-axis shows the prevalence of Cryptococcus neoformans and HSV while the x-axis 
shows the provinces within Rwanda where clear CSf samples were collected. The bars are 
shown in colour as follows: Blue — Proportion of Cryptococcus neoformans, Red 
Proportion of HSV-1, Green -  Proportion of HSV-2, and Purple -  Proportion of samples with 
dual infection (both HSV-1 and HSV-2).



24

CHAPTER 6

6.0 DISCUSSION

The detection of C NS infections by PC R has provided a new tool of laboratory' diagnosis 

compared to conventional techniques of cell culture and serology. Target genes of organisms 

responsible for CNS infections are generally present early in the acute phase of the disease; in 

contrast, CSf samples from patients without an infectious etiology do not contain these 

nucleic acid sequences62

A total of 196 clear CSF samples were obtained for analysis from five different provinces in 

Rwanda. The usual practice in Rwanda is that patients who present with meningitis and/or 

encephalitis are only tested for bacterial and fungal infections but not for viruses. Typically, 

CSF that is turbid (not clear) is immediately suspected to have bacterial infections and is set 

aside for testing on these microorganisms while clear CSF is tested for fungal and TB, but is 

never tested for virus. In literature, there are several papers that describe detection of viruses 

associated with neurological conditions such as meningitis and encephalitis Specifically, 

HSV has been associated with these neurological conditions even though there is currently no 

diagnostic test for them in Rwanda. To gain an understanding of the prevalence of HSV in 

clear CSF in Rwanda, several technicians were trained on the collection, handling, and 

storage of CSF in five different provinces included in this study. The samples were collected 

and stored at -20C before transportation in ice to the NRL. Kigali for analysis.

In the present study, both HSV-1 and HSV-2 were detected in clear CSF indicating that some 

of the neurological conditions from individuals where the samples were collected could be 

attributable to HSV, even though other viral agents may be responsible. The prevalence of 

HSV-1 was much lower than that of HSV-2 ( I able 1) which is consistent with observations 

by other groups. Only two individuals were dually infected with both viruses from Kigali 

City Province. One observation made in the data (F igure 1) is that some bands (for both 

viruses) were more intense than others. Since the test applied here is only a qualitative test 

(i.e. to indicate presence or absence of HSV DNA), it is likely that band intensity reflected 

either on the abundance of HSV in the sample relative to others or different efficiencies of 

PCR amplification. A quantitative assay (such as real-time PCR) will have to be applied to 

determine the relative amounts in different CSF samples perhaps in a future study.

It is well known that CSF may contain inhibitors that can partially or completely block DNA 

polymerase activity and cause false negative results. Due to the clinical and therapeutic
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implications of a false-negative PCR result, identification of inhibited PCRs is a priority. 

Therefore, when PCR is employed for diagnostic purposes, it is imperative to adopt adequate 

controls for assessing sample suitability for PCR. In the present multiplex PCR assay, 

occasional false-negative results for HSV DNA amplification could lead to unidentifiable 

false-negative results if internal control primers were not included in the assay. Thus, failure 

of DNA extraction or failure to remove any inhibitors of DNA amplification may be avoided 

by the present assay. Apart from the ability to detect two different viruses in the same 

reaction tube, the inclusion of a positive control sample (which is added at the stage of setting 

up PCR in place of CSF-derived DNA sample) is important in ensuring specificity of 

amplified HSV DNA from biological samples. Reactions that fulfilled the requirement for 

positive control but had a negative control that failed to either amplify the expected internal 

control band or had more than one band were repeated before individual samples could be 

scored as either being positive or negative for HSV.

It is interesting that HSV was detected only in Kigali City and South Provinces. Perhaps it is 

not too surprising though, as the majority of CSF samples analyzed were from these 

provinces since of 196 clear CSF collected, a total of 174 (or 89%) were from Kigali City and 

South Provinces. Since 20 of 21 HSV positive CSF were from Kigali City Province alone, the 

prevalence of HSV in this province is 14.3%, a figure much higher than the national average 

of 10.7% obtained in this study. Indeed, all the other 3 provinces had no detectable HSV in 

CSF. This discrepancy can be explained in part due to the low number of samples analyzed. 

Another possible explanation for the high prevalence of HSV (particularly for Kigali City 

Province) is the fact that I personally supervised the collection, storage, and transport of all 

CSF obtained at the Centre Hospital University Kigali (CHUK) site which is just next to the 

NRL where I work.

As shown in Figure I and 2, demonstration of HSV detection with multiplex PCR from CSf 

in Rwanda is a major Finding. Even though there are no laboratories in Rwanda that attempt 

to detect HSV as possible causative agents of encephalitis and meningitis, the practice in 

many countries that have not adopted PCR techniques is an invasive and expensive brain 

biopsy specimen procedure which has been previously used as a benchmark for the 

laboratory diagnosis of HSV encephalitis, meningitis and other CNS diseases. The NRL is 

very well equipped and has dedicated sections for nucleic acid (DNA or RNA) purification. 

PCR set up. and amplification and detection. This partitioning of sections is important in 

avoiding PCR contamination since this is a very sensitive technique for DNA detection. In
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the course of carrying out these studies, contamination was not detected -  all the negative 

controls in gels amplified the expected internal control band of 981 bp and the positive 

controls and markers appeared as expected. Because of the necessity for dedicated 

sections/areas for DNA extraction, PCR set up, and amplification and detection to avoid 

contamination, clearly there is need to forward CSF from patients suspected of CNS disease 

such as meningitis and encephalitis to the NRL for HSV detection by multiplex PCR since 

the NRL has the capacity for this specific diagnosis.

The prevalence of Cryptococcus neoformans was 7.9% out of 128 samples and 11 (5.6 %) 

out of 196 samples collected from five provinces, based on data obtained from hospitals 

where clear CSF was collected for all the 196 samples from five provinces There was 

additional data on Mycobacterium tuberculosis for a section of patients (21% of 196), whose 

physicians requested the test. For those tested, all of them were negative to TB. These 

observations indicate that these microorganisms can still be detected in clear CSF, hence the 

need to analyze all clear CSF for Cryptococcus neoformans infection.

This observation indicates that these individuals could benefit from treatment with drugs such 

as acyclovir if the attending physician requested the HSV test.

Routinely, o f all CSF samples received by the NRL from regional hospitals in Rwanda, only 

about 20% regularly test positive for Cryptococcus neoformans and/or Mycobacteria 

tuberculosis. The majority (about 80%) of CSF samples are not tested for viruses such as 

HSV. It is quite likely (based on results from this study) that a huge fraction of these samples 

are positive for HSV. Since both encephalitis and meningitis are serious neurological 

diseases, it will be important for NRL to routinely analyze these samples for HSV, since 

unlike most viruses; these can effectively be treated with drugs.

In conclusion, the multiplex PCR assay presented in this study can provide an early, rapid, 

reliable non-invasive diagnostic tool allowing antiviral therapy to be initiated on the grounds 

of a specific HSV diagnosis. Since many clinical feature/symptoms associated with 

meningitis and encephalitis are similar, differential diagnosis with this assay will enable 

specific detection of HSV, hence avoiding unnecessary hospitalization and ensuring that 

these patients are initiated on antiviral therapy for HSV. However, additional studies arc 

required in order to validate this assay with well-defined specimens that have been 

characterized by other methods. Validation and implementation of this assay at the NRL will 

also be critical in assessing its clinical significance and its utility in monitoring treatment
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efficacy with antiviral drugs. Demonstration of the utility and importance of this assay in 

disease diagnosis and in monitoring treatment efficacy will undoubtedly influence policy at 

the national level which is consistent with the NRL vision 2020.

6.1 RECOMMENDATION
Results from this study indicate that detection of HSV by multiplex PCR in clear CSF at the 

NRL is possible. Sample processing (DNA extraction) using this kit was easy and DNA 

amplification and detection on agarose gels was easily accomplished at the NRL without 

contamination. The NRL has capacity to perform molecular diagnosis of HSV in CSF 

samples submitted by both District and Provincial hospitals and provide leadership in 

advising doctors on the management of patients suspected of CNS diseases. The prevalence 

for HSV in Kigali City Province was 14.3% which is well above the required 10% by the 

NRL for validation of test so that it can be routinely done at the laboratory. Validation and 

implementation of this assay at the NRL will provide Rwandan people with a less invasive 

procedure, compared to brain biopsy used before, for diagnosis of HSV. Additionally, since 

drugs for HSV are available, routine use of this method will ultimately reduce morbidity and 

mortality for Rwandan people.
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APPENDIX



1

Research Questions

Patient code

Hospital name............................

Date of collection......................

Sex

Age

Patient administrative Residence:

Province......................................

District.........................................

Sample aspect

Clear

Bloody

Volume:

Adequate:



2

Inadequate:

Encephalitis suspected Clinical symptoms: 

Headache:

Yes

NO

Fever

YES

NO

Vomiting

YES

NO

Convulsions

YES

NO

Photophobia

YES

NO

Unconsciousness

YES

NO



3

Seizures

YES

NO

Puraiysis

YES

NO

Meningitis suspected common symptoms

Stiff neck

YES --------------

NO -------------

Photophobia

YES

NO

Severe headache

YES

NO

Nausea

YES

NO



4

Fever

YES

NO

Mental status changes

YES

NO

Laboratory results from selected hospital.

Cryptococcus Neoformans.

Negative

Positive

Mycobacterium tuberculosis.

Negative

Positive



5

Multiplex PCR Results from Study.

HSV1

Negative

Positive

HSV2

Positive

Negative
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