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ABSTRACT

MEASLES VIRUS RNA INVESTIGATION IN PERIPHERAL WHOLE BLOOD
SPECIMENS COLLECTED FROM SUBACUTE SCLEROSING
PANENCEPHALITIS PATIENTS BY REAL-TIME PCR METHOD

Subacute Sclerosing Panencephalitis (SSPE) disease is an infection resulted from a virus
which undergoes mutation during measles infection and is transferred to the brain in its
dormant form. It can turn into its active form after many years and leads to irreversible
damages in CNS and followed by death. Studies performed with real-time PCR method in
diagnosis of SSPE is generally based on using brain biopsy materials for investigation
measles virus (MV) RNA considering its being most reliable and frequently positive
material. However, that positive results were found in a study carried out with blood
samples of SSPE patient, shed a light on using blood material, which is easier to obtain, as
a target material instead of brain material. In this study, measles vaccine and cell cultured
measles strain from a patient were used as positive controls and whole blood specimens of
six healthy donors provided from Yeditepe University Hospital were used as negative
controls. Since it is determined that RNA encoded by N (nucleoprotein) gene belonging
to the genome of the measles virus causing SSPE is the most abundant transcript, it was
aimed to amplify N gene of MV-RNA. In this study we succeeded to obtain a positive
result in a SSPE patient blood sample. However, no N RNA detection could be achieved in
rest of the other patient blood samples. As conclusion, real-time PCR method validation
we performed was confirmed with one positive result. Nevertheless, development of more
comprehensive multiplex real-time PCR methods using internal control and additionally
further detailed molecular analysis by sequencing will be required to obtain more accurate

and conclusive results in diagnosis of SSPE.
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OZET

SUBAKUT SKLEROZAN PANENSEFALIT HASTALARINDAN TOPLANAN
PERIFERIK TAM KAN ORNEKLERINDE ES-ZAMANLI PZR YONTEMIYLE
KIZAMIK RNA’ SININ ARASTIRILMASI

Subakut Sklerozan Panensefalit (SSPE) SSPE hastaligi, kizamik enfeksiyonu sirasinda
mutasyona ugramis kizamik virlisiniin dormant haldeyken beyine yerlesmesiyle hastalik
gecirildikten yillar sonra aktif hale gecerek beyinde geri doniisii olmayan tahribatlara yol
acan Oliimcil bir hastaliktir. SSPE’nin teshisinde kizamik viriisiiniin arastirilmasi igin es-
zamanlit PZR teknigi kullanilarak yapilan ¢alismalar en giivenilir pozitif sonuglart vermesi
bakimindan genellikle beyin biyopsi materyallerinin kullanimina dayanmaktadir. Ancak
kan 6rnekleriyle yapilan bir ¢calismada pozitif sonuglara rastlanmasi, hedef materyal olarak
beyin yerine daha kolay elde edilen kan orneklerinin kullaniminin 6niinii agmistir. Bu
calismada kizamik asist ve bir hastadan hiicre kiiltiiri yontemiyle elde edilmis kizamik
susu pozitif kontrol, Yeditepe Universitesi Hastanesi’nin sagladigi alti saglikli dondrden
elde edilen tam kan 6rnekleri ise negatif kontrol olarak kullanilmistir. SSPE’ye sebep olan
kizamik viriisiinde N (niikleoprotein) genince kodlanan RNA’nin en fazla rastlanilan
trankript olmasi nedeniyle N geninin ¢ogaltilmasina karar verilmistir.Biz bu ¢alismada bir
SSPE hastasinin kan 6rneginden pozitif sonug¢ almay1 basardik. Ancak diger hastalarda N
RNA varligmi tespit edemedik. Sonug¢ olarak es-zamanli PZR validasyonu bir pozitif
sonugla dogrulanmis oldu. Ancak internal kontrol kullanilarak uygulanan daha kapsampl
multipleks es-zamanli PZR yontemleri ve sekanslama ile birlikte yapilan daha detayli
molekiiler analizler SSPE teshisinde daha tutarli ve gilivenilir sonuglarin elde edilmesi i¢in

gereklidir.
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1. INTRODUCTION

Subacute sclerosing panencephalitis (SSPE), is a devastating, progressive “slow virus”
brain disease most likely resulted from measles virus which undergoes mutation during
measles infection and is transferred to the brain in its dormant form. It can turn into its
active form after many years and leads to irrevesible damages followed by death within
approximately 1-3 years. Despite the fact that there are various considerable theories , the

subject of which mechanism provides the persistence of the virus remains unclear.

Disease generally affects young children who had measles some 6-7 years earlier.
Although it is known as a childhood disease, information about SSPE cases diagnosed in
nursing infancy and adulthood is gradually increasing. Latest studies suggest that this

period may vary between 9 months to 30 years.

Brain biopsies or postmortem histopathological examinations reveal evidence of
astrogliosis, neuronal loss, degeneration of dendrites, demyelination, neurofibrillary
tangles, and infiltration of inflammatory cells. Patients usually suffer from myoclonus,
dementia, visual disturbances, pyramidal and extrapyramidal signs and show behavioral
changes. It is also known from the stated cases that uncommon neurological pictures can
be observed during the disease. The conventional methods for diagnosis is based upon
characteristic clinical manifestations, the presence of characteristic periodic EEG
discharges, and confirmation of increased antibody titer against measles in the sera and
CSF. Detecting measles virus RNA (MV-RNA) with Polymerase Chain Reaction (PCR)
methods is an alternative technique which has many advantages and realibility.

The aim of this study was the development and validation of the most convenient real-time
Polymerase Chain Reaction (real-time PCR) protocol for detecting measles virus RNA
(MV-RNA) targeting N (Nucleoprotein) gene in the peripheral whole blood samples

collected from the patients who were diagnosed with SSPE clinically and serologically.



2. THEORETICAL BACKGROUND

2.1. HISTORY

Two children from Tennessee were the first reported cases who were seen by Dawson in
1933 and 1934 respectively. A progressive fatal disorder consisting of limb jerking and
mental deterioration were observed in both cases. Dawson considered the pathological
transforms in their brains as an indication of encephalitis caused by viral infection [1,2].
Pette & DoANring [3], and Von Bogaert[4] reported two other cases in 1939 and 1945
respectively. The four aforementioned cases showed a similar clinical course but revealed
diverse brain pathology. The combined findings in those cases showed the presence of
inflammation with intraneuronal eosinophilic inclusions and nodular sclerotic changes in
the white and gray matter. Poser & Radermecker have studied seven cases in 1957, three
with postmortem, and they came to the conclusion that all of the cases have been affected
by the same syndrome called “Subacute Sclerosing Leucoencephalitis” by them [5]. The
term "SSPE" (Subacute Sclerosing Panencephalitis) was coined by Greenfield in 1950[6].
In the understanding of SSPE, a huge progress was made by Boutellie who with the help of
the electron microscope identified in the brain of patients with SSPE particles which
resembled nucleocapsids of paramyxovirus [7]. The learning that all patients with SSPE
have increased titers of measles antibodies in blood and CSF [8] is led by this very
important finding pointing to the role of measles virus (MV) in the pathology of SSPE.
Following this crucial observation, worldwide epidemiological studies identified the
relationship between the incidence of clinical measles morbidity and SSPE. The abrupt and
distinct reduction in the frequency of measles and SSPE has been result of a worldwide

measles immunization program led by this pivotal observation.



2.2. EPIDEMIOLOGY

Despite the fact that the pandemic of SSPE was almost eradicated due to mass
immunization during 1960-1980’s, SSPE is still a fatal disease for the young children,
even adults in countries where measles immunization is incomplete and in world regions

where genetic polymorphism to this particular infection is present.

It is revealed that the disease occurs in male children 2.5 times more than female children
[9,10]. According to some other publication this ratio is 4/1 [11]. In Istanbul occurance

ratio between genders was determined as 2,3/1 [12].

According to epidemiological data from the USA, only 2-3 cases of SSPE were recorded

during the early 90’s of the previous century. However, case number increased to 13

during 2000 [13,25].

2.2.1. Measles Case Prevalence in Foreign Countries

In Israel, 992 cases of measles younger than 15 years were registered in the Jerusalem
district between 2007 and 2008 [14]. According to the data released by Health Protection
Agency (HPA), 485 laboratory confirmed cases of measles have been reported in England
and Wales up to the end of May 2011, surpassing the annual 2010 total of 374 cases. In the
US, 198 confirmed cases of measles and 15 outbreaks have been documented by the
Centers for Disease Control (CDC) as for August 26, 2011. Out of the 198 cases,170
(90%), occurred in US [13, 25].

2.2.2. Measles Case Prevalence in Turkey

In 2013, an increase in measles cases during 2012-2013 were reported by Ministery of
Health in accordance with the disease development worldwide. It was also added that 349
cases in 2012 and almost 7000 cases in 2013 were recorded. It was revealed that Istanbul,
Sanliurfa, Adana, Diyarbakir, Van, Siirt, Ankara and Agr1 were the cities which have the
highest prevalence of measles and in addition to that measles cases were recorded in 73
cities [15].



This increase in number of measles cases may also contribute to increase in SSPE cases.
2.2.3. SSPE Prevalence in Foreign Countries

There are publications suggesting that SSPE prevalence is 1/10.000, 1/300.000 or
1/1.000.000 (9) worldwide [16].

The frequency of the SSPE is higher in eastern countries. The rate of SSPE in India is
21/10° and in Japan 11/10° [17]. The highest frequency of SSPE ever reported is from
Papua-New Guinea (PNG). In a recent study from Madang Province in PNG, a rate of
54/10° was found among individuals younger than 20 years during the years 2007—2009
[18]. According to a publication released in September 2013, SSPE prevalence is recently
recorded as 0.83/100.000 in Australia. [19].

2.2.4. SSPE Prevalence in Turkey

In Turkey frequency rate was reported as 2/1.000.000 in between 2002-2004 [12],
0,83/1.000.000 between 1975-1987 [20] and 0,46/1.000.000 between 1997-1999 [21].

Ministery of Health has recently stated that 200 patients in Diyarbakir, 100 patients in
Batman, 150 patients in Gaziantep are currently registered. According to Ministery of
Health SSPE Scientific Investigation Comitte Report there were 1131 SSPE patient
between 1995-2005 [22].

2.3.5. Lessons Learned From SSPE

The data obtained thus far asseverate that SSPE disease occurs in children who are not
vaccinated or vaccinated however could not reach the adequate level of immunity or catch
the disease before vaccination. Administered vaccination in the light of these knowledge
led to mass immunization against measles and almost total eradication of SSPE in many
countries. Setting the age of immunization to the first two years of life also played a

significant role in this dramatic achievement.

In 2005, a SSPE case occurred in Turkey and the topic moved to parliament. This case

highlighted the importance of complete measles immunization again and leaded to taking



serious precautions and improvement of vaccination schedule. According to latest
information released by Hekimlerbirligi Vakfi ; measles vaccination should be initiated for
infants aged 9 months. After 6 months, infants should be vaccinated against Measles,
Mumps and Rubella (MMR) with single mixed vaccine again. This vaccination should be

repeated after five years [23].

In a study among children born between 1966 and 1971 performed in Israil, the rate of
SSPE in unvaccinated children born during this period was 16 times higher than that found
for vaccinated children (171/10° live births compared to 11/10°). This time period was
deliberately chosen due to mass measles vaccination at nine months of age started in Israel
during April 1967. Hence, the size of the unvaccinated group was still important for
analysis of the role of vaccination in decrease of incidence of SSPE. This dramatic reduce
in the annual rate of SSPE continued until no new cases were reported after 1986 (Figure
2.1) [24, 25].

MEASLES CASES AND INCIDENCE OF SSPE ISRAEL 1963-1979

MEASLES CASES SSPE INCIDENCE
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Figure 2.1. The progressive increase in the age of onset of SSPE in Israeli Jewish patients
[24]

The age of onset of the disease increased concomitantly with the decrease in the rate of
SSPE, and reached an average age of 18 years during 1983-1985 [24, 25]
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Figure 2.2. Progressive increase in age of onset of SSPE in Israeli Jews [24]

2.3. ETIOLOGY

2.3.1. Measles Virus

Measles virus can be described as a single-stranded, negative-sense, enveloped RNA virus
of the genus Morbillivirus within the family Paramyxoviridae. It is 100-200 nm in
diameter and has single-stranded RNA [26]. Only natural host of MV is human [27] and
there is no animal reservoirs known to exist. MV is an enveloped virus; lipid-containing
envelopes with a double layer structure, develops from the plasma membrane of the host
cell [10, 28].

The measles, an infection of the respiratory system, is caused by the measles virus.
Symptoms consist of fever, cough, runny nose, red eyes and erythematous maculopapular
rash. Being very contagious, the virus is spread by direct contact with secretions or it may
go around by coughing and sneezing by way of close personal contact [29].

2.3.2. Genotypes and Genome of Measles Virus

WHO identified the measles genotypes and the reference strains of each genotype have


http://en.wikipedia.org/wiki/Morbillivirus
http://en.wikipedia.org/wiki/Paramyxoviridae

been shown in Figure 2.3. [30].

Genotype ~ Génotype Status® - Activité* Reference strains (MVI)" - Souche de référence (MVI)® H gene accession® = N gene accession -
Accession au gine H° Accession au géne N

A Active Edmaonston-wi. USAS54 03869 unee?

B1 Inactive Yaounde CAEM2.83 «Y-14s AFQ79552 unges

B2 Active Libreville. GAB/BA «R-96= AF079551 L1994

B3 Active New York.USA/94 [badan NIESTA L46732A)239133 4875340232203

1 Active Tokyo. JPHIBAK AY047365 AYD43439

@] Ative Maryland USAT? e)MuErlangen.DEWSO «WTFs MB1898Z808B08 MBS 1X84ET2

b1 Inactive Bristol UNEST4 (MVP) 280803 D01005

D2 Adtive Johannesburg. S0A/B81 AF(R5198 UB4582

b3 Active lllinois.USA/BY/ «Chicago-1s MB1835 unsr?

D4 Ative Montreal CAN/BI AFOT9554 Unere

b5 Active Palau. BLA/93Bangkok THAS3/ L4G75TAFO0S5T5 L46758AF075555

13 Active New Jersey USAIS4N 146748 L46750

b7 Active Victoria AUS/16.850linois USASS0.99 AF24T202A4Y043481 AF2434304Y037020

o] Ative Manchester UNKS30.94 U29285 AF2B0803

o] Active Victoria AUS/12.99 Af127853 AF4B1485

0o Active Kampala. UGA/S1.00/1 AY923213 AY923185

E Inactive ‘Goettingen. DEUWT aBraxators 280797 X34879

F Inactive MVsiMadrid. SPA'94 S5PE 280830 X84865

a1 Inactive Berkeloy. USA/R3 AF079553 U174

G2 Active Amsterdam.NET/48.97 AF1T1231 AF1T1232

G3 Active Gresik. N0 T.02 Arig421a Ar1B421T

H1 Active Hunam CHWI93/7 AFD45201 AF045212

H2 Active Beijing. CHN/S4/1 AFD45203 AFQ4521T

Figure 2.3. Reference strains to be used for genetic analysis of wild-type measles viruses:

2005 [30]
Cl MF SSPE case/Europe/early 70s This work XB4882
SIP3A SSPE case 1P3/USA fearly 70s Cattanco et al. (19895) X 16566
S(A) SSPE case A/Germany/mid 80s Cattaneo et al. {19895} X16567
YA SSPE case Yamagata-1/Japan/late 80s Yoshikawa et al. (1990) NA
SMagl SSPE casc/Madrid/1981/1970 This work XB84g66
S(K) SSPE case K /Germany/mid 80s This work X84883
Mad78 Wild-type/Madrid /1978 This work X84867
Mad79 Wild-type/Madrid /1979 This work X84868
c ™M ‘Wild-type/Bethesda USA/1977 Taylor et al. (1991} DO10602
S(B) SSPE case B/Austria/mid 30s Cattaneo ef al. (1989 5) X16568
WTF Wild-type /Germany /1990 This work X84872
Bil Wild-type/The Netherlands/1991 This work X84878
DL Wild-type /Germany /1992 This work X84873
LB Wild-type/Germany /1993 This work X84880
Ma92A  Wild-type/Madrid/1992 This work X84869
Ma92R Wild-type/Madrid /1992 This work X84870
Ma93F  Wild-type/Madrid;1993 This work X84871
c3 SBI Wild-type/Bonn Germany/1992 This work X84874
DI MYO Wild-type/Bristol UK/1974 Taylor ef al. (1991) DO1004
MVP Wild-type/Bristol UK /1974 Taylor et al. (1991) D01005
833 SSPE/N.Ircland /1983 Taylor er al. (1991} DO01008
S81 SSPE/N.Ireland /1986 Taylor et al. (1991) DO1007
D2 CL Wild-type/Birmingham UK /1988 Schulz et at. (1992) NA
SE Wild-type/Birmingham UK /1988 Schulz ez al. (1992} NA
™ Wild-type Kawasaki case/London/1991 Schulz ¢z af. (1992) NA
Can Wild-type/Canada,1989 Rota et al. (19945) Uo1976
Chil Wild-type/Chicago USA /1989 Rota et al. (19945) 01977
Chi2 Wild-type/Chicago USA /1989 Rota ez af. (19946) Uo1978
SD Wild-type/San Dicgo USA /1989 Rota ef al. (19945) U01995
JK MIBE/USA /1990 Rota et af. (19940) uo1988
D3 Ma%B Wild-1ype/Madrid/1994 This work XB4E63
E Brx Encephalitis case/Germany /1971 This work X84879
WEK Wild-type/Woodfolk USAfearly 70s This work X84877
CM Wild-type /USA flate 70s Taylor et al, (1991) DO01003
S(C) MIBE/USA /late 70s Cattanco et al. (19895) X16569
B SMa79 SSPE case/Madrid/1979/1967 This work XB84864
SMa%4 SSPE case/Madrid /1994 /1968 This work X84R65
G Be§3 Wild-type/Berkeley USA /1983 Rota et af. (19945) U01974
BO83 Wild-type/Boston USA /1983 Rota er al. (19945) V01990

Figure 2.4. Some certain measles strains released in 1995 (SSPE caused strains are marked
with yellow) [31]




In a publication released in Spain, in 1995, measles genotypes with the ones which had
caused SSPE until then were displayed [31]. In addition to that, in a study comprising the
molecular investigation of two cases of SSPE in Croatia in 2002, it was revealed that the
measles virus caused SSPE in two cases belonged to D6 genotype [32].

2.3.3. Genome of Measles Virus

Measles virus genome codes six structural; fusion, hemagglutinin, matrix proteins,
phosphoprotein, nucleoprotein, large protein, and three accessory proteins; V, C and R

proteins.
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Figure 2.5. Measles virus structure indicating viral proteins and viral body forming [33]

To describe in general; Phosphoprotein (P-protein), large (L) protein and

nucleoprotein (N) protein are nucleocapsid proteins, in other words they form
transcriptionally active ribonucleoprotein (RNP) [27]. Other three proteins are matrix
protein (M) forming conjugate with viral envelope and hemagglutinin (H) and fusion (F)

proteins as surface proteins [26, 34, 35].

F protein lies within virus envelope. It is responsible for fusion of virus membrane with
host cell membranes, virus entry into the cell and hemolysis [36, 37]. Binding of the host

cellular receptors is the main function of the H protein. CD46 and CD150 (also known as



SLAM) are the two identified receptors. CD46 constitutes a complement regulatory
molecule expressed on all nucleated cells of humans. Signalling Lymphocyte Activation
Molecule (SLAM) is expressed on activated T and B lymphocytes and antigen-presenting
cells. The binding sites on H for these receptors overlap and strains of MV differ in the
efficiency with which each receptor is used. Most vaccine strains bind to CD46 and SLAM
while wild-type MV binds to cells mainly through the cellular receptor SLAM. Other
unknown receptors for MV probably exist on human endothelial and epithelial cells [33].
A conformational change happens in H protein when it binds to cell surface receptors and
fusion process is activated [10]. M protein is located on the inside of the cell membrane. It
is associated with viral nucleocapsid with its one end, cytoplasmic plica of the F and H
proteins with its other end [28, 37]. It is associated with inner side of lipid layer as well. It
plays a substantial role in budding of virus particles in the plasma membrane [10, 36]. It is
associated strictly with Nucleoprotein (N) genome [36]. Possible role of N protein is to
package the viral genomic nucleic acid, to protect it, and to participate in the formation of

replication complex [38].

Transcription, replication and the efficiency with which the nucleoprotein assembles into
nucleocapsids are regulated by the P protein. Defined as non-structural proteins, (V and C)
are alternatively translated from the RNA, or an edited RNA, coding for the
phosphoprotein (P). Detailed functions of proteins have not been identified, but each of
the proteins seems to contribute to the virulence of MV by regulating transcription and
sensitivity to the antiviral effects of IFN o/p [33].
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Figure 2.6. Schematic representation of the virion membrane, genome organization and the

life-cycle of measles virus including the receptors used by the wild-type and vaccine

viruses [33]

The functions undertaken by envelope proteins such as budding (M), absorption (H)

dissolving membranes and fusion (F) to form virulent organism are of importance. Other

functions such as directing and sorting matured virion into inner membrane of cytoplasm

are associated with F and H proteins settled in outer side.

Without budding, the virus enters the sleep phase, i.e. wanders aimlessly in the host.

Recently it has been reported that, especially in SSPE cases, virus uses trans-synaptic

transmission to spread without budding [34].
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2.3.4. Measles Complication

The complications of acute measles may develop in the early period right after infection.
Generally, respiratory and intestinal tract are affected developing otitis media, pneumonia,
diarrhea and encephalitis most commonly. Neurologic complications developing acute and

late are shown in Table 2.1..

Complications developing late are SSPE and MIBE (Measles Inclusion Body encephalitis).
Both diseases develop as a result of persistence that MV gains in MSS cells after acute
infection. Both the SSPE and MIBE are diseases with fatal course [37]. MIBE is subacute
measles encephalitis. MIBE patients are often children who repressed their immunized
systems due to chemotherapy for leukemia or lymphoma. The symptoms of MIBE start
within 6 months after measles. However, this period takes up years in SSPE. Adult cases
without measles story have also been reported in MIBE. MIBE can be described as acute

encephalitis of the delayed type [40, 41].

Various neurological complications of measles

* Post-measles encephalitis Develops soon after infection, reflect
an autoimmune reaction
* Measles inclusion body Develops weeks or months after
encephalitis infection, in patients with defective
(MIBE) cell mediated immunities like HIV
infection
* Subacute sclerosing Persistent defective measles virus
panencephalitis infection
* Postinfectious Acute immune reaction
* Transverse myelitis Rare, acute immune reaction

Table 2.1. Various neurological complications of measles [42]
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2.3.4.1. SSPE Development
It is considered that MV have settled in brain and gained persistence there before

appearance of disease symptoms in SSPE.

In entry of measles virus into the brain, 3 potential routes exist. It has been suggested that
access to the brain via nerve bundles in the olfactory bulb may occur, as the virus can
infect neurons. On the other hand, the virus can replicate in capillary endothelial cells and
so may infect brain capillaries and release viral particles directly into the brain
parenchyma. It seems that, vascular endothelial cells play an important role both in
propagation of the virus into the central nervous system and in viral persistence. As a 3™
route, transport of virus directly across the blood-brain barrier may be led by infection of
monocytes in peripheral blood as monocytes periodically transmigrate into the brain and

differentiate into resident perivascular macrophages or microglial cells [43].
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Figure 2.7. Potential routes of measles virus dissemination to the brain [43]

After penetration of measles virus into the brain, perivascular macrophages, microglial
cells and neurons constitutes primary target cells. Budding of virus particles from the cell
membrane and cell death are not resulted by infection of neurons. But then virus can
spread between neurons in a cell-to-cell manner yet this process occurs highly slowly.
Frequently, latent measles virus’ brain complications only manifest theirselves much later

after primary infection [43].
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Figure 2.8. Measles virus infection of macrophages, microglial cells and neurons [43]

It has been known that measles virus is able to spread between neurons in a cell-to-cell
manner, however, this process takes place very slowly. Initial penetration of neurons may
still be dependent on a specific receptor remaining to be identified. Nevertheless, following
neuron infection, virus can then spread to adjacent neurons at the synapse from the
dendrite to the axon (retrograde). It is suggested that the transport of virus from infected
neurons to adjacent uninfected neurons is mediated by microfusion events at the cell
membrane at which viral F proteins bind neurokinin-1 receptors expressed on neurons
which facilitates membrane fusion. Viral ribonuclear protein complexes containing viral
RNA accumulate at the cell membrane and can transmit to the adjacent cell. Incomplete
assembly of virus particles exist at the membrane and budding of virus does not take place
in neurons. In this way, detection of free virus by antibody is prevented and leads viral

latency in the brain [43].
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Figure 2.9. Immune evasion of measles virus by cell-to-cell spread in neurons [43]

In the measles virus genome obtained from autopsy material of SSPE patients, the gene
sequences out of area where mutations accumulated, have been found to be compatible
with the gene sequence of genotype belonging the time when patient encountered primarily
with the virus, thus, these data support the role of virus with which body encountered in

primary infection period, in causing SSPE.

In SSPE, many mutations have been described in the virus M protein. F and H proteins of
the enveloped proteins are mostly protected, yet more mutations are encountered in the H
protein. Due to these three proteins having a role in budding from infected cells and in
creating fusion with uninfected cells, persistent infection is considered to be associated
with these two processes [26, 34, 44, 45].

In the study carried out with two patients and released in 2003 in Crotia, it was revealed
that in the M gene of virus obtained from one of the patients, there was an additional
premature termination codon (amino acid number 125) created by a mutation (nucleotide
number 3812) in the protein coding region. As mentioned before earlier, this could impair

expression of functional protein alter the course of the disease in this patient [32, 46].
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Figure 2.10. Nucleotide and amino acid differences between reference strain prototype
Edmonston and SSPE viruses detected in clinical samples of two SSPE cases [32]

Nonetheless wild-measles virus is highly sensitive to immune response. With an effective
response, antibody is created against all proteins and in many cases, viruses rambling
freely in the extracellular environment are removed by hypersensitivity reactions and life-
long immunity is obtained. When the immune response is ineffective, wild virus gets rid of
it and continues to create damage. On the other hand, if it destroyed some part of viral

proteins, in this case there could be a few possibilities.

If nucleocapsid proteins are damaged, the organism cannot multiply and virus becomes

inactive.

If envelope proteins are damaged, organisms may survive, but this situation will not last

long, virus becomes inactive after a short time.

However, if only the M protein is damaged, virus will remain dormant for years. At the
end of this period, the virus gains virulence again and will start damage into large neurons
of cerebral cortex where it is hidden substantially. In spite of functionality of cellular
immunity and high antibody titers, in SSPE, immunological control of infection in the

central nervous system remains unsuccessful. The immune system in most of normal
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infants is not perfect enough to form sufficient or effective antibodies enough to
completely break up measles virus with six proteins. Considering most patients (75%)
experienced the measles virus at early ages, the partial response developed by immature
immune system is considered to cause persistent infection. Rather than host immune
system, it is considered to be associated with specific cell receptor areas enabling binding
of measles virus [47, 48, 49, 50].

2.3.4.1.1. Host related factors of SSPE Development

e Age of measles infection
Measles infection in children less than 2 years is a risk factor in developing SSPE [40, 51].
As immune system is not fully developed yet, it is suggested that antibody response and
cellular response do not occur at a level enough to destroy the virus in these children [11].
Moreover, since MV could not be destroyed by nascent immune system, it is suggested
that mutations in MV are more likely to develop in these children.

e Measles Development in spite of the Vaccine
It has been reported that adults who had been vaccinated in childhood have also
experienced measles. For this reason, it has been understood that the second dose of the
vaccine is necessary in children whose immune systems being not developed or failing to
occur an antibody titer at a sufficient level in first vaccination [52]. Normally, the rate of

immune response development after two dose of vaccine is 99% [51].

e Genetic Susceptibility
The susceptibility of SSPE in those who had undergone measles may be based on genetic
differences. In a study conducted in patients with SSPE in Japan, it has been put forward
that a polymorphism (- 589T) shown in promoter area of IL-4 gene cause a genetic
susceptibility for SSPE. In this study, it has been suggested that response of Th2 remains
dominant long term due to height of IL-4 and therefore the virus could not be destroyed,
and persisted in the patient [53]. That genetic polymorphism may be at least responsible in
part for the variable susceptibility to SSPE is suggested by substantive worldwide

variability in the occurrence of the disease in different populations and ethnic groups [25].
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e Socio-Economical Status
Being affected in development of immune system, having a high risk in contracting
measles due to poor hygienic and nutritional circumstances, and being not vaccinated of

some children are likely to promote susceptibility of the SSPE [40].

2.4. PATHOLOGY AND CLINIC

2.4.1. Clinical picture of SSPE

The mutated MV invades the nervous system in a dormant form until its activation six to

seven years after the initial measles infection in those immunocompetent patients.

The clinical revealing of SSPE is usually insidious and personality changes, school failure
and bizarre behavior are among the forms of displayed (Stage I). The transition from stage
I to Il occurs when the typical periodic or quasiperiodic axial myoclonic jerks causing
recurrent falls appear. Step by step, generalized rigidity with extrapyramidal features and
unresponsiveness become visible and are considered as typical symptoms of Stage IlI.
Stage 1V is the terminal stage of the disease and is identified by minimal conscious state
and later akinetic mutism associated with persistent high fevers and bouts of generalized
sweating due to an autonomic failure. In most patients the transition from one stage to next
one is insidious and they die of the disease over the period of 1-3 years [54]. In some
cases, the clinical course is quite protracted, with a longer stage 1. It has been reported that,
in approximately 10 % of the patients, rapid and devastating course may be observed
(Fulminant SSPE) [55].

Childhood onset mental and behavioral regression accompanied by myoclonic jerks, an
EEG with generalized bilateral rhythmic synchronous bursts of spike-wave or slow wave
complexes, often time locked with the myoclonic jerks, elevated measles antibodies in the
blood and CSF having no concomitant evidence of clinical measles, elevated 1gG and

presence of 1gG oligoclonal bands in the CSF are the major diagnostic clues.

The distinctive feature of neuropathological findings are composed of perivascular
inflammatory cuffing (the accumulation of lymphocytes or plasma cells in a dense mass
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around the vessel), cortical and subcortical white matter astro-microgliosis (accumulation
of microglial cells as a reaction to injury to the parenchyma of the central nervous system,
a distinctive feature of nonsuppurative encephalomyelitis) , neuronopahgia and Cowdry
type A eosinophilic intranuclear inclusion bodies in the brain (Figure 2.11.). In typical
cases the initial behavioral changes are seen between the ages of eight—eleven years, about
six—seven years after contracting measles. The interval between measles immunization and

the onset of SSPE changes between six—seven years.

Figure 2.11. Large intranuclear eosinophilic Cowdry type-A inclusions which compress
the chromatin against its nuclear membrane [25].

Focal seizures with secondary generalization and generalized tonic —clonic seizures, in

addition to myoclonic jerks, may also be observed [56].

With the criteria noted above, patients with childhood onset SSPE can be easily diagnosed.
Nevertheless, this is not that easy in the adult onset form which may be present in about 1—
12.7% of the patients [54]. Those patients generally present at an average age of 25 years
with visual agnoxia or blurring of vision as myoclonus may be absent. Interestingly, there

was no history of measles in about 30% of patients in one of the series [57].

2.4.1.1. Clinical Staging of SSPE
Clinical staging of SSPE that has been done by Jabbour and Gascon is as follows.
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Stage 1A: Behavioral, cognitive and personality changes (decrease in school performance,
attention deficit disorder / hyperactivity, social maladjustment). There is no difficulty in

walking.

Stage 1B: Myoclonic spasms: non-periodic, focal. Intact independent walking. The mental

/ behavioral symptoms similar to Stage 1A.

Stage 2A: More significant mental and behavioral disorders. Myoclonic spasms: periodic,

generalized and synchronous, frequent.

Stage 2B: Apraxia, agnosia, language disorders. Motor symptoms-spasticity, ataxia.
Ambulation is provided with assistance.

Stage 3A: Speaking is reduced, visual impairment exist. He / She sits independently, can
stand but cannot walk independently. Myoclonic spasms are multifocal, frequent, spasm
interval is short (3-5 seconds), duration is long (3-4 seconds). Seizures may occur.

Stage 3B: There is no spontaneous speaking. Understanding is corrupted, blindness could
be developed. Myoclonic spasms are similar to those in Stage 3A. He / She is bedridden.
Dysphagia exists. A nasogastric tube feeding may be needed. Delta background activity in
the EEG is available, and periodic complexes may not be observed due to this background

activity. Movement disorders can occur (Chorea-ballismus-athetosis).

Stage 4: There are no myoclonic spasms. Low voltage background activity in EEG is
available. There are no periodic complexes. Patient is in neurovegetative status [58, 59].

2.4.1.2. Pathophysiology

An impaired immune response to MV, even it is not an immunological disease plays a
substantial role in SSPE. During the initial two years of life the immune system is still
relatively immature [60]. At about next six-seven years, the infants who suffer from
measles at their first two years are at a higher risk to develop SSPE. The normal host
develops a cell mediated response to the invading virus in the incubation period of

measles. The activation of Thl lymphocytes, release of INF-a and IL-2, which are capable
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of eradicating MV particles from the infected cells, are included in this response.

A humoral antibody mediated long term immunity for future measles infection is set by the

action of Th2 lymphocytes, secretion of IL-4 and to a lesser extent IFN-o and IL-2 [61]

following the typical papulo-macular skin rush. In contrast, patients with SSPE have an

inadequate cellular response to common mutagens due to genetic polymorphism.

2.5. DIAGNOSIS

Diagnosis of SSPE is based on some certain clinical symptoms and laboratory data.

Table 2.2. Diagnostic criteria of SSPE [42]

Diagnostic criteria of SSPE

1. Typical clinical picture

Typical signs like myoclonus with

progressive, subacute mental deterioration

2. Typical EEG pattern

Periodic, stereotyped, high voltage
discharges

3. CSF

Increased gammaglobin or oligoclonal

pattern

4. Measles antibodies

Increased titre in serum (> 1: 256) and/ or

CSF fluid (> 1:4)

5. Brain biopsy

Suggestive of panancephalitis

Definitive; criteria 5 with more 3 criteria , probable; three of the five criteria

2.5.1. Detection of Measles Virus in Clinical Specimens

2.5.1.1. Serological Tests for Diagnosis of Measles

Despite the fact that a number of laboratory method for the diagnosis of measles are

currently administered, detection of measles virus (MV)-specific serum IgM antibodies

remains the gold standard [62, 63]. General laboratory confirmation is performed by
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enzyme immunoassays (EIAs), by determination of 1gG seroconversion or a four-fold rise
in 1gG titer between acute-and convalescent-phase sera. However, the latest and the most
reliable method for diagnosis of measles and in that case SSPE, is isolation of MV or
detection of MV-RNA from clinical specimens [64, 65].

2.5.1.2. Molecular tests for detecting Measles Virus

Despite IgM EIAs is still a recommended laboratory method in routine diagnosis of acute
infection, methods such as RT-PCR, that can detect MV-RNA in a variety of clinical
samples [65, 66, 67, 68] can substantially serve as a valuable, alternative procedure
particularly in cases in which the results of serologic testing are inconclusive, inconsistent

or not available.

Reverse transcription polymerase chain (RT-PCR) based methods which are more
sensitive, reproducible and stable have been described for the detection of MV genomic
RNA [69]. Different clinical specimens can be used in these assays such as throat swabs,
urine, oral fluids [63, 70, 71].

Nowadays, WHO highly recommends collecting urine and/or nasopharyngeal samples as
well as sera for IgM testing from representative cases in order to perform molecular
epidemiologic studies of MV [65, 72].

In addition to that, genotyping MV are based on sequence analysis of PCR products
derived either directly from clinical specimens or from viral isolates in cell culture and this
technique is the only diagnostic method that can distinguish between wild-type infection

and vaccine-associated cases [65, 73, 74].

According to the results acquired from a reported measles outbreak in 1998 (about 650
cases) in Croatia, it was revealed that clinical samples support the view that the vaccine

strain is not associated with SSPE causing measles virus [32, 75].

2.5.1.3. Real-time PCR for detection of Measles Virus in Measles and SSPE diseases
The development of fluorescence-based real-time detected PCR techniques allowed the
quantitative detection of RNA sequences as well as qualitative detection [63, 76, 77].
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These methods provide detecting of large amounts of samples in a short period of time
with a minimal risk of cross-contamination. In the diagnosis of chronic infections,

quantitative aspect of the assay is especially significant [63, 77, 78].

As for applying real-time PCR assays in diagnosis of SSPE, this method provides much
more reliable results compared with conventional PCR methods thanks to its higher
specifity in detecting genetic materials even in low viral load conditions which refers to
low concentration of viral particles which is expectable in SSPE cases, especially in non-

CNS clinical specimens.

2.5.1.4. Investigating MV-RNA in whole blood and other clinical specimens by Real
Time PCR in SSPE Cases

In previous researches; plasma, peripheral blood mononuclear cells (PBMC), CSF and
brain tissue were generally used as clinical samples for detection and molecular
characterization of MV by various PCR method in SSPE cases. Unfortunately MV-RNA
could not be detected in any of those materials excluding their brain tissue. In patients
serologically and clinically diagnosed with SSPE, brain materials were usually positive,

which makes brain tissue the most reliable clinical sample in diagnosis of SSPE disease.

However, the study performed by Miki and his colleagues in 2002, was also taken as a
base for this study, reported that RNA transcribed from N gene of MV genome was
successfully amplified by real-time PCR method from PBMCs of two patients of 19
patients [32, 79].

These results shed a light on possibility of utilizing peripheral blood materials alongside
of brain tissue in detecting and amplifying MV-RNA with molecular techniques in SSPE

cases.

In our country, especially in South-East Anatolia Region in which SSPE case incidence
substantially higher, that carrying out brain biopsy after autopsy is quite difficult due to
traditional beliefs makes using blood specimens as a target material also much more

advantageous and rapid option in diagnosis of SSPE.
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In this study peripheral whole blood samples collected from 28 patients who were
serologically and clinically diagnosed with SSPE were used for molecular diagnosis by
real-time PCR. Peripheral whole blood is beneficial in terms of obtaining viral material
from MV located in PBMCs as well as MV circulating free in the blood stream. Since it is
determined that N encoding genomic RNA commonly exists in genome of the measles
virus causing SSPE and N RNA is consequently the most abundant viral transcript among
the others such as H, M and F in SSPE infected cells [65, 80]; N RNA was amplified in the
reaction in accordance with the studies performed by this time.

Recent researches have also showed that MV virus can rarely be located on various organs
besides of blood and CNS tissues in SSPE patients [81, 82, 83]. In a study performed with
several organs including lung, hearth and liver MV-RNA could successfully be isolated

from appendix and thymus as only non-CNS tissues [83].

2.5.1.5. Advantages of Real Time PCR as a method compared to Standard PCR

Despite the fact that both standard PCR and real-time PCR follow a similar procedure,
real-time PCR has many more advantages compared to standard PCR. Ability to
identifying amplified sequences during the PCR process is one of the primary advantages
of real-time PCR. Real-time PCR measures the amount of the product during the
exponential phase. However standard PCR measures product during the plateau phase
which makes measurement less effective due to the fact that measurements taken during

the plateau phase do not always precisely determine the quantity of starting material.

Standard PCR requires post-PCR analysis such as agarose gel electrophoresis which
identifies the product either by size or sequence. Running gel electrophoresis is a time-
consuming and manual technique, although it is less expensive. In addition to that, since
molecules of the same or similar weights cannot be easily differentiated, it has low
specifity. Hence, gel electrophoresis alone is not sufficient for endpoint analysis for most
laboratory purposes. It requires extra methods in order to confirm results. Probe
hybridization or ELISA detections are usually used for characterization of the product by
its sequence. These methods are relatively more reliable and informative. Nevertheless, it

is time-consuming and expensive. Real-time PCR eliminates these needs in that it achieves
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amplicon recognition by monitoring the accumulation of specific products during each

cycle.

That the entire process including amplification and analysis occurs in the same tube is
another advantage of real-time PCR, which decrease possibility of contaminating the
product. This distinguishes the real-time PCR from standard PCR where the PCR product
is moved and placed into other systems [84].

2.5.1.6. Amplicon Detection in the real-time Thermal Cycler

PCR product generation and recognition are combined by real-time PCR thermal cyclers
into an integrated format that allows for the subsequent analysis of the procured data. In
order to achieve these two above mentioned duties, conventional PCR thermal cycler
technology is incorporated with integrated fluorimeters and detectors by real-time PCR
devices and the ability to both excite a fluorochrome and detect the emitted light are
provided through these. However, different providers of such fittings are there to range in
cost depending upon their features. This represents a considerable investment for many
laboratories whereas it can result in savings while the analysis of PCR products can be
carried out without running agarose gels, standing for a savings in both time and money

when processing a large number of samples.

As the real-time PCR reactions are surveyed at each period by measuring fluorescence,
most real-time thermal cyclers need to be adjusted for the definite tube, microtiter plate,
microtiter plate seal used and the PCR reaction volume. For this reason, it is important to
determine the type of the real-time thermal cycler to be used in the experiment before

setting up the reactions [84].

As they provide higher throughputs, Roche (Light Cycler), Biorad and Applied Biosystems
of Life Technologies have the outstanding and the most preferred real- time PCR systems
[85].


http://www.appliedbiosystems.com/absite/us/en/home/applications-technologies/real-time-pcr/real-time-pcr-instruments/viia7.html?CID=fl-viia7
http://www.appliedbiosystems.com/absite/us/en/home/applications-technologies/real-time-pcr/real-time-pcr-instruments/viia7.html?CID=fl-viia7
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Figure 2.12. Roche LightCycler 2.0 (A) and Bio-Rad iQ5 Systems (B)

2.5.1.7. Fluorescent dyes for monitoring real-time amplification

Finding out the PCR product in real-time comprises the use of a fluorescent dye. These can
be either nonspecific dyes, such as fluorescent DNA binding dyes (e.g., SYBR Green I) or
strand-specific probes (such as Tagman or Molecular Beacons), that use a phenomenon
recognized as fluorescent resonance energy transfer (FRET) to differentiate between
diverse products [87]. Nonspecific fluorescent dyes from the SYBR Green family are most
commonly used for the preliminary optimization of the real-time PCR amplification
because they are more economical in proportion to strand-specific probes and easier to
optimize. A single, specific DNA fragment has to be attained during PCR amplification
When using this type of detection, because any supplemental nonspecific DNA fragment
accumulation will contribute to the measured fluorescence. If nonspecific bands are
amplified in the PCR reaction or if the amplification of more than one target sequence will

be monitored in a single PCR reaction, strand-specific probes need to be designed [84].

e Nonspecific fluorescent probes

Even though various types of nonspecific probes available (e.g., Molecular Probes’s YoPro
and YoYo), SYBR Green that is the minor groove binding dyes is particularly used
widespread. The SYBR Green 1 maximum emission values are around 520 nm and most
real-time PCR thermal cyclers possess optics to detect at this wavelength. Since no probe
Is needed, their relative affordability and generic nature make them ideal for optimizing a
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great deal of PCR reactions, and can provide quantitative data proper for many practices
(such as expression studies). However, they can be used to control the amplification of any
double-stranded DNA sequence. Strand-specific methods are still recommended (e.g.,
TagMan or Molecular Beacons) for some experiments such as detection of allelic

variations.

The SYBR Green family of dyes has a basic principle which is that they sustain a 20- to
100-fold increase in their fluorescence on binding dsDNA that is detected by the real-time
PCR machine’s detector. Hereby, there will be a relative increase in the fluorescent signal
since the amount of dsDNA mounts up in the reaction mix. On the other hand, this
simplicity means that they may bring out false positive signals; i.e., as the SYBR® dye ties
up to any double-stranded DNA, it can also bind to nonspecific double-stranded DNA
sequences. Consequently, it is vital to have well-designed and optimized linings that do not

amplify non-target sequences, and that melt curve analysis be performed [84].

e Step-by-step method

1.SYBR® dye immediately binds to all double-stranded DNA that are in the sample when
it is added to a sample. The aimed sequence which creates the PCR products is amplified
by DNA polymerase during PCR. Then SYBR® dye binds to each new copy of double-
stranded DNA.More PCR products are created since the PCR progresses. SYBR® dye
binds to all double-stranded DNA, so the result is a mount up in fluorescence intensity

adjusted to the amount of PCR product generated [88].
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Figure 2.13. SYBR Green during PCR amplification [84]

e Strand-specific fluorescent probes

Fluorophore-coupled nucleic acid probes are likely to be used as a detection system. In a
sequence-specific manner, these strand-specific probes interact with the PCR products and
obtain data about a particular PCR product as it accumulates. Nevertheless, one commonly
used example will be explained in order to introduce the basic principle behind strand-
specific probes and to emphasize some of the advantages of this approach upon the use of

nonspecific probes.

Hydrolysis probes are included here as one of the most widely used strand-specific
approaches. They are named so because their utility is based upon the 5_ nuclease activity
of Taqg polymerase. Another well-known example is TagMan probes that have been used
extensively in a wide range of researches. TagMan probes are sequence-specific

oligonucleotides with two fluorophores marked at both end.

The quencher is the term for one fluorophore and the other is the reporter. When the
reporter fluorophore is actuated by a laser at the suitable wavelength, it absorbs that light
and then releases a particular wavelength of light. The quencher will absorb the emitted
light by FRET all the time it remains in close affinity. The quencher is chosen according to

its ability to specifically absorb the emitted spectra of the reporter and should be placed in
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the probe to optimize the capture of that light.

The probe is created to anneal to the accumulating product at an internal site as shown in
Figure 2.14.. Characteristically the 3_ end of the probe is obstructed to suppress extension
due to annealed probe. As product piles up, the dual-marked primer binds to the aimed
sequence and gets degraded by the 5 nuclease efficiency of the Tag polymerase. As
shown in Figure 2.14., this is the consequence of the Taq enzyme matching the probe
during amplimer extension. Providing less absorption of the light emitted by the reporter,
degrading the probe separates the quencher from close proximity to the reporter. Hereby,
there is a corresponding mount up in fluorescence that is associated with the particular
amplification of the aimed sequence. Differently form which is seen with other strand-
specific approaches that rely on the measurement of the direct hybridization of probe to the
target during each cycle, a cumulative signal is produced. The TagMan method is
dependent upon a probe that can be efficiently hydrolyzed because it is very sensitive. In
order to secure efficient cleavage, the probe should have a Tm 5¢ to 10-C greater than the
amplimer to enable its binding quantitatively to the template before the extension.

However, designing such a probe can be problematic with AT rich targets.

Actually, one of the benefits of the strand-specific probe systems is that multiple probes
can be bound to, or multiplexed, and thus information about various target sequences can
be provided from one reaction. This can be very beneficial while both controls and target
sequences are amplified under the same circumstances. Another advantage is when there
are two potential PCR products that can be obtained from the same primer set. A strand-
specific probe can be used in order to help distinguish the two products. Both the
hydrolysis probe approach explained above and other sequence specific probe systems
have been widely used for genotyping and they can identify point mutations, SNPs, and
allelic variants which are not easily possible with SYBR Green | or SYBR Gold [84, 89,
90, 91, 92].
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Figure 2.14. TagMan probe used for sequence-specific amplification of DNA fragments
[84]

2.5.1.8. Melting point (Tm) analysis to verify amplification specificity

Before continuing real-time PCR analysis, that the PCR amplification is specific; the actual
real-time PCR conditions should be confirmed again. This can be done using the melting
curve analysis tools of the system. As a quality control step, to perform melting point
analysis after each real-time PCR run is important. It is also useful for optimizing primer-

annealing temperature when it is necessary.

Melting point analysis distinguish target sequences from PCR artifacts such as primer
dimers or products originated from non-specific primer bindings. This feature is based on
the observation that the temperature at which a DNA duplex will denature depending upon
length and nucleotide composition. Fluorescence measurements are performed while the
temperature of the reaction products raises (for example, from 60° to 95°C). At the low
temperature, the amplicons are all double stranded which causes SYBR Green dye to bind
the target amplicons and thus, produce a strong fluorescence signal. When the temperature
increases, The PCR products undergo denaturation which causes to decrease in
fluorescence. As the Tm of a particular ds DNA product is reached, a rapid decrease in the
fluorescence over a short temperature range is detected by the instrument and shown as Tm
peaks on the screen. These peaks represent the points at which the maximum rate of

change in fluorescence is detected. Different amplicons can generate different peaks
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centered on different temperatures and, fortunately, PCR artifacts generally have lower

melting temperatures than the target amplicon [84].

In this study, melting point analysis was constituted the basis of investigation of N RNA
and conducted in order to determine melting temperature of the target N RNA amplicon

and distinguish from PCR artifacts or misproducts.

2.6. TREATMENT

The treatments are generally palliative and mostly symptomatic because of SSPE as a fatal
disease. Oral Inosiplex (IsoprinosineR), is derived from inosine and p-acetaminobenzoic
acid salt of N, N -dimethylamido-2-propanol helps to regulate the immunological

stimulation by having an immunomodulator effect.

Reports are suggesting that long term administration of the drug led to a 20% remission
rate and or 4 years survival [25,93] Isoprinosine in combination with weekly intrathecal
INF-o was suggested as the best treatment by some authorities, however resultant adverse
effect rate because of intrathecal administration decreased the usage of this combination as

a type of treatment.

Long term administration of the Isoprinosine is determined to be safe and has not any
significant adverse side effects. Its immunomodulating effect was also proven by applying
to 11 patients with SSPE failed to produce INF after incubation with the common
mutagens PHA and Poly (I-C) (polyinosinic:polycytidilic acid).

Applied for a couple days, daily oral Isoprinosine treatment has been seen as to lead to a
significant increase in INF production by PBL of the patients after incubation with the
same mutagens [25, 94]. Besides, some researchers have reported that Ribavirin in
combination with intraventricular IFN [25, 95], anti CD 20 antibodies [25, 96], Thymic
Humoral Factor, Amantadine, steroids and plasmapheresis also have beneficial effects in

selected non- randomized trials [25, 96].



Box 3: Drugs used in the treatment of SSPE

Amaniadine.

Cimetidine.

Corticosteroids.

Interferon alfa.

Interferon beta.

Isoprinosine (Inosiplex).

Intravenous immunoglobulin.

Ribavirin.

Combination of intraventricular interferon alfa plus oral
isoprinosine is the best effective treatment available.

Figure 2.15. Drugs used in the treatment of SSPE [42].
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3. MATERIAL

3.1. REAGENTS AND COMMERCIAL KITS

e Roche High Pure Viral Nucleic Acid Kit
e RevertAid First Strand cDNA Synthesis Kit; Thermo Scientific
e LightCycler® DNA Master SYBR Green [; Roche

e Taq Polymerase PCR kit; Thermo Scientific

e Sybr Gold
e 6X Loading Dye; Fermentas
e DNA Ladder; 50 bp, Invitrogen

e Agarose; Prona Basicale

3.2. LABORATORY TECHNICAL EQUIPMENT

Table 3.1. Laboratory technical equipment

Equipment Brand

32

Micropipettes 1000, 200, 100, 10, 2.5 pl

Thermo E. C. Finnpipette

Eppendorf tubes (pcr, 0.5, 1.0 ml)

Eppendorf

PCR Thermal Cycler

Applied Biosystems, Gene Amp PCR

adapter

System 5700
PCR Thermal Cycler for Gradient PCR Biorad, T100
Real Time Light Cycler Roche, 2.0
Real Time Light Cycler Centrifuge Roche, 2.0

Cooler for +4 ° C storage

Sanyo Medicool, MPR-513

Refrigerator for -20 ° C storage

Sanyo Biomedical Freezer, MDF-4333

-86 ° C Freezer

Sanyo, MDF-U52V



https://cssportal.roche.com/LFR_PublicDocs/ras/12158817001_en_10.pdf
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Vortex

IKA, MS2 Minishaker

Microcentrifuge

Hettich Zentrifugen, Mikro 120

Spin-down

Labnet-Spectrafuge

Analytical balance

Denver Instrument, APX-200

Heater ETG, MBT250

Water bath Memmert, WB14

Autoclove Systec, V-95

Microwave Bosh, Micro Combi

UV Cabinet Cleaver Scientific LTP, UV Light

Biological Safety Cabinets

Thermo E. C., Holten LaminAir

Spectrophotometer

Implen Nanophotometer

Gel Electrophoresis System

Thermo E. C., Midicell Primo EC300

Agarose gel visualition tools

Chemi Doc (for PC), Biorad® Gel

Imager

UV protector for direct gel visualition

Biorad

3.3. CHEMICALS

EDTA; Scharlau AC0940
Tris; Ultra Pure MP Biomedicals Inc.
Boric Acid; Scharlau AC0577



3.4. BIOINFORMATIC TOOL

Tool Internet Site

Table 3.2. Bioinformatic tools

Entrez Nucleotide (NCBI)

http://www.ncbi.nlm.nih.gov/nucleotide/

Entrez Blast (NCBI)

http://blast.ncbi.nlm.nih.gov/Blast.cgi

Integrated DNA
Technologies (IDT) - Oligo
Analyzer

http://eu.idtdna.com/analyzer/Applications/OligoAnalyzer/

Biology Workbench
Nucleotide Tool,
CLUSTALW (Multiple
Sequence Alignment)

workbench.sdsc.edu

34


http://www.idtdna.com/
http://www.idtdna.com/
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4. METHOD

4.1. PATIENT GROUPS and CONTROLS

Twenty-eight whole blood specimens collected from SSPE patients who were serologically
and clinically diagnosed were kindly provided by Prof. Dr. Giiher Saruhan Direskeneli (
Istanbul University, Faculty of Medicine, Department of Physiology). Drawn blood
specimens formerly transferred to Blood Collection Tube with EDTA and divided into 1.5
ml Eppendorf tubes were stored at -86°C freezer by following long term storage condition
rules of biological materials until thesis experiments initiated. Schwarz strain of Measles
Vaccine and cell cultured measles strains from a patient kindly provided by Associate Prof.
Giilay Korukluoglu from Public Health Agency of Turkey were used as positive control
and whole blood samples collected from healthy donors provided from Yeditepe
University Hospital were used as negative controls. Yeditepe University Ethical

Committee approval was also received before performing study.



4.2. POLYMERASE CHAIN REACTION (PCR)
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Experiment steps were performed respectively as indicated at flow-chart below (Figure

4.1)
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Figure 4.1. Experimental flow-chart
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4.2.1. Viral RNA isolation

Whole blood specimens stored at -86°C freezer were held at -20 °C for 24 h in order to
prevent samples from heat shock before viral RNA isolation. Extraction was performed
with Roche High Pure Viral Nucleic Acid Kit according to the manifacturer instructions.
Basically 200 ul whole blood samples were treated with 200 pul Working Solution
composed of Poly (A) carrier RNA and Binding buffer to extract more stable and pure
viral RNA material. 50 pl Proteinase K were added to eliminate protein contamination.
Samples were vortexed and incubated for 10 min at 72 °C. After incubation, 100 ul
Binding buffer added. Samples were collected in spin column tubes with silico semi
membrane provided with the kit centrifuged in 8000g. Samples in spin columns were
washed once with 500 pul Inhibitor Removal buffer and twice with 450 ul Wash buffer in
order to remove any remeaning residual contaminants and then samples were centrifuge in
8000 g. Eventually 50 ul Elution buffer was added due to extricate and collect RNAs
binding filter membrane of the column tubes. Extracted viral RNAs were aliquoted into
eppendorf tubes placed on ice. Viral RNA concentration was calculated by Implen
Nanospectrophotometer using 260/280 wavelength. Extra aliquots which were not used for

cDNA synthesis were stored at -86°C freezer.

4.2.2. Synthesis of cDNA by Reverse Transcription

cDNA was synthesized from isolated viral RNA using RevertAid First Strand cDNA
Synthesis Kit according to the manufacturer's instructions. 1 pg total viral RNA, 1 ul
random hexamer primers and necessary amount of nuclease free water up to 12 pl were
added to PCR tubes in order to prepare the first mixture and tubes were incubated at 65 °C
for 5 min by using Gene Amp PCR System 9700 thermal cycler. After then 4 ul Reaction
Buffer, 2 pl 10 mM dNTP mix, 1 pl Ribolock RNase Inhibitor and 1 ul RevertAid M-
MuLV Reverse Transcriptase were prepared in PCR tubes as second mixture and added
to first mixture. Tubes were incubated at 42 °C for 60 min and 70 °C for 5 min
respectively by using Gene Amp PCR System 9700 thermal cycler. Synthesized cDNA
were stored at — 20° C for further use.
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4.2.3. Primer Confirmation

N gene primers, which were acquired from the publication released by H.S. EI Mubarek
and his colleague in 2003 [42], were preferred due to its sequence alignment which were

already performed in currently active measles virus genotypes stated by WHO.
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Figure 4.2. N gene sequence alignment currently active measles virus genotypes
(‘reference strains as indicated in WHO, 2003) [42]

Primers quality considering their GC contents, melting temperatures and intensity of
forming hairpin, dimer structures were checked by using IDT Oligo Analyzer. Primers

gene specifity also determined by using NCBI Blast tool (Entrez Blast).

Since Schwarz strain (genotype A, accession number: U03668) of Measles Vaccine
derived from Edmonston wild type [97] strain could be provided as positive controls,
alignmet of N gene Schwarz strain vaccine sequence and Edmonston Wild Type/ USA/
1954 N gene sequence (genotype A, accession number: U01987) which is generally
selected to design primers were performed in order to determine overlapping ratio of
sequences of the strains and localize primers on these sequences. NCBI Nucleotide tool
(Entrez Nucleotide) were used in order to access the sequences. Multiple Sequence
Alignment were performed using Biology Workbench CLUSTALW tool. Only three base

differences were detected, which can be ruled out.
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Figure 4.3. Multiple Sequence Alignment of Shwarz strain and Edmonston Wild Type/

USA/ 1954 and localized forward (green) and reverse (blue) N gene primers.

4.2.4. Primer Optimization with Standard PCR

For standart PCR , dNTP, distilated nuclease free water, 10X Taq buffer, MgCl,, forward
and reverse primers, Tag DNA Polymerase enzyme were mixed in an eppendorf tube.
Template cDNA were added afterwards in different lab to avoid contamination. Total
reaction volume was 20 ul. All the preparations were performed on ice and in biological
safety cabinets. Various amounts of components were tested in order to determine the most

efficient PCR protochol.



Table 4.1. The content of PCR mixture

Component Volume Final Concentration
Template 1l varies
10X buffer 5ul 1X
10Mm dNTP 1ul 0,5mM
MgCl, 4pl 2mM
Forward Primer 0,4 ul 0,2 uM
Reverse Primer 0,4 ul 0,2 uM
DNA polymerase 0,3 ul
dH,0 Up to 20 pl

Table 4.2. Experimental Protocol for PCR

Predenaturation

Denaturation

Annealing

Extension

Last extension

95°C 3 min
95° C] %30 30 second
varies 30 second

72°C 30 second

72°C 10 min

40
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Table 4.3. Sequences of N gene forward and reverse primers

Gene Name Forward Forward Expected
primer primer Product Lengt
N 5 GGC AAG | 5° GAA CTC GGT 71 bp
AGA TGG TAA | ATC ACT GCCG
GGA GGT 3 3

The PCR products checked on 2% agarose gel prepared with TBE buffer and agarose
staining with Sybr Gold. Samples were run at 100 volt for 45 minutes using electrophoresis
system and gel was visualized under ultraviolet with Biorad® Gel Imager with Chemi Doc

tool.
4.2.5. Real-time PCR Assay with LightCycler® DNA Master SYBR Green |

For real-time PCR, initially, 10 pl LightCycler® FastStart Enzyme was pipetted into
Reaction mix and re-labeled as LightCycler® DNA Master SYBR GreenI. PCR grade
H20, MgCl,, PCR primer mix and LightCycler® DNA Master SYBR Green | were mixed
in an eppendorf tube, then transformed to LightCycler® capilleries placed on
LightCycler® Centrifuge Adapters formerly held at 4°C . Template cDNA were added
afterwards in different lab to avoid contamination. Total reaction volume was 20 pl.
cDNA, MgCl; and accordingly H,O concentration optimization were performed in order to
validate the most efficient Real Time PCR protocol for detecting N RNA. All the

preparations were conducted in biological safety cabinets.

Real Time PCR was administered in LightCycler 2.0 Instrument (Roche). 530 nm
wavelength channel were chosen for fluorescence and absorption measurements of Sybr

Green.


https://cssportal.roche.com/LFR_PublicDocs/ras/12158817001_en_10.pdf
https://cssportal.roche.com/LFR_PublicDocs/ras/12158817001_en_10.pdf
http://www.roche-applied-science.com/shop/products/lightcycler14301-20-instrument
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Table 4.4. The content of real-time PCR mixture

Final
Component Volume Concentration
Template 2 ul Varies
MgCl, Varies (0.8-1,6 ul) | Varies (2-3 mM)
PCR Primer mix 2 ul 0.5 mM of each
Master SYBR Green | 2ul 1X
dH,O Up to 20 pl

Table 4.5. Experimental Protocol for real-time PCR

Analysis Segment Target Hold Time | Acquisition

Mode Temperature Mode

Pre-Incubation
None 1 95°C 10 min None
Amplification
Denaturation 95°C 10 min None
Quantification 45 Annealing 52°C 4 sec None
Extension 72°C 7 sec None
Melting Curve
Melting Denaturation 95°C 0 sec None
Curves 1 Annealing 65° C 15 sec None
Extension 0.2°C 0 sec Continuous
Cooling
None 1 40° C 30 sec None

The PCR products were checked on 2% agarose gel prepared with TBE buffer and
agarose staining with Sybr Gold. Samples were run at 100 volt for 1 h using
electrophoresis system and gel was visualized under ultraviolet with Biorad® Gel Imager

with Chemi Doc tool.
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5. RESULTS and DISCUSSION

5.1. REAL-TIME and STANDART PCR OPTIMIZATION RESULTS

5.1.1. N gene Primers Annealing Temperature Optimization by Standard PCR

After primers have been synthesized, their annealing temperatures should be optimized.
Primers of which annealing temperatures are stated and acquired from various publications
may also need optimization since reactions are carried out with different Kkits or systems
may cause differences in annealing temperatures. Optimization can be performed utilizing
a temperature gradient analysis to determine the optimal annealing temperature. A
temperature gradient analysis allows to conduct several PCR reactions at different
temperatures simultaneously. Thus, temperatures can then be compared and which
annealing temperature gives the best product can be determined [84].

In our study, N gene primers annealing temperature were determined via gradient gel PCR
and confirmed with standard gel PCR using Thermo Scientific Taq Polymerase Kit. The
PCR products were checked on 2% agarose gel prepared with TBE buffer and agarose
staining with Sybr Gold. Samples were run at 100 volt for 45 min using electrophoresis
system and gel were visualized under ultraviolet with Biorad® Gel Imager with Chemi Doc
PC tool. As shown in Figure 5.1., in order to assign N gene primers annealing temperature,
temperatures varied between 50°C-56°C were tested via gradient PCR. MV vaccine cDNA
was used as template. According to the electrophoresis results of gradient PCR, annealing
temperature was determined as 52° C. Then as indicated in Figure 5.2, it was confirmed
with standard PCR.



L= Ja—f —F —F— far = 5

Figure 5.1. N gene Standard Gradient PCR gel electrophoresis result

Figure 5.2. N gene Standart PCR result
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5.1.2. N gene Primers Concentration Optimization for Real Time PCR Assay with
LightCycler® DNA Master SYBR GreenI Kit

Primer concentration is one of the main elements which directly effects PCR efficiency.
Increasing primer concentration can increase the detection of the PCR products, however,
primer concentrations that are too high may cause the production of nonspecific products
such as primer-dimers or smears. If the signal is weak or nonspecific products are too
problematic, testing varying amounts of each primer is helpful. Typically, optimal final
concentrations will be between 0.05 and 0. 9 uM [84].

In this study, N gene lyophilized primers were resuspend and prepared as 100 uM stock
solution and 10 puM working solution before experiments initiated [97]. Then, as
recommended by instructor's manual of LightCycler® DNA Master SYBR Green 1 Kit, a
primer mix was prepared as each primer concentration to be 0.5 uM and 2 ul primer mix

was used for each reaction.

5.1.3. MgCl, Concentration Optimization for Real Time PCR Assay with
LightCycler® DNA Master SYBR Green1 Kit

MgCl, concentration is a very important factor for all kinds of PCR since it directly
influences the productivity and fidelity of the enzyme in the reaction. Its impact ranges
from no detectable product if too low, to a multitude of nonspecific products and PCR
artifacts if too high. An optimal concentration for MgCl; is typically between 1 to 5 mM.

In this study, MgCl, concentration were determined for real-time PCR assay with
LightCycler® DNA Master SYBR Green I. cDNA synthesized from MV vaccine used as
template. 0.8 ul (2 mM), 1 pl (2.25 mM), 1.2 ul (2.5 mM), 1.4 pl (2.75 mM), 1.6 ul (3
mM), and 1.8 ul (3.25 mM) MgCI, were tested respectively and 1 ul (2.25 mM) MgCl,
showed the most accurate amplification curve result regarding to its Cp value which is 25
as shown in Figure 4.3 and Figure 4.4. On LightCycler systems Cp (Crossing point) value
is equivalence of C+ ( treshold cycle) on other real-time PCR systems. Since Cr values are
generally evaluated as 20; high, 30; low, 40; unsignificant or no expression, the value we

choose, representing any parameter, should be ranged between 20-30, if possible. It is also


https://cssportal.roche.com/LFR_PublicDocs/ras/12158817001_en_10.pdf
https://cssportal.roche.com/LFR_PublicDocs/ras/12158817001_en_10.pdf
https://cssportal.roche.com/LFR_PublicDocs/ras/12158817001_en_10.pdf
https://cssportal.roche.com/LFR_PublicDocs/ras/12158817001_en_10.pdf
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important to choose the lowest Ct value between 20-30 as lower Ct values point out a

more efficient production of the product [84].

Amplification Curves
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Figure 5.3. Amplification curves of various MgCl, concentrations obtained from Real

Time PCR assay
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Figure 5.4. Amplification curve obtained by using 1 ul MgCl;, alone

Samples which represent various MgCl, concentration were also confirmed on 2% agarose
gel prepared with TBE buffer and agarose staining with Sybr Gold (Figure 5.5.). Samples
were run at 100 volt for an hour using electrophoresis system and gel was visualized under
ultraviolet by Biorad® Gel Imager and Chemi Doc PC tool. As seen in the Figure 5.6., 1 pl
MgCl, showed the clearest band among the other bands representing different

concentrations in gel electrophoresis, as supporting the real-time results.
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Figure 5.5. Gel electrophoresis result of different MgCl, concentrations

5.1.4. Template Concentration Optimization for Real Time PCR Assay with
LightCycler® DNA Master SYBR Green1 Kit

All the MgCl; concentrations showed double melting peaks as indicated in Figure 5.6.,
which referred to unspecific primer bindings or primer dimers. Those unwanted products
could have been arisen from using unsuitable template concentration as well as unsuitable
MgCl, concentration. However, since different concentrations for MgCl, already were

tested, template concentration optimization option were decided to try.

At the beginning high concentration of cDNA (1 pg) had been decided to use considering
a big part of measured RNA actually consisted of Poly A carrier RNA provided by viral
isolation kit, and therefore low amount of viral RNA might in fact had been extracted from
whole blood samples. Nevertheless, excess or too little amount of cDNA usage might lead
to occure those problems mentioned above. Hence, in order to obtain a single peak, real-
time assay was repeated with 1 ul MgCl, and 1:10 diluted template (100 ng) and it was
revealed that using 100 ng cDNA as template still caused double melting peaks formation.
However, one of the melting peak’s d/dt value which represents absorbance was very
lower than the value of correspond peak of 1ug template. Theron, same assay was tested
with 1 pul MgCl, and 30 ng cDNA as recommended by instructor's manual of
LightCycler® DNA Master SYBR Green 1 Kit.


https://cssportal.roche.com/LFR_PublicDocs/ras/12158817001_en_10.pdf
https://cssportal.roche.com/LFR_PublicDocs/ras/12158817001_en_10.pdf
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Figure 5.6. Double melting peaks of various MgCl, concentrations obtained from real-
time PCR

As shown in the Figure 5.7. single melting peaks were obtained by using 30 ng MV cDNA
(red) and cell cultured measles strains (green), which are positive controls, as templates
with 1 ul MgCl,. It was also revealed that Tm value specific to our interested N RNA
sequence was approximately 82.5 ° C, which played a key role investigating N RNA in
following PCRs.
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Figure 5.7. Melting peaks acquired from 30 ng MV cDNA and 30 ng and cell cultured

measles strains, which are positive controls, with 1 ul MgCl,
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5.2. MV-RNA INVESTIGATION RESULTS IN SSPE PATIENTS

Whole blood specimens of twenty patients were examined by separating into groups. For
each reaction two positive controls, one negative control (different healthy donors’s cDNA
for each reaction) and dH,O were used. Only one patient blood specimen (no: 6761)
showed positive result which indicated that, target N RNA could be extracted by RNA
isolation from patient blood and detected and amplified by real-time PCR assay. As shown
in Figure 5.8.; melting peaks of MV vaccine (dark green) and of cell cultured measles
strains (dark blue) as positive controls and of positive patient (black) are intersected at
approximately 82.5° C. Measles vaccine showed one more small peak which might
resulted from unspecific primer binding. As cDNA used as template became denatured due
to undergoing defrosting and freezing numerous times for each reaction, cDNA
concentration in 2 ul might have started to decrease (lesser than 30 ng) and this might have
led to primer dimers or unwanted products since optimum template concentration
impaired. However that small peak could be neglectable, for the melting peak specific to N
RNA sequence was clear. Negative control cDNA (grey) has two melting peaks of which

Tm values are 80° C and 86° C respectively. dH,O (orange) does not show any melting

peak.
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Figure 5.8. Melting curve analysis of real-time PCR assay with positive patient (no: 6761)

Melting peak of N RNA sequence of positive patient alone could be seen in Figure 5.9..
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Figure 5.9. Melting peak of positive patient alone

As seen in Figure 5.10., according to amplification curve analysis data, Cp values of
positive patient (black), Measles vaccine (dark green), cell cultured measles strains (dark
blue) and (-) cDNA (grey) are 30.98, 33.17, 28.59 and 29.25 respectively, which imply that
Cp values of the samples indicates sufficent gene expression. Thus, the assay can be

considered as a significant and an efficient real-time PCR.
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Figure 5.10. Amplification curve analysis of real-time PCR assay with positive patient

This real-time PCR assay results was also checked on 2% agarose gel prepared with TBE
buffer and agarose staining with Sybr Gold. Samples were run at 100 volt for an hour
using electrophoresis system and gel was visualized under ultraviolet by Biorad® Gel

Imager and Chemi Doc PC tool.
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Figure 5.11. Gel image of real-time PCR assay results with positive patient (no: 6761)

As shown in Figure 5.11., while positive patient’s (no: 6761) and positive controls’
(measles vaccine, cell cultured measles strains) bands appears at the same level, which
points out the length of expected product (71 bp) ; other patients’ (no: 6764, 6763, 6762,
6760) and healthy donors’ bands appeared at higher levels. Negative patients seems to
have similar bands at the same level in correlance with common melting curve values of
theirs in real-time PCR assay. Positive patient’s and controls’ same leveled bands also are
associated with the specific Tm value of their melting curves ( ~ 82.5° C). dH,O has no
bands, revealing no expression just as indicated in real-time PCR assay. In the light of
these findings, it can be concluded that real-time PCR results are consistent with gel

electrophoresis results.

As clearly seen Figure 5.11., bands represented gene expression of negative patients and
healthy donors formed as a consequence of non-spesific bindings of primers. Impairment
of optimum cDNA concentration caused by denaturation is responsible for this formation.
It is also suggested that during viral RNA isolation, human small RNAs (non-coding
RNAs) could have been extracted with viral RNAs and primers might bind these RNA

sequences. However this assumption could only be acceptable for human specimens.

Next, positive patient data was additionally checked with three negative controls (healthy
donors) in another real-time PCR assay of which result is shown in Figure 5.12.. As

positive controls; MV vaccine (light blue), cell cultured measles strains (light green) and
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positive patient (pink) melting peaks intersect at approximately 82.5° C as they did in the
previous real-time Assay as seen in Figure 5.8.. Each samples including positive controls
and positive patient have double melting peaks, probably indicates unspesific primer
binding due to the fact that cDNAs might have started to denaturate. Negative control
cDNA s are dark blue, grey and orange, which have a common melting peak with the value

of approximately 86 ° C.
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Figure 5.12. Melting Curve analysis data of positive patient and two positive and three

negative controls

Positive patient result and negative results with positive controls can be seen separatedly in
Figure 5.13. and Figure 5.14., respectively.
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Figure 5.13. Positive patient result with only positive controls



53

Melting Peaks

-(d/dT) Fluorescence (530)

65 70 75 an a5 a0 a5
Temperature (*C)

Figure 5.14. Healthy donors results (negative controls) with only positive controls

As stated in Figure 5.15., Cp values of patient (black) is 27.70, Measles vaccine (light blue)
is 22.53, cell cultured measles strains (green) is 27.78 and of three negative controls are
(dark blue) 24.51, (grey) 27.28, (orange) 25.08 respectively, indicating a significant and

an efficient real-time PCR.
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Figure 5.15. Amplification curve analysis of positive patient, positive controls and

negative controls.

As shown in Figure 5.16., these real-time PCR assay results were additionally checked on
2% agarose gel prepared with TBE buffer and agarose staining with Sybr Gold. Samples
were run at 100 volt for an hour using electrophoresis system and gel was visualized under
ultraviolet by Biorad® Gel Imager and Chemi Doc PC tool. In accordance with real-time
PCR assay, bands belonging to positive controls ( MV vaccine and cell cultured measles

strains) and positive patient are in the same level in the gel image, indicating expected
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product length (71 bp) whereas negative controls bands appear at higher level, also being

in correspondence with previous real-time PCR assays and their gel electrophoresis results.

Figure 5.16. Gel image of real-time PCR assay results of positive patient, positive controls

and negative controls.
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6. CONCLUSION and RECOMMENDATION

The primal aim of this study was the validation of the most convenient real-time PCR
method to detect and amplify MV-RNA in blood specimens collected from SSPE patients
clinically and serologically diagnosed. N (nucleoprotein) gene belonging to MV genome
was the interested gene since it is revealed that N RNA is the most abundant transcript

among the others, and additionally its whole gene sequence has been published.

As a pilot study, twenty-eight patients’ specimens were examined and only one patient’s
blood specimen gave positive result. In the study carried out by Miki and his colleagues in
2002, which we took as base, two patients had given positive results among nineteen

patients.

The differences in this ratio may result from various parameters. One of the consideration
is that substantial MV-RNA in our blood specimens could be denatured during the years in
storage. Even if blood specimens were stored with EDTA at - 80° C, RNAs might not
survive due to their unstable single strand structure after a certain period of time. In order
to prolong RNA’s stability special blood tubes such as PAX gene blood tubes which are
recently developed for particularly inhibiting nucleic acid denaturation could be utilized.
Another suggestion is that there was no RNA existed in blood specimens except one
patient’s. Since MV virus is generally located in brain in SSPE disease, the time of
phlebotomy plays a key role in existence of RNA in blood. If blood samples are collected
during the period which all MV viral particles have not yet passed through the blood brain
barrier and still been circulating in the blood stream, it is possible to detect MV-RNA in

blood samples.

In PCR false negatives may occur due to reaction failure especially because of presence of
inhibitors in clinical specimens; therefore, only negative reactions accompanied by positive
internal controls are accepted as true negatives. Correspondingly our results would be of
much value if a multiplex real-time PCR including internal control, which is more

expensive, could be optimized.
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Also the different sensitivity of the PCR detection methods are possible explanations for
these two different results. Extension of the concept of the molecular analysis could be
useful to gain more precise and reliable data regarding of RNA existence. In this study due
to economical conditions, one certain region of N gene was examined. However, as a
further research, development of a more sensitive nested real-time PCR which allows
detection of different regions of the interested gene with various primers and multiplex
real-time PCR which provides to amplify sequences belonging to different genes
simultaneously in one reaction may assist us to obtain more positive results. With these
assay different regions of N gene can be tried to amplify and M, H or/and F genes
detection can also be add in research. As an another approach, development of a
quantitative real-time PCR assays with optimized standards can give us much more
accurate results in investigating MV-RNA compared to less developed existence analysis

based on melting curve analysis.

As a further research, sequence analysis will be useful in order to investigate which
genotype of MV virus causes SSPE in the cases. In this study we used primers which
amplify 71 bp sized product. However, primers which amplify more than 100 bp product

in length can be used to achieve a convincing sequence analysis.



57

REFERENCES

1. Dawson, J. R., "Cellular inclusions in cerebral lesions of lethargic encephalitis.”, Am.
J. Pathol., Vol. 9, pp. 7-15, 1933.

2. Dawson, J. R., "Cellular inclusions in cerebral lesions of epidemic encephalitis.",
Arch. Neurol. Psychiatr., Vol. 31, pp. 685-700, 1934.

3. Pette, H., and G. Doring, "UAN ber einheimische panencephalomyelitis vom
charaker der encephalitis japonica.”, Deuts Zeit Nerven, Vol. 149, pp. 7-44, 19309.

4. Van Bogaert, L., "Une leocoencephalite sclerosante subaigue.”, Neurol. Neurosurg.
Psychiatr., Vol. 8, pp. 101-120, 1945.

5. Poser, C. M., and J. Radermecker, "Subacute Sclerosing leucoencephalitis.”, J.
Pediatr., Vol. 50, pp. 408-425, 1957.

6. Greenfield, J. G., "Encephalitis and encephalomyelitis in England and Wales during
the last decade. ", Brain, Vol. 73, pp. 141-166, 1950.

7. Boutille, M., C. Fontaine, and C. L. Vedrenne, "Sur un cas d’encephalite subaigue a
inclusions. Etude Anatomoclinique et ultrastructurale.”, Rev. Neurol., Vol. 113, pp.
454-458, 1965.

8. Conolly, J. H., I. V. Allen, L. I. Hurwitz and J. H. Millar, "Measles virus antibody
and antigen in subacute sclerosing panencephalitis.”, Lancet, Vol. 1, pp. 542-544,
1967.

9. Hofman, F. M., D. R. Hinton, J. Baemayr and J. E Merrill, “Lymphokines and
Immunoregulatory Molecules in Subacute Sclerosing Panencephalitis.”, Clinical

Immunology and Immunopathology, Vol. 58, pp. 331-342, 1991.



10.

11.

12.

13.

14.

15.

16.

17.

18.

58

Rima, B. K. and W. P. Duprex, “Molecular mechanisms of measles virus
persistence.”, Virus Research, Vol. 111, pp. 132-147, 2005.

Dyken, P.R., “Neuroprogressive disease of post-infectious origin: A review of a
resurging subacute sclerosing panencephalitis (SSPE).”, Ment Retard Dev Disabil
Res Rev, Vol. 7, pp. 217-225, 2001.

Onal, A.E., C. Giirses, G. Saruhan Direskeneli, G. Yilmaz, V. Demirbilek, , S. P.
Yentiir, S. Ozel, Z. Yapici, Y. Tiimerdem, and A. Gokyigit, “Subacute sclerosing
panencephalitis surveillance study in Istanbul.”, Brain & Development, VVol. 28, pp.
183-189, 2006.

Notes from the field Measles Outbreak — CDC, Morbidly and Mortality (MMWR)
Weekly Report, Indiana, June—July 2011.

Stein-Zamir, C, H. Shoob, N. Abramson and G. Zentner, “Who are the children at
risk? Lessons learned from measles outbreaks.”, Epidemiol Infect, Vol. 25, pp. 1-11,
2011,

AA. "Tirkiye'de Goriilen Kizamik Vakalar1." Haberler.com. N.p., 25 Sept. 2013.
Web.

Choppin, P. W., C. D. Richardson, D. C. Merz, W. W. Hall and A. Scheid, “The
function and inhibition of the membrane glycoproteins of Paramyxoviruses and
Myxoviruses and the role of measles virus M protein in subacute sclerosing

panencephalitis.”, The Journal of Infectious Disease, Vol. 143, pp. 352-363, 1981.

Guierrez, J., R. S. Issacson and Koppel, B. S., “Subacute sclerosing panencephalitis:
an update.”, Dev Med Child Neurol., Vol. 52, pp. 901-7, 2010.

Manning, L., M. Laman, H. Edoni, I. Mueller and H. A. Karunajeewa, “Subacute
sclerosing panencephalitis in Papua New Guinean children: the cost of continuing
inadequate measles vaccine coverage.”, PLoS Negl Trop Dis, Vol. 5, pp. 1-8, 2011.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

59

Jayamaha. J., "Measles and SSPE Occurance and Pathogenesis.”, Microbiology
Australia, Vol. 34, pp. 132-134, 2013.

Yalaz, K., B. Anlar, Y. Renda, S. Aysun, M. Topcu and E. Ozdirim, “Subacute
sclerosing panencephalitis in Turkey: epidemiological features.”, J Trop Pediatr,
Vol. 34, pp. 301-305, 1988.

Anlar, B., G. Kose, Y. Giirer, S. Altunbasak, S. Haspolat and M. Okan, “Changing
epidemiological features of subacute sclerosing panencephalitis.”, Infection, Vol.

29, pp. 192-195, 2001,

AA. "Sinsi Hastalik SSPE." Http://arsiv.ntvmsnbc.com/news/381774.asp. N.p.,
2006. Web.

(http://www.hekimlerbirligivakfi.org/read_medical_content.php?i=34by )
Soffer, D., L. Rannon, M. Alter, E. Kahana and S. Feldman, “Subacute sclerosing
panencephalitis: an epidemiologic study in Israel.”, Amr J Epidemiol, VVol. 103, pp.

67-74, 1976.

Gadoth, N., “Subacute Sclerosing Panencephalitis (SSPE) the Story of a Vanishing
Disease.”, Brain and Development, Vol. 34, pp. 705-11, 2012.

Rosaler, M., “Measles ”, New York: Rosen Pub. Group,

“Http://www.cdc.gov/vaccines/pubs/pinkbook/downloads/meas.pdf.” , 2005. Web.

Dhiman, N., R. M. Jacobson, and G. A. Poland, “Measles virus receptors: SLAM
and CD46.”, Rev Med Virol, Vol. 14, pp. 217-229, 2004.

Y. M. Kerdiles, C. I. Sellin, J. Druelle and B. Horvat, “Immunosuppression caused
by measles virus: role of viral proteins.”, Rev Med Virol, Vol. 16, pp. 49-63, 2006.


http://arsiv.ntvmsnbc.com/news/381774.asp.%20N.p

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

60

Occucare International, “Risk of Infection East and Southwest Asia (Report)” May
16, 2012.

WHO, “New genotype of measles virus and update on global distribution of measles
genotypes.”, Wkly Epidemiol Rec., Vol. 80, pp. 347-351, 2005.

Rima, B. K., J. A. P. Earle, R. P. Yeo, L. Herlihy, K. Baczko, V. Ter Meulen, J.
Carabana, M. Caballero, M. L. Celma, and R. Fernandez-Munoz. "Temporal and
Geographical Distribution of Measles Virus Genotypes.”, Journal of General
Virology, Vol. 76, pp. 1173-1180, 1995.

Forc¢i¢, D., M. Baricevi¢, R. Zgorelec, V. Kruzi¢, B. Kai¢, B. M. D. Marina, L. C.
gojat, G. TeSovi¢ and M. Mazuran, “Detection and Characterization of Measles
Virus Strains in Cases of Subacute Sclerosing Panencephalitis in Croatia.”, Virus
Research, Vol. 99, pp. 51-56, 2004.

Moss, W. J. and D. E. Griffin, "Global measles elimination.", Nature Reviews
Microbiolog, Vol. 4, pp. 900-908, 2006.

Young, V. A. and G. F. Rall, " Making it to the synapse: measles virus spread in and

among neurons.”, Curr Top Microbial Immunol., Vol. 330, pp. 3-30, 2009.

Dyken, P. R, "Neuroprogressive disease of postinfectious origin: a review of a

resurging subacute sclerosing panencephalitis (SSPE). ", Mental
Schneider-Schaulies, S., S. Niewiesk, J. Schneider-Schaulies and V. ter Meulen,
"Measles virus induced immunosuppression: Targets and effector mechanisms.",

Current Molecular Medicine, Vol. 1, pp. 163-181, 2001.

Schneider-Schaulies, S. and V. ter Meulen, “Modulation of immune functions by
measles virus.”, Springer Semin Immunopathol, Vol. 24, pp. 127-148, 2002.

Demirbilek, V., G. Benbir, O. Cokar, D. Yalcin, H. Bulut and A. Dervent, "Tonic



39.

40.

41.

42.

43.

44,

45.

46.

47.

61

seizures in subacute sclerosing panencephalitis: a videoillustration of two cases.”,
Epileptic Disord, Vol. 7(3), pp. 221-225, 2005.

Rima, Bertus K. and W. Paul Duprex. "Molecular Mechanisms of Measles Virus
Persistence.” Virus Research, VVol.111.2 , pp. 132-47, 2005.

Graves, M. C., "Subacute sclerosing panencephalitis.”, Neurologic Clinics, Vol. 2,
pp. 267-280, 1984.

Bitnun, A., P. Shannon, A. Durward, P. A. Rota, W. J. Bellini, C. Graham, E. Wang,
E. L. Ford- Jones, P. Cox, L. Becker, M. Fearon, M. Petric, and R. Tellier. "Measles
Inclusion- Body Encephalitis Caused by the Vaccine Strain of Measles

Virus." Clinical Infectious Diseases , VVol. 29.4, pp. 855-61, 1999.

Garg, R. K. "Subacute Sclerosing Panencephalitis.” Postgraduate Medical Journal,
Vol. 78.916, pp. 63-70, 2002.

Measles, Virus, Alveolar, and Macrophages. Measles Virus Infection Cycle(n.d.): n.
pag. Web.

Gascon, G. G., "Subacute sclerosing panencephalitis.”, Seminars in Pediatric
Neurology, Vol. 3(4), pp. 260-269, 1996.

Norby, E. and K. Kristensson, "Measles virus in the brain."”, Brain Research
Bulletin, Vol. 44 (3), pp. 213-220, 1997.

Cattaneo, R., G. Rebmann, A. Schmid, K. Baczko, V. Ter Meulen, W.J. Bellini, S.
Rozenblatt, M. and A. Billeter, "Accumulated measles virus mutations in a case of
subacute sclerosing panencephalitis: interrupted matrix protein reading frame and

transcription alternation.”, Virology, Vol. 154, pp. 97-107, 1986.

Tuxhorn, 1. E. B., "Familial subacute sclerosing panencephalits in two siblings.",
Pediatr Neurol, VVol. 31, pp. 291-294, 2004.



48.

49.

50.

51.

52.

53.

54,

55.

62

Park, S. Y. and S. Kohl, "Subacute sclerosing panencephalitis in an identical twin.",
Pediatrics, VVol. 104, pp. 1390-1394, 1999.

Hall, W. W., "Measles and Subacute Sclerosing Panencephalitis Virus Proteins:
Lack of Antibodies to the M Protein in Patients with Subacute Sclerosing
Panencephalitis.” Proceedings of the National Academy of Sciences, Vol. 76.4, pp.
2047-2051, 1979.

Bartram, C. R., J. Henke, J. Treuner, M. Basler, A. Esch and W. Mortier, "Subacute
sclerosing panencephalitis in a brother and sister.", Eur J Pediatr, VVol. 138, pp. 187-
190, 1982.

Onal, A. E., C. Giirses, G. Saruhan Direskeneli, G. Yilmaz, V. Demirbilek, S. P.
Yentiir, S. Ozel, Z. Yapici, Y. Tiimerdem and A. Gokyigit, "Subacute sclerosing
panencephalitis surveillance study in Istanbul.”, Brain & Development, Vol. 28, pp.
183-189, 2006.

Markowitz, L. E., S. R. Preblud, P. E. M. Fine and W. A. Orenstein, "Duration of
live measles vaccine-induced immunity."”, Pediatr Infect Dis J, Vol. 9, pp. 101-110,
1990.

Inoue, T., R. Kira, F. Nakao, K. lhara, W. M. Bassuny, K. Kusuhara, K. Nihei, K.
Takeshita and T. Hara, "Contribution of the interleukin 4 gene to suscebtibility to

subacute sclerosing panencephalitis.”, Arch Neurol, Vol. 59, pp. 822-827, 2002.

Prashanth, L. K., A. B. Taly, V. Ravi and G. R. Arunodaya, "Adult onset subacute
sclerosing panencephalitis: clinical profile of 39 patients from a tertiary care
centre.”, J Neurol Neurosurg Psychiatr, Vol. 77, pp. 630-3, 2006.

PeBenito, R., S. H. Nagvi, M. M. Arca and R. Schubert, "Fulminating subacute
sclerosing panencephalitis: case report and literature review.", Clin Pediatr, VVol. 36,
pp. 149-54, 1997,



56.

57,

58.

59.

60.

61.

62.

63.

63

Kissani, N., R. Ouazzani, H. Belaidi, H. Ouahabi and T. Chkili, "Crises
eALpileptiques et eALpilepsie dans le cadre d’une panenceALphalite scleALrosante
subaigue AN (a’ propos de 30 cas).", Neurophysiol Clin, Vol. 31, pp. 398405, 2001.

Fabian, V.A., H. Yee Lee, J. L. Keith-Rokosh, J. L. de Souza and E. Stewart-
Wynne, "A 22-year-old Australian woman with atypical subacute sclerosing
panencephalitis diagnosed at postmortem.”, J Clin Neurosci, Vol. 17, pp. 11924,
2010.

Jabbour, J. T., J. H. Garcia, H. Lemmi, J. Ragland, D. A. Duenas and J. L. Sever,
"Subacute sclerosing panencephalitis.”, JAMA, Vol. 207(12), pp. 2248-2254, 19609.

Gascon, G., S. Yamani, J. Crowell, B. Stigsby, M. Nester and |. Kanaan, "Combined
oral isopronosine-intraventricular a-interferon therapy for subacute sclerosing
panencephalitis.”, Bain and Development, VVol. 15(5), pp. 346-355, 1993.

Tuxhorn, 1. E., "Familial subacute sclerosing panencephalitis in two siblings.",
Pediatr Neurol, Vol. 31, pp. 291-4, 2004.

Griffin D. E., B. J. Ward and L. M. Esolen, "Pathogenesis of measles virus
infection: an hypothesis for altered immune responses.”, J Infect Dis, Vol. 170
(Suppl. 1), pp. S24-31, 1994.

Grandien, M., A. D. M. E. Osterhaus, P. A. Rota, M. F. Smaron and T. F. Wild,
"Laboratory diagnosis of measles infection and monitoring of measles
immunization: memorandum from a World Health Organisation meeting.”, Bull
World Health Organisation, Vol. 72, pp. 207-11, 1994,

Mubarak, H.S. El, R.I. De Swart, A. D. M. E. Osterhaus, and M. Schutten.
“Development of a Semi-quantitative Real-time RT-PCR for the Detection of
Measles Virus.”, Journal of Clinical Virology, Vol. 32, pp. 313-317, 2005.



64.

65.

66.

67.

68.

69.

70.

71.

64

Bellini, W., J.P.A. Rota, “Measles (rubeola) virus. In: Lennette, D.A. (Ed.),
Diagnostic Procedures for Viral, Rickettsial, and Chlamydial Infections, 7th ed.
American Public Health Association, Washington, DC, pp. 447-454, 1996.

Hummel, K. B., L. Lowe, W. J. Bellini and P. A. Rota “Development of quantitative
gene-specific real-time RT-PCR assays for the detection of measles virus in clinical
specimens.”, Journal of Virological Methods, Vol. 132, pp. 166-173, 2006.

Katz, R.S., M. Premenko-Lanier, M.B. McChensey, P.A. Rota and W.J. Bellini,
“Detection of measles virus RNA in whole blood stored on filter paper.”, J. Med.

Virol., Vol. 67, pp. 596-602, 2002.

Nakayama, T., T. Mori, S. Yamaguchi, S. Sonodo, S. Asamura, R. Yamashtia, Y.
Takeuchi and T. Urano, “Detection of measles virus genome directly from clinical
samples by reverse transcriptase—polymerase chain reaction and genetic
variability.”, Virus Res. Vol.35, pp. 1-16, 1995.

Shimizu, H., C. A. McCarthy, M. F. Smaron and J. C. Burns, “Polymerase chain
reaction for detection of measles virus in clinical samples.”, J. Clin. Microbiol, Vol.

31, pp. 1034-1039, 1993.

Afzal, M. A., A. D. M. E Osterhaus, L. Cosby, L. Jin, J. Beeler, K. Takeuchi and H.
Kawashima, “Comparative evaluation of measles virus-specific RT-PCR methods
through an international collaborative study.”, J Med Virol, Vol. 70, pp. 171-176,
2003.

De Swart, R. L., Y. Nur, A. Abdallah, H. Kruining , H. S. EI Mubarak, S. A.
Ibrahim, B. Van Den Hoogen, J. Groen, and A. D. M. E. Osterhaus. "Combination
of Reverse Transcriptase PCR Analysis and Immunoglobulin M Detection on Filter
Paper Blood Samples Allows Diagnostic and Epidemiological Studies of Measles.",
Journal Clinical Microbiology Vol. 39, pp. 270-273, 2001.

Van Binnendijk, R.S., S. Van den Hof, H. Van den Kerkhof , R. H. G. Kohl, F.



72.

73.

74.

75.

76.

77,

78.

79.

65

Woonink, G. A. M. Berbers, M. A. Conyn-van Spaendonck and T. G. Kimman,
“Evaluation of serological and virological tests in the diagnosis of clinical and sub-
clinical measles virus infections during an outbreak of measles in The
Netherlands.”, J Infect Dis., Vol. 188 pp. 898-903, 2003.

Mortality Reduction and Regional Elimination: Strategic plan: 2001-2005; Global
Measles, World Health Organization, 2001a. WHO, Geneva, 2001.

Rota, P.A. and W.J. Bellini, “Update on the global distribution of genotypes
wild type measles virus.”, J. Infect. Dis., Vol.187, pp. 270-S276, 2003.

World Health Organization, 2001b. Nomenclature for describing the genetic
characteristics of wild-type measles viruses (update). Weekly Epidemiol.
Vol. 76, pp. 241-247, 2001.

Suga, S., M. Miyahara, M. Obata, M. Higashigawa, M. Ito, T. lhara, H. Kamiya, J.
Sheng, S. Ueda and M. Sakurai, “Detection by polymerase chain reaction of wild-
type measles virus genome in the cerebrospinal fluid of a patient with SSPE who
had received measles vaccine.”, Clin. Diag. Virol., Vol. 5, pp. 37-42, 1996.

Bustin, S.A. “Absolute quantification of mRNA using real-time reverse transcription

polymerase chain reaction assays”, J Mol Endocrinol. Vol. 25, pp. 169-193, 2005.

Niesters, H.G.M. “Clinical virology in real time.” , J Clin Virol., Vol. 25 pp. 3-12,
2002.

Schutten, M., B. G. van den Hoogen, M. E. van der Ende, R. A. Gruters, A.D.M.E.
Osterhaus and H. G. M. Niesters, “Development of a real-time quantitative RT-PCR
for the detection of HIV-2 RNA in plasma.”, J Virol, Methods, Vol. 88, pp. 81-87,
2000.

Miki, K., K. Komase, , C. S. Mgone, R. Kawanishi, M. lijima, J. M. Mgone, P. G.



80.

81.

82.

83.

84.

85.

86.

87.

66

Asuo, M. P. Alpers, T. Takasu and T. Mizutani, “Molecular analysis of measles
virus genome derived from SSPE and acute measles patients in Papua, New
Guinea.”, J. Med. Virol., Vol. 68, pp. 105-112, 2002.

Cattaneo, R., G. Rebmann, A. Schmid, K. Baczko, V. ter Meulen and M. A. Billiter,
“Altered transcription of a defective measles virus genome derived from a diseased

human brain.”, EMBO J., Vol. 6, pp. 681-688, 1987.

Fournier, J. G., P. Lebon, M. Bouteille, F. Goutieres and S. Rozenblatt, “Subacute
sclerosing panencephalitis: detection of measles virus RNA in appendix lymphoid
tissue before clinical signs”. Br Med J (Clin Res Ed) Vol. 293 pp. 523-524, 1986.

Brown, H. R, N. L. Goller, R.D. Rudelli, J. Dymecki and H. M. Wisniewski,
“Postmortem detection of measles virus in non-neural tissues in subacute sclerosing
panencephalitis.” Ann Neurol , Vol. 26, pp. 263-268, 1989.

MediaLab Incorporated. "Advantages of Real-Time PCR." Advantages of Real-Time
PCR from Real-Time PCR, Presented by MediaLab. N.p., n.d. Web.

Fenster, S., D. Fraga, T. Meulia. "Unit 10.3 Real Time PCR - Current Protocols
Essential Laboratory Techniques”, John Wiley and Sons, pp. 10.3.1-0.3.33, 2008)

Biocompare, “Real-time-PCR-Systems”, Editorial Articles
http://www.biocompare.com/Editorial-Articles/ , Web.

Clegg, R. M., “Fluorescence resonance energy transfer.”, Curr. Opin. Biotech. Vol.
6, pp. 103-110, 1995.

Lifetechnologies, Tagman Chemistry vs. Sybr Chemistry for Real- Time PCR,
http://www.lifetechnologies.com/tr/en/home/life-science/pcr/real-time-pcr/qpcr-
education/tagman-assays-vs-sybr-green-dye-for-gpcr.html, Web.



88.

89.

90.

91.

92.

93.

94.

95.

96.

67

Livak, K. J., “SNP genotyping by the 5_-nuclease reaction.”, Methods Mol. Biol.,
Vol. 212, pp. 129-147, 2003.

Marras, S. A., F. R. Kramer and S. Tyagi, “Genotyping SNPs with molecular
beacons.” Methods Mol. Biol. Vol. 212, pp. 111-128, 2003.

Cheng, J., Y. Zhang and Q. Li, “Real-time PCR genotyping using displacing
probes.” Nucl. Acids Res., Vol.32, pp. e61, 2004.

Eshel, R., O. Vainas, M. Shpringer, and E. Naparstek, “Highly sensitive patient
specific real-time PCR SNP assay for chimerism monitoring after allogenic stem
cell transplantation.” Lab. Hematol, VVol. 12 pp. 39-46, 2006.

Gadoth, N., E. Kott, S. Levin and T. Hahn, “The interferon system in subacute

sclerosing panencephalitis and its response to Isoprinosine.” Brain Dev. Vol. 11, pp.

308-312, 1989.

Hara, S., H. Kimura, Hoshino Y, N. Hayashi, T. Negoro, A. Okumura, Y. Kajita T.
Sakuma, T. Nakayama, M. Hosoya, A. Tomoda and T. Morisima, “Combination
therapy with intraventricular interferon-alpha and ribavirin for subacute sclerosing

panencephalitis and monitoring measles virus RNA by quantitative PCR assay.”

Brain Dev., Vol. 25, pp. 367-369, 2003.

Titomanlio, L., N. Soyah, V. Guerin, C. Delanoe, G. Sterkers, P. Evrard and I.
Husson, “Rituximab in subacute sclerosing panencephalitis.” Eur J Paediatr

Neurol., Vol. 11, pp. 43-45, 2007.

Panagariya, A., R. K. Sureka and A. Aurora, “Current developments in the
management of subacute sclerosing panencephalitis.” J Assoc Physicians India, Vol.
46, pp. 218-220, 1998.

Bankamp, B., M. Takeda, Y. Zhang, W. Xu, and P. A. Rota, "Genetic

Characterization of Measles Vaccine Strains." Journal of Infectious Diseases, Vol.



204, pp. 533-548, 2011,

97. Barrick Lab, "Resuspending Primers.". Protocol List, 2014, Web.

68





