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1 Summary

Paramyxoviruses are viruses of the paramyxoviridae family of the mononegavirales order; they are negative-
sense single-stranded RNA viruses responsible for a number of diseases in humans and animals.

Mumps virus belongs to the Rubula virus genus. Mumps is a common childhood infection. The central nervous
system (CNS) is a common site of mumps virus dissemination with or without signs of parotid gland
involvement. In recent years the degree of neuropathogenicity has been estimated for specific mumps virus
strains. The symptoms of mumps have been compared with individual virus strains /genotypes in clinical
settings, and there has been evidence that certain virus strains are more neurovirulent than others. Thirteen
different genotypes of mumps virus small hydrophobic (SH) gene, designated A to M, have been found in the
beginning of the year 2008.

Respiratory Syncytial virus (RSV) is a member of the subfamily pneumovirinae and genus pneumovirus. RSV is
the most common viral pathogen for lower respiratory tract infection among infants and young children, and it is
recognized as an important agent for respiratory disease in the elderly and in transplant patients.

Antigenic characterization of RSV strains with monoclonal antibodies has identified two distinct groups of the
virus, RSV group A and B, which circulate worldwide.The existence of eight group A genotypes , named GA1
to GA7 and SAA1 have been reported.

Human metapneumovirus (hMPV) also belonging to the subfamily pneumovirinae and genus metapneumovirus
has been identified in 2001 in Nederlands. It is the only member capable of infecting humans in the genus
metapneumovirus. Genotyping studies have determined that hMPV can be classified into two main linages and
four sublinges, named A1, A2, B1, B2. The frequency of the hMPV detection in patients with respiratory tract
infection ranged from 1, 5 to 41%.

The aims of this thesis was ( i ) to investigate the sequences of the HN and F protein genes for the neurovirulent
C1 and non-neurovirulent C2 variants and compare the results with the HN and F proteins of known genotypes.
As the Kilham strain is neurovirulent, but other genotype A viruses are not, it was considered of interest to see if
a mutation in the HN protein could explain its neuropathogenic capacity. ( ii) to study the molecular
epidemiology of RSV of group A isolated in Stockholm over a longer time period. (iii) to develop a simple and
highly efficient method for genotyping group A of RS virus. ( iv) to study the epidemiology of h(MPV in
Stockholm, Sweden, and compare the epidemiology of hMPV with five other common respiratory viruses.
During an epidemic in Lithuania in 1998-2000 mumps virus strains isolated were studied. Viruses of the C1 and
C2 small hydrophobic (SH) genotypes variant were sequenced for the HN and F protein genes. Amino acid
differences between C1 and C2 strains were found for both proteins. Two amino acid differences were of
potential importance for the non-neurovirulent phenotype of the C2 virus. These amino acid differences have
previously been reported to associate with a change in neurovirulence and fusion activity. In addition, the HN
gene of the neurovirulent Kilham strain of genotype A was sequenced. The deduced amino acid sequence
showed different amino acids compared to both genotype A and genotype C on some positions.

The epidemiology of respiratory syncytial virus (RSV) group A was followed by nucleotide sequencing of the
variable parts of the glycoprotein (G) gene. The amino acid sequences of an amino-terminal and carboxy-
terminal amino acid portion of the G protein in 47 virus strains collected in Stockholm, between 1965 and 2004,
were determined. Phylogenetic analysis jointly with previously described genotypes (GA1 to GA7 and SAA1),
showed that 34 virus strains belonged to genotype GAS, seven to GA2, three to genotype GA1, one to genotype
GA4 and two to genotype GA7. Genotype GAS5 was predominant in four epidemics, between 2000/2001 and
2003/2004.

Genotyping of respiratory syncytial (RS) virus group A by the use of a novel method based on reverse-
transcriptase polymerase chain reaction (RT-PCR), FRET (fluorescence resonance energy transmission) based
detection and two-dimensional melting curve analysis was applied on eighty RS virus samples of group A
collected in Stockholm from 1976 to 2005. The Tm values were assessed for three different genotypes (GA2,
GAS and GA7) circulating in Sweden using two pairs of probes and subsequent data analysis by plotting results
in a two-dimensional system. The results obtained were compared to genotyping by conventional nucleotide
sequencing and phylogenetic tree analysis. It was found that the new assay was able to make a correct genotype
identification in about 89% of the isolates and identified the remaining 11% as untypeable and candidates for
conventional nucleotide sequencing.

The human metapneumovirus (hMPV) was analyzed retrospectively, by RT-PCR in five epidemic seasons,
2002-2006. After respiratory syncytial virus (RSV), influenza A virus and parainfluenza virus hMPV was the
fourth most common respiratory virus with a detection rate of 2,9% (n=143/4,989) in nasopharyngeal samples.
genotype A dominated over genotype B.

Approximately 2,6% (n=68/2,579) of the hMPV positive patients were <3 years, 3,1% (75/2,410) were >3 years
and 2,5% (n=52/2,122) were <1 year. This age distribution differed from RSV, influenza A, B and parainfluenza
virus. hMPV epidemics peaked in March, not coincident with RSV or parainfluenza virus. Large hMPV virus
epidemics occurred biannually and were anticyclical to RSV epidemics.
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4 BACKGROUND
4.1 History

Mumps- In the Sth century B.C., Hippocrates described a mild epidemic illness associated
with nonsuppurative swelling near the ears and, variably, with painful swelling of one or both
testes. The name mumps may derives from an old English verb that means to grimace, grin or
mumble [1, 2]. Hamilton a physician of the late 18" century, is credited as being the first to
associate central nervous system (CNS) involvement with mumps in his description of the
neuropathology of a fatal case [3]. Johnson and Goodpasture [4] convincingly showed that
mumps was the result of a viral infection. They reported that filtered parotid secretions from
four of six patients with mumps could induce parotid swelling when injected into the orifices
of the ducts of Stensen of rhesus monkeys. The demonstration that mumps virus could be
isolated in, as well as propagated to adequate titer in embryonated eggs [5] resulted in
resolution of a number of physical properties of the virus. Demonstration of efficient
biological activities of the virus such as hemagglutinating [6], haemolytic [7], and
neuraminidase [6], activity and tissue culture propagation [8], allowed a more detailed
understanding of mumps virus and the epidemiology and pathogenesis of mumps.

An attenuated mumps virus vaccine was introduced in the United States in 1967 [9]. This
resulted in a steady decline in the incidence of reported mumps cases, from 76 per 100,000
population in 1968 to the low level of less than one reported case per 100,000 population [10,
11]. However, the use of mumps vaccine still remains relatively restricted to more highly
developed countries. Therefore, mumps is likely to remain a common worldwide human viral

infection for some time.

Respiratory syncytial virus- RSV was first isolated in 1956 from a symptomatic laboratory
chimpanzee during an outbreak of illness resembling the common cold [12]. Shortly
thereafter, the same virus was recovered from infants with respiratory illness, and serologic
studies indicated that infection in infants and children was common [13]. RSV quickly
became recognized as the most important viral agent of serious respiratory tract disease in the
pediatric population worldwide [14-20]. RSV is receiving increasing recognition as an
important agent of disease in the elderly and in bone marrow transplant recipients [21-24] as
well as in the general adult population [25]. Pediatric RSV disease claims about a million
lives annually, and no reliable antiviral or vaccine currently exist [26, 27]. RSV vaccine

developed in the 1960s proved to be disappointingly non-protective and actually led to more



severe lung disease in vaccinated children who subsequently acquired natural RSV infection.
Children who received the vaccine developed high levels of virus-specific antibodies, which
however, were of low neutralizing titer [28] and failed to protect against infection by RSV
[29-32].

Human metapneumovirus-hMPV is one of the most recently identified human respiratory
viral pathogens [33] in individuals of all ages [34] but it is especially prevalent in children
[35]. In 2001, van den Hoogen et al. reported the isolation of a novel paramyxovirus, human
metapneumovirus (hMPV) from children with respiratory tract disease [33]. hMPV has been
found worldwide [34, 36-39] and appears to have a seasonal distribution (winter and spring)
[40].

There is still no reliable antiviral or vaccine available against h(MPV.

4.2 Classification

The family Paramyxovirridae has been reclassified in 2000 by the International Committee on
the Taxonomy of viruses into two subfamilies, the Paramyxovirinae and the Pneumovirinae.
Paramyxovirinae contains three genera: Respirovirus, Rubulavirus and Morbillivirus.

Pneumovirinae contains the genera: Pneumovirus and metapneumovirus (Figure 1) [41].

Family Paramyxoviridae

Prieumovirinag

Subfamily Paramyrovirinee

i ,,,,,, B -4

Morbillivirus Prieumovirus Metapneurovirus

Respirovirus Rubulavirus

¥

\J

]

Parainfluenza | | Parainfluenza
typesland3  types2and4

Respiratory Human

Species Mumps Measles syncytial virus metapneumovirus

Figure 1. Classification of viral pathogens of the paramyxoviridae family that infect humans



The new classification is based on morphologic criteria, the organization of the genome, the
biologic activities of the proteins, and the sequence relationship of the encoded proteins. The
pneumoviruses can be distinguished from Paramyxovirinae morphologically as they contain
nucleocapsides with a smaller diameter. In addition, the number of encoded proteins differs
and the pneumoviruses also contain an attachment protein that is very different from that of
Paramyxovirinae [42].

Paramyxoviruses contain nonsegmented, single strand RNA genomes of negative polarity,
and they replicate entirely in the cytoplasm. Their genomes are 15 to 19 kB in length, and the

genomes contain six to ten tandemly linked genes (Figure 2) [42].

HN {(Hemagglutinin-Neuraminidase)

F {Fusion protein)
Lipid bilayer

M (Matrix protein)

Viral RNA

L (Large-Polymerase)
N (Nucleocapsid) RNAP
P (Phosphoprotein)

V (Cysteine rich)

Figure 2. Schematic diagram of a member of the paramyxoviridae family

Mumps virus belongs to the Rubulavirus genus in the family Paramyxoviridae [43, 44]. It has
a single-stranded, negative-sense RNA genome which is 15,384 nucleotides long and contains
seven genes that code for nine proteins: nucleocapsid (NP), phosphoprotein (P), V, I, matrix
(M), fusion (F), small hydrophobic (SH), hemagglutinin-neuraminidase (HN) and RNA
polymerase (L) [45]. All mumps virus genes have been sequenced [46-51]. The small
hydrophobic (SH) gene of mumps virus was identified as a membrane protein in 1996. It has
not yet been identified as a structural protein in extracellular virions [52]. Phylogenetic
comparison of the nucleotide sequences of the SH genes from different mumps virus isolates
from around the world have shown the existence of thirteen genotypes, which have been
named A-M. [53-55].
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Respiratory syncytial virus (RSV) belongs to the Pneumovirus genus in the family
Pneumovirinae. The complete genome is approximately 16,000 nucleotides in length and
encodes eleven genes in the following order on the genome map: putative non-structural
protein (NS1)- putative non-structural protein (NS2)- nucleocapsid (N)- phosphoprotein (P)-
matrix protein (M)- small hydrophobic transmembrane (SH)- attachment glycoprotein (G)-
fusion glycoprotein (F)- transcription antitermination factor (M2-1)- RNA regulatory protein
(M2-2)- RNA polymerase (L) [56]. Antigenic characterization of RSV strains with
monoclonal antibodies has identified two distinct groups of the virus, RSV group A and, B,
which circulate worldwide [57, 58].

Respiratory syncytial virus A has been reported to contain eight different genotypes, GA1 to
GA7 and SAAL1 on the basis of classification of the C-terminal variable region of the G
protein [59-62].

Human metapneumovirus (hMPV) belongs to the pneumovirus genus in the family
pneumovirinae [33]. hMPV consists of 13,350 nucleotides and nine proteins: the
nucleoprotein (N), phosphoprotein (P), matrix protein (M), fusion protein (F), transcription
antitermination factor (M2-1), RNA synthesis regulatory factor (M2-2), small hydrophobic
protein (SH), attachment protein (G) and major polymerase subunit (L) in the order 3’-N-P-
M-F-M2.1-M2.2-SH-G-L-5" [63].

Two major groups A and B have been initially identified based on distinct reactivity with

monoclonal antibodies and four subgroups, named A1, A2, B1 and B2 [64].

4.3 Replication strategy

All aspects of the replication of Paramyxoviridae take place in the cytoplasm. Their genomes
are 15 to 19 kB in length, and the genomes contain six to ten tandemly linked genes. A lipid
envelope containing two surface glycoproteins (F and HN, or H or G), which mediate the
entry and exit of the virus from its host cell, surrounds the virions. Inside the envelope lies a
helical nucleocapsid core containing the RNA genome and the nucleocapsid (N), phospho-
(P), and large (L) proteins, which initiate intracellular virus replication. Residing between the
envelope and the core lies the viral matrix (M) protein which is important in virion
architecture and that is released from the core during virus entry.

Intracellular replication of paramyxoviruses begins with the viral RNA-dependent RNA-

polymerase (minimally, a homo tetramer of P and a single L protein molecule) transcribing
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the N-encapsidated genome RNA into 5" capped and 3" polyadenylated mRNAs. The viral
RNA-polymerase begins all RNA synthesis at the 3" end of the genome, and it transcribes the
genes into mRNAs in a sequential manner by terminating and reinitiating at each of the gene
junctions. The junctions consist of a gene-end sequence, at which polyadenylation occurs by
the reiterative copying of four to seven uridylates, a short non transcribed intergenic region,
and a gene-start sequence that specifies capping as well as mRNA initiation. The polymerase
occasionally fails to reinitiate the downstream mRNA at each junction, leading to the loss of
transcription of further-downstream genes, and hence there is a gradient of mRNA synthesis
that is inversely proportional to the distance of the gene from the 3” end of the genome. After
primary transcription and translation, when sufficient amounts of unassembled N protein are
present, viral RNA synthesis becomes coupled to the concomitant encapsidation of the
nascent (+) RNA chain. Under these conditions, the polymerase ignores all the junctions, to
produce an exact complementary antigenome chain, in a fully assembled nucleocapsid (Figure
3) [65].
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Figure 3. Schematic representation of the life cycle of a paramyxovirus

4.4 Pathogenesis

Mumps- Susceptible individuals in close but not necessarily intimate contact are required to
establish an epidemic [66]. Transmissibility after nasal or buccal mucosal inoculation of virus
suggests that natural infection is initiated by droplet spread [4]. During the 18 days incubation

period the virus multiplies in the upper respiratory mucosa, spreads to draining lymph nodes,
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and then disseminates via a transient plasma viremia [67, 68]. Virus is shed in saliva for as
long as 6 days before the onset of parotitis. The viral excretion stops when local secretory IgA
antibodies appears, which happens as early as 5 days after the start of symptom [69]. Virus-
specific IgM antibodies are also present early in saliva [70] and patients with mumps are
infectious for a time period of totally about 7 to 10 days. Plasma viremia appears to be
terminated by the developing humoral antibodies response [67], which can be detected in
serum as early as 11 days following experimental infection of humans. Mumps virus
preferentially infects activated human T lymphocytes [71]. Animal models suggest that
circulating infected lymphocytes provide a means for the spread of virus in the face of

mounting humoral immunity [72].

Respiratory syncytial virus- The incubation period from time of infection to onset of illness
for RSV is 4 to 5 days [73, 74]. It is generally thought that there is a positive correlation
between the level of virus replication and the disease.

RSV replicates primarily in the superficial layer of the respiratory epithelium [75, 76]. It also
infects macrophages and monocytes and appears to interfere with some of their functions
[77]. Viral spread from the upper to the lower respiratory tract likely involves aspiration of
secretions or spread via the respiratory epithelium. The virus also can spread from cell to cell
by fusion without emergence into the extracellular fluid, although the importance of this
mechanism is unclear in vivo. Lower respiratory tract signs usually appear 1 to 3 days after
the onset of rhinorrhea, and it is assumed that this reflects the timing of viral spread into the
bronchi and bronchioles. The titer of virus in the lower respiratory tract is not known, but
based on studies in chimpanzees it likely is similar to that in the upper respiratory tract. IgE is
involved in the pathogenesis of RSV disease. In some studies, the level of free IgE in
secretions from infected persons during convalescence from RSV infection was higher in
individuals with asthma and wheezing and was correlated with the severity of hypoxia during
acute disease [78, 79]. Moreover, increased levels of histamine and leukotrienes were detected
in secretions of patients with bronchiolitis or RSV-induced asthma but not in those of patients
with either RSV pneumonia or upper respiratory illness [80]. These soluble factors are
mediators of bronchoconstriction and presumably were released during the interaction of IgE,
RSV, and most cells in the respiratory epithelium. However, other studies did not find
convincing evidence of increased IgE expression or mast cell degranulation [81, 82], and thus

a general role for IgE in RSV pathogenesis remains uncertain.
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Human metapneumovirus- The virus is thought to replicate in both the upper and lower
respiratory tract, but the particular cell types that are affected have not been defined [83].
Several studies have quantified secreated host factors in the respiratory secretions of infected
persons, such as the chemokine interleukin-8, [84, 85] and hMPV appears to elicit lower
mucosal levels of inflammatory cytokines than does RSV [83]. The interpretation of these
studies is not clear at this time. Recent studies in infected macaques suggest that ciliated
epithelial cells are most affected, with antigen concentrated at the apical surface of polarized
epithelial cells. However, antigen could be detected throughout the respiratory tract [86].
Naturally acquired infection does not appear to protect against re-infection. Symptomatic
lower respiratory tract infection has been documented in sequential years in children [87].
Virtually every child exhibits serologic evidence of infection by age 5 years [33]; however,
infections affecting adult persons are common. Nevertheless, it is likely that infection does
induce partial protection against severe disease, because most serious lower respiratory tract

illnesses occur in the first year of life [87].

4.5 Immune response

Mumps- The host’s immune response to mumps virus infection is complex but the appearance
of specific IgM, IgA and IgG antibodies follows the sequence usual for many acute viral
infections. Both humoral and cell mediated immunity is probably important in the recovery
process. In vitro lymphocyte-proliferative responses to mumps virus antigens are readily
measured in seropositive individuals [88]. Cell-mediated responses to previously encountered
antigens may be reduced during and for up to four weeks following human infection with
attenuated mumps vaccine virus and wild mumps virus [89]. Following infection with wild-
type or vaccine mumps virus strains [90, 91] CD8+ and gamma-delta cytotoxic T
lymphocytes have been demonstrated in blood and/or CSF. The cellular response is important
in the recovery from most human viral diseases, but with mumps there is little evidence to
support that the development of cellular immunity is significant for recovery. However, some
contribution of altered immune surveillance on the course of mumps has been suggested, for
example by a report of persistence of mumps virus antigen in lymph nodes and the spleens of
patients with Hodgkin’s disease [92, 93]. Neutralising antibodies administered several days
after a primary virus inoculation can save the animals from a lethal mumps virus infection

[94].
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Respiratory syncytial virus- The adaptive immune system has the primary role in recovery
from RSV infection and resistance to re-infection [95].

In infants, where infection is more severe and longer in duration, the decrease in virus
shedding in nasal secretions was associated with the appearance of RSV-specific IgA
antibodies [96]. RSV-specific cytotoxic cells, thought to be CD8" T lymphocytes, have been
detected in peripheral blood mononuclear cells from infants with RSV disease [97]. It is
reasonable to assume that, as in experimental animals, they are important in resolving RSV
infection in humans. Thus both cellular and humoral immunity contribute to resolving RSV
infection.

With regard to resistance to re-infection, immunization of BALB/C mice with recombinant
vaccinia viruses that each expresses an individual RSV protein showed that F and G are the
only proteins that induce RSV-neutralizing antibodies and long-lived resistance to challenge
RSV replication [98]. Immunization with antigens that stimulated RSV-specific CD8" CTLs
but not neutralizing antibodies conferred resistance to subsequent infection, but this was short
lived and had largely waned by 28 days [98 -100]. Thus antibodies mediate long-term
resistance to re-infection, where memory CD8" CTLs induced by primary infection did not
augment resistance to re-infection, at least not in the BALB/c mouse. RSV infection does not
induce significant levels of type I interferon in nasal secretions [101,102].

Complete cross immunity between the two groups of RSV has not been proved. One can
speculate that both groups should be incorporated into any RSV vaccine to achieve the
broadest possible representation of immunogens. Observations on subgroup-specific
immunity are needed to assess the extent of cross immunity, if any, between the two

subgroups and the importance of subgroup-specific immunity in modulating infection [103].

Human metapneumovirus- Very little is known about the mechanisms of immunity of hMPV
infection, but it is likely that immunity will function in a manner similar to that against other
Paramyxoviruses. Infection induces serum neutralizing antibodies in most experimentally
infected animals that have been tested, and protection against re-infection has been induced
by primary infection of hamsters. [104]. Although mice appear to exhibit relatively low
permissivity for viral replication, they offer a tractable model for studying immune
mechanisms, and experiments are going on in this area.

It is a well known fact that the greatest genetic diversity between the two genotypes of hMPV
is located in the G protein. To address this issue, animal models have been used.

Skiadopoulos et al. used two hMPV strains to represent the two genotypes of hMPV.
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Infection with a virus of one hMPV genotype protected animals against infection with a virus
of the heterologous genotype. Protection was defined as an inhibition of h(MPYV replication in
nasal turbinates or lungs in infected animals that were previously infected with a strain of
hMPV [104]. Reciprocal cross-neutralization assay with postinfection serum demonstrated
that each strain induced a high level of neutralising antibody to homologous and heterologous
strains. The data suggest that cross-protective immunity occurs after infection with a virus of
one genotype and that the F protein is the major antigenic determinant on the virus. Therefore,
the two genotypes may not represent distinct serotypes. However, van den Hoogen et al.
demonstrated that serum obtained from an animal infected with a representative virus of one
genotype could not neutralize a virus of the heterologous genotype in vitro, suggesting that

the two genotype were, in fact, distinct serotypes [105].

4.6 Clinical aspects

Mumps- The incubation period is about 18 days, but approximately one third of all mumps
virus infections occur without recognized symptoms. Moderate fever is present at the onset of
disease, with fever abatement a few days later. The feature most characteristic of mumps is
salivary gland swelling (95% of all symptomatic cases), particularly the parotid glands (90%
bilateral involvement). Enlargement of individual glands usually is maximal within 48 hours,
at which time pain becomes most prominent, and may persist for a week or more [106]. Virus
is present in the saliva for several days before the onset of clinical disease [107] and for up to
5 days later [69]. The virus can be detected in saliva for several weeks after the onset of
mumps [108].

A variety of organs can be symptomatically involved during the course of mumps. These
include the testes, CNS, epididymis, prostate, ovary, liver, pancreas, spleen, thymus, heart,
mammary glands, lungs, bone marrow and joints [109,110]. Mumps orchitis is more
frequently unilateral than bilateral and is more likely to occur after puberty [111]. Mumps
meningitis usually develops about 5 days following the onset of parotitis and is almost always
marked by fever; with vomiting, neck stiffness and headache [112]. Aseptic meningitis occurs
in 10% of patients with mumps but as many as 50% show abnormalities in the CSF [113].
Before vaccination mumps was the most frequent causative agent of aseptic meningitis in
many countries [111]. Virus can be isolated from CSF during the first 2 to 3 days after onset

and later specific antibodies can be demonstrated in CSF.
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Respiratory syncytial virus- In the normal infant who encounters RSV for the first time at age
6 weeks to 9 months, RSV infection usually causes upper respiratory symptoms. In 25 to 40%
of such infections, however, the respiratory tract below the larynx also becomes involved
[74,114]. Bronchiolitis and pneumonia are the primary manifestations of lower respiratory
tract disease, and probably represent a continuum of increasing severity of disease.
Asymptomatic infection in this young age group is probably uncommon. Cough may appear
simultaneously, but it occurs more often after an interval of 1 to 3 days. At that time there also
may be sneezing and a low-grade fever. Soon after the cough has developed, the child may
begin to wheeze; if the disease is mild, the symptoms may not progress beyond this stage.
Examination usually shows moderate tachypnea, diffuse rhonchi, fine rales, and wheezes.
There is profuse rhinorrhea, intermittent fever, and frequently otitis media [115]. In more
severe cases, the coughing and wheezing progress, and the child becomes dyspnoic. Severe
lower respiratory tract illness is most common in patients younger than 9 months.
Bronchiolitis may occur in older infants and children, but it is usually seen in children with
recurrent wheezing who carry the diagnosis of asthma. One study implicated RSV infection as
a risk factor in the development of asthma [116], but other studies suggest that viral infections
are not a major factor in the development of allergic airway disease [117,118].There is
increasing support for the view that severe RSV infection with subsequent chronic or
recurrent respiratory tract sequela can be due to preexisting deficiencies. Acute RSV
infections are common in adults [119].

Human metapneumovirus-hMPV seems to be an important respiratory pathogen that causes
both upper and lower respiratory tract infections in children [33,120], who unlike adults are
rarely asymptomatic, although most reports are biased toward descriptions of the severe
symptoms in hospitalised subjects. The fact that most severe cases are found in pediatric
patients suggests that naturally acquired infection induces partial protection against the
disease [121]. The degree of severity seems to be related not only to age, but also to the strain
causing the infection with a possible link between the A2 strain, which is the most frequent,
and severe disease [120].

Diagnosis of hMPV infection may be made on the basis of signs and symptoms, ranging from
rhinopharyngitis to bronchitis and pneumonia, and some patients may be admitted to intensive
care units [33,121]. In a population of children in an emergency deportment for acute
respiratory infection, h(MPV caused signs and symptoms that sometimes resembled those of
RSV infection (bronchiolitis, asthma exacerbation and pneumonia) and sometimes those of

the influenza (fever and upper respiratory tract infection) [122].

17



4.7 Epidemiology

Mumps- In an unvaccinated population, immunity to mumps is usually acquired between the
ages of 5 and 14 years, with maximal acquisition of humoral antibody occurring between 4
and 7 years [123]. In temperate zones, a seasonal variation is evident, the highest incidence
being around winter and spring months. No such seasonal variation exists in countries with
tropical climate. The distribution of mumps virus genotypes varies extensively between
different countries and even in different geographical locations within the same country [124-
126]. Different mumps virus genotypes have been shown to co-circulate in the same country
[124,126]. Thirteen different genotypes of the mumps virus small hydrophobic gene,
designated A to M, were found in the year 2008 [55]. Mumps virus outbreaks have been
reported to occur in populations with high vaccine coverage [127]. Genotypes that have been
isolated in Europe in different time periods are A, C, D, E, G, H and J [54,124-126,128,129].
In Japan, the B, D, G, H and J genotypes have been found [126,129, 130]. A mumps outbreak
in Japan with a high incidence of aseptic meningitis was found to have been caused by
genotype I [132]. Genotypes A, C and D have been identified in North America [132]. The F
and I genotypes have been isolated from China, Japan and Korea [127] and the M genotype
was identified in Brazil [55].

Respiratory syncytial virus- RSV has a worldwide distribution. Wherever appropriate studies
have been performed, RSV has been found to be the major pediatric viral respiratory tract
pathogen. Serious lower respiratory tract disease occurs more commonly in males than in
female subjects [20]. RSV has a clear seasonality in temperate zones of the world. In urban
centers, epidemics occur yearly in the late fall, winter, or spring but not during the summer
[18,133,134]. Each RSV epidemics lasts approximately 5 months, with 40% of infections
occurring during the month in the temporal centre of the outbreak [135]. Most outbreaks peak
in February or March. It is not known why the virus disappears in the summer, and from
where it reemerges in the fall and winter. In tropical or subtropical areas, epidemics usually
occur during the rainy season [136].

A number of studies indicate that subgroup A and B viruses can alternate in prevalence during
successive years [137-139]. One interpretation is that re-infection with the heterologous
subgroup is favored because it can partially evade previously induced immunity. Consistent

with this view, a subgroup shift was not evident when the initial infection occurred in children
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younger than 6 months, a time when immune response are reduced because of maternal
antibodies and immunologic immaturity [139].

RSV is a major cause of nosocomial infection [140]. The rate of hospital-acquired infection
for infants and children during an RSV season was reported to range from 26 to 47% in
newborn units and from 20 to 40% for older children. Hospital staff appears to play a major

role in nosocomial spread of RSV infection.

Human metapneumovirus- Since human metapneumovirus initial description in 2001, hMPV
has been isolated from individuals of all ages with ARTI in Europe, America, Asia, Australia
and South Africa [87,122,142]. The incidence of infection in different studies varies from 1,5
to 25%, thus indicating that hMPV is a ubiquitous virus with a worldwide distribution
[87,122,142]. The few seroprevalence surveys, from the Netherlands, Japan and Israel, have
demonstrated that virtually all children are infected by the age of 5-10 years, which indicates
that hMPV infection is acquired early in life [33,120]. However, as the range of antibody
titres measured by immunofluorescence assay was higher in individuals aged >2 years than in
children aged 6-24 months, it is possible that there is a booster effect as a consequence of re-
infection with the same or a closely related virus. In addition, studies of samples collected
previously have shown that h(MPV is not a new pathogen, with serological evidence of human
infection dating from 1958 in the Netherlands, and virus isolation during the last 10-20 years
in Europe and Canada [120]. These findings suggest that hMPV has been in circulation for a
long period, but has been recognised only recently because of the development of new
diagnostic and research methods.

hMPV has a seasonal distribution, the greatest number of hMPV infections are usually
diagnosed at the end of winter or in early spring [87,122,141]. It has also been demonstrated
that different hMPV genotypes may co-circulate in the population during a single year
[141,105].

The similar seasonal distribution of several other respiratory virus infections may result in co-
infection with hMPV and other respiratory viruses, but the role that h(MPV plays as a co-

pathogen is still not understood completely.
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4.8 Diagnosis

Mumps- The clinical diagnosis of mumps is seldom problematic in the presence of parotitis,
even when the disease is not epidemic [142]. In the absence of parotitis or when salivary
gland enlargement is rather inconspicuous with symptom of other visceral organ or CNS
involvement predominating, laboratory confirmation of the diagnosis is required, even during
an epidemic. Serological studies have remained the mainstay of diagnosis for a long time.
Comparison of titres performed on the same day from serum taken at onset of clinical disease
and convalescent serum samples obtained 2 to 4 weeks later usually shows the anticipated rise
when hamagglutination-inhibition or neutralisation assays are used [143]. New research has
demonstrated that it is difficult to diagnose mumps virus re-infection and also in the case of a
prior vaccination with a mumps virus vaccine (144, 145).

ELISA is a sensitive specific, rapid and cost-effective test. Determination of virus-specific
IgM and IgG levels on a single acute-phase serum provides an alternative when paired sera
are not available [146]. A purified mumps virus strain was used as the viral antigen to
evaluate specific total IgG [147]. Virus isolation is also used. Immunofluorescence technique
confirms and specifies the presence of the mumps virus isolate in the culture [148].
Amplification and sequencing of gene segments from cell extracts of primary isolates can
provide useful epidemiological information [149]. In many instances of mumps meningitis,
PCR is the method of choice. The diagnosis can be confirmed on the basis of elevated
CSF/serum antibody ratio from a sample set taken during illness, since mumps antibodies are
uncommon in the CSF during other CNS infection [150].

Multiplex real-time RT-PCR assay for rapid mumps diagnosis has been used in a clinical
setting. This assay used oligonucleotide primers and a Tag-Man probe targeting the mumps
SH gene, as well as primers and a probe that targeted the human RNase P gene to assess the

presence of PCR inhibitors and as a measure of specimen quality [151].

Respiratory syncytial virus- The development of RSV cytopathology requires 3 to 7 days or
more, but detection can be made more rapid and efficient by immunofluorescence or
immunostaining and the use of shell viral cultures [152-154].

Rapid methods involve the detection of viral antigen or nucleic acid in secretions [154]. In the
direct immunofluorescent assay (DFA), exofoliated cells are reacted with fluorescent RSV-

specific antibody and examined by microscopy. In the enzyme immunoassay (EIA), the
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sample containing respiratory secretions is incubated briefly with RSV-specific antibodies
that are immobilized on plastic, and antigen thus captured is detected by reaction with a
second, enzyme-linked RSV-specific antibody. More recently developed assays based on
reverse transcription and polymerase chain reaction are commercially available. These assays
can equal or exceed the sensitivity of cell-culture or antigen-based assays, and the inclusion of
appropriate additional primers allows simultaneous assay for multiple pathogens [155].
Serologic methods are used less frequently. In older children and adults, an increase in
complement-fixing (CF), neutralizing, or ELISA serum antibodies is a fairly sensitive index
of re-infection with RSV. Asymptomatic infections are usually undetectable serologically.
Serologic tests in infants are less sensitive, particularly in those younger than 4 months, with
ELISA being the most sensitive assay [156]. Serologic assays have been improved using
ELISA with purified viral proteins or synthetic peptides (157), permitting the sensitive

identification of immunoglobulin isotype or subclasses of RSV-specific antibodies.

Human metapneumovirus- Most studies have only detected reliable cytopathic effects in
tertiary monkey kidney (tMK) and LLC-MK2 cells [33,120]. In the absence of commercially
available antibodies, the cytopathic effect of hMPV can be confirmed by using RT-PCR to
test infected supernatants.

RT-PCR has become the method of choice for the diagnosis of acute hMPV infection,
because of the unavailability of rapid antigen detection tests, and the slow and restrictive
growth of the virus [33,120]. Most PCR protocols as published to date rely on amplification
of the L (major polymerase subunit), N (nucleoprotein), or F (fusion protein) gene using
primer sequences derived mainly from the prototype strain 001 from the Netherlands [158].
New rapid and sensitive hMPV assay, based on real time PCR, allow amplification and
detection of hMPV in <2 h [158]. Serological tests only permit a retrospective diagnosis and,
because infection is almost universal in childhood, seroconversion or a > 4-fold increase in
antibody titer must be demonstrated to confirm recent infection [33,120,159,160]. A recent
serological survey of hMPV was based on the use of a novel ELISA with hMPV-fusion
protein antigen expressed in recombinant vesicular stomatitis virus [160]. Detection of h(MPV
antigens in nasopharyngeal secretions by an immunofluorescent antibody test has also
provided interesting results [161,162]. Because hMPV replicates poorly in the conventional
cell cultures used for the diagnosis of respiratory viruses, it is relatively difficult to isolate and

has probably circulated unreported for some considerable time.
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4.9 Treatment and prevention

Mumps- Treatment of mumps and its various complications is generally symptomatic. In a
controlled study, adult males presenting with parotitis were alternatively given either an
intramuscular injection of 20 ml of gammaglobulin prepared from human convalescent serum
or simply confined to a hospital for routine, nonspecific symptomatic therapy [163]. In the
group that had received specific treatment, four out of 51 patients developed orchitis,
compared to 14 out of 51 who had received symptomatic treatment. No protective effect was
seen with gammaglobulin obtained from a normal donor serum pool [163]. This study
suggests that immunotherapy with high-titer polyvalent or monoclonal antibody preparations
could be useful in selected cases but should be used very early in the course of the illness.
Experimental treatment of orchitis with IFN-a-2f has been reported [164]. Prevention though

an effective vaccination program remains the only rational approach to the control of mumps.

Respiratory syncytial virus- Treatment of severe RSV disease of the lower respiratory tract
requires considerable supportive care: mechanical removal of secretions, proper positioning
of the infant, administration of humidified oxygen, and in the most severe cases, respiratory
assistance [165-167]. The use of bronchodilators is controversial but may be beneficial in
older infants if wheezing is an important symptom. Corticosteroids are commonly used as
anti-inflammatory therapy, although there is a general lack of data demonstrating its efficacy.
The nucleoside analogue ribavirin was approved in 1986 for treatment of RSV infection
[168,169]. Ribavirin has antiviral activity in cell culture and in cotton rats, although its mode
of action remains unclear. Conversely evidence is lacking that ribavirin decrease mortality,
the duration of hospitalization, or the need for supportive therapies or that it improves long-
term pulmonary function [167,170]. In some studies there were trends suggesting that therapy
was beneficial, although not statistically significant.

The success of parenterally administered RSV-neutralizing antibodies for RSV
immunoprophylaxis of high-risk infants and young children suggested that RSV-antibodies
also might be effective as antiviral therapy against an established infection. The passive
parenteral infusion of serum-derived RSV-neutralizing antibodies into cotton rats or primates
at the peak of RSV infection strongly reduced virus replication without evidence of any
immunopathologic effect [171]. Direct administration on RSV-neutralizing antibodies into the
respiratory tract, rather than by parenteral inoculation, also was effective in reducing

pulmonary virus replication, and a comparable therapeutic effect was achieved by using a
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160-fold smaller quantity of antibodies [172]. Intravenous injection of RSV-neutralizing
antibodies into previously healthy or high-risk infants and children hospitalized for RSV
disease substantially reduced the level of virus shedding, to levels comparable to those
achieved with ribavirin, but produced little or no improvement in clinical outcome [173,174].
Initial studies of the aerosol route of administration provided similar findings [175], but
additional evaluation is needed. As indicated earlier also combination therapy with antibodies
and ribavirin is being evaluated.

Human metapneumovirus- No treatment is registered currently and no specific prevention
procedures are recommended for the management of hMPV infection. Ribavirin and a
polyclonal intravenous immunoglobulin preparation have been found to have similar in-vitro
antiviral activity against both hMPV and RSV [176], but clinical studies are required to
confirm these observations. However, given the well-known limitations of these medications (
i.e., severe adverse events, difficult administration and high costs), they should be used with
caution and probably considered only for treating immunocompromised patients with severe
hMPYV disease, as in the case of RSV infection. Furthermore, high-titred intravenous
immunoglobulin preparations active against hMPV could be used in patients with severe

disease [177].
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5 AIMS OF THE STUDY

24

)

ii)

iii)

iv)

To investigate the sequences of the HN and F protein genes for the C1 and C2
variants of mumps virus and compare the results with the HN and F proteins of
known genotypes. As the Kilham strain is neurovirulent, but other genotype A
viruses are not, it was considered of interest to see if a mutation in the HN protein
could explain its neuropathogenic capacity. At the same time an explanation for
the type-specific behaviour of this virus strain in neutralization experiments might
be exposed.

To study the molecular epidemiology of RSV of group A isolated in Stockholm
over a longer time period. While most studies reported previously have analysed
only C-terminal sequences of the G protein, it was decided to study and compare
two different variable regions of the protein located in the N-terminal and C-
terminal ends of the G protein.

To develop a simple and highly efficient method for genotyping group A of RS
virus. The novel method was developed based on RT-PCR followed by two-
dimensional melting curve analysis based on FRET (fluorescence resonance
energy transfer) hybridisation probe technology.

To study the epidemiology of hMPV for consequential virus epidemic seasons
over a longer time period, and to compare the epidemiology of hMPV to five other

common respiratory viruses.



6 MATERIALS AND METHODS

6.1 Materials for analysis
Paper 1

Serum and saliva samples were collected from patients with mumps attending the hospital of
Kaunas in Lithuania. The samples belonged to genotype C and they formed two different
clusters within the C genotype, named C1 and C2 (178). In addition, the Kilham strain of
genotype A was used for sequencing of the HN gene. Virus strains were isolated from saliva
samples after passage in Green Monkey Kidney (GMK) tissue culture cells maintained in
Eagle’s minimal essential medium (MEM) containing 2% foetal calf serum. It was only
possible to isolate a small number of samples from the total material. Therefore, in some

cases the original materials were used directly for nucleotide sequencing.

Paper 11

Forty-seven RSV virus isolates of group A were obtained from patients with respiratory tract
infection. Thirty-two isolates were collected in the 2000/2001-2003/2004 epidemic seasons.
Eleven samples were collected in the time interval between 1990 to 2000, two were from
1982, one sample was collected in 1976 and one in 1965. The virus isolates were collected in
the Stockholm area, at the Central Microbiological Laboratory in Stockholm before 1992 and
at Huddinge University Hospital, thereafter. Virus isolation was carried out in Hela or GMK
cells under standard conditions, and the isolates were stored at —70°C. The typing of virus
strains in group A and B was performed with monoclonal antibodies specifically directed

against one of the groups [58, 179].

Paper 111

Eighty RSV isolates of group A belonging to genotypes GA2, GA5 and GA7 were obtained
from patients with respiratory tract infection. Seventy-nine isolates were collected from 1991
onwards, one was from 1976. Virus isolation was carried out in Hela or GMK cells under
standard conditions, and the isolates were stored at -70°C. The typing of virus strains in group
A and B was performed with monoclonal antibodies specifically directed against one of the

groups (58, 179).
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Paper 1V

Five epidemic seasons for respiratory virus infections extending from the years 2002 to 2006
were investigated. Samples were collected from November to the end of May with the
exception of the 2001/2002 season when samples from November and December of 2001
were not accessible. The presence of hMPV was examined in 4,989 samples. Two thousand
six hundred fifty- nine (2659) nasopharyngeal samples were obtained from patients with
respiratory tract infection negative for other respiratory viruses. In addition 2,330 available
nasopharyngeal samples from patients positive for other respiratory virus infections were
studied. Of the 4,989 samples, 933 were from 2001/2002, 870 from 2002/2003, 1069 from
2003/2004, 1027 from 2004/2005, 1090 from 2005/2006.

Positive virus findings for other respiratory viruses were made in 2,344 samples by
immunofluorescence (IF) of cells from nasopharyngeal samples and virus isolation from the
same samples according to accredited methods at the Karolinska University Hospital
(Huddinge). Less than 2% of the samples were examined by immunofluorescence analysis
only without viral culture. The viruses which were identified were respiratory syncytial virus,
parainfluenza virus type 1, 2 and 3, adenovirus and influenza virus type A and B. The
majority of the parainfluenza virus samples were typed with monoclonal antibodies. Because
of the fact that some parainfluenza virus samples were not typed the parainfluenza virus
infections were presented as one group. The recently described human bocavirus was not
diagnosed [180]. Virus isolations were performed either in MDCK cells with 1pgr trypsin /ml
in the serum free medium when the diagnosis of influenza virus infection was asked for or in
four cell lines, Hela, GMK, MDCK and Rd cells when a specific influenza virus diagnosis
was not asked for. Therefore samples subjected to routine diagnosis were not examined for all
of the viruses mentioned in the foregoing. In order to make a better comparison between the
occurrence of different viruses the positive findings were expressed in relative frequencies for
each specific virus (number of positive samples/number of examined samples). The total
material of positive and negative virus samples was divided into two groups. One of the
groups consisted of samples from patients <3 years of age (infants and younger children) and

the other group contained samples from patients > 3 years (older children and adults).
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6.2 Methods
6.2.1 RNA isolation (paper I, I, II1, IV)

Extraction of RNA from the culture grown isolates was performed with QIAamp RNA
minikit (QIAGEN, Hilden, Germany) following the manufacturer’s instructions.

6.2.2 Reverse Transcriptes (RT)-PCR and sequence analysis (paper 1, 11, 111, 1V)

The described PCR method in paper I was used to amplify F and HN genes of mumps virus a
584 bp fragment of the G gene for NH,-terminal, and a 327 bp fragment for the COOH-
terminal part of the variable region of the G gene of RS virus (paper II, IIT) and a 110 bp of
the L gene of hMPV (paper V). Amplified products were purified with QIAquick PCR
purification kit (Qiagen, Hilden, Germany) and sequenced with the same primers as were
used for amplification. Nucleotide sequencing was carried out using the ABI analysis for
genotype determination on the HN gene (paper 1), a 168 nucleotides long stretch of the C-
terminal region of the G gene (nucleotides from 753 to 921) (paper IL, III), and a 110
nucleotides long stretch of the L gene (paper IV) using the TREECON program [181].
Sequence distances were calculated from alignments using the Jukes and Cantor option, and
clustering was performed by the Neighbor-joining method of this program package

Evaluation of the robustness of the tree was performed by bootstrap analysis (100 trees).

6.2.3 Indirect immunofluorescence microscopy (paper II)

The presence of RS virus group A or B antigens in nasopharyngeal samples were determined
by the direct immunofluorescence technique. Six monoclonal antibodies were used on cells
smears to determine RS virus group identity.

The monoclonal antibodies (Mabs) used included two antibodies that reacted with the fusion
glycoprotein F and three antibodies that reacted with the glycoprotein G and one antibody that
reacted with the NP (58,177). Two of the antibodies reacted selectivity with subgroup A (B90
and B109), three antibodies reacted with group B (7858, 9177 and 8239) and one reacted with
both groups (7901) (58, 179). RS virus infected GMK-cells were washed with versenate and
containing 1% trypsin and the cells were collected after centrifugation at 2000 rpm for 10
min. After centrifugation trypsin was removed and the cell pellet was suspended in 2 ml
MEM and centrifuged at 2000 rpm for 10 min. Most of the medium was removed and the
pellet was mixed with a small volume of remaining medium. Twenty pl of every specimen

was dropwise dispensed onto small circumscribed areas on glass slides. The samples were air
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dried and fixed with cold 100 % acetone for 10 min. Twenty-five ul of monoclonal antibodies

diluted 1:50 in phosphate-buffered-saline (PBS), PH 7,2 was added. After incubation at 37°C

for 30 min, the glass was washed in FA-buffer with 0,005% tween 20, PH 7,2. Fluorescein

conjugated rabbit anti-mouse immunoglobuline diluted 1:15 in PBS in a volume of 25 pl was

dispensed onto the samples after which they were incubated at 37°C for 30 min. After another

washing the specimens were counterstained with Evans Blue at a final dilution of 1/3000 in
distilled water for 2-3 min.
After that the glass was washed in distilled water and mounted with 70% glycerol in veronal

buffer, pH 8,6 and analyzed with a Leitz fluorescence microscope.

6.2.4 Probe design and melt curve analysis (paper 11I)

Following completion of the RT-PCR, melting curve analysis was achieved using two pairs of
FRET hybridization probes (A and B) consisting of an indicator probe and a reporter probe
(Paper 111, Table 1). The indicator probes were labeled with fluorescein at the 3" end and was
designed to hybridize directly over the selected regions of polymorphism. They were further
designed with a bias for better complementarity to GA7 and GAS5, respectively, with the aim
to maximize melting temperature differences in the assay. The reporter probes, labelled at the
5" end with Cy5, were designed to anneal in direct proximity to the indicator probes. The
reporter probes were designed to be more thermodynamically stable than the indicator probes
to ensure that the probe remained hybridized during the melting step of the assay. Further,
they were also biotinylated in the 3" end to prevent reporter probes from acting as a primers.
The two pairs of FRET-probes were added to individual aliquots of all isolates after
completion of the RT-PCR to a final concentration of 400 nmol/L. Subsequently, the samples
were heated to 95°C for 1 minute followed by a decrease in the temperature to 32°C allowing
for probe hybridization to occur. The following melting step consisted of a slow increase in
temperature until a temperature of 95°C was obtained. Fluorescence was measured at 660 nm
at every 1°C increase in temperature. The two Tm determinations obtained for each of the
isolates were plotted in a two-dimensional system (Paper III, Fig.1). PCR and the melting
reaction were performed in a RotorGene 2000 from Corbett Research, NSW; Australia.
Results were analysed using the Corbett RotorGene software version 6.0. All oligonucleotides

were purchased from Thermohybaid (Ulm, Geremany).
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7 RESULTS AND DISCUSSION

7.1 Study on mumps virus neurovirulence (paper 1)

During an epidemic in Lithuania in 1998-2000 isolated mumps virus strains were studied.
Viruses of the neurovirulent C1 and non-neurovirulent C2 small hydrophobic (SH) genotype
variant were sequenced for the haemagglutinin-neuraminidase (HN) and fusion (F) protein
genes. Amino acid differences between C1 and C2 strains were found for both proteins. Two
amino acid differences were of potential importance for the non-neurovirulent phenotype of
the C2 virus. Four of five C2 strains exhibited the amino acid arginine instead of lysine at
position 335 of the HN protein, and the amino acid phenylalanine was found instead of serine
at amino acid position 195 of the F protein. Amino acid differences at these positions have
previously been reported to associate with a change in neurovirulence and fusion activity. In
addition, the HN gene of the neurovirulent Kilham strain of genotype A was sequenced for
the first time. The deduced amino acid sequence showed different amino acids compared to
both genotypes A and C on some positions. Notably, amino acid differences located in
previously identified neutralizing epitopes were found at positions 266, 354 and 356 of the
HN protein compared to other genotype A strains. The amino acid differences between the
Kilham virus strain and other genotype A strains and the similarity of the Kilham HN protein
to neurovirulent genotype C strains on some amino acid positions may indicate a possible role
for this protein in mumps virus neurovirulence.

The study shows that there exist pronounced amino acid differences even in virus strains
belonging to the same genotype of virus. The C1 and C2 subtypes of genotype C were
different in both clinical symptoms and amino acids in many positions. However, the
biological significance of the different amino acid changes is difficult to evaluate. Except for
the mutation of serine to phenylalanine in position 195 of the F protein in C2 strains, no
amino acid differences were found that would be expected to change the tertiary structure of
the proteins. The potential N glycosylation sites were preserved in both proteins and there
were no substitutions of the amino acid cysteine in either C1 or C2. Further in vivo and in
vitro studies seem important in order to compare the biological properties of the two virus
variants. In the case that future studies show that the attenuated phenotype of C2 virus is
genetically stable, this virus may become a potential vaccine candidate for vaccination against
mumps.

An interesting result was the finding that there existed many amino acid differences between

the HN protein of the Kilham strain of genotype A compared to known genotype A strains.
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Amino acid differences were found in a neutralising epitope of mumps virus (amino acid
positions 352 to 360) between Kilham and genotype A and C. In the Kilham virus strain
histidine and serine were found in the 354th and 356th positions, whereas both genotype A
and C have different amino acids in these positions, proline and glutamic acid in genotype A
and glutamine and aspartic acid in genotype C, respectively.

The A genotype is serologically distinct from genotype C. The amino acid differences
between the Kilham virus strain compared to other genotype A strains and to the C genotype
may provide an explanation for the type-specific behaviour of the Kilham virus found in
neutralization assays. It is known that the Kilham strain exhibits a high neurovirulence. In this
respect it differs from other genotype A strains which exhibit low neurovirulence.

Except for the C2 variant, the C genotype exhibits a high neurovirulence The resemblance of
the HN protein of Kilham strain to genotype C strains and the differences of the Kilham strain
compared to other known strains of genotype A especially at virus neutralisation epitopes,
position 266, 354 and 356, may suggest that the HN protein has a possible role in mumps
virus neurovirulence. In spite of numerous efforts in research a common denominator for

mumps neurovirulence has not yet been found.

7.2 Study on the molecular epidemiology of RSV in Stockholm (paper II)

The epidemiology of respiratory syncytial virus (RSV) group A was followed by nucleotide
sequencing of the variable parts of the glycoprotein (G) gene. The amino acid sequences of an
amino-terminal (NH,-terminal, amino acids 90—132) and carboxy-terminal (COOH-terminal,
amino acids 262—-298) portion of the G protein in 47 virus strains, collected in Stockholm,
between 1965 and 2004, were determined. In phylogenetic analysis jointly with previously
described genotypes (GA1 to GA7 and SAA1), 34 virus strains (isolated between 1991 and
2004) belonged to genotype GAS, seven to GA2, three to genotype GA1 (isolated before
1991), one to genotype GA4 (isolated in 1982) and two to genotype GA7 (isolated in 1993
and 2001). Genotype GAS was predominant in four epidemics, between 2000/2001 and
2003/2004 (Table 1). Little or no variation with time of the C-terminal amino acid sequence
of the G protein was found when the virus strains were compared within their own genotype.
Identical and nearly identical nucleotide sequences were found between strains isolated more

than 10 (GAS) and 25 (GA2) years apart. The N-terminal part of the G protein of genotype
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GA2 was highly conserved. In contrast, the N-terminal part of the G protein of genotype GAS

exhibited a pronounced variation in its amino acid sequence over time.

Genotypes

No. of

Year cases GA1 GA2 GA4 GA5 GA7
1965 1

1976
1982
1990
1991
1993
1994
1996
1997
2000
2001
2002
2003
2004

Total

1
1
7

-

0
2 6
5

=N

EQQBQAAAAANAM_\A

3 7 1 34 2

Table 1. Determination of the genotype of 47 RSV group A collected isolated in Stockholm between 1965 and
2004

One could speculate that there exists a functional relationship between high variation in the
N-terminal part of the protein and the high number of isolates of the GAS genotype. In that,
the variation in the A-terminal part of the protein of GAS5 may affect its antigenicity, and
thereby, make it possible for the virus to evade the immune system of the host. For example,
serine at amino acid position 117 has been predicted to be O-glycosylated. In the case that the
virus strain loses its O-glycosylation, it may escape the immune system by loosing a
carbohydrate epitope. It was found in many GAS strains that serine in amino acid position 117
had changed to amino acid leucine or proline, but in all the seven GA?2 strains serine was
present in this position.

The variation of genotypes between different RSV epidemics has been explained by the
gradual built up of immunity in the population against a certain virus genotype, allowing new
genotypes to appear in subsequent epidemics. This does not appear to have happened in
Stockholm as the GAS genotype has dominated for at least four epidemic seasons. One may

speculate about the possibility that the variation in the N-terminal part of the protein may
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have allowed prolonged dominance of the genotype, but at present, there is lack of proof to
support such a hypothesis. From previous studies, the importance of the C-terminal part of the
protein for immunity has been demonstrated both in animals and humans, but the biological
function of the N-terminal variable part of the G protein in immunity is still unknown. It spite
of the fact that neutralising antibodies are formed against the C-terminal variable part, the
nucleotide and amino acid sequence showed very little divergence over time within each
genotype that was studied in the present investigation. There is a variation between the
genotypes, but within each genotype, the amino acid sequence of the C-terminal part was
remarkably conserved over long periods of time.

According to a study of the epidemiology of RSV in Stockholm during one season (2002-
2003), groups A and B were co-circulating, with a dominance of subgroup B [182]. By
sequencing the N-terminal of the G gene it was shown that closely related RSV strains could
be found in different parts of the world at the same time and that the same genotypes have
been circulating in Europe for a long time [182].

These conclusions were similar to the conclusions in the present study.

7.3 To develop a novel method based on RT-PCR followed by two-
dimensional melting curve analysis based on FRET (paper I1I)

Eighty RSV isolates were obtained from patients with respiratory tract infection (Table 2).
Thirty samples were from a previous study [183] and fifty samples were collected in the
2000/2001 to 2004/2005 epidemic seasons, representing three genotypes of RSV; GA2, GAS
and GA7. The genotype distribution of all tested isolates was 10 GA2, 64 GAS and six GA7
(Table 2). The results from genotyping by nucleotide sequencing and melting curve analysis
for all samples can be seen in Fig.1 (paper III). The melting temperatures for 89% (71/80) of
the samples were clustered in defined temperature intervals (cf. boxes A, B and C in Fig.1
(paper IIT) and represented GA2, GA7 and GAS respectively). However, nine samples,
belonging to GA2 and GAS, showed melting temperatures that differed from most of the
isolates belonging to the same genotype (boxes A and C). These samples were regarded as
untypeable. For some of the samples an altered pattern of nucleotide polymorphism within the
target sequence of the probes correlated with a deviant melting temperature.

The mean Tm and standard deviation (°C ) for respective genotypes (GA2, GAS and GA7)
were 50.7 £2.5, 46.0 £3.1 and 62.4 £0.5 (A probes) and 49.9 +4.3, 61.6 £4.9 and 54.0 +3.1 (B
probes).
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Genotypes

No. of
Year cases GA2 GA5 GA7
1976 1 1
1991 2 2
1993 4 1 1 2
1994 1 1
1997 1 1
2000 1 1
2001 15 4 9 2
2002 18 18
2003 13 1 12
2004 15 1 14
2005 9 2 5 2
Total 80 10 64 6

Table 2. Genotyping distribution of the eighty RSV group A virus isolated collected in Stockholm between 1976

and 2005

This and the previous study [183] show that the GAS genotype has been the dominating
genotype in Stockholm during the last five epidemic seasons (Table 2). Fifty-eight out of 71
isolates (82%) were found to belong to GAS5 during this time, eight were GA2 and four were
GA7.

From the results presented in Fig.1 (paper III) it was concluded that 89% of the Swedish
material could be genotyped exclusively on the basis of nucleotide polymorphism in the target
area of the probes. Some strains had nucleotide polymorphisms different from the other
samples of the same genotype, which could explain their unexpected Tm values. Obviously,
one weakness of the present study regarding the generality of the method is the lack of GA1
and GA4 genotypes in studied samples. The GA1 and GA4 genotypes were not found in
Stockholm after 1990 and 1982, respectively. Owing to the lack of sufficient numbers of GA1
and GA4 genotypes, the present investigation was based on three genotypes (GA2, GAS and

GAT), which have been circulating in Stockholm during the past decade. Owing to the
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sequence diversity and expected continuous sequence changes of the G protein of the RS
virus, it is expected that sequence modifications will need to be introduced in probes to obtain
optimal separation of future variants. Resolution of genotypes can also be expected to
increase through introduction of a third FRET probe.

The proposed model for interpretation of results will identify nontypeable samples for
sequencing, hence reducing sequencing efforts. Two-dimensional plotting of data has been
applied in many fields to enhance resolution and can be expected to be generally applicable to
any genetic typing systems where two or more polymorphic regions are accessible for Tm or

other discriminating determinations.

7.4 Study on epidemiology of hMPV in Stockholm (paper 1V)

The presence of hMPV was retrospectively investigated in 4,989 samples, 2,659 samples
negative for RSV, influenza A and B, parainfluenza and adenovirus and 2,330 samples,
positive for these respiratory viruses.

The detection results showed an average incidence of 2,9% (n = 143/4,989) in five seasons
[2,0%, n=19/933 (2001/2002); 5,9%, n = 51/870 (2002/2003); 0,8%, n = 9/1069
(2003/2004); 4,8%, n = 49/1027 (2004/2005) and 1,4%, n = 15/1090 (2005/2006)] by RT-
PCR (Paper IV, Figure 1A, Table 1). The hMPV detection in samples negative for other
respiratory tract viruses was 5,4% (n = 143/2569). A higher number of hMPV-positive
samples were found in the 2002/2003 season followed by the 2004/2005 season as compared
to the other three seasons (Paper IV, Figure 1A, Table 1).

Based on genomic sequencing and phylogenetic analysis app. 96% (87/91) of all h\MPV
sequenced strains belonged to genotype A, and 4% (4/91) belonged to genotype B (paper IV,
Figure 5). Out of four genotype B viruses two were from patients younger than 3 years of age
and two were from patients older than 3 years. Genotype B was not found after the season
2003/2004.

No co-infections cases were found in the material between hMPV and the other respiratory
viruses. Four other co-infections were found in the material. Two were with influenza A
viruses and RSV, one with influenza A and parainfluenza virus and one with adenovirus and
RSV. Human metapneumovirus (hMPV) was most frequently detected in March and followed
by February (Paper IV, Figure 3). For example, hMPV incidence peaked in March, 2002/2003
(14,7%, n=21/143), followed by February-March 2004/2005 (11,9%, n=17/143). During the
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seasons 2001/2002, 2002/2003 and 2003/2004 hMPV was detected mostly in March, and the
season 2004/2005 it was detected mostly in February — March. The last season 2005/2006, it
was detected mostly in April and May, later than in the other seasons. The late seasonal peak
of hMPV infection, compared to RSV followed in four of the five seasons.

Large hMPV virus epidemics occurred biannually and were anticyclical to RSV epidemics.
In the present study from Stockholm, Sweden, h(MPV was less frequently detected than RSV,
influenza A virus and parainfluenza viruses.

Since the discovery of hMPV in 2001, the virus has been found worldwide and the frequency
of hMPV detection in patients with respiratory tract infection ranged from 1,5 to 43% in one
study [184]. The various incidence rates of human pneumovirus in respiratory infections in
different studies may be due to different study design. Several factors such as seasons, type of
samples, detection method and age may have contributed to this difference. Studies on the
incidence of h(MPV from other European countries have reported both lower and higher
figures compared to the present study from Sweden.

It was found that hMPV-infected children were significantly older than RSV-infected children
in accordance with the results from other studies. The results from the present study showed
that metapneumovirus and parainfluenza frequencies were anticyclical with respiratory
syncytial virus [185]. Differences in the frequency of hMPV, PIV and RSV infections have
been found every two years. In the seasons 2001/2002, 2003/2004 and 2005/2006 the
frequencies of hMPV and PIV infections were low but with high frequency of RSV. In the
seasons 2002/2003 and 2004/2005 the frequency of hMPV and PIV were high, but low
frequency of RSV was found. The same finding has recently been reported by German
researchers [185]. Although the reasons for this phenomenon are not known at present, these
findings should have a significant effect on diagnostics and on the epidemiologic studies of
infections with respiratory viruses. It is well known for RSV that large epidemics are
followed by small epidemics every second year. The same phenomenon appears to occur also
for hMPV and parainfluenza viruses.

HMPYV strains were separated into genotypes A and B. A marked dominance of genotype A
was found. During the 5 seasons under study the A genotype dominated in both age groups.
Out of 91 sequenced samples, 52 belonged to patients younger than 3 years. Boivin et al have
reported that the group A genotype infects three times as many children < 3 years of age. In
addition, group B strains occurred more frequently in adults [186]. In the present study

genotype A was dominant in both age groups. The different results in the two studies may be
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due to dynamic differences in the occurrence and fluctuations of the two genotypes in
different countries/continents.

In agreement with several other studies hMPV activity was found with a higher frequently in
late winter and most in spring [187]. This seasonal distribution is similar for 5 consecutive
seasons in study, 2002-2006. The strong peak in the circulation of hMPV in the spring has
distinguished hMPYV from the other respiratory tract viruses especially from RSV. However, a
few studies have shown that in isolated seasons the peak of hMPV epidemics may occur in
December and January together with RSV [188,189].

It was concluded that the epidemiology of hMPV differs markedly from other common

respiratory viruses.
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8 CONCLUSIONS

* Amino acid differences between C1 and C2 strains of mumps virus were found for two
envelope glycoproteins, F and HN.

* The amino acid differences between Kilham virus strain and other genotype A strains and
the similarity of the Kilham HN protein to neurovirulent genotype C strains on some amino
acid positions may indicate a possible role for this protein in mumps virus neurovirulence.

* The data presented from Stockholm demonstrated a dominance of RSV GAS genotype
strains in five consecutive seasons followed by GA2 genotype.

¢ It was found that the new assay (RT-PCR followed by two-dimensional melting curve
analysis based on FRET) was able to make correct genotype identification in about
89% of the isolates of RSV and identified the remaining 11% as untypeable and candidates
for conventional nucleotide sequencing.

¢ It was concluded that the epidemiology of hMPV differs markedly from other common
respiratory viruses.
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9 Populirvetenskaplig sammanfattning

Avsikten med avhandlingen &r att 6ka kunskapen om epidemiologiska och strukturella
egenskaper hos ndgra medlemmar ur virusfamiljen paramyxovirus. En stérre kunskap inom
dessa omréaden kan leda till nya och forbéttrade vacciner i framtiden. I familjen
paramyxovirus ingar flera humanpatogena virustyper som ofta drabbar barn, varfor flera av
dessa virusorsakade sjukdomar gér under bendmningen barnsjukdomar. Paramyxovirus
uppdelas i tva subfamiljer, paramyxovirus, nagra vanliga medlemmar inom denna grupp &r
passjukevirus och mésslingsvirus, samt pneumovirus representerade av respiratoriskt
syncytievirus samt humant metapneumovirus. I denna avhandling studeras passjukevirus,

respiratoriskt syncytievirus (eng. respiratory syncytial virus) och humant metapneumovirus.

Passjukevirus ger upphov till passjuka, namnet syftar pa att spottkortlarna forstoras, men virus
kan ocksé spridas till andra organ. Virusinfektionen &r framfor allt en viktig orsak till
hjarnhinneinflammation (meningit). Passjukevirus bestér i dag av tretton olika genotyper
(bendmnda fran A till M) baserade pa olikheterna hos en liten gen i virushéljet, den s.k.
”small hydrophobic” (SH) genen. Tva viktiga fragestéllningar inom passjukevirologin &r
varfor en del vacciner ger ett ofullstdndigt skydd och varfér vissa virusvarianter till skillnad
fran andra ger upphov till meningit hos den drabbade individen.

Tidigare studier pa genotyp C fran en epidemi i Litauen ar 1998-2000 visade att dessa
stammar gav upphov till parotit med eller utan meningit. Genotyp C var tidigare kédnd som
orsak till meningit. De stammar som endast gav upphov till parotit uppvisade tva specifika
aminosyramutationer i SH proteinet kodat av genen. Studien i avhandlingen av tva andra
gener, fusions (F) och hemagglutinin-neuraminidas (HN) genen, forstirkte hypotesen att det
finns systematiska skillnader mellan de tva virusvarianterna. Resultaten kan leda till ett nytt
forslag till tva subgrupper av genotyp C, neuropatogen C1 (tidigare C) och icke neuropatogen
C2.

Respiratoriskt syncytievirus (RS virus) ger upphov till luftvagsinfektioner som huvudsakligen
drabbar sma barn. Infektioner orsakade av detta virus dr den vanligaste orsaken till nedre
luftviigsinfektioner hos spadbarn. Aterinsjuknande 4r vanligt forekommande bade hos barn
och vuxna, vanligtvis forenat med lindriga symptom. Stora epidemier forekommer vinter och
var. Infektioner orsakade av RS virus kan vara livshotande nér de drabbar spadbarn. Det finns
ett behov av att vaccinera personer med bendgenhet att drabbas av svéara RS virus infektioner,

niamligen barn under tva ar, dldre och immunsupprimerade personer, men dnnu finns inget
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vaccin tillgéngligt. Svarigheterna omfattar exempelvis variabilitet av virus antigena
egenskapar, virusets formaga att 4stadkomma upprepade infektioner under livstiden samt
virusets féormaga att orsaka sjukdomar hos spadbarn trots nirvaro kvardrjande antikroppar
hos barnet fran modern (s.k. maternella antikroppar). RS virus indelas i tva grupper, A och B,
framst baserade pa antigena skillnader hos glykoproteinet (G proteinet) i virushdljet. RS virus
grupp A har rapporterats innehélla &tta olika genotyper, GA1-GA7 samt SAA1. Med
molekylarbiologiska metoder studerades RS virus epidemiologi under en ldngre tidsperiod
(1965-2005). Genotyp GAS5 dominerade i antal under de fem senaste luftvigssdsongerna, fran
sasongen 2000/2001 till 2004/2005 och GA2 var den nist vanligaste genotypen. Dessa
resultat Gverensstimmer med fynd fran 6vriga delar av vérlden. Ett intressant fynd &r att
genotyp GA1 dominerat i varlden fram till 1990 och darefter helt férsvunnit. I samband med
dessa studier gjordes forsok att astadkomma en enklare metod for genotypning med realtids
PCR-FRET (Fluorescence Resonance Emission Transfer) och sméltpunktsanalys med hjélp
av ett speciellt instrument. Férsoken ledde till slutsatsen att denna metod i sin nuvarande

utformning inte férmadde ersitta nukleotidsekvensering for genotypning av RS virus.

Humant metapneumovirus (hMPV) som upptiicktes av holldndska forskare ar 2001 ger
upphov till en liknande sjukdomsbild som RS virus. Undersokning av arkiverade blodprov har
visat att viruset funnits under en lang tid men forblivit oupptéckt, sannolikt beroende pé att
det &r relativt ovanligt i jamforelse med RS virus samt kréver specifika betingelser for
isolering i cellkulturer. Viruset delar flera genetiska egenskaper med RS virus, inklusive
uppdelningen i tva grupper, A och B, baserade pa skillnader i G proteinet. Varje grupp har tva
undergrupper, subgrupp 1 och 2. Det dr oklart om de tva grupperna utgér tva serologiskt
skilda virus. Den molekyldrepidemiologiska studien av hMPV i avhandlingen stréckte sig
6ver en langre tidsperiod och visade att hMPV var mindre vanligt forekommande &n RS virus,
influensa A och parainfluensavirus. Aldersdistributionen i patientmaterialet skiljde sig
dessutom frén dessa virus. I den svenska studien dominerade grupp A 6ver grupp B. Det
viktigaste resultatet i studien var att storre epidemier av hMPV intréffar vart annat ar och
forekommer anticykliskt med stora RS virus epidemier. Ur flera epidemiologiska aspekter

skiljer sig hMPV frén andra vanliga luftvagsvirus.

Sammanfattningsvis har denna avhandling studerat (i) sekvenser av HN och F gener for C1
och C2 varianter av genotyp C. En typrepresentant av genotyp A, Kilham virus, med

neuropatogen formaga visade vissa likheter med genotyp C avseende HN genen., (ii)
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molekyldr epidemiologi av RS virus grupp A i Stockholm (iii) méojligheten av en alternativ
genotypningsmetod av RS virus grupp A med hjélp av realtids PCR:FRET samt studerat (iv)
jamforande epidemiologi av hMPV och andra vanliga luftvigsvirus i samtliga aldersgrupper

av patienter.
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Characterization of mumps virus strains with varying neurovirulence.

Molecular epidemiology of respiratory syncytial virus (RSV) of group A in
Stockholm, Sweden, between 1965 and 2003.

Genotyping of respiratory syncytial virus (RSV) group A in Stockholm,

Sweden, using PCR and two-dimensional melting curve analysis.

Epidemiologic characteristics and seasonal distribution of human

metapneumovirus in five epidemic seasons in Stockholm, Sweden 2002-2006.



