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Abstract

Human Parainfluenza virus (HPIV) is an important pathogen that causes upper and
lower respiratory infection in infant , every person at least had been infected one time in
his live . The virus considered the second most infective agent after respiratory syncytial
virus (RSV) that causes respiratory infection . Human parainfluenza virus are generally

believed spread through contact and large airborne droplet transmission .

In response to clinical importance of the virus this study was designed to detect the virus
in acute respiratory tract infection patients and to estimate infection rate in addition to
investigate the predominant genotypes . Molecular characterization and phylogenetic

analysis of local strains have been undertaken as compared with globally published strains

Three hundred nasal swaps were collected from infants and preschool children whom
were hospitalized for acute respiratory infections in AL-Muthanna governorate at the
period from January 2015 to March 2015 , written constants were taken . Most frequent
clinical signs have been estimated which were fever , breathing difficulty , wheezing ,

cough and runny nose more than one sign were recorded at the same case .

The results of the clinical study showed that the acute respiratory infection was the
higher infection rate in Rumaythah with 38% and the lowest infection rate in Khider with
1.33% . the total infection rate of both male and female were 54.33% for male and 45.66%

for female .

Revers transcription real time polymerase chine reaction technique was applied for
detection of nucleoprotein gene (NP gene).of human parainfluenza virus by using specific

primers and TagMan probe .

The results of HPIV infection rate by using RT-RT-PCR was 45.38% . The results of
infection rate according to the gender showed that the percentage rate of female was
61.11% which was higher than male 36.66% . with significant differences at (p<0.01)
between male and female. The results of infection rate by using RT-gPCR according to
regions of study were ( 58.3% , 47.5% , 50.1% , 38.5% , , 33.3 %, 25% , , 0% and 0%)



in Samawa, , Hilal , Rumaythah, Warka, Sweer, Najme, Maged, and Khider respectively
.Samawa showed the highest infection rate 58.3% , while Najme was the lowest 25% with
significant differences (P<0.01) .Maged and Khider were not recorded any positive results.
And there was no significant differences between Rumaythah and Hilal and significant
differences (p<0.01) with other regions . There was significant differences between Warka
and other regions (p<0.01). There was significant differences between Sweer and other
regions (p<0.01). There were significant differences between Najme and other region in
(p<0.01) .And there was no significant differences between Maged and Khider and

significant differences (p<0.01) with other regions

Ten positive RT-PCR samples were subjected to endpoint convential PCR by using
specific primers for identification of NP gene (523bp) . The positivity of all ten samples

were confirmative .

Ten isolate ( convential PCR products ) were sequenced and submitted in NCBI —
GenBank and took their accession number , seven of them were HPIV-1 (KT763053 ,
KT763054 ,KT763055, KT763056 , KT763057 , KT763058,KT763060 ), and the other
three isolate were HPIV-3 (KT763052 , KT763059, and KT763061 ) , while there were
no HPIV-2 and HPIV-4 recorded .

Phylogenetic tree construction of the isolate was achieved . The results of phylogenetic
analysis were Seven of our ten isolate was match to HPIV-1 . The seven isolate are
(KT763053 , KT763054 ,KT763055 , KT763056 , KT763057 , KT763058,KT763060 )
The isolate (KT763053 , KT763054) showed high homology with (EU346886.1,)
which isolated from Lithuania and with( D01070.1, JQ901971.1) which isolated from
USA. (KT763055 , KT763056 , KT763057 , KT763058KT763060) showed high
homology with (M62850.1) which isolated from USA . And the isolate showed similarity
with other isolation in different percentage, ( AF457102.1 , JQ902004.1 , KF530212.1 ,
KF687311.1 , KF530203.1) that isolated from USA, (S38060.1) that isolated from Japan
and( KM190940.1) that isolated in Thailand

Three of the ten isolate (KT763052 , KT763059, and KT763061 ) was match to HPIV-
3. (KT763061) was match to (M11849.1, M14552.1) that isolated from Chile and



(X04612.1) that isolated from India.(KT763052 , KT763059) was match to (EU346887.1)
that isolated from Lithuania . And showed similarity in different presenting with other
isolation , (U51116.1 , Z11575.1 , KJ672605.1 , KF530245.1) that isolated from USA ,
(AB736166.1) that isolated from Japan , (KM190938.1) that isolated from Thailand, and
(FJ455842.2) that isolated from China

In conclusion HPIV was considered one of the most important causative agent of acute
respiratory infection in infants and young children in al Muthanna and HPIV 1 and HPIV 2
were the predominant genotype recorded in different area of study . Phylogenetic analysis
permitted the arrangement of Iragi strains of the current study with some other some world

lineages as USA, Lithuania, Chile and other .
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Introduction



1.1. Introduction .

Respiratory viral infections (RVIs) are a leading cause of morbidity, hospitalization and
mortality, throughout the world (Abed and Boivin 2006),( Armstrong et al., 1999).
Again acute lower respiratory tract infections (ALRI) is a leading cause of paediatric
morbidity and mortality One of the most common viral agents associated with respiratory

tract infections are parainfluenza viruses (P1V) (van den Hoogen et al., 2001).

Human parainfluenza viruses (HPIVs) are important human pathogens that cause upper
and lower respiratory tract infections, especially in infants and young children. They are
typical members of the family Paramyxoviridae and There are four recognized serotypes,
HPIV types 1 to 4 (HPIV-1 to -4) . HPIV-1 and HPIV-3 belong to the genus Respirovirus,
whereas HPIV-2 and HPIV-4 belong to the genus Rubulavirus. HPIV-4 is further divided
into two subtypes, 4A and 4B, on the basis of antigenic differences (Lamb and Parks,
2007).

HPIV are demonstrated to be pleomorphic enveloped viruses .Their envelope is derived
from the host cell that they last infected. This family of viruses are medium sized, between
150 and 250 nm, but much larger virions or virus aggregates have been reported. Virus
particles usually contain single-stranded RNA with negative polarity (complementary to
MRNA). (Henrickson, 2003).

Parainfluenza virus are major causes of upper and lower respiratory tract diseases in
infants and young children, causing croup, bronchiolitis, and pneumonia (Hall, 2001).
Additionally, these viruses have all been identified as important causes of severe lower
respiratory tract disease, with significant morbidity and mortality, in elderly and
immnunocompromised patients (Greenberg, 2002) , (Ljungman et al., 2001)

Human parainfluenza virus (HPIV) causes serious lower respiratory tract diseases in
young children. It is one of the most common causes of hospitalization for fever and or
acute respiratory illness in children under 5 years old , and in particular ,in infant aged 0-5
months (Murphy, et al.,1988) ( Weinberg, et al., 2009).

Virus transmission occur through contact with infectious fluids, either directly or

indirectly through contaminated fomites, or through inhalation of airborne particles in the



form of large droplets or small droplet nuclei (Goldmann , 2000) . Respiratory
paramyxoviruses such as HPIV are generally believed spread through contact and large
airborne droplet transmission ( Hall , 2001).

A rapid, sensitive, and specific diagnostic tool is important for management of patients
presenting with a respiratory infection (Adcock et al., 1997). Electron microscopy can
easily demonstrate HPIV , many paramyxoviruses appear the same (Henrickson,2003).
Cell culture is still used in laboratory detection of respiratory viruses. However, cell
culture is slow and has a low sensitivity and viral culture can often result in delays of
several weeks before test results are available making such results clinically irrelevant
(Martin et al. 2008). Immunofluorescence (IF) techniques used for the detection of viral
antigens, IF provides rapid results, but it often lacks sensitivity in detecting some viruses
and further confirmation by viral culture may sometimes be required (Liolios , 2001).

The availability of HPIV-specific detection assays is important because other respiratory
pathogens cause similar illnesses. In recent years, molecular methods have resulted in
sensitive, specific, and rapid detection of respiratory viruses

Polymerase chain reaction (PCR) assays have been shown to be more sensitive than
culture or antigen testing for the detection of some respiratory viruses in specimens from
various populations, ( Kuypers et al., 2006).( Weinberg et al.,2004). Molecular
techniques as both Real-Time PCR and conventional PCR were rapid , specificity and
highly sensitive technique to detect of NP gene of the HPIV . In addition to enhanced
sensitivity, the benefits of real-time PCR assays over conventional endpoint detection
methods include their large dynamic range, a reduced risk of cross contamination, an
ability to be scaled up for high throughput applications and the potential for accurate target
quantification . The combined properties of high sensitivity and specificity, low
contamination risk, and speed has made real-time PCR technology a highly attractive
alternative to tissue culture- or immunoassay-based methods for diagnosing many
infectious diseases (Espy et al., 2006).

DNA sequencing technology has been instrumental in the sequencing of complete DNA
sequences, or genomes of numerous types and species of life, including the human

genome and other complete DNA sequences of many animal, plant, and microbial species


http://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1003786#ppat.1003786-Hall3

(Pettersson et al ., 2009). RNA-Seq is one possible method for transcriptomics that shows
a high potential to improve the understanding of development and diseases .

virus sequences in the GenBank will throw light on the molecular epidemiology and
emergence of any new variant HPIV in the field. So the sequence study is considered to be
useful in understanding HPIV scenario in the endemic areas. (Hosamani, et al., 2007).
Molecular phylogenetics uses the structure and function of molecules and how they

change over time to infer these evolutionary relationships (Hall , 2004).

1.2. Aims of study .

1- To evaluate the clinical and epidemiological features of HPIV in young children in AL-

Muthanna province .

2-To investigate the role of HPIV in acute respiratory tract infection and the predominant

genotypes of Parainfluenza virus in AL-Muthanna province .

3-Molecular characterization and phylogenetic analysis of local strain of HPIV by

sequencing and alignment with globally published strains in the GenBank .
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2.1. History

Acute respiratory infections (ARI) are one of the major causes of morbidity and
mortality in young children throughout the world especially in developing countries
(Denny and Loda ,1986). Data from WHO estimated the burden of ARI at 94037000
disability-adjusted life years (DALYs) and 3.9 million deaths in 2001 (WHO,2001). These
viruses were first discovered in the late 1950s, when three different viruses recovered from
children with lower respiratory disease proved to be unique and easily separated from the
myxoviruses (influenza virus) they closely resembled. This new family of respiratory
viruses grew poorly in embryonated eggs and shared few antigenic sites with influenza
virus. In 1959 (Canchola et al.,1964). a fourth virus was found that also met these criteria,

and a new taxonomic group was created called parainfluenza viruses. ( Morris et al., 1956
).

Human parainfluenza virus (HPIV) types 1,2, 3, and 4 have been known primarily as
respiratory pathogens in young children. They are now recognized as important pathogens
in adults as well as young children. Adults infected with these viruses tend to have more
variable and less distinctive clinical findings than children, and the viral cause of the
infection is often unsuspected. The consistency of the annual outbreaks of these agents and
the frequency of reinfection suggest that they impose a considerable, but ill-defined,
disease burden throughout life (Chanock, et al., 1957).

The parainfluenza viruses, is one the chief cause of hospitalization for respiratory tract
illness in young children. In 1991, it was estimated that infection of children with
parainfluenza virus types 1 and 2 accounted for 250000 visits to emergency rooms, 70000
hospitalizations (Henrickson et al.,1994).Parainfluenza viruses are also leading causes of
hospitalization in adults with community-acquire respiratory disease
( Marxetal., 1999 ; Falsey et al., 1995).

A further systematic analysis also estimated 1.575 million (uncertainty range: 1.046
million - 1.874 million) deaths of children worldwide in 2008 as due to ARI (Black et al.,
2008) majority of acute lower respiratory tract infections.



Despite four decades of efforts, there are no effective means to control Parainfluenza
virus infections. The development of vaccines has been confounded by the lack of durable
iImmunity, even after natural infection, and the diversity and ubiquity of populations at risk
for infection (Hall, 2001).

2.2. Etiology

Human Parainfluenza viruses (HPIVs) are important human pathogens that cause upper
and lower respiratory tract infections, especially in infants and small children. They are
typical members of the family Paramyxoviridae (Vainionpaa and Hyypia , 1994) , There
are four recognized serotypes, HPIV types 1 to 4 (HPIV-1 to -4) (Collins et al., 1996).
HPIV-1 and HPIV-3 belong to the genus Respirovirus, whereas HPIV-2 and HPIV-4
belong to the genus Rubulavirus. HPIV-4 is further divided into two subtypes, 4A and 4B,
on the basis of antigenic differences (Henrickson, 2003). These viruses are pleomorphic
enveloped particles that are 150 to 300nm in diameter. The virion consists of a
filamentous, herringbone-like nucleocapsid core surrounded by a lipid envelope with
virus-specific glycoprotein spikes. The nucleocapsid is composed of the RNA genome,
which is linear, non-segmented, negative-sense and tightly coated with the nucleocapsid
protein. The viral envelope contains two virus-specific proteins, the hemagglutinin-
neuraminidase (HN) and the fusion (F) proteins, both largely integral to immunity and

pathogenesis ( Hall , 2001 ; Vainionpaa and Hyypia, 1994)(Figure2-1)
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(Figure2-1):A schematic diagram of the parainfluenza virion. L, large RNA polymerase protein; M,
matrix protein; NP, nucleocapsid protein; P, phosphoprotein (Hall,. 2001).
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2.2.1. Morphology

By electron microscopy, HPIV are demonstrated to be pleomorphic
enveloped viruses. Their envelope is derived from the host cell that they last infected. This
family of viruses are medium sized, between 150 and 250 nm, but much larger virions or
virus aggregates have been reported Virus particles usually contain single-stranded RNA
with negative polarity (Lamb and Parks, 2007 ; Kingsbury, 1985)

The HPIV genome contains approximately 15000 nucleotides. These are organized to
encode at least six common structural proteins (3'-N-P -M-F-HN-L-5") (Wechsler et al.,.
1985 ; Storey, et al,. 1984).

Electrophoresis demonstrates great similarity in protein size between the four major
HPIV types except for the phosphoprotein two surface
glycoproteins are found in all HPIV the hemagglutinin-neuraminidase
(HN) and the fusion protein (F,) (Komada, et al,. 1989 ; Cowley and Barry. 1983), the
membrane protein (M) is strongly associated with and found just beneath the viral

membrane. and have an envelope composed of host cell lipids and viral glycoproteins



derived from the plasma membrane of the host cell during viral budding. The HPIV
genome is single-stranded, negative-sense RNA that must be transcribed into message-
sense RNA before it can be translated into protein. Like all negative-stranded RNA
viruses, the HPIVs encode and package an RNA-dependent RNA polymerase in the virion
particles .The RNA genome is approximately 15,500 nucleotides in length and is
encapsidated by the viral nucleocapsid protein, forming helical nucleocapsids (Figure2-2)
(Moscona, 2005).
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(Figure 2-2) : Schematic diagram of the member of paramyxoviridae (Farideh ,2008).

2.2.2. Classification

The family of Paramyxoviridae has been reclassified in 2000 by international committee
on the taxonomy of viruses into two subfamilies , the paramyxovirinae and the
pnemovirinae. Paramyxovirinae contains three genera : Respirovirus ,Rubulavirus and
Morbillivirus. pneumovirinae contains the genera : Pneumovirus and metapneumovirus
(ICTV , 2000) .
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(Figure 2-3): Classification of Parainfluenza virus (Farideh ,2008).

The new classification is based on morphologic criteria, the organization of genome, the
biologic activation of proteins , and the sequence relationship of encoded protein. The
pnemoviruses can be distinguished from paramyxovirinae morphologically as they contain
nucleocapsides with smaller diameter .In addition , the number of encoded proteins differs
and the pnemoviruses also contain an attachment protein that is very different from that of
paramyxoviruses (Lamb & Kolakofsky, 2001) . 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

linked genes (figure 2-3).

2.2.3. Serotypes




HPIV has four predominant serotypes. Serologic and antigenic analysis of all of the
species within the Paramyxovirinae subfamily demonstrates four basic genera HPIV-1,
HPIV-3, HPIV-2, HPIV-4, (Henrickson and Savatski , 1996 ; Tsurudome et al., 1989).

The HPIV all induce variable levels of heterotypic antibody during infection and have
common antigens. This often makes it impossible to determine whether serologic
positivity represents specific amnestic responses or cross-reactions to similar antigens on
different HPIVs. However, specific hyper immune animal serum (e.g., hamster or guinea
pig) can usually differentiate between these viruses in standard hemagglutinin inhibition
(HI), hemadsorption inhibition (HAdI), complement fixation, neutralization tests or
enzyme-linked immunosorbent assay (ELISA) (Henrickson , 2003 ;Sarkkinen et al.,
1981

Two major subtypes of HPIV-4 (A and B) were discovered shortly after this virus was
first identified 40 years ago. HAdI and neutralization assays could easily distinguish these
subtypes, but complement fixation (CF) could not (Canchola et al., 1964).

During the same decade, several HPIV-2 strains were isolated that could be
differentiated serologically from the type strain (Numazaki et al., 1968), and then about
10 years ago studies demonstrated significant antigenic variation between different HPIV-
2 clinical isolates (Ray et al., 1992). At about the same time, strains of HPIV-1 were
reported that could be separated from the type strain by ELISA, HI, and neutralization
assays (Henrickson, 1999). Molecular analyses of all four types have demonstrated more
antigenic and genetic heterogeneity than was initially appreciated (Henrickson and
Savatski, 1996),. In fact, the data suggest that all four major HPIV serogroups (HPIV-1 to
HPIV-4) have subgroups or populations that have unique antigenic and genetic
characteristics. Even HPIV-4 subtypes A and B demonstrate this variability (Komada et
al.,1990). The variability and changes seen in HPIV suggest an evolutionary pattern
similar to that of influenza B virus. Polyclonal serologic testing can detect most HPIV
strains using common “type” antigens, but subgroups of HPIV-1 (A, C, and D) and HPIV-
3 have been reported with progressive antigenic change (Henrickson, 1999). In addition,
HPIV-1 strains isolated over the last 12 years demonstrate persistent antigenic and genetic

differences compared to the 1957 type strain, including differences between genotypes



within the same epidemic and same geographic location (Henrickson, 1999; Henrickson
and Savatski, 1996 ; Komada et al., 1992), This progressive antigenic change (although
slow) will cause standard reference sera raised to HPIV isolates from the 1950s, or antigen
prepared from these same “type” strains, to not universally react in routine serologic
assays in the future. Examples of this have already occurred, leading to failure of
commercial diagnostic products. Investigators now often use more recent strains of HPIV
as sources of antigen or genomic material.( Scaparrotte et al.,2013).
2.2.4. Replication

The first step in viral replication and reproduction is the fusion of the virus and host cell
lipid membranes (Kingsbury,1985). The virus attaches to sialic acid receptors on the host
cell and fuses with the cell membrane, make it possible to the nucleocapsides to enter the
cytoplasm (figure 2-4). Once it is became inside the cell, transcription takes place using
the polymerase L protein (RNA dependent RNA polymerase) and P protein. Viruses dock
to the cell using a glycoprotein or glycolipid cell receptor and its own G, H, or HN spike
protein The virion enters the cell by mediating fusion of its lipid envelope with the
external plasma membrane of the cell and this vital event of catalysed "fusion from
without" is mediated by the F protein. The genome is immediately released into the

cytoplasme (Collier and Oxford,2000).

The virus uses host ribosomes to help translate the viral messenger RNA (mRNA) into
viral proteins, which direct replication of the virus genome, firstly to a positive sense
strand and then into a negative sense strand. The genome of negative-sense RNA viruses
cannot function directly as mRNA but must first be transcribed to virus-specific mMRNA
species by RNA-dependent RNA polymerase , thin it is encapsulated with NP and can be
released from the cell by budding (Moscona , 2005 ;Henrickson, 2003; Chanock
,2001).



(Figure 2-4) : Schematic representation of the life cycle of parainfluenza virus. ( Moscana, 2005).
2.3. Epidemiology

Infants and young children are clearly infected by this virus, but it is rarely isolated.
Serologic surveys have demonstrated that most children between 6 and 10 years of age
have evidence of past infection, suggesting mild or asymptomatic primary infections
(Henrickson, 2003).

Respiratory infections cause 3 to 18% of all admissions to pediatric hospitals, and HPIV
can be detected in 9 to 30% of these patients depending on the time of year (Carballal et
al,. .2001) ,( Kim et al., 2000).

The majority of infections and deaths are observed among young infants,
immnunocompromised, and elderly individuals. Malnutrition, overcrowding
,Environmental conditions such as temperature, humidity, pH, and the composition of the
storage fluid easily affect HPIV. Viral survival markely decreases at temperature above
37°C, until at 50°C almost all virus is inactivated within 15 min (Mahony, 2008) , HPIV-1
and occur in both hemispheres. HPIVs generally cause upper and lower respiratory
infections it has been estimated that 12% of the 500000 to 800000 lower respiratory
infection (LRI) cases reported annually in USA are caused by HPIV 1-3. It has also been
estimated that, worldwide, 10% of the total LRIs in preschool children are caused by
HPIVs and 25 to 30% of these result in death. Nosocomial infections are also common,
especially among young infants; with HPIV3 being the most frequently transmitted among
the four HPIVs (Marx et al,. 1997).

Human parainfluenza 3 also infects children early in life: 60% and 80% will have been
infected before the ages of 2 and 4 years, respectively infection with HPIV-1 and HPIV-2
occurs when children are slightly older, but, by 5 years of age, most children have been

infected with these viruses at least once ( Durbin and Karron, 2003).



Human parainfluenza 1 causes biennial epidemics which peak during the fall season.
During these epidemics the majority of infections (50%) occur in children aged 7 to 36
months and peaking during the second and third year of life. HPIV-2 also causes biennial
infections, either with HPIV-1 or during alternate years from HPIV-1, or annual
epidemics, which peak during fall to early winter. The majority of infections (60%) caused
by HPIV-2 occur in children younger than 5 years of age and peak between the first two
years of life. Outbreaks caused by HPIV-3 tend to occur yearly and peak during early
spring to summer (for North America and Europe). The majority of these infections (40%)
occur in children during the first year of life(Koivisto, 2004). Little is known about the
epidemiology of HPIV-4 due to the small number of studies conducted. Generally, it has
been noted that the rate of infection is relatively the same in age groups from young
infants to adults. An outbreak of HPIV-4 within a developmental disabilities unit involving
38 institutionalized children and 3 staff members has also been described (Lau et al,.
2005).

The four human parainfluenza viruses (HPIVS) are important upper and lower
respiratory tract pathogens in infants and young children. Each of the HPIVs has distinct
clinical and epidemiologic features, but each can cause a full spectrum of acute respiratory
tract illnesses. HPIV-1 is the most common pathogen associated with croup or
laryngotracheobronchitis( Denny and Clyde, 1986) Although its epidemiology is less
well-defined, HPIV-2 infection is also associated with croup hospitalizations. (Henderson,
1987) It has been reported that HPIV-3 ranks behind only respiratory syncytial virus (RSV)
as a cause of bronchiolitis and pneumonia among infants and young children.( Glezen and
Denny, 1997). Human parainfluenza 4 is infrequently detected , and consequently less is
known about its clinical and epidemiologic characteristics. Infection with all four HPIV
serotypes is common, and most children have serologic evidence of infection by 5 years of
age. (Collins et al., 1996) . The age at which first infection occurs varies by serotype. First
infections with HPIV-1 and -2 are most common during the second year of life. HPIV-3
infections occur frequently during the first year of life, and it is the serotype most often
associated with HPIV infection during the first 6 months of life. (Knott et al., 1994).

Because HPIV infections do not confer complete protective immunity, reinfection occur



throughout life (Marx et al.,1999). Most HPIV infections are detected during seasonal
epidemics. In the United States HPIV-1 infections have been epidemic in the fall of odd-
numbered years since 1973. HPIV-2 infections are epidemic in the fall every year
nationally, but community epidemics can occur annually or biennially in the fall.15 HPIV-
3 infections are usually widespread in the United States during late spring and summer
(Glezen &Denny, 1997; Collins, 1996).

2.3.1. Transmission

Parainfluenza viruses are common human pathogens, and they are second only to the
respiratory syncytial virus (RSV) in causing lower-respiratory-tract infections in young
children In spite of the relative importance of parainfluenza viruses as human pathogens,
our understanding of the modes and vehicles for their spread is still very limited
(Chanock and Mclntosh. 1990). These viruses have been found to survive for at least a
few hours in air and on environmental surfaces (Brady et al,. 1990 ;Parkinson et al,.
1983).

Respiratory virus transmission can occur through contact with infectious fluids, either
directly or indirectly through contaminated fomites, or through inhalation of airborne
particles in the form of large droplets or small droplet nuclei(Goldmann , 2000).

Respiratory paramyxoviruses such as HPIV are generally believed spread through
contact and large airborne droplet transmission ( Hall , 2001). Few studies have
specifically investigated HPIV transmission. Infectious HPIV-1 virus was recovered from
air samples taken 60 cm away from only 1 of 30 HPIV-1 infected children, making
transmission by small droplet nuclei unlikely. The HPIVs can be recovered from
experimentally contaminated non-porous surfaces for up to 10 hours (Brady et al,. 1990)
however, HPIV-3 quickly lost infectivity when placed on the hands (Ansari et al,.1991) In
general terms, the potential of a vehicle to spread a given infectious agent is directly
related to the capacity of the agent to survive in or on that vehicle. Hands have long been
implicated in the spread of infectious diseases and are often suggested to be the most
important vehicle (Adler, 1988 ; Hendley and Gwaltney, 1988). Beyond these studies,

surprisingly little is known about HPIV transmission in humans. The study of respiratory
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virus transmission in humans is difficult due to ethical, safety, environmental, and
budgetary considerations. For these reasons, the use of small animal models to study
transmission of respiratory viruses has been widely utilized. The HPIVs poorly infect
mice, and HPIV infection in cotton rats, hamsters, guinea pigs, and ferrets is usually
asymptomatic with minimal or undetectable pathology (Karron and Collins ,2007)
Human parainfluenza viruses are reported to cause 40% of acute respiratory tract
ilinesses in children and 20% of respiratory illnesses in hospitalized children (Reed et al.,
1997). Of the four recognized HPIVs, HPIV-1, -2 and -3 have been regarded as major
causes of lower respiratory tract illness in infants and young children (Collins et al., 1996)
In particular, HPIV-1 and HPIV-3 were the important causes of outbreaks of respiratory
tract infection, especially in institutional settings (Cortez et al., 2001 ;Fiore et al., 1998
;Karron et al., 1993). Beside these, medical studies showed that significant mortality and
morbidity caused by HPIVs occur frequently in immnunocompromised individuals
(Apalsch et al., 1995 ; Arola et al., 1995) . While the impact of the HPIV-1, -2 and -3
have been well appreciated, the clinical importance of HPIV-4 is far less well defined
(Lau et al., 2005). More than 40 years after the discovery of HPIV-4, only few individual
cases or case series of HPIV-4 infection have been described (Lindquist et al., 1997
;Rubin et al., 1993). The scarcity of reported cases may be attributed to the difficulties in
isolating HPIV-4. HPIV-4 is the most difficult HPIV to grow in cell culture, with late
hemadsorption and cytopathic effect, and therefore is rarely detected by conventional
virological methods (Aguilar et al., 2000). The another reason for the lack of information
on HPIV-4 is that the virus was traditionally associated with mild respiratory disease
(Aguilar et al., 2000 ;Collins, et al., 1996.). Over the past decades, it was regarded as less
clinically important; and therefore was usually not included in the routine panels of
respiratory virus detection in most clinical virology laboratories (Lam Siu Yan , 2007).
However, a growing body of studies suggest that the prevalence of HPIV-4 has been
underestimated. Several recent studies have found that HPIV-4 is associated with more
severe respiratory illness in children, and is even more frequently detected than HPIV-2
(Lindquist et al., 1997 ;Rubin et al., 1993). HPIV-4 infection may therefore be more
prevalent and severe than was previously thought. Particularly, an outbreak of HPIV-4



infection reported in Hong Kong provided important evidence. This was the first local
outbreak of HPIV-4 infection in a regional hospital, involving 38 institutionalized children
and three staff members during a 3-week period in autumn 2004. A total of 7% children
were infected with lower respiratory tract infections. The outbreak initially aroused the
general awareness of HPIV-4 infection that HPIV-4 may be an important cause of more
severe respiratory illness in children. Therefore, it is now a need to further investigate the
role of HPIV-4 as causes of respiratory disease among children in our locality (Lau et al.,
2005).

2.4. Symptoms and clinical signs .

These viruses have been primarily known as children’s viruses, with good reason the
parainfluenza viruses cause a spectrum of respiratory illnesses similar to those caused by
RSV (Figure 2-5), but result in fewer hospitalizations ( Hall ,2001 ; Reed et al.,1997 ;
Knott et al.,1994). Most are upper respiratory tract infections, of which 30 to 50 percent
are complicated by otitis media.( Knott et al.,1994 ; Henderson et al.,1982)

About 15 percent of parainfluenza virus infections involve the lower respiratory tract,
and 2.8 of every 1000 children with such infections require hospitalization ,Most children
are infected by parainfluenza virus type 3 by the age of two years and by parainfluenza
virus types 1 and 2 by the age of five years. Pneumonia and bronchiolitis from
parainfluenza virus type 3 infection occur primarily in the first six months of life, as is the
case for RSV infection, but with a lower frequency (Reed et al.,1997)

Croup is the signature clinical manifestation of infection with parainfluenza virus,
especially type 1, and is the chief cause of hospitalization from parainfluenza infections in
children two to six years of age ( Marx et al.,1997 ;Knott et al.,1994) .In those with
chronic pulmonary disorders, RSV and parainfluenza virus infections lead to
complications that are indistinguishable from those resulting from other infectious or

noninfectious causes ( Arnold et al.,1999).



Parainfluenza virus infections are often unsuspected in immune compromised hosts, since
they may mimic other opportunistic infections more commonly associated with an
immune compromised state. Furthermore, upper respiratory tract signs, if present, may

appear inconsequential (Hill, 2001) .
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2.5. Disease caused by parainfluenza

Human Parainfluenza 1 is the major cause of acute croup in infants and young children
but also causes mild URTI, pharyngitis, and tracheobronchitis in all age groups (Leland ,
1996). Outbreaks in temperate climates tend to occur mostly in the autumn months.
Human Parainfluenza 2 is generally associated with lower infection rates than HPIV1 or
HPIV3 and has been associated with mild URTI, croup in children, and, occasionally,
LRTI. Infections occur predominantly in fall months. HPIV3 is a major cause of severe
LRTI in infants and young children, often causing croup, bronchitis, and pneumonia in
children 1 year of age (Wright et al,. 2005). In older children and adults, it can cause
URTI ortracheobronchitis (He et al,. 2007 ). Infections with HPIV3 can occur in any
season but are most prevalent in winter and spring months in temperate climates
(AAP,2003). PIV4 is the least common of this group and is generally associated with mild
URTI. As a group, HPIVs cause 15 to 30% of nonbacterial respiratory disease in children
requiring hospitalization (Griffin et al., 2004). The onset of illness can either be abrupt as

an acute spasmodic cough or begin as a mild URTI evolving over 1 to 3 days to involve



the lower tract. The duration of acute illness can vary from 1 to 3 weeks but generally lasts
7 to 10 days (AAP, 2003). Human parainfluenza also causes LRTI in the elderly and
iImmune compromised patients including bone marrow recipients (Madden et al.,2004 ;
Raboni et al., 2003)

2.6. Pathogenesis

Human parainfluenza viruses cause several serious respiratory diseases in children for
which there is no effective prevention or therapy. Parainfluenza viruses initiate infection
by binding to cell surface receptors and then, via coordinated action of the 2 viral surface
glycoproteins, fuse directly with the cell membrane to release the viral replication
machinery into the host cell’s cytoplasm. During this process, the receptor-binding
molecule must trigger the viral fusion protein to mediate fusion and entry of the virus into
a cell. There are several steps during the process of binding, triggering, and fusion that are
now understood at the molecular level, and each of these steps represents potential targets
for interrupting infection ( Moscona, 2005).

Viral antigen has been localized to the apical portion of epithelial cells in infected cotton
rats (Porter et al., 1991). Actin and the cytoskeleton have been reported to play roles in
transcription, maturation, and the movement of viral glycoproteins to the surface of
infected cells. (Bose et al., 2001).

Human parainfluenza virus replicates in the respiratory epithelium of the upper
respiratory tract and spread from there to the lower respiratory tract , Epithelial cells of the
small airways become infected. Resulting in inflammation of the airways or bronchiolitis.
This inflammation is accompanied by The relationship among the tissue damage caused by
the virus, the immune responses that help to clear the virus, and the  inflammatory
responses that contribute to disease is still quite enigmatic. However, the damage to
epithelial cells appears to result from inflammation, rather than the virus itself, but this
concept remains unclear. In most cases, the virus is non-cytopathic and can lead to
persistent infections. Tissue damage leads to necrosis of cells and increased mucus

secretions, obstructing airflow, resulting in wheezing or coughing. Recovery from



infection usually occurs within a few days of symptoms ,(Henrickson , 2003 ; Hall ,
2001).

2.7. Diagnosis

Acute respiratory tract infections are the most widespread types of infections in adults
and children and are responsible for considerable morbidity and mortality worldwide
(Lopez et al., 2006). Unfortunately, the etiology remains undetermined in more than 50%
of cases (File, 2003). For these reasons, a rapid, sensitive, and specific diagnostic tool is
important for management of patients presenting with a respiratory infection (Adcock et
al., 1997 ;Woo, et al., 1997). Throat swabs, nasopharyngeal swabs, nasal washes, and

nasal aspiration have all been used successfully to recover HPIV (Frayha et al . 1989).

2.7.1. Electron microscopy .

Electron microscopy can easily demonstrate HPIV (Figure 2-6). However, many
paramyxoviruses appear the same (e.g., mumps virus). No large study looking at the
diagnostic utility of electron microscopy for HPIV infection has been published

(Henrickson,2003) , and less expensive methods of diagnosis have been developed.

(Figure 2-6 ) : Electron micrograph of HPIV, Magnification, x275,000. , ( Henrickson , 2003).



2.7.2. cell lines

Cell culture is still the “gold standard” for the laboratory detection of respiratory viruses.
However, cell culture is slow and has a low sensitivity. Therefore, its implementation for
routine virus detection is suboptimal and the viral culture can often result in delays of
several weeks Dbefore test results are available making such results clinically
irrelevant(Downham et al., 1974). Cultured for respiratory viruses by conventional tube
culture. A number of primary and secondary cell lines support the growth of HPIV. On
rhesus monkey kidney, African green monkey kidney, transformed HelLa (HL), and human
foreskin fibro blast (HDF) cell lines(Nichols et al., 2001). HPIV can also replicate in
organ cultures from mouse, guinea pig, ferret, and human fetal respiratory epithelium
(Henrickson, 2003 ). Paramyxoviruses are known to induce apoptosis in tissue culture
cells, in a study found that HPIV 1 induced a potent apoptotic response. Both phenotypes
appeared to contribute to attenuation in African green monkeys (AGMSs) and in cultures of
ciliated human airway epithelium (HAE) (Emmalena et al., 2008)

2.7.3. immunofluorescence

The development of sensitive and specific immunofluorescence (IF) techniques for the
detection of viral antigens in the cells of the nasopharyngeal secretions, collected at the
acute stage of the disease, has greatly improved the rapid laboratory diagnosis of viral
respiratory diseases .The problem of specimen transportation, however, has caused some
limitations to the use of the technique since cell preparations from the nasopharyngeal
secretions are destroyed rapidly during transportation by the proteolytic enzymes present
in the specimens. The method also requires a highly skilled microscopist to evaluate the
test and is not easily automated.( Sarkkinen et al,. 1981). It provides rapid results, but it
often lacks sensitivity in detecting some viruses and further confirmation by viral culture
may sometimes be required (Liolios , 2001) .In addition, some HPIV strains may be
missed entirely by IF assays with specific monoclonal antibodies (Swierkosz et al.,
1995).Although the combination of both of these techniques can provide an increase in the
proportion of positive results, it has been reported that a significant number of specimens
still remain negative, despite clinical and epidemiological suspicions of viral infection
(Ellis et al., 1997), (Freymuth et al., 1995),



2.7.4. Molecular Technique .

Virus isolation may not always be successful as a compared to molecular detection
methods (Elnifro et al., 2000). PCR is nowadays one of the most powerful and applied
methods in virus diagnostics (Mackay et al., 2002).

A. Convential Polymerase chain reaction (PCR)

To overcome the limitations in the diagnosis , there has been a keen interest in the
development of new nucleic acid-based assays. Reverse transcription-PCR (RT-PCR)
assays have been shown to be rapid, sensitive, and specific for the detection of respiratory
viruses (Liolios , 2001).

Nucleic acid detection methods have become available for the diagnosis of virus
infection (Watzinger et al., 2006). The classical polymerase chain reaction (PCR), which
amplifies DNA in a specific manner, has improved the sensitivity of the direct diagnosis of
viruses dramatically (Beldk and Ballagi-Pordany, 1993). Reverse transcriptase PCR
technique has been frequently used for detection of the human parainfluenza virus
(Vaucher et al., 2008).

Nucleic acid detection by means of end point PCR involves three steps extraction of
nucleic acid from a sample, nucleic acid amplification, and detection of amplified
products. Originally, detection of PCR amplicons relied on gel electrophoresis in the
presence of ethidium bromide that allows subsequent visualization of the amplicons during
UV irradiation. As an alternative, PCR amplicons may be captured onto a solid phase and
detection by enzyme immunoassay. These methods are characterized by time consuming
and necessitates multiple PCR product handling steps that increase the risk of carry over
contamination and false positive results in subsequent assay( Lassauniere, 2010).
B-Real-Time PCR

Real-time PCR-based molecular virology testing requires assays that are sensitive,
specific, and that can distinguish between virus types (van Raak et al., 2010).
Comparative studies have shown that for the detection of respiratory viruses real time RT-
PCR is significantly more sensitive than conventional detection methods. (Gharabaghi et
al, 2008). The majority of real-time RT-PCR detection assay for respiratory viruses are

qualitative in nature. Even though qualitative real-time PCR in the diagnostic setting has



many advantages in compare with traditional detection methods. Quantitative real-time
PCR provides qualitative as well as quantitative information. Advantages of quantitative
real-time PCR is that it permits the assessment of viral load at a given time point,
facilitates the monitoring of response to treatment, and offers the possibility to determine
the dynamics of virus proliferation (Watzinger et al., 2006). The Real-Time PCR assay
can provide a high sensitivity and requires therefore only one round of amplification,
which further reduces working time and decreases the risk of contamination of samples.
Real time PCR generates a threshold (CT) or crossing point (CP) cycle for each sample.
This is the point where product (fluorescence) crosses a predetermined threshold. The
higher the amount of starting target, the lower the CT. The CT for an unknown sample is
analyzed against a standard curve to yield a target DNA or RNA copy number (Tang and
Stratton, 2006).

There are two primary ways that real-time RT-PCR can be carried out.
One method involves including the RT step into the same tube as the PCR reaction (one-
step). The other method involves creating cDNA first by means of a separate reverse
transcription reaction and then adding the
cDNA to the PCR reaction (two-step). There are advantages and disadvantages to both
systems. The advantages to one-step real-time RT- PCR is that it is quicker to set up,
less expensive to use, and involves less handling of samples, thereby reducing pipetting
errors, contamination, and other sources of error. With the one-step method, gene-specific
primers are used and both the reveres transcripts and PCR occur in one reaction tube;
therefore, other genes of interest cannot be amplified for later analysis (Gallina et al.,
2006). The RNA from the original sample must be initially aliquoted for archival storage
and future testing. The main advantage to two-step RT-PCR is that typically random
hexamer or oligo primers are used in an RT reaction in a separate tube. This allows for the
ability to convert all the messages in a RNA sample into cDNA, which would allow for
archiving of samples and future testing of other genes (Wacker and Michael, 2005 ).
2.7.5 Sequencing .

DNA sequencing is the process of determining the precise order of nucleotides within a

DNA molecule. It includes any method or technology that is used to determine the order of



the four bases—adenine, guanine, cytosine, and thymine—in a strand of DNA. The advent
of rapid DNA sequencing methods has greatly accelerated biological and medical research
and discovery. DNA sequencing technology has been instrumental in the sequencing of
complete DNA sequences, or genomes of numerous types and species of life, including the
human genome and other complete DNA sequences of many animal, plant, and microbial
species (Pettersson et al ., 2009).

Several decades passed before fragments of DNA could be reliably analyzed for their
sequence in the laboratory. RNA sequencing was one of the earliest forms of nucleotide
sequencing. The major landmark of RNA sequencing is the sequence of the first complete
gene and the complete genome of Bacteriophage MS2, identified and published by Walter
Fiers and his coworkers at the University of Ghent (Ghent, Belgium), in 1972 ( Min Jou et
al ., 1972).

Several notable advancements in DNA sequencing were made during the 1970s.
Frederick Sanger developed rapid DNA sequencing methods at the MRC Centre,
Cambridge, UK and published a method for "DNA sequencing with chain-terminating
inhibitors" in 1977 (Sanger et al ., 1977).

RNA-Sequencer (RNA-Seq) is a whole transcriptome shotgun sequencing method that
uses next generation sequencing (NGS) methods, like either Illumina sequencing by
synthesis, 454 -Pyrosequencing or Solid sequencing by ligation. The NGS step follows
several preparation steps, as for example RNA isolation and preparation.

First, RNA has to be isolated Second, the isolated RNA has to be prepared for cDNA
library construction. The RNA preparation steps depend on the following NGS method.
Typically rRNA is depleted , reverse transcribed, indexed (adaptor attachment to one or
both ends) and pooled before library construction and final sequencing steps. Third, cDNA
library construction is followed by NGS ( Roth, 2009).

RNA-Seq has several benefits compared to other techniques in transcriptomic , which
are , RNA-Seq does not rely upon knowledge about the genome sequence . In comparison,
DNA microarray, which is the most frequently used transcriptomic technique, requires
genome information to enable oligonucleotide synthesis for microarray chip 3 production.

Consequently, RNA-Seq is attractive for non-model organisms too. Furthermore, RNA -



Seq shows a low background signal due to the possibility to map the cDNA sequences to
unique regions in the genome (Wang et al., 2009). Likewise, RNA-Seq enables the
identification of alternative spliced RNA is forms, antisense transctipts and fusion genes
by mapping the transcripts to the genome sequence (Ozsolak and Milos, 2011) . As a
result, RNA-Seq does not rely upon genome sequence information, but, nevertheless,
genomic information are useful for these purposes. Moreover RNA-Seq has no upper
quantification limit and a large dynamic detection range . In contrast, DNA microarray
shows a detection limitation due to the number of fixed oligonucleotides on a microarray
chip. Finally, RNA-Seq shows a high reproducibility both for technical and biological
replicates (Wang et al., 2009).In spite of all the benefits, some challenges still remain for
RNA-Seq. Although there are just a few steps in RNA-Seq, there are still some
manipulation stages, such as PCR amplification, RNA fragmentation and reverse
transcription(Ozsolak and Milos, 2011).

An ideal method for transcriptomics should be able to directly identify and quantify all
RNAs. The direct RNA sequencing(Ozsolak et al., 2009) method avoids the reverse
transcription and PCR amplification, but the problem with fragmentation of large RNA
molecules (e.g. to identify splicing patterns in eukaryotic transcriptomes) still remains.

Another point which should be mentioned is that an increase in sequencing depth, which
could be reached by a longer read length, would lead to a greater coverage and more
significant data. Finally, RNA-Seq also faces bioinformatical challenges (Wang et al.,
2009). High-throughput sequencing approaches generate a high amount of data that have
to be processed. Therefore, two challenges are to reduce Errors in image analysis and to
remove low-quality reads .In the end, RNA-Seq is one possible method for transcriptomics
that shows a high potential to improve the understanding of development and diseases.
Nevertheless, it is assumed that RNA-Seq does not replace techniques like DNA
microarrays, because it takes (at the moment) a much longer time to perform a RNA-Seq
experiment.

2.7.6 Molecular Phylogenetics .
Phylogenetics is the area of research concerned with finding the genetic relationships

between species. The basic idea is to compare specific characters (features) of the species,



under the natural assumption that similar species (i.e., species with similar characters) are
genetically close.

The similarity of biological functions and molecular mechanisms in living organisms
strongly suggests that species descended from a common ancestor. Molecular
phylogenetics uses the structure and function of molecules and how they change over time
to infer these evolutionary relationships. This branch of study emerged in the early
20th century but didn’t begin in the 1960s, with the advent of protein sequencing, PCR,
electrophoresis, and other molecular biology techniques (Hall , 2004).

Over the past 30 years, as computers have become more powerful and more generally
accessible, and computer algorithms more sophisticated, researchers have been able to
tackle the immensely complicated stochastic and probabilistic problems that define
evolution at the molecular level more effectively. Within past decade, this field has been
further reenergized and redefined as whole genome sequencing for complex organisms has
become faster and less expensive. As mounds of genomic data becomes publically
available, molecular phylogenetics is continuing to grow and find new applications.
(Patthy, 1999 ; Lio and Goldman , 1998 ; Li, 1997).

The objective of molecular phylogenetic studies is to recover the order of evolutionary
events and represent them in evolutionary trees that graphically depict relationships among
species or genes over time. This is an extremely complex process, further complicated by
the fact that there is no one right way to approach all phylogenetic problems. Phylogenetic
data sets can consist of hundreds of different species, each of which may have varying
mutation rates and patterns that influence evolutionary change. Consequently, there are
numerous different evolutionary models and stochastic methods available. The optimal
methods for a phylogenetic analysis depend on the nature of the study and data used.
(Ewens and Grant, 2005; Linder and Warnow , 2005 ).

Evolution is a process in which the traits of a population change from one generation to
another, by Means of Natural Selection, Darwin proposed that, given overwhelming
evidence from his extensive comparative analysis of living specimens and fossils, all
living organisms descended from a common ancestor.( Hartwell et al,. 2008 ; Warnow
,2004).



Phylogenetics infers trees from observations about existing organisms using
morphological , physiological , and molecular characteristics. The “tree of life” represents
a phylogeny of all organisms, living and extinct. Other, more specialized species and
molecular phylogenies are used to support comparative studies, test biogeographic
hypotheses, evaluate mode and timing of speciation, infer amino acid sequence of extinct
proteins, track the evolution of diseases, and even provide evidence in criminal cases
(Linder and Warnow , 2005).

Phylogenetic trees are composed of branches, also known as edges, that connect and
terminate at nodes. Branches and nodes can be internal or external (terminal), (Figure 2-7)
. The terminal nodes at the tips of trees represent operational taxonomic units (OTUS).
OTUs correspond to the molecular sequences or taxa (species) from which the tree was
inferred. Internal nodes represent the last common ancestor (LCA) to all nodes that arise
from that point. Trees can be made of a single gene from many taxa (a species tree) or
multi-gene families (gene trees) . (Baldauf , 2003) .

Branch ———»
(edge)

Terminal —»
(External)
Node

+«— Internal
(LCA)
Node

/

9 < Root

(Figure 2-7):Basic elements of a phylogenetic tree (Baldauf, 2003) .

A tree is considered to be “rooted” if there is a particular node or outgroup (an external
point of reference) from which all OTUs in the tree arises. The root is the oldest point in

the tree and the common ancestor of all taxa in the analysis. In the absence of a known out



group, the root can be placed in the middle of the tree or a rootless tree may be generated.

Branches of a tree can be grouped together in different ways(Hall , 2004) (Figure 2-7).

Polyphyletic

: Paraphyletic
Monophyletic -~ g

(Clade) .

= il

Root

(Figure 2-8): Groups and associations of taxonomical units in trees (Hall , 2004).

A monophyletic group consists of an internal node and allOTUs arising from it. All
members within the group are derived from a common ancestor and have inherited a set of
unique common traits. A paraphyletic group excludes some of its descendents (for
examples all mammals, except the marsupialiataxa). And a polyphyletic group can be a
collection of distantly related OTUs that are associated by asimilar characteristic or
phenotype, but are not directly descended from a common ancestor (Li , 1997 ). Evolution
is shaped by homology, which refers to any similarity due to common ancestry. Similarly,
phylogenetic trees are defined by homologous relationships. Paralogs are homologous
sequences separated by a gene duplication event. Orthologs are homologous sequences
separated by a speciation event (when one species diverges into two). Homologs can be
either paralogs or orthologs (Hartwell et al ., 2008 ).

Molecular phylogenetic trees are drawn so that branch length corresponds to amount of
evolution (the percent difference in molecular sequences) between nodes (Linder and
Warnow , 2005).

Paralogs are created by gene duplication events ( Figure 2-9) . Once a gene has been
duplicated, all subsequent species in the phylogeny will inherit both copies of the gene,
creating orthologs. Interestingly, evolutionary divergence of different species may result in
many variations of a protein, all with similar structures and functions, but with very
different amino acid sequences. Phylogenetic studies can trace the origin of such proteins

to an ancestral protein family or gene (Patthy , 1999 ).
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)
Gene A Gene A
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(Figure 2-9) : Understanding paralogs and orthologs, (Patthy , 1999 ).

One way to ensure that paralogs and orthologs are appropriately referenced in a
phylogenetic tree, and guard against misrepresentation due to missing or incomplete
taxonomic information is to generate mirror phylogenies (Figure 2-10) in which paralogs

serve as each other’s outgroup (Linder and Warnow , 2005 ).

Dog.  Woff  Dog

Wolf

Coyote
Coyote

(Figure 2-10) : Mirror Phylogenies. Gene A and Gene Al are paralogs, whereas all instances of Gene A
are orthologs of each other in different Canid species (Linder and Warnow , 2005 ).

Molecular phylogenetic trees are generated from character datasets that provides
evolutionary content and context. Character data may consist of biomolecular sequence

alignments of DNA, RNA, or amino acids, molecular markers, such as single nucleotide



polymorphisms (SNPs) or restriction fragment length polymorphisms (RFLPs),

morphology data, or information on gene order and content. (Patthy ,1999).

2.8. Control and prevention

There are no licensed vaccines available for these non-segmented, negative strand RNA
viruses (Abed and Boivin , 2006). Hand washing is an effective way of preventing the
transmission of respiratory viruses. Transmission appears to be related to contact with
infectious droplets.(Hill, 2001).

There is no licensed HPIV vaccine. However, the live attenuated HPIV3 vaccine is
showing considerable promise, as it can induce good humoral immune responses in
seronegative children (Belshe et al., 2004). Also, no antiviral drugs have been approved
yet to treat HPIV infections. However, ribavirin, which is a drug that can inhabit viral
polymerase activity, and the neuraminidase inhibitor, zanamivir, exhibited in vitro
antiviral activity against HPIV (Abed and Boivin, 2006 ; Henrickson,2003). Thus,
progress in this area is evident and will hopefully provide new therapies to treat HPIV

infections in future years.

2.9. Immunity to Human parainfluenza viruses

The mechanisms of viral clearance and immune responses to HPIV are unclear.
However, antibodies against HPIV are produced, mainly in response to the two major viral
envelope proteins, HN and F. The majority of serum antibodies produced against these
glycoproteins, are IgG antibodies and IgA antibodies are found in the mucosa. These
antibodies protect against upper and lower respiratory tract infections (Henrickson, 2003
; Chanock, 2001).

Also, cytotoxic T cells, that can kill virus infected cells, appear to be important in the
clearance of virus from the lower respiratory tract, especially during HPIV3 infections
(Henderson, 1981). This cell mediated immunity is also important for recovery from viral
infection, as HPIV3 infected infants, with a severe T cell deficiency, can lead to a fatal
case of pneumonia (Chanock, 2001). Therefore, this lack of cellular immunity appears to

exacerbate the disease, emphasising the important role of T cells in the immune response



to viral infections. However, although adequate protection appears to be mounted against
HPIV, no long lasting immunity to these viruses ever develops (Henrickson, 2003). Thus,
reinfection with HPIV can occur throughout life, suggesting a lack or deficiency in

immunological memory

HPIV can modulate certain aspects of the immune system, thereby enhancing its own
survival. HPIV3 can infect dendritic cells, leading to limited T cell proliferation
(Plotnicky-Gilquin et al., 2001), which is important for viral clearance and inducing
memory T cells. Moreover, this virus has also been shown to induce IL-10 secretion from
virus infected peripheral blood mononuclear cells, which is a potent immunoregulatory
cytokine that can Inhibit T cell proliferation (Sieg et al., 1996). Also, HPIV can interfere
with signalling components of the interferon pathway (Young et al., 2000), which may
affect interferon production and antiviral immunity. Thus, HPIV modulation of host
immune responses, may account for the frequent infection rate and lack of lifelong

iImmunity, associated with HPIV.
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3.1 Materials.

3.1.1. Instruments and Equipments.

Table (3-1): Instruments and equipments that used in this study with their

companies and countries of origin .

No. | Equipment & instrument Company
1 | High Speed Coold centrifuge Eppendorf /Germany
2 Incubator Mammert/Germany
3 Sensitive Balance Sartorius/Germany
4 Water Bath Mammert
5 Vortex CYAN/ Belgium
6 Micropipettes 5-50, 0.5-10, CYAN
100-1000pl
7 Refrigerator Concord /Lebanon
8 Thermocycler PCR MyGene/USA
9 Exispin centrifuge Bioneer/ Korea
10 Eppendorf tubes Bioneer
11 Disposable syringe 10 ml, Sterile EO. / China
5ml and 3ml
12 Sterile test tube Superestar/ India
13 UV Transilluminator ATTA/ Korea
14 Gel electrophoresis Shandod Scientific/ UK
15 Digital camera Samsung/ china
16 | Real Time PCR thermocycler Bio-Rad/ USA
17 Latex gloves China
18 Cooled box China




19

Sample containers

Jordan

20

Nanodrop

Bioneer

3.1.2. Chemicals.

Table (3-2): The chemicals with their companies and countries of origin

used in this study.

No. Chemical Company and Origin
1 Ethanol BDH (England)
2 Isopropanol BDH
3 DEPC water Bioneer/ Korea
4 Free nuclease water Bioneer
5 DNA ladder (100bp) Bioneer
6 Agarose gel BioBasic/ Canada
7 Ehidium Bromide BioBasic
8 TBE buffer BioBasic




3.1.3. Kits.
Table (3-3): The kits used in this study with their companies

and countries of origin.

No. Kit Company and Origin
1 Total RNA Extraction Kit Bioneer \ Korea
Accuzol™

Trizol reagent 100mi

2 | AccuPower® RocketScript' ¥ RT-gPCR Bioneer\ Korea
PreMix
(RT-gPCR)

RocketScript RT enzyme

RT buffer
Taq DNA polymerase
DNTPs
10X PCR buffer
RNase inhibitor

3 AccuPower® RT-PCR PreMix Bioneer\ Korea
(convential PCR)

RT enzyme
RT buffer
Taq DNA polymerase
DNTPs
10X PCR buffer
RNase inhibitor
Loading dye




3.1.4. Primers and Probe

The primers and probe were designed in this study by using the complete sequence of
Human parainfluenza virus nucleoprotein (NP)gene (GenBank: EU346886.1) from NCBI-
Genbank and Primer3 plus design. These primers and probe were used in Real-Time
PCR assay for rapid detection of Human parainfluenza virus. Also another PCR primers
for nucleoprotein (NP) gene were used in end point PCR amplification that used in DNA

sequence method for genotyping study based phylogenetic tree analysis table (3-4).

Table (3-4) : Primers and probe used for molecular diagnosis .

Primer Sequence Amplicon
NP-gPCR F | 5- ACTGGAAGCACGGAAAGAAG-3 85bp
primers
For RT- R 5-TTGTTGGTGAGCTTGTTGCC-3
gPCR
NP-gPCR 5-FAM-TGAGCTGGAGACATCCACAGCCA-BHQ1-3
probe
NP- PCR F 5-GCCCGAGTGTGACAGATGAT-3 523bp
Primers
For end R 5-GTGTCTCCCGTGAAGACCAG-3
point PCR




3.2. Methods.

3.2.1. Study Design.

Infected patients

|
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Clinical Signs
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|
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|

RNA measurement using
the Nanodrops

|

Positive sample

| -

e One step RT-gPCR
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world strain and alignments.
-, 2- Phylogenic Tree with other
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(convential PCR)

3- Record of Irag HPIV in
GeneBank(Accession code)
gene databases information.




3.2.2. Clinical examination.

Clinical examination was conducted by special physician , singe as fever , cough ,
runny nose, chest pain, sore throat, shortness of breath, wheezing, general breathing
difficulty were considered(Ellis , 2015) (Lopez , 2009 ). Data patient recorded in
applicant form designed for this purpose include, age, gender, address, data and clinical
signs. Written information consents was obtained from parents of patients for publication

of this study.

3.2.3. Samples collection.

Three hundred nasopharyngeal specimens were collected from January 2015 to march
2015 from Rumaitha General Hospital and maternity and children Hospital in AL-
Muthanna from preschool children and infant whom were hospitalized with acute

respiratory infections .

Fresh nasopharyngeal specimens were collected from patients by using sterile cotton
swap and kept in transport medium and transferred as soon as possible to the laboratory

by cooled box .

3.2.4. Viral RNA extraction

Viral RNA was extracted from nasopharyngeal fluid swab for 96 samples by using
Accuzol™ Total RNA extraction kit and done according to company instructions as
following steps:

1. A 0.5 ml nasopharyngeal fluid sample was transferred by sterile pipette into sterile

and clean 1.5ml eppendorf tube, then 1ml of Accuzol reagent an mixed by vortex.

2. A volume of two hundred pl chloroform were added to each eppendorf tube and

mixed vigorously for 30 seconds.

3. The mixture was incubated on ice for 5 minutes. After that, the mixture was

centrifuged at 12000 rpm, 4C°, for 15 minutes.

4. Supernatant was then transferred to a new Eppendorf tube, and a volume 500ul

isopropanol was added.



5. The mixture mixed by inverting the tube 4-5 times and incubated at 4C° for 10
minutes.

6. The mixture was centrifuged at 12,000 rpm, at 4C°, for 10 minutes.

7. The supernatant was discarded.

8. Eighty percentage Ethanol was added into each tube and mixed by vortex, then
centrifuged at 12,000 rpm, 4C° for 5 minutes.

9. The supernatant was discarded and the RNA pellet left to dry at room temperature
for 5 minutes.

10. After that, DEPC water (50ul) was added to RNA pellet tubes and mixed by vortex
to dissolved the RNA pellet.

12.The extracted RNA sample was kept at -20c freezers

3.2.5. RNA extraction profile.

The extracted RNA was checked by using Nanodrop spectrophotometer that check
DNA concentration and estimation of DNA purity through reading the absorbance in at
(260 /280 nm) as following steps (Turner et al., 2005) .

1. After opening up the Nanodrop software, chosen the appropriate application

(Nucleic acid, RNA).

2. A dry Chem-wipe was taken and cleaned the measurement pedestals several times.
Then carefully pipette 2ul of ddH,O onto the surface of the lower measurement
pedestal.

3. The sampling arm was lowered and clicking OK to blank the Nanodrop, then
cleaning off the pedestals.

4. After that, the pedestals are cleaned and pipette 1ul of RNA sample for

measurement.

3.2.6. Reverse Transcription Real-Time PCR
It was performed for detection of human parainfluenza virus by using the primers
and TagMan probe specific for nucleoprotein (NP)gene and this technique was carried

out according to method described by Lassauniére( 2010).



3.2.6.1. RT-Real-Time PCR master mix preparation
RT-Real-Time PCR master mix was prepared by one step Reverse Transcription and
Real-Time PCR detection kit (AccuPower RocketScript RT-qPCR PreMix), and done

according to company instructions as following table:

Table (3-5): Component of RT-qPCR master mix .

RT-gPCR master mix Volume
Total RNA 10pL
(5-50 ng\20ml)

Forward NP gene primer (20pmol) 2uL
Reverse NP gene primer (20pmol) 2uL
TagMan NP gene probe (25pmol) 2uL

DEPC water 34 pL

Total 50pL

The RT-gPCR master mix reaction components that mentioned in table (3-5) were
added into standard gPCR tube containing (8 wells strips tubes which were contained
RocketScript reverse transcriptase and TagMan probe premix). Then all strips tubes vortex
for mixed the components and centrifuge at 3000rpm for 3 minutes in Exispin centrifuge,

after that transferred into Real-Time PCR thermocycler.

3.2.6.2. Real-Time PCR Thermocycler conditions
Real-Time PCR thermocycler conditions was set according to primer annealing
temperature and RT-qPCR TagMan kit instructions table (3-6).



Table (3-6): Real-Time PCR Thermocycler conditions .

Step Condition Cycle
Reverse transcription 50 °C 15 min 1
Pre-Denaturation 95 °C 5 min 1
Denaturation 95 °C 20 sec 50
Annealing/Extension 60 °C 30 sec
Detection (Scan)

3.2.6.3. Real-Time PCR Data analysis.
RT-qPCR data analysis was performed by calculation the threshold cycle number (CT

value) that presented the positive amplification of Human parainfluenza virus NP gene.
(Yuan ,et al,. 2006).

3.2.7. Convential PCR method

RT-PCR method was performed for amplification of human parainfluenza virus
nucleoprotein (NP) gene in positive samples of real-time PCR, these PCR products were

used in RNA sequence method as following steps:

3.2.7.1. Convential PCR master mix preparation
PCR master mix was prepared by using (AccuPower® RT-PCR PreMix Kit) and this

master mix done according to company instructions table (3-7)



Table (3-7):Component of PCR master mix preparation .

PCR Master mix Volume
RNA template 5uL
(5-50 ng\20ml)
NP gene Forward primer 0.0015 ml
(10pmol)
NP gene Reveres primer 0.0015 ml
(10pmol)
PCR water 0.012 mi
Total volume 0.02 mi

The PCR master mix components that mentioned above placed in standard AccuPower
PCR PreMix Kit which was contained all other components those were for RT-PCR
reaction such as ( RT enzyme, RT buffer, Tag DNA polymerase, dNTPs, Tris-HCI pH:

9.0, KCI, MgCl,,stabilizer, and tracking dye) .

Then, all the PCR tubes transferred into Exispin vortex centrifuge at 3000rpm for 3
minutes. Then placed in PCR Thermocycler (MyGene).

3.2.7.2. Convential PCR Thermocycler Conditions
PCR thermocycler conditions for detection of NPgene were done by using convential

PCR thermocycler system table (3-8):

Table (3-8) : PCR Thermocycler Conditions.
PCR step Temp. Time Repeat

cDNA synthesis 42 1hours 1

Denaturation 95°C 5min 1




Denaturation 95°C 30sec. 30 cycle
Annealing 60 °C 30sec
Extension 72°C 1min
Final extension 72°C 5min 1
Hold 4°C Forever -

3.2.7.3. End point PCR product analysis.

The PCR products of NP gene was analyzed by agarose gel electrophoresis following
steps (Lee, et al,. 2012)
1- one and half percent Agarose was prepared by using 1X TBE and dissolving in water
bath  at 100 °C for 15 minutes, after that, left to cool 50°C.

2- Then 3up of ethidium bromide stain were added to agarose gel solution.

3- Agarose solution was poured in tray after fixed the comb in proper position after that,
left to solidified for 15 minutes at room temperature, then the comb was removed gently
from the tray and 10pl of PCR product were added into each comb well and 5 pl of (100bp
Ladder) in one well.

4- The gel tray was fixed in electrophoresis chamber and filled by 1X TBE buffer. Then

electric current was performed at 100 volt for 1hour.



5- PCR products (523bp) as specific for NP gene were visualized by using UV

Transilluminator.

3.2.8. DNA sequencing method.

Ten positive PCR products were chosen for DNA sequencing method NP gene of local
HPIV 523 bp by DNA sequencing system , by Bioneer company in Korea.

The sequencing of the PCR product ( cDNA) of NP gene was performed by using Dye-

terminator sequencing method.

3.2.9. Nucleic sequence and geneBank submitting
Ten sequenced isolate of local HPIV of this study were submitted to NCBI- GeneBank
for recording and published global and for taking specific accession number to prepare this

sequenced clone in phylogenetic analysis and phylogenetic tree construction

3.2.10. Genomic characterization of HPIV 1, 3

The evolutionary history was inferred using the Neighbor-Joining method (Saitou and
Nei , 1987). The optimal tree with the sum of branch length = 0.09636524 is shown. The
percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (1000 replicates (Felsenstein , 1985). The tree is drawn to scale, with branch
lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree . The evolutionary distances were computed using the Tamura 3-
parameter method (Tamura , 1992) and are in the units of the number of base
substitutions per site. The analysis involved 18 nucleotide sequences. Codon positions
included were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data
were eliminated. There were a total of 472 positions in the final dataset. Evolutionary

analyses were conducted in MEGAG6 ( Tamura et al., 2013) .



Phylogenetic tree was built by using neighbor joining method by application of
MEGA-6 according to (Tamura , 2007) . Phylogenetic tree were inferred with distance
parsimony and maximum likelihood methods, the reliability of the tree was determined by

sets bootstrap resembling method

A sequence similarity search often provides the first information about a new DNA or
protein sequence. A search allows scientists to infer the function of a sequence from
similar sequences. There are many ways of performing a sequence similarity search, but
probably the most popular method is the “Basic Local Alignment Search Tool” (BLAST)
(Madden ,2013).

3.3. Statistics analysis

Data were statically analyzed ANOVA and Chi-square (x%), and to find out whether
there was significant differences by using Duncan multiple test by using statistical
program SPSS (2008).
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4. Results
4.1. Clinical study

The clinical features of a cut respiratory associated hospitalized pediatric patients were
studied to analyze the clinical presentation of infection . The results showed that
respiratory distress , runny nose , moderate fever , with moist or dry cough. In severe cases
there were sore through and wheezing and the patients were needed an oxygen supply.
Some patients were also associate with bronchiolitis ,pneumonia and asthma exacerbation

More than one clinical sign occurred at the same time in many cases. , figure (4-1).
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(Figure 4-1): The percent of clinical signs in examined patient .



4.2. ARI distribution according to the regions

The resultrs of acut respiratory infection rate distribution acoording to different study
area in AL-Muthanna showed that high infection rate in Rumaythah with 38% and the
loset infection rate in Khider with 1.33 % ,figure (4-2).

percentage of the infected patient

M percentage of the infected
patient

(Figure 4-2): Results of ARI distribution according to the study area

The total infection rate of both male and female were 54.33% for male and 45.66% for

female Figure (4-3).

Total infection for both male and
female

Figure (4-3): Results of the total infection rate of both male and female .



4.3. Molecular detection using (RT-gPCR)

The results of HPIV detection by using RT-qPCR technique showed that the total
percentage of infection rate was 45.38% from the 96 sample that was examined by
molecular technique . Figure (4-4), Figure (4-5) .

The samples

M positive samples M negative samples

54.62
45.38
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Figure (4-4): Results of molecular test using RT-qPCR .
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Figure (4-5): Real-Time PCR amplification log plot that showed result of
HPIV for nucleoprotein (NP) gene of HPIV , that showed cycles of  positive results ranged from
CT:21.59 to CT:38.05.



4.3.1. Infection rate according to the gender using RT-qPCR

The results of infection rate according to the gender showed that the percentage rate of
female was 61.11% which was higher than male 36.66% . with significant differences

(p<0.01) between male and female. Figure (4-6).
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Figure (4-6): Results of infection rate according to the gender.

4.3.2. Infection rate according to the study regions by using RT-qPCR .

The results of infection rate by using RT-gPCR according to regions of study (58.3% ,
50.1% , 47.5% , 38.5% , 33.3% , 25% , 0% , 0% ) in Samawa, Hilal , Rumaythah , Warka ,
Sweer, Najme, Maged, and Khider respectively .Samawa showed the highest infection rate
58.3% , while Najme was the lowest 25% with significant differences (P<0.01) .Maged

and Khider were not recorded any positive results.

There significant differences between Samawa and other regions at (p<0.01) . There was
no significant differences between Rumaythah and Hilal at (p<0.01) . There was

significant differences between Warka ,Sweer and Najme .

And there was no significant differences between Maged and Khider and significant
differences at (p<0.01) with other regions . figure (4-7).
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Figure (4-7):The Results of infection rate according to the study regions by using RT-qPCR.

4.3.3. Infection rate according to the age groups by using RT-gPCR .

The results of infection rate according to the age groups in (less than 1 year, More than
1-2 years , More than 2-3 years, More than 3-4 years ,and More than 4-6 years) were
(49% , 38% , 36.4% , 66.6% ,and 40.1%) respectively.

The results showed that the highest rate of infection 66.6% were in the age group more
than 3-4 years old. While the lowest infection rate 36.4% was in the age group more than

2-3 years old .

there was significant differences between age group (More than 3- years old )and other
age group at (p<0.01) . There was significant differences between age group (less than 1
years old ) and other age group at (p<0.01) . there were no significant differences between
age group ( more than 1-2 years old ) and (more than 2-3 years old ) and ( more than 4-6
years old ) at (p<0.01) . figure (4-8)
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Figure (4-8):The results of infection rate according to the age group by
using RT-gqPCR.

4.4. Conventional PCR
The results of end point PCR for detection of HPIV using specific primers for (NP)

gene (523bp) ,showed that 10 isolation from the 44 positive RT-gPCR ,gave positive
results, figure (4-9).

2000bp
1000b
: 523bp
500bp
100bp
(Figure 4-9): Agarose gel electrophoresis image that show the RT-PCR product analysis of

nucleoprotein (NP) gene in Human parainfluenza virus clones . Where M: DNA marker (100-



2000bp), lane (1-10) positive parainfluenza virus clones for(523bp) of reveres transcript-PCR

product.

4.5. Sequencing and phylogenetic results

Ten isolate of the this study were sequenced and took the symbol that represent number
of clone(seq 1- 10) host and sample source (human , nasal swab ) region of sample
collation (Samawa), country and organism HPIV which were submitted in the GenBank
Appendix (2).

4.5.1. GenBank submission .

The results of submission showed that the ten clones of this study were took accession
number as (seql Banklt1856417 KT763052 ), (seq2 Banklt1856417 KT763053),
(seq3 Banklt1856417 KT763054) , (seq4 BanklIt1856417  KT763055), (seg5
Banklt1856417 KT763056), (seq6 Banklt1856417 KT763057), (seq7 Banklt1856417
KT763058), (seq8 Banklt1856417 KT763059), (seq9 Banklt1856417 KT763060),
(seql0 Banklt1856417 KT763061) . Appendix (3,4).

The sequence results showed the two type HPIV-1 and HPIV-3 are the dominant types in
the 10 sample that was sequenced , and the result were among ART infection patients of
HPIV the major positive results 32.17% were caused by HPIV-1 while the percentage of
infect rate of HPIV-3 was 13.21% and there were no HPIV-2 and HPIV-4 have been
detected. Figure( 4-10).



Sequence Result

(Figure 4-10): Result of the sequence that show the dormant type.
4.5.2. multiple sequence alignment .

The Results of multiple sequence alignment of the ten clones with the GenBank
published strain showed that high identity and homology with strain isolated from

different area .

Human Parainfluenza virus 1 showed high homology with strain isolated from Lithuania
USA |, Japan and Thailand. While HPIV-3 showed high homology with strain isolated
from Lithuania, Chile , India , Thailand , Japan , and USA .Appendix (,5 ,6 ,7 ,8
,9.10.11,12). That show the non-homologous regions . Figure (4-11), Figure (4-12).


https://en.wikipedia.org/wiki/Homology_%28biology%29#Sequence_homology
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TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACCGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACCGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACCGTTTCTGTCTTCACATTGGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGT T TCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG

ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGOCCACTCATTGGACACAGATAAAC
ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACT TTCTTAGCCCACTCATTGGACACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGOCCACTCATTGGACACAGATAAAC
ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAAC
ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCACTGGATACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGOCCACTCACTGGATACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCCCACTCATTGGATACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGCCCACTCATTGGATACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCCCACTCATTGGATACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCCCACTCATTGGATACAGATAAAC

AACACTCTCAAAGAGGAGGAT T T TTAGTATCACTCCTTGCAATGGCTTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGOC TACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGAT TT TTAGTATCACTCCTTGCAATGGOC TACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGCCTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGOC TACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCCTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCCATACGTAGTOCGG
AACATTCTCAAAGAGGAGGAT TTCTAGTATCACTCCTTGCAATGGCTTATAGTAGCCCAG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGCCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGCCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGCTTACAGTAGCCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGCCCGG
AACACTCTCAAAGAGGAGGAT T T TTAGTATCACTCCTTGCAATGGCTTACAGTAGCCCGG

HHRER WRAAETARARAAARRAAAT AR RARRARRRRAAARRRRRRRR WERER WR K

AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AGTTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATACAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATACAATATAG
AGTTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATACAGTATAG
AGTTATATCTCACTACAAACGGCGTCAATGC TGATGTCAAGTATGTGATATACAGTATAG
AGTTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATACAGTATAG
AGTTATATCTCACTACAAACGGCGTCAATGC TGATGTCAAGTATGTGATATACAGTATAG
AGTTATATCTCACTACAAACGGCGTCAATGC TGATGTCAAGTATGTGATATACAGTATAG

Figure (4-11): Multiple sequence alignment of HPIV-1.
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TCCTGGACAGAAAAATACTGTCTCCATATT TGCCCTTGGACCGACAATAAC TGATGAC AA
TCCTGGACAGAAAAATACTGTCTCCATATT TGCCCTTGGACCGACAATAACTGATGACGA
TCCTGGACAGAAAAATACTGTCTCCATATT TGCCCTTGGACCGACAATAACTGATGACAA
TCCTGLACAGAAAAATACTGTCTCCATATT TGCCCTTGGACCGACAATAAC TGATGAC AA
TCCTGGACAGAAAAATACTGTCTCCATATT TGCCCTTGGACCGACAATAACTGATGAC AA
TCCTGLACAGAAAAATACTGTCTCCATATT TGCCCTTGGACCGACAATAAC TGATGAC AA
TCCTGGACAGAAAAATACTGTCTCCATATT TGCCCTTGGACCGAC AATAAC TGATGAC AA
TCCTGGACAGAAAAATACTGTCTCTATATT TGCTCTTGGACCGACAATAACTGATGATAA
CCCTGLACAGAAAAATACTGTCTCTATAT TCGCTC T TGGACCAACAATAACCGATGATAA
TCCTGGACAGAAAAATACTGTCTCTATATTCGCCCTTGGACCGACAATAACTGATGATAA
TCCTGEACAGAAAAATACTGTCTCTATATTCGCCCTTGGACCGACAATAACTGATGATAA
CCCTGLACAGAAAAATACTGTCTCTATATT TGCCCTTGGACCGACAATAACTGATGATAA
CCCTGGACAGAAAAATACTGTCTCTATATT TGCCCTTGGACCGACAATAACTGATGATAA
CCCTGLACAGAAAAATACTGTCTCTATATT TGCCCTTGGACCGACAATAACTGATGATAA

EEEEEWANTAATRETRRRRRATE OSREEE AW OAWEEETRRY O RWWRREEEY WWWwww Ed

TEAGAAAATGACATTAGCTCTTCTATT TCTATCTCAT TCACTAGATAATGAGAAACAACA
TEAGAAAATGACATTAGCTCTTCTATT TCTATCTCAT TCACTAGATAATGAGAAACAACA
TGAGAAAATGACATTAGCTCTTCTATT TCTATCTCAT TCACTAGATAATGAGAAACAACA
TEAGAAAATGACATTAGCTCTTCTATT TCTATCTCAT TCACTAGATAATGAGAAACAATCA
TEAGAAAATGACATTAGCTCTTCTATT TCTATCTCAT TCACTAGATAATGAGAAACAACA
TEAGAAAATGACATTAGCTCTTCTATT TCTATCTCAT TCACTAGATAATGAGAAACAACA
TEAGAAAATGACATTAGCTCTTCTATT TCTATCTCAT TCACTAGATAATGAGAAACAATCA
TEAGAAAATGACATTAGCTCTTCTTTIT T T TATCTCAT TCACTGGATAATGAGAAACAACA
TEAGAAAATGACATTAGCTCTTCTATT TCTATCTCAT TCAT TAGATAATGAGAAACAACA
TEAGAAAATGACATTAGCTCTTCTATT TCTATCTCAT TCACTAGATAATGAGAAACAACA
TGAGAAAATGACATTAGCTCTTCTATT TCTATCTCAT TCACTAGATAATGAGAAACAACA
TEAGAAAATGACATTGGCCCTTTITGT T TCTATCTCAT TCAT TAGATAATGAGAAACAATCA
TEAGAAAATGACATTAGCCCTTCTATT TCTATCTCATTCAT TAGATAATGAGAAACAACA
TEAGAAAATGACATTAGCCCTTCTATT TCTATCTCAT TCAT TAGATAATGAGAAACAACA

TGCACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGC TTATGCCAATCCAGAGET
TECACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGCTTATGCCAATCCAGAGET
TECACAAAGGGCAGGGTTCTTGGTGTCT T TATTGTCAATGGC T TATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGC TTATGCCAATCCAGAGET
TECACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGCTTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGC TTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTC T T TATTGTCAATGGC TTATGCCAATCCAGAGET
TECACAAAGGGCAGGGTTCCTGGTGTCCTTATTATCAATGGC TTATGCCAATCCAGAGET
TGCACAAAGAGCAGGGTTCTTGGTGTCTT TATTGTCAATGGC TTATGCCAATCCAGAACT
TECACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGCTTATGCCAATCCAGAGET
TECACAAAGGGCAGGGTTCTTGGTGTCT T TATTGTCAATGGC T TATGCCAATCCAGAGET
TGCACAAAGAGCAGGGTTCTTGGTGTCCTTATTGTCAATGGC TTATGCCAATCCAGAGET
TECACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGCTTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCCTTATTGTCAATGGC TTATGCCAATCCAGAGET

TTACCTGACAACAAATGLAAGTAATGCAGATGT TAAATATGTCATATATATGAT TGAGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGT TAAATATGTCATATATATGAT TAGGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGTCAAATATGTCATATATATGAT TGAGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGTCAAATATGTCATATATATGAT TGAGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGTCAAATATGTCATATATATGAT TGAGAA
TTACCTGACAACAAATGLAAGTAATGCAGATGT TAAATATGTCATATATATGAT TGAGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGT TAAATATGTCATATATATGAT TGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGATCGAGAA
CTACTTGACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGAT TGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGAT TGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGAT TGAGAA
CTACCTAACAACAAATGLAAGTAATGCAGATGTCAAGTATGTCATATACATGAT TGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGATCGAGAA
CTACCTAACAACAAATGLAAGTAATGCAGATGTCAAGTATGTCATATACATGAT TGAGAA

WEE W WWWHAEEETERRRAATAATRETEEEE AT OATRRRRETENE O REEW L

Figure (4-12): Multiple sequence alignment of HPIV-3
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4.5.3. The Sequence and Phylogenetic analysis .

The result of phylogenetic tree analysis showed that our ten clones , ( KT763052
,KT763053 , KT763054, KT763055 , KT763056 , KT763057 , KT763058 , KT763059
,KT763060 , KT763061) cluster with (AF457102.1, M62850.1, JQ901971.1,
EU346886.1, D01070.1, S38060.1, KM190940.1, JQ902004.1, KF530212.1,
KF687311.1, KF530203.1) for HPIV-1 table (4-1).

( M11849.1, EU346887.1, M14552.1, X04612.1, FJ455842.2, KM190938.1, U51116.1,
Z11575.1, AB736166.1, KJ672605.1, KF530245.1) . for HPIV-3 table (4-2).

Table (4-1):Results of Sequence and phylogenetic analysis for HPIV-1.

NO. | Strain Genotype | Origin Reference Identical
percent
%

1 KT763053 HPIV 1 Iraq This Study

2 KT763054 HPIV 1 Iraq This Study

3 KT763055 HPIV 1 Iraq This Study

4 KT763056 HPIV 1 Iraq This Study

5 KT763057 HPIV 1 Iraq This Study

6 KT763058 HPIV 1 Iraq This Study

7 KT763060 HPIV 1 Iraq This Study

8 JQ901971.1 | HPIV1 USA (Beck et al., 2012) 100%

9 EU346886.1 | HPIV 1 Lithuania (Juozapaitis et al., 2008) 100%

10 M62850.1 HPIV 1 USA (Matsuoka, and Ray, 1991) | 99%

11 D01070.1 HPIV 1 USA (Lyn et al,. 1991) 99%

12 AF457102.1 | HPIV 1 USA (Newman et al., 2002) 98%

13 S38060.1 HPIV 1 Japan (Miyahara et al., 1992) 96%

14 JQ902004.1 |HPIV1 USA (Beck et al., 2012) 96%

15 KF530212.1 | HPIV 1 USA (Lorenzi et al., 2013) 96%




16 KF687311.1 | HPIV 1 USA (Lorenzi et al., 2013) 96%
17 KF530203.1 |HPIV 1 USA (Lorenzi et al., 2013) 96%
18 KM190940.1 | HPIV 1 Thailand (Rutvisuttinunt et al.,2015) | 95%
Table (4-2): Results of Sequence and phylogenetic analysis for HPIV-3.
NO. | Strain Genotype | Origin Reference Ildentical
percent
%
1 KT763052 HPIV 3 Iraq This Study
2 KT763059 HPIV 3 Iraq This Study
3 KT763061 HPIV 3 Iraq This Study
4 EU346887.1 | HPIV 3 Lithuania (Juozapaitis et al., 2008) 100%
5 M11849.1 HPIV 3 Chile (Galinski et al., 1986) 99%
6 M14552.1 HPIV 3 Chile (Sanchez et al., 1986) 99%
7 X04612.1 HPIV 3 India (Jambou et al., 1986) 99%
8 U51116.1 HPIV 3 USA (Stokes et al., 1993) 96%
9 Z11575.1 HPIV 3 USA (Stokes et al., 1992) 96%
10 | KJ672605.1 |HPIV 3 USA (Wentworth et al.,2014) 96%
11 | KF530245.1 |HPIV 3 USA (Lorenzi etal., 2013) 96%
12 | FJ455842.2 | HPIV 3 China (Yang et al.,2011) 95%
13 | KM190938.1 | HPIV 3 Thailand (Rutvisuttinunt et al., 2015) | 95%
14 | AB736166.1 |HPIV 3 Japan (Sasaki et al., 2013) 95%

4.5.3.1. Phylogenetic tree analysis.




Our ten clones ( KT763052 ,KT763053 , KT763054, KT763055 , KT763056 |,
KT763057 , KT763058 , KT763059 ,KT763060 , KT763061) showed match with
different isolate from the world (AF457102.1, M62850.1, JQ901971.1, D01070.1,
JQ902004.1, KF530212.1, KF687311.1, KF530203.1, U51116.1, Z11575.1,
KJ672605.1, KF530245.1) that isolated from USA and (EU346886.1, EU346887.1) that
isolated from Lithuania . and (S38060.1, AB736166.1) that isolated from Japan and
(KM190940.1, KM190938.1) that isolated from Thailand and (M11849.1, M14552.1 )
that isolated from Chile and (FJ455842.2) that isolated from china and (X04612.1) that
isolated from India .Figure (4-13) .
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(Figure 4-13): Traditional phylogeny tree using a neighbor — joining method constructed based on NP
gene of HPIV, general HPIV-1 and HPIV-3.



Discussion



Parainfluenza viruses cause up to one third of all respiratory infections in infants and
preschool children and most often associated with Laryngeotrachitis ( Croup) ,type three
usually causes lower respiratory tract infection as bronchiolitis and pneumonia .
(Henrickson, 2003)

Human parainfluenza virus is very common virus infection which responsible for many
cases of bronchiolitis and pneumonia in young children , HPIV are important etiologic
agent of acute respiratory infection in childhood and rank second among most common

diseases in this age group. (Teo, 2010 ; Karron, and Collins, 2007; Henrickson, 2003).
5.1 Clinical and epidemiological features

The results of the clinical examination in different study area showed typical signs of
acute respiratory diseases which were ( Fever , Dry Cough ,Moist cough, nasal discharge
, Abnormal breathing , wheezing, breathing difficulty .( 69% , 44%, 38.66%, 62.33%,
66%, 39% , 47%) respectively . The result showed that the most common clinical sign in
the respiratory tract infection is the cough with 82,66% divided no dry cough with 44%
and moist cough with 38.66% ,in agreement with (Knutson et al.,2002) who referred that
the most commonly observed symptom of respiratory infection beginning within 2 days

of infection in 85% of patients.

Marika et al.,2004 found that in respiratory infection associated viruses the most
common clinical sign was fever as 65% for influenza virus and 38% for other viruses
including HPIV and RSV.

Other signs and symptoms that include dyspnea, wheezing, sputum production, chest
pain, fever, is a sign of respiratory infection (Chesnutt and Prendergast , 2002 ; Mufson
,2000).

Other study respiratory viruses showed that the most common clinical sign in the
respiratory viruses is fever with 65% for influenza and 38% for other viruses including
HPIV and RSV, (Marika et al.,2004) .



All patients showed typical symptoms of respiratory tract infection and more than one
clinical signs usually occur in the same case. A study done on Parainfluenza virus as a
cause of acute respiratory infection in hospitalized children found the following result
Cough, Fever ,Shortness of breath , Wheezing , Dyspnea , Cyanosis (8.9%
,82.2%,48.9% , 62.2% , 66.7%, 60% , 8.9% ) respectively, which is almost with the same
average of our result and showed the cough and fever are the most frequents symptoms (
Rogeério et al., 2004) . Fever and cough and other symptoms could be as result of the virus

mechanism of infection (Moscona ,2005).

The total infection rate of the acute respiratory tract infection for the pedreatic pateint of
both male and female were 54.33% for male and 45.66% for female .The difference of
infection rate of ARI according to the gender may be due to variety of etiological agent as
Influenza , parainfluenza , Respiratory Syncytial Virus , Adenovirus , Rhinovirus and
other respiratory virus . or could be from co infection of more than on virus or as could be
a result from bacteria that causes the respiratory infection and all this etiological agent
causes a high percentages of children that infected with acute respiratory tract infection
every year and usually frequents infection in one year . It has been reported that boys are
more prone to recurrent infections at least during the first years of life (Kim et al. 2000;
Monto et al. 1974) .

Acute respiratory tract infections are the most common illnesses in childhood, comprising

as many as 50% of all illnesses in children less than 5 years old (Daniel et al,.1999) .

acoording to different study area in AL-Muthanna showed that high infection rate in
Rumaythah with 38% and the loset infection rate in Khider with 1.33 %  High infection
rate in the ARI could be as result of Immunity to HPIVs is incomplete immunity and
occurrence of infection throughout life (Henrickson , 2003). This differences in the
number could be as result of the number of sample that collected from each area or as
result of  differences in the geographic distribution of the patient . Small cities the
countryside with high infection rate of respiratory tract infection could due to the less of
health care , poverty of sanitary , shortage of vaccination , the distance between this cities

and hospitals ,animal spread and a few health awareness.



We saw that children in the 5 or 6 first years of live are highly effected with respiratory
viruses either were female or male The recurrent respiratory infections in infants and
children are among the most common
causes of counselling and admission to the hospital. They are responsible for significant
morbidity. Many factors can play an important role in the genesis of respiratory tract
infection that can act alone or together. In some children, it is possible to detect also
transient or permanent immune system deficiencies (Bellanti, 1997). It should be pointed,
that a true immunodeficiency is rare and the first cause of recurrent respiratory infections
is the childhood itself (Wheeler, 1996), because both humoral and phagocytic immunity
reach their best efficacy during the first fifth or sixth years of age (Wheeler and Steiner,
1992 ; Yang and Hill, 1991). Typically, children with recurrent respiratory infections are
usually not affected by severe alterations of the immune system functions. The majority of
these children do not have recognized immunodeficiency, but some may have low levels
of some laboratory parameters, usually of immunoglobulin isotypes or rarely other
immunological parameters such as phagocytosis. Some of the observed immunological
alterations are of questionable significance and not convincingly related to an increased
susceptibility to respiratory infections (Litzman et al., 1999). Most children with recurrent
respiratory infections do not have an immunodeficiency. If they do, this is often due to an
antibody deficiency. (Finocchi et al. 2002) evaluated humoral immune defects in
apparently 67 non-atopic patients with recurrent infections and in 55% a humoral defect

was diagnosed.

5.2 Molecular study

Revers transcription (RT) followed by convential polymerase chine reaction (PCR) is the
technique of choice to detect viral genome extracted from various samples .(Morrison et
al., 1998).
In this study we use Real Time PCR for the diagnosis of HPIV Real-time reverse
transcription polymerase chain reaction (RT-PCR) which is a commonly used technique.
There are types of Real Time PCR , one step and two steps . in our study we use one step
to avoid contamination and for less handling and reducing pipetting errors.. (Wacker
and Michael 2005 ).



The results of the present study was used Real Time-PCR for the detection of NP gene
of HPIV. RT-PCR indicated rapidity .(523bp) HPIVs amplification plot showed different
positive reaction cycle of threshold (CT) and this started at (CT 21.59 to CT 38.05) in the
extracted RNA that collected from the patients , and that showed a high specificity for the
detection of NP gene . End point PCR that done after RT-PCR is considered confirmatory
test to the RT-PCR. The PCR products of NP gene was analyzed by agarose gel
electrophoresis .Ten positive PCR products were chosen for DNA sequencing method for
local HPIV NP gene 523 bp by DNA sequencing system .( Bouda et al.,2000)

The results of HPIV detection by using RT-gPCR technique showed that the total
percentage of infection rate in HPIV was 45.38%.

In a study done to rapid detection for respiratory viruses in the USA found that RSV
followed by HPIVS and followed by Influenza, (Jiang et al.,1997).

The results showed differences in the infection rate between male and female . The
infection rate of female was 61.11% is more than male which was 36.66% with
significant differences between male and female, female is more sensitive than male
for in infection in HPIV . In another study that have been done and showed that
females are infected with 44% with HPIV (Rogério et al., 2015). that could be due
to biological reason, the number of administrated patients in the hospitals , and
female are tend to be more infected with diseases than male.

A review of mortality differentials for males and females aged 1-5 years from 82
developing countries found evidence of higher childhood mortality in females in south-
central Asia, northern Africa and western Asia, China, Guatemala and Niger, and to a
lesser extent in Burundi, Namibia and Togo. Research has found some differences
between the immune systems of boys and girls that seem to confer an immunological
advantage to girls, but neither the biological mechanisms involved nor the relative
importance of these differences in determining morbidity and mortality have been fully
identified ((WHO,2007 ; Population Division, 1998).

The results of HPIV rates in different regions were (58.3% , 50.1% , 47.5% , 38.5%, ,
33.3 %, 25% , and 50.1% , 0%) in ( Samawa , Hilal , Rumaythah, Warka , Sweer , Najme
, Maged and Khider) respectively



The highest rates were in Samawa 58.3% while the lowest one were in Maged and
Khider 0% statically , there was significant differences in (p>0.01) between Samawa and
other regions . the highest number were in Samawa and Rumaythah that could be due to
that both of these cities are the one with the biggest area and with the biggest population
and more crowded than the other region and the HPIV transmission done through the large
droplet and direct contact with the infected people and surfaces and through hands , and
the HPIV cannot survive for a long time in the air that could be the reasons why the
biggest city are with the highest infection rate .

The result of infection rate according to the age group in (less than 1 year, More than 1-2
years , More than 2-3 years, More than 2-3 years , More than 3-4 years , More than 4-6
years) were (49% , 38% , 36.4% , 66.6% , 40.1%) respectively . The results showed that
the highest rate of infection 66.6% were in the age group more than 3-4 years old. there
was significant differences among the following age group less than 1 years - More than
1-2 years - More than 3-4 years - More than 4-6 years, and no significant differences
between the following age group More than 1-2 years- More than 2-3 years - More than 4-
6 years. In one study, 10% of children aged less than 5 years had at least one
parainfluenza virus 3 infection (Reed et al. 1997) .And the other study that agreed with
our study and showed that the higher infection in the same age group (3-5) is (Holly ,
2013 ;Henrickson . 2003; Komada et al., 1990). In a study done in Hong Kong and
agreed with our study found that children aged from 1to 3 years old were infected with
HPIV-1 were 52.9% , and found that 64% of the patients that were positive for HPIV-3
were aged one year old and less , and found that that majority of hospitalized children
(85.5%) that were infected with HPIV less than 5 years of age. )( Lam Siu Yan, 2007)
This difference may be attributable to the numbers of our patients who were hospitalized
or a difference in the predisposition of children with underlying medical conditions to
acquiring HPIV at an older age, as a higher proportion of our patients had underlying

medical conditions compared with previous reports, or may reflect strain variation.
5.3 Sequencing and genomic study

The sequencing study is considered to be a useful molecular approach in understanding

the infectious/contagious virus scenario worldwide. Sequence analysis of virulent of HPIV



and its comparison with other HPIV sequences in GenBank gave an idea on the molecular
epidemiology and emergence of any new variant HPIV in the field , on the other hand it is
very important in control measurement of the disease in the country.

The results of molecular characterization showed that 10 Iragi HPIV clones of NP were

sequenced and nucleotide sets were determined.

This study among ARI patients of HPIV the major positive results 32.17% were caused
by HPIV-1 while the percentage of infection rate of HPIV-3 was 13.21% and there were
no HPIV-2 and HPIV-4 have been detected. And that match to other study that find the
HPIV-1 and HPIV-3 are with the higher rate of infection as expected, Although all four
type causes disease , most significant infection are caused by HPIV-1 and HPIV-3 . HPIV-
1 is the major cause of the syndrome referred to as croup (Mao et al., 2012 ;Jose , 2000 ;
Tellez , 1990)

In comparing with other study we found that the HPIV-1 is the more frequents in
discrepancy to other study that showed that the HPIV-3 is the most etiological agent
(Calvo et al ., 2011). It is known that HPIV-3 is the HPIV type most frequently detected in
hospitalized patients, particularly among young infants, and associated with the
bronchiolitis and pneumonia ( Sato , 2006). In another study done in Irag in AL-Najaf
governorate found that HPIV-3 was responsible for 94% (58/62) HPIVs infections, while
HPIV-2 was responsible for only 4 cases and no HPIV-1 was detected (Mahdi , 2014).

Possible explanations for these phenomena include nonspecific viral interference (Glezen
and Denny , 1973) or heterotypic cross-protection of antibodies. It is possible that prior
infection might infer some protection against infection from the other serotypes during that
season. Several studies also suggested that seasonal increases in HPIV activity may be
associated with increased risk of nosocomial transmission (Apalsch, et a.,| 1995 ;
Heidemann , 1992).

In the results of multiple sequence alignment among Iraqi isolate of this study showed
high identity , and the identity result were the major positive results caused by HPIV-1
and HPIV-3 ,other study that also showed that the predominate type is HPIV-1 and HPIV-
3 is (Denny and, Clyde , 1986) and there were no HPIV-2 and HPIV-4 have been



detected. The low level of HPIV-2 seen in our study population is consistent with global
epidemiologic data (Hsieh et al., 2010; Counihan et al., 2001) .

These results of sequencing were important because these information was used in the
submission of all data of every sample of this study to GeneBank databases information
for recording and publishing isolates of this study.

GenBank have provided accession numbers for the ten clones of this study( KT763052
,KT763053 ,KT763054 ,KT763055 ,KT763056 ,KT763057 ,KT763058, KT763059
,KT763060 ,KT763061). Results of GeneBank submissions and recording
strains of this study helped in the phylogenic analysis by using phylogenic analyses steps .
First step of analyses by alignment of all isolates of this study with other world selected
reference HPIV strains by using online (Clustal W2 ) program . This program
demonstrated had accurate degree of the identity with all world strains including the
isolates of this study. The results of phylogeny tree and sequences analysis of our isolates
under accession numbers (KT763053 ,KT763054 ,KT763055 ,KT763056 ,KT763057
,KT763058,KT763060) which were matched to HPIV-1 .

(KT763055 ,KT763056 ,KT763057 ,KT763058,KT763060) showed the highest
homology with world strains as (M62850.1) HPIV strain isolated from USA in the same
branch with (99%), while (KT763053 ,KT763054)were showed highest homology with (
JQ901971.1 , and D01070.1) isolated from (USA ) with (100% and 99%) respectively,
and (EU346886.1 ) that isolated from (Lithuania ) in the same branch with (100%).
However , some of our isolates had high relationship with other world strains in the same
phylogeny tree and located in the second tree branch as (S38060.1) which isolated from
Japan with (96%) , (KM190940.1) which isolated from Thailand with (95%) and
(JQ902004.1, KF530212.1, KF687311.1, KF530203.1) with (96%), AF457102.1) with
(98%) which isolated from USA .

While our three clones (KT763052, KT763059 , KT763061) were matched with HPIV-
3. .

(KT763061) showed the highest homology with other world strains as (M11849.1,
M14552.1) that isolated from Chile with(99%), (X04612.1 ) that isolated from India with



(99%).( KT763052, KT763059 ) showed the highest homology with other world strains as
(EU346887.1) that isolated from(Lithuania) with (100%).

some of our isolates had high relationship with other world strains in the same
phylogeny tree and located in the second tree branch as (FJ455842.2) that isolated from
China with(95%) , (KM190938.1) that isolated from Thailand with (95%) ,(AB736166.1 )
that isolated from Japan with (95%),and ( U5l111e.1, Z11575.1,
KF530245.1,KJ672605.1) , that isolated from USA with (96%) .



Conclusions and Recommendations



6.1. Conclusions

1- Human Parainfluenza was considered as one of the most important causative agent of a

cut respiratory infection and young children in  Muthanna province.

2- Human parainfluenza infection showed characteristic clinical and epidemiological

features , ranging from mild to severe form in different age groups.

3- Nucleotides sets alignment for NP gene of Iragi HPIVs strains of this study showed a
high degree of homology and identity with close relationship among other world reference

published strains.

4- Human Parainfluenza 1 followed by HPIV-3 were the predominant genotypes recorded

in different areas of the study .

5- Phylogenetic analysis permitted the arrangement of Iragi strains of the current study

with some other world lineages as USA , Lithuania ,India and Chile.



6.2. Recommendations

1- HPIVs infection must be included in the treatment and application of prevention and
control measures of acute respiratory infection in young children and infection and infants

in Iraqi as widely distributed and high infection rate.

2- The predominate genotypes which are HPIV-1 and HPIV-2 must be regarded in

Immunization and vaccination programs .

3- Further phylogenetic analysis of Iraqgi strains is essential to determine the ancestral
origin and evolutionary pathway of circulating strains to confirm the existence of distinct

Iragi lineage .
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Appendix (1) : Examination card for The general databases of the
Parainfluenza virus in this study .

Patient Information

Sample | Patient Name Age Gender | Period Of The Area
NO. Collecting
Physical Exam
Temp | Cough Nasal Wheezing | Abnormal | Breathing
_ Discharge _ Difficulty
Dry | Moist breathing

Notes




Locus seql 523 bp RNA Tinear 14-5EP-2015
DEFINITION UNVERIFIED: [Nucleoprotine gene] partial CDs.
ACCESSION seql
VERSION
KEYWORDS UNVERIFIED.
SOURCE Human para-influenza virus
ORGANISM Human para-influenza wvirus
Unclassified.
REFERENCE 1 (bases 1 to 523)
AUTHORS  abdullah,a.A.
TITLE Molecular detection of human parainfluenza virus in infants
JOURNAL  Unpublished
REFERENCE 2 (bhases 1 to 523)
AUTHORS  Alrodhan,Mm. A,
TITLE Direct Submission
JOURNAL  submitted (14-5EP-2015) Zoonotic diseases Unit, uUniversity of
Al-Qadissya, University street, Diwanya, Qadissyah 00964, Irag
COMMENT GenBank staff is unable to verify sequence and/or annotation
provided by the submitter.
Bankit Comment: ALT EMAIL:hmz.rodhan@gmail. com.
Bankit Comment: TOTAL # OF SEQS:10.
Bankit Comment: TOTAL # OF SETS:10.
##Assembly-Data-START##
Assembly Method :: mega v. 6.0
Assembly Name i
Sequencing Technology :: I1lumina
##Assembly-Data-END#E#
FEATURES Location/gualifiers
source 1..523
Jorganism="Human para-influenza virus"
/mol_type="other RNA"
Jisolate="almuthana"
Jisolation_source="Nasal Swap"
Jhost="human"
Jcountry="Iraq"
BASE COUNT 175 a BB C 110 g 150 t
ORIGIN
1 tcattcctgg acagaaaaat actgtctcca tatttgocct tggaccgaca ataactgatg
61 acaatgagaa aatgacatta gctctictat ttctatctca ticactagat aatgagaaac
121 aacatgcaca aagggcaggg Trcttggtgt Crttattgic aatggcttat gccaatccag
181 agctttacct gacaacaaat ggaagtaatg cagatgtcaa atatgtcata tatatgattg
241 agaaagatct aaaacggcaa aagtatggag gatttgtggt Taagacgaga gagatgatat
301 atgaaaagac aactgattgg atatttggaa gtgacctgga ttatgaccag gaaactatge
361 tgcagaacqg cagaaacaat tcaacgattg aagatctfgt tcacacattt gggtatccat
421 catgtttagg agctcttata atacagatct ggatagrtit ggtcaaagcc atcactagca
481 tctcagggtt aagaaaaggc TLTTLCActc gattagaggc ttt

Appendix (2) : Gene submission sequence.



LOCUS seql 523 bp RNA, Tinear 14-5EP-2015
DEFINITION UNVERIFIED: [Nucleoprotine gene] partial CD5.
ACCESSION seql
VERSION
KEYWORDS UNVERIFIED.
SOURCE Human para-influenza virus
ORGANISM Human para-influenza virus
unclassified.
REFERENCE 1 (bases 1 to 523)
AUTHORS abdullah,a. A.
TITLE Molecular detection of human parainfluenza virus in infants
JOURNAL unpublished
REFERENCE 2 (bases 1 to 523)
AUTHORS Alrodhan,M. A.
TITLE Direct sSubmission
JOURNAL Submitted (14-SEP-2015) Zoonotic diseases Unit, University of
Al-Qadissya, University street, Diwanya, Qadissyah 00964, Iraq
COMMENT GenBank staff is unable to verify seguence and/or annotation
provided by the submitter.
Bankit Comment: ALT EMAIL :hmz.rodhan@gmail. com.
Bankit Comment: TOTAL # OF SEQS:10.
Bankit Comment: TOTAL # OF SETS:10.
##assemb]y-Data-STARTH#
Assembly Method mega v. 6.0
Assembly Name
sequencing Technology I1lumina
##assemb]y-Data-END##
FEATURES Location/Qualifiers
source 1..523
Jorganism="Human para-influenza virus"
/mol_type="other RNA"
Jisolate="Almuthana"
Jisolation_source="Nasal swap"
Jhost="human"
Jcountry="Iraq"
BASE COUNT 175 a 88 C 110 g 150 ©
ORIGIN
1 tcattcctgg acagaaaaat actgtctcca tatttgccct tggaccgaca ataactgatg
61 acaatgagaa aatgacatta gctcttctat ttctatctca ttcactagat aatgagaaac
121 aacatgcaca aagggcaggg Ttcttggrtgt CTTTattgtc aatggettat gocaatccag
181 agctttacct gacaacaaal ggaagtaalg cagatgtcaa atatgtcata tatatgattg
241 agaaagatct aaaacggcaa aagtatggag gatttgtggt taagacgaga gagatgatat
301 atgaaaagac aactgattgg atatttggaa gtgacctgga Ttatgaccag gaaactatgc
361 tgcagaacgg cagaaacaal tcaacgaltg aagatctigt tcacacattt gggtatccat
421 catgtttagg agctcttata atacagatct ggatagtttt ggtcaaagcc atcactagca
481 tcCtcagggrtt aagaaaaggc TTTTTCACTC gattagaggc TTT



LOCUS seq2 525 bp RNA Tinear 14-5EP-2015
DEFINITION UNVERIFIED: [Nucleoprotine gene] partial CDs.
ACCESSION seql
VERSION
KEYWORDS UNVERIFIED.
SOURCE Human para-influenza virus
ORGANISM Human para-influenza wvirus
unclassified.
REFEREMNCE 1 (bases 1 to 525%)
AUTHORS abdullah,A. A.
TITLE Molecular detection of human parainfluenza virus in infants
JOURNAL Unpublished
REFERENCE 2 (bases 1 to 325)
AUTHORS Alrodhan,M. A.
TITLE Direct submission
JOURNAL Submitted (14-5EP-2015) Zoonotic diseases Unit, University of
Al-gadissya, University street, Diwanya, Qadissyah 00964, Iraq
COMMENT GenBank staff is unable to verify sequence and/or annotation
provided by the submitter.
Bankit Comment: ALT EMAIL :hmz.rodhan@gmail.com.
Bankit Comment: TOTAL # OF SEQS:10.
Bankit Comment: TOTAL # OF SETS:10.
##assemb]ly-Data-START##
Assembly Method mega v. 6.0
Assembly Name hh
sequencing Technology I1Tumina
##assemb]ly-Data-END##
FEATURES Location/qQualifiers
source 1..525
Jorganism="Human para-influenza virus"
/mol_type="other RNA"
Jisolate="Almuthana"
/isolation_source="Nasal swap"
JShost="human"
Jcountry="Iraq"
BASE COUNT 181 a B8 cC 116 g 140 ©
ORIGIN
1 gaggagcaat tatacctggt caaagaagta cagitLctgt cttcatatta ggcccgagtg
61 tgacagatga tgcagataaa ttattaatag caaccacttt cttagctcac tcattggaca
121 cagataaaca acactctcaa agaggaggat ttttagtatc actccttgca atggoctaca
181 gtagtccgga attatatctc actacaaacg gtgtcaatgc tgatgtcaag tatgtgatat
241 ataatataga gagagatcct aaaagaacaa aaacagatgg gttcattgtc aaaacgagag
301 acatggagta tgaaagaacc acagagtggt tgtttggacc tatgatcaat aagaatccat
361 tgttccaagg gcaaagagag aatgcggatc tagaggcatt gcttcagaca tatggatatc
421 ctgcatgtct cggagctata atagttcaag tttggatagt gttggtcaaa gccataacaa
481 gtagtgctgg tctaagaaaa ggattcttca atagattaga agcat



RMA

Tinear

[NucTeoprotine gene] partial CDs.

14-5EP-2015

Molecular detection of human parainfluenza virus in infants

submitted (14-SEP-2015) Zoonotic diseases unit, university of
Al-gadissya, university street, Diwanya, Qadissyah 00964, Irag
GenBank staff is unable to wverify sequence and/or annotation

mega v. 6.0

ALT EMAIL :hmz.rodhan@gmail. com.

Jorganism="Human para-influenza virus"

140 €

CagrrTcrgr
Caaccacttt
ttttagtatc
gtgtcaatgc
aaacagatgg
tgtttggacc
tagaggcatt
tttggatagt

LOCUS seq3 525 bp
DEFINITION UNVERIFIED:
ACCESSION seq3
VERSION
KEYWORDS UNVERIFIED.
SOURCE Human para-influenza virus
ORGANISM Human para-influenza virus
unclassified.
REFERENCE 1 ({bases 1 to 525)
AUTHORS abdullah,A. A.
TITLE
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 525%)
AUTHORS Alrodhan,M. A.
TITLE Direct Submission
JOURNAL
COMMENT
provided by the submitter.
Bankit Comment :
Bankit Comment: TOTAL # OF SEQS:10.
Bankit Comment: TOTAL # OF SETS:10.
##assembly-Data-STARTH#
Assembly Method
Assembly Name
sequencing Technology I1Tlumina
##as55emb]y-Data-END##
FEATURES Location/qualifiers
source 1..525
/mol_type="other RNA"
Jisolate="Almuthana"
/isolation_source="Nasal Swap"
Jhost="human"
Jcountry="Iraq"
BASE COUNT 181 a BE c 116 g
ORIGIN
1 gaggagcaat Tatacctggt caaagaagrta
61 Tgacagatga tgcagataaa TTattaatagq
121 cagataaaca acactctcaa agaggaggat
181 gtagtccgga attatatctc actacaaacg
241 ataatataga gagagatcct aaaagaacaa
301 acatggagta tgaaagaacc acagagtggrt
361 tgttccaagg gcaaagagag aatgcggatc
421 ctgcatgtct cggagctata atagttcaag
481 gtagtgctgg tctaagaaaa ggattcttca

atagattaga

CTTCATArTa
CTTagctcac
actccttgeca
tgatgtcaag
gttcattgtc
Tatgatcaat
gcrtcagaca
gttggtcaaa
agcat

ggcccgagtg
tcartggaca
atggcctaca
tatgtgatat
aaaacgagag
aagaatccat
tatggatatc
gccataacaa



LOCUS seqgd 523 bp RMA Tinear 14-5EP-2015
DEFINITION UNVERIFIED: [Mucleoprotine gene] partial CDS.
ACCESSION  seqgd
VERSION
KEYWORDS UNVERIFIED.
SOURCE Human para-influenza wvirus
ORGANISM Human para-influenza wvirus
unclassified.
REFERENCE 1 (bases 1 to 523)
AUTHORS abdullah,A. A.
TITLE Molecular detection of human parainfluenza wvirus in infants
JOURNAL Unpublished
REFERENCE 2 (bases 1 to 523)
AUTHORS alrodhan,Mm. A.
TITLE Direct Submission
JOURNAL Submitted (14-5EP-2015) Zoonotic diseases Unit, University of
Al-0adissya, University street, Diwanya, Qadissyah 00964, Iraq
COMMENT GenBank staff is wunable to verify sequence and/or annotation
provided by the submitter.
Bankit Comment: ALT EMAIL:hmz.rodhan@gmail. com.
Bankit Comment: TOTAL # OF SEQS:10.
Bankit Comment: TOTAL # OF SETS:10.
##nassembly-Data-STARTH#
Assembly Method mega v. 6.0
Assembly Name
Sequencing Technology I1lumina
##assemb]y-Data-END#F#
FEATURES Location/qQualifiers
source 1..523
Jorganism="Human para-influenza virus"
/mol_type="other RNA"
Jisolate="almuthana"
/isolation_source="Nasal Swap"
Jhost="human"
Jcountry="Iraq"
BASE COUNT 175 a 1 c 118 g 139 t©
ORIGIN
1 cttttgacac atttagttcc aggagaagtg agagcatcaa caagictggc ggaggagcoaa
61 ttatacctgg tcaaagaagt acagttictg tcttcatatt aggcccgagt gtgacagatg
121 atgcagataa attattaata gcaaccactt Tettagccca ctcattggac acagataaac
181 aacactctca aagaggagga tttttagtat cactccttgc aatggcitac agtagtccgg
241 aattatatct cactacaaac ggtgtcaatg ctgatgtcaa gtatgtgata tataatatag
301 agagagatcc taaaagaaca aaaacagatg ggttcattgt caaaacgaga gacatggagt
361 atgaaagaac cacagagtgg Ttgtttggac ctatgattaa caagaatcca TTgrttccaag
421 ggcaaagaga gaatgcggat ctagaggcat tgcttcagac atatggatat cctgcatgtc
481 tcggagctat aatagttcaa gtttggatag tgttggtcaa agc



LOCUS seqs 525 bp RMA Tinear 14-5EP-2015
DEFINITION UNVERIFIED: [Mucleoprotine gene] partial CDs.
ACCESSION seqs
VERSION
KEYWORDS UNVERIFIED.
SOURCE Human para-influenza virus
ORGANISM Human para-influenza virus
Unclassified.
REFERENCE 1 (bases 1 to 525)
AUTHORS abdullah,a. A.
TITLE Molecular detection of human parainfluenza wvirus in infants
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 525)
AUTHORS Alrodhan,M. A.
TITLE Direct Submission
JOURNAL Submitted (14-5EP-2015) Zoonotic diseases Unit, University of
Al-gadissya, University street, Diwanya, Qadissyah 00964, Iraq
COMMENT GenBank staff is unable to verify sequence and/or annotation
provided by the submitter.
Bankit Comment: ALT EMAIL:hmz.rodhan@gmail.com.
Bankit Comment: TOTAL # OF SEQS:10.
Bankit Comment: TOTAL # OF SETS:10.
##assembly-Data-STARTH#
Assembly Method mega v. 6.0
Assembly Name
Sequencing Technology I1lumina
##assembly-Data-ENDF#
FEATURES Location/qualifiers
source 1..525
Hor?anism=”Human para-influenza virus"
/mol_type="other RNA"
Jisolate="Almuthana"
/isolation_source="Nasal Swap"
Jhost="human"
Jcountry="Iraq"
BASE COUNT 176 a 92 c 118 g 139 t©
ORIGIN
1 cttttgacac atttagttcc aggagaagtg agagcatcaa caagtctggc ggaggagcaa
61 ttatacctgg tcaaagaagt acagittctg tctfcatatt aggcccgagt gtgacagatg
121 atgcagataa attattaata gcaaccactt tcttagccca ctcattggac acagataaac
181 aacactctca aagaggagga Trtttagtat cactccttgc aatggcttac agtagtccgg
241 aattatatct cactacaaac ggtgtcaatg ctgatgtcaa gtatgtgata tataatatag
301 agagagatcc Taaaagaaca aaaacagatg ggttcattgt caaaacgaga gacatggagt
361 atgaaagaac cacagagtgg ttgrtttggac ctatgattaa caagaatcca Ttgrttccaag
421 ggcaaagaga gaatgcggat ctagaggcat tgcttcagac atatggatat cctgcatgtc
481 tcggagctat aatagtitcaa gtttggatag tgttggtcaa agoca



LOCUS seqb 522 bp RNA Tinear 14-5EP-2015
DEFINITION UNVERIFIED: [Nucleoprotine gene] partial CDs.
ACCESSION seqb
VERSION
KEYWORDS UNVERIFIED.
SOURCE Human para-influenza virus
ORGANISM Human para-influenza wvirus
unclassified.
REFEREMNCE 1 (bases 1 to 523)
AUTHORS abdullah,A. A,
TITLE Molecular detection of human parainfluenza wirus in infants
JOURMNAL Unpub1ished
REFEREMNCE 2 (bases 1 to 523)
AUTHORS Alrodhan,M. A.
TITLE Direct Submission
JOURMNAL Submitted (14-SEP-2015) Zoonotic diseases Unit, uUniversity of
Al-gadissya, University street, Diwanya, Qadissyah 00964, Irag
COMMENT GenBank staff is unable to verify sequence and/or annotation
provided by the submitter.
Bankit Comment: ALT EMAIL:hmz.rodhan@gmail. com.
Bankit Comment: TOTAL # OF SEQS:10.
Bankit Comment: TOTAL # OF SETS:10.
##assembly-Data-START#H#
assembly Method mega v. 6.0
Assembly Name
Sequencing Technology I1Tumina
##As55emb]y-Data-END##
FEATURES Location/Qualifiers
source 1..523
Jorganism="Human para-influenza wvirus”
/mol_type="other RNA"
Jisolate="Almuthana"
Jisolation_source="Nasal Swap"
Jhost="human"
Jcountry="Iraqg"
BASE COUNT 175 a 91 ¢ 118 g 139 ©
ORIGIN
1 cttttgacac atttagttcc aggagaagtg agagcatcaa caagtctggc ggaggagcaa
61 ttatacctgg tcaaagaagt acagtttctg TCtTcatatt aggcccgagt gtgacagatg
121 atgcagataa attatfaata gcaaccactt tcttagccca ctcattggac acagataaac
181 aacactctca aagaggagga tttttagtat cactccttgc aatggcttac agtagtccgg
241 aattatatct cactacaaac ggtgtcaatg ctgatgtcaa grtatgtgata tataatatag
301 agagagatcc taaaagaaca aaaacagatg ggttcattgt caaaacgaga gacatggagt
361 atgaaagaac Cacagagtgg TTgtttggac ctatgattaa caagaatcca Ttgrttccaag
421 ggcaaagaga gaatgcggal ctagaggcat tgcttcagac atatggatat cctgcatgtc
481 tcggagctat aatagttcaa gtttggatag tgttggtcaa agc



LOCUS seq? 523 bp RNA, Tinear 14-5EP-2015
DEFINITION UNVERIFIED: [Nucleoprotine gene] partial CD5.
ACCESSION  seq?
VERSION
KEYWORDS UNVERIFIED.
SOURCE Human para-influenza virus
ORGANISM Human para-influenza wvirus
unclassified.
REFERENCE 1 ({bases 1 to 523)
AUTHORS abdullah,a. A,
TITLE Molecular detection of human parainfluenza virus in infants
JOURNAL  UnpubTished
REFERENCE 2 (bases 1 to 523)
AUTHORS Alrodhan,Mm. A.
TITLE Direct Submission
JOURNAL Submitted (14-5EP-2015) Zoonotic diseases Unit, University of
Al-gadissya, University street, Diwanya, Qadissyah 00964, Iraq
COMMENT GenBank staff is unable to verify sequence and/or annotation
provided by the submitter.
Bankit Comment: ALT EMAIL :hmz.rodhan@gmail. com.
Bankit Comment: TOTAL # OF SEQS:10.
Bankit Comment: TOTAL # OF SETS:10.
##assembly-Data-STARTH#
Assembly Method mega v. 6.0
Assembly Name
Sequencing Technology I1lumina
##as5s5embly-Data-END#F#
FEATURES Location/qualifiers
source 1..523
Jorganism="Human para-influenza virus"
/mol_type="other RNA"
Jisolate="almuthana"
/isolation_source="Nasal Swap"
Jhost="human"
Jcountry="Iraq"
BASE COUNT 175 a 91 ¢ 118 g 129 ©
ORIGIN
1 cttttgacac atttagitcc aggagaagig agagcatcaa caagitctggc ggaggagcaa
61 ttatacctgg tcaaagaagt acagitictg tctfcatatt aggcccgagt gtgacagatg
121 atgcagataa attattaata gcaaccactt tcttagccca ctcattggac acagataaac
181 aacactctca aagaggagga Titttagtat cactccttgc aatggcttac agtagtccgg
241 aattatatct cactacaaac ggtgtcaatg ctgatgtcaa gtatgtgata tataatatag
301 agagagatcc taaaagaaca aaaacagatg ggitcatigt caaaacgaga gacatggagt
361 atgaaagaac cacagagtgg ttgtttggac ctatgattaa caagaatcca ttgttccaag
421 ggcaaagaga gaatgcggat ctagaggcat tgcttcagac atatggatat cctgcatgtc
481 tcggagctat aatagrttcaa grtttggatag Tgttggtcaa agc



LOCUS seq8 522 bp RNA Tinear 14-5EP-2015
DEFINITION UNVERIFIED: [Nucleoprotine gene] partial CDS.
ACCESSION seql
VERSION
KEYWORDS UNVERIFIED.
SOURCE Human para-influenza virus
ORGANISM Human para-influenza wvirus
unclassified.
REFEREMNCE 1 (bases 1 to 523)
AUTHORS abdullah,A. A.
TITLE Molecular detection of human parainfluenza wvirus in infants
JOURNAL Unpublished
REFERENCE 2 (bases 1 to 523)
AUTHORS Alrodhan,M. A.
TITLE Direct Submission
JOURNAL submitted (14-SEP-2015) Zoonotic diseases Unit, university of
Al-Qadissya, University street, Diwanya, Qadissyah 00964, Irag
COMMENT GenBank staff is unable to verify sequence and/or annotation
provided by the submitter.
Bankit Comment: ALT EMAIL:hmz.rodhan@gmail. com.
Bankit Comment: TOTAL # OF SEQS:10.
Bankit Comment: TOTAL # OF SETS:10.
##assembly-Data-STARTH#
Assembly Method mega v. 6.0
Assembly Name
sequencing Technology ITTumina
##assembly-Data-END##
FEATURES Location/qgualifiers
source 1..523
Jorganism="Human para-influenza virus"
/mol_type="other RNA"
Jisolate="Almuthana"
Jisolation_source="Nasal Swap"
Jhost="human"
Jocountry="Iraq"
BASE COUNT 175 a 88 c 110 g 150 ©
ORIGIN
1 tcattcctgg acagaaaaat actgtctcca tatttgccct tggaccgaca ataactgatg
61 acaatgagaa aatgacatta gctcttctat ttctatctca ttcactagat aatgagaaac
121 aacatgcaca aagggcaggg Ttcttggtgt ctttattgtc aatggctiat gccaatccag
181 agctttacct gacaacaaat ggaagtaatg cagatgtcaa atatgtcata tatatgattg
241 agaaagatch aaaacggcaa aagtatggag gattigtggt taagacgaga gagatgatat
301 atgaaaagac aactgattgg atatttggaa gtgacctgga ttatgaccag gaaactatge
361 tgcagaacgg Cagaaacaal TCaacgattg aagatcttgt TCACACATTT Qggratccat
421 catgtttagg agctcttata atacagatcl ggatagttit ggtcaaagcc atcactagca
481 tctcagggtt aagaaaaggc TTTTtcactc gattagaggc Tt



14-5EP-2015

LOCUS seq9 523 bp RNA Tinear
DEFINITION UNVERIFIED: [Nucleoprotine gene] partial CDS.
ACCESSION seq9
YERSION
KEYWORDS UNVERIFIED.
SOURCE Human para-influenza virus
ORGANISM Human para-influenza virus
Unclassified.
REFERENCE 1 (bases 1 to 523)
AUTHORS abdullah,A. A,
TITLE Molecular detection of human parainfluenza virus in infants
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 523)
AUTHORS Alrodhan,m. A,
TITLE Direct Submission
JOURMNAL submitted (14-SEP-2015) Zoonotic diseases unit, uUniversity of
Al-gadissya, University street, Diwanya, Qadissyah 00964, Iraq
COMMENT GenBank staff is unable to wverify sequence and/or annotation
provided by the submitter.
Bankit Comment: ALT EMAIL:hmz.rodhan@gmail. com.
Bankit Comment: TOTAL # OF SEQS:10.
Bankit Comment: TOTAL # OF SETS:10.
##Assemb]y-Data-STARTH#
Assembly Method mega v. 6.0
Assembly Name hh
Sequencing Technology I1lumina
##assembly-Data-END#EF
FEATURES Location/qualifiers
source 1..523
Jorgamism="Human para-influenza virus"
/mol_type="other RNA"
Jisolate="Almuthana"”
Jisolation_source="Nasal Swap"”
Jhost="human"
Jcountry="Iraqg"
BASE COUNT 175 a 1 c 118 g 139 t
ORIGIN
1 cttttgacac atttagttcc aggagaagtg agagcatcaa caagtctggc ggaggagcaa
61 ttatacctgg Tcaaagaagt acagtttctg TCttcatatt aggcccgagt gtgacagatg
121 atgcagataa attattaata gcaaccactt tcttagccca ctcattggac acagataaac
181 aacactctca aagaggagga TTTTTAQTat CactcCcttgc aatggcttac agtagtccgg
241 aattatatct cactacaaac ggtgtcaatg ctgatgtcaa gtatgtgata tataatatag
301 agagagatcc taaaagaaca aaaacagatg ggttcattgt caaaacgaga gacatggagt
361 atgaaagaac cacagagtgg ttgtttggac ctatgattaa caagaatcca ttgttccaag
421 ggcaaagaga gaatgcggat ctagaggcat tgcttcagac atatggatat cctgcatgtc
481 tcggagctat aatagttcaa gtttggatag tgttggtcaa agc



LOCUS seqlO 527 bp RNA Tinear 14-5EP-2015
DEFINITION UNVERIFIED: [Nucleoprotine gene] partial CDS.
ACCESSION seqlo
YERSION
KEYWORDS UNVERIFIED.
SOURCE Human para-influenza virus
ORGANISM Human para-influenza virus
Unclassified.
REFERENCE 1 (bases 1 to 527)
AUTHORS abdullah,A. A,
TITLE Molecular detection of human parainfluenza virus in infants
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 527)
AUTHORS Alrodhan,m. A,
TITLE Direct Submission
JOURMNAL submitted (14-SEP-2015) Zoonotic diseases unit, University of
Al-gadissya, University street, Diwanya, Qadissyah 00964, Iraqg
COMMENT GenBank staff is unable to wverify sequence and/or annotation
provided by the submitter.
Bankit Comment: ALT EMAIL :hmz.rodhan@gmail. com.
Bankit Comment: TOTAL # OF SEQS:10.
Bankit Comment: TOTAL # OF SETS:10.
##assemb]y-Data-START#H#
Assembly Method mega v. 6.0
Assembly Name hh
Sequencing Technology I1lumina
##assembly-Data-ENDHFF
FEATURES Location/qualifiers
source 1..527
Jorganism="Human para-influenza virus"
/mol_type="other RNA"
Jisolate="Almuthana"
Jisolation_source="Nasal Swap"”
Jhost="human"
Jcountry="Iraq"
BASE COUNT 184 a 86 C 112 g 145 €
ORIGIN
1 tgatacattt aatgcacgta ggcaagaaaa cataacaaaa tcagctggtg gagctatcat
61 tcctggacag aaaaatactg Totccatatt tgoccttgga ccgacaataa ctgatgacaa
121 tgagaaaatg acattagctc ttctatttct atctcattca ctagataatg agaaacaaca
181 tgcacaaagg gcagggitct Tggtgtcttt attgtcaatg gottatgoca atccagaget
241 ttacctgaca acaaatggaa gtaatgcaga tgttaaatat gtcatatata tgattgagaa
301 agatctaaaa cggcaaaagt atggaggatt tgtggttaag acgagagaga tgatatatga
361 aaagacaact gagtggatat ttggaagtga cctggattat gaccaggaaa ctatgctgca
421 gaacggcaga aacaattcaa cgattgaaga tcttgttcac acatttgggt atccatcatg
481 tttaggagct cttataatac agatctggat agttttggtc aaagcca



Appendix (3): Ten clones of this study .

=KT763052.1 HPIV3_ Irag_S5am.Ruml.

TCATTCCTGGACAGAAAAATAC TGTCTCCATATT TGCCCT TGLACCGACAATAAC TGATGACAATGAGAA
AATGACATTAGCTCTTCTATTTCTATCTCAT TCACTAGATAATGAGAAAC AACATGCACAAAGGGCAGGG
TTCTTGGTGTCT T TAT TGTCAATGGETTATGCCAATCCAGAGC T T TACCTGACAACAAATGLAAGTAATIG
CAGATGTCAAATATGTCATATATATGAT TGAGAAAGATC TAAAAC GLCAAAAGTATGGAGGATTTGTGGT
TAAGAC GAGAGAGATGATATATGAAAAGACAAC TGAT TGGATAT T TGGAAGTGACCTGGAT TATGACCAG
GAAACTATGCTGCAGAACGLGCAGAAACAATTCAACGAT TGAAGATCTTGT TCACACATT TGGGTATCCAT
CATGTTTAGGAGC TCT TATAATACAGATC TGGATAGT T TTGGTCAAAGCCATCACTAGCATC TCAGGGTT
AAGAAAAGGCTTTTTCACTCGATTAGAGGCTTT

=KT763053.1 HPIV1_ Irag_Sam. Rum2.
GAGGAGCAATTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATGA
TGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAACAACACTCTCAA
AGAGGAGGAT TTTTAGTATCACTCC T TGCAATGGCC TACAGTAGTCCGLAAT TATATCTCACTACAAACG
GTGTCAATGC TGATGTCAAGTATGTGATATATAATATAGAGAGAGATCCTAAAAGAAC AAAAAC AGATGGE
GTTCATTGTCAAAACGAGAGACATGGAGTATGAAAGAACCACAGAGTGGT TGTTTGGACCTATGATCAAT
AAGAATCCATTGT TCCAAGGGCAAAGAGAGAATGCGGATC TAGAGGCAT TG TTCAGACATATGLATATC
CTGCATGTCTCGGAGC TATAATAGT TCAAGT TTGGATAGTGT TG TCAAAGLCATAACAAGTAGTGCTGG
TCTAAGAAAAGGATTCTTCAATAGAT TAGAAGCAT

=KT76305%4.1 HPIV1_ Irag_Sam. Rum3.
GAGGAGCAATTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATGA
TeCAGATAAAT TAT TAATAGCAACCACTTTCTTAGC TCACTCATTGGACACAGATAAACAACACTITCAA
AGAGGAGGAT TTTTAGTATCACTCCTTGCAATGGCC TACAGTAGTCCGGAAT TATATCTCACTACAAACG
GTGTCAATGC TGATGTCAAGTATGTGATATATAATATAGAGAGAGATCC TAAAAGAACAAAAAC AGATGG
GTTCATTGTCAAAACGAGAGACATGGAGTATGAAAGAACCACAGAGTGGT TGTTTGGACCTATGATCAAT
AAGAATCCATTGT TCCAAGGGCAAAGAGAGAATGCGEATC TAGAGGCAT TG T TCAGACATATGGATATC
CTGCATGTCTCGGAGC TATAATAGT TCAAGT TTGGATAGTGT TGGTCAAAGCCATAACAAGTAGTGCTGG
TCTAAGAAAAGGATTCTTCAATAGAT TAGAAGCAT

>KT763055.1 HPIVI1_ Irag_Sam.City Center.

CTTTTGACACATTTAGT TCCAGGAGAAGTGAGAGCATC AAC AAGTC TGGL GGAGGAGCAATTATACCTGG
TCAAAGAAGTACAGTTTCTGTCTTCATAT TAGGCCCGAGTGTGACAGATGATGCAGATAAATTATTAATA
GCAACCACTTTCTTAGCCCACTCATTGEACACAGATAAACAAC ACTCTCAAAGAGGAGGATTTTTAGTAT
CACTCCT TG CAATGGC TTACAGTAGTCCGGAAT TATATCTCACTACAAAC GGTGTCAATGC TGATGTCAA
GTATGTGATATATAATATAGAGAGAGATCCTAAAAGAAC AAAAAC AGATGGGT TCATTGTCAAAACGAGA
GACATGLAGTATGAAAGAACC ACAGAGTGGT TGT T TGGACC TATGAT TAACAAGAATCCATTGT TCCAAG
GGCAAAGAGAGAATGLGGATC TAGAGGCAT TGC TTCAGACATATGGATATCCTGCATGTC TCGGAGEITAT
AATAGTTCAAGT TTGGATAGTGT TGGTCAAAGT

=>KT763056.1 HPIVI1_ Irag_Sam.wark.

CTTTTGACACATTTAGT TCCAGGAGAAGTGAGAGCATC AAC AAGTC TG GLAGGAGCAATTATACCTGG
TCAAAGAAGTACAGT T TCTGTC T TCATAT TAGGLCCGAGTGTGACAGATGATGCAGATAAATTATTAATA
GCAACCACTTTCTTAGCCCACTCATTGEACACAGATAAACAAC ACTCTCAAAGAGGAGGATTTTTAGTAT
CACTCCTTGCAATGGC T TACAGTAGTCCGLAAT TATATCTCACTACAAACGLGTGTCAATGCTGATGTCAA
GTATGTGATATATAATATAGAGAGAGATCCTAAAAGAAC AAAAAC AGATGGGTTCAT TGTCAAAATCGAGA
GACATGLAGTATGAAAGAACC ACAGAGTGGT TGT T TGGACC TATGAT TAACAAGAATCCATTGT TCCAAG
GLCAAAGAGAGAAT G GLEATC TAGAGGCAT TGC TTCAGACATATGGATATCCTGCATGTCTCGLGAGETAT
AATAGTTCAAGT TTGGATAGTGT TGGTCAAAGICA

=KT763057.1 HPIV1_ Irag_sam.kod.

CTTTTGACACATTTAGT TCCAGGAGAAGTGAGAGC ATC AACAAGTC TGGLGEAGGAGCAATTATACCTGG
TCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATGATGCAGATAAATTATTAATA
GCAACCACTTTCTTAGCCCACTCATTGGACAC AGATAAAC AACACTC TCAAAGAGGAGGATTTTTAGTAT
CACTCCTTGCAATGGCTTACAGTAGTCCGGAATTATATC TCAC TACAMACGETGTCAATGC TGATGTCAA
GTATGTGATATATAATATAGAGAGAGATCC TAAAAGAAC AMMAAC AGATGEGT TCATTGTCAAMAC GAGA
GACATGEAGTATGAAAGAACCACAGAGTGGTTGTTTGGACC TATGAT TAAC AAGAATCCATTGT TCCAAG
GGCAAAGAGAGAATGC GGATC TAGAGGCATTGC TTCAGACATATGGATATCCTGCATGTC TCGGAGCTAT
AATAGTTCAAGTTTGGATAGTGT TGGTCAAAGT

=KT763058.1 HPIV1_ Irag_Sam.Ngm.

CTTTTGACACATTTAGT TCCAGGAGAAGT GAGAGC ATCAAC AAGTC TGO GLAGGAGCAATTATACCTGG
TCAAAGAAGTACAGTTTCTGTCTTCATAT TAGGCCCGAGTGTGACAGATGATGCAGATAAATTATTAATA
GCAACCACTTTCTTAGCCCACTCAT TOGACACAGATAAAC AMCAC TCTCAAAGAGLAGGATTTTTAGTAT
CACTCCTTGCAATGGC T TACAGTAGTCCGGAAT TATATCTCACTACAAACGLGTGTCAATGC TGATGTCAA
GTATGTGATATATAATATAGAGAGAGATCCTAAAAGAAC AAAAAC AGATGGGET TCAT TGTCAAAATC GAGA
GACATGGAGTATGAAAGAACCACAGAGTGGTTGT TTGGACCTATGAT TAACAAGAATCCATTGT TCCAAG
GGCAAAGAGAGAATGC GGATC TAGAGGCAT TGC T TCAGACATATGGATATCCTGCATGTCTCGGAGCTAT
AATAGTTCAAGT TTGGATAGTGT TGGTCAAAGT



=KT763059.1 HPIVI_ Irag_sam.Hil|

TCATTCCTGGACAGAAAAATACTGTCTCCATATT TGCCCTTGGACCGACAATAACTGATGAC AATGAGAA
AATGACATTAGC TCTTCTAT T TCTATCTCATTCAC TAGATAATGAGAAAC AACATGCACAAAGGGTAGGG
TTCTTGGTGTCT T TAT TGTCAATGGC TTATGCCAATCCAGAGCTT TACCTGACAACAAATGLOAAGTAATG
CAGATGTCAAATATGTCATATATATGAT TGAGAAAGATC TAAAAC GGCAAAAGTATGLAGGAT TTGTGET
TAAGAC GAGAGAGATGATATATGAAAAGAC AACTGAT TGGATAT T TGGAAGTGACCTGGAT TATGACCAG
GAAACTATGCTGCAGAAC GG AGAAAC AATTCAAC GAT TGAAGATCTTGT TCACACAT T TGGGTATCCAT
CATGTTTAGGAGC TCTTATAATACAGATCTGGATAGT T T TGGTCAAAGCCATCACTAGCATCTCAGGGTT
AAGAAAAGGCTTTTTCACTCGAT TAGAGGCTTT

=KT763060.1 HPIV1_ Irag_5am. sue.

CTTTTGACACATTTAGT TCCAGGAGAAGT GAGAGCATCAAC AAGTC TG GGAGGAGCAATTATACCTGG
TCAAAGAAGTACAGTTTCTGTCTTCATAT TAGGCCCGAGTGTGACAGATGATGCAGATAAATTATTAATA
GCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAACAACACTCTCAAAGAGGAGGATTTTTAGTAT
CACTCCTTGCAATGGC T TACAGTAGTCCGLAAT TATATC TCACTACAAACGGTGTCAATGC TGATGTCAA
GTATGTGATATATAATATAGAGAGAGATCC TAAAAGAAC AAAMACAGATGGGT TCAT TGTCAAAACGAGS
GACATGGAGTATGAAAGAACCACAGAGTGGTTGT T TGGACC TATGATTAACAAGAATCCATTGT TCCAAG
GECAAAGAGAGAATGC GGATC TAGAGGCAT TGC T TCAGACATATGGATATCCTGCATGTC TCGGAGCTAT
AATAGTTCAAGT TTGGATAGTGT TGGTCAAAGT

=KT763061.1 HPIV3_ Irag_Sam.Meg.

TGATACATTTAATGCACGTAGGCAAGAAAACATAAC AAAATCAGCTOGTGGAGC TATCAT TCCTGGACAG
AAAAATAC TGTC TCCATAT T TGCCCT TGGACCGACAATAAC TGATGACAATGAGAAAATCGACATTAGCTC
TTCTATTTCTATCTCAT TCACTAGATAATGAGAAAC AACATGCACAAAGGGCAGGGTTCTTGGTGTCTTT
ATTGTCAATGGCTTATGCCAATCCAGAGC T TTACCTGACAACAAATGGAAGTAATGCAGATGT TAAATAT
GTCATATATATGAT TGAGAAAGATC TAAAACGGCAAAAGTATGGAGGAT TTGTGET TAAGAC GAGAGAGA
TGATATATGAAAAGAC AAC TGAGTGGATAT T TGGAAGTGACCTGGAT TATGACCAGGAAACTATGCTGCA
GAACGGCAGAAACAAT TCAACGAT TGAAGATCTTGT TCACACATT TGGGTATCCATCATGT T TAGGAGCT
CTTATAATACAGATCTGGATAGT TTTGGTCAAAGCCA

Appendix (4) : GeneBank Submission Massage

Dear GenBank Submitter: . )
Thank wyou for your direct submission of sequence data to GenBank. Wwe
have provided GenBank accession numbers for your nucleotide sequences:

BankItl856417 seql KT762052
BankItlE56417 seq2 KT763053
BankItlB856417 seq3 KT763054
BankItl856417 seq4d KT7632055
BankItl856417 seqs KT762056
BankItlB856417 seq6 KT763057
BankItl856417 seq? KT762058
BankItl856417 seq8 KT762059
BankItlB856417 seq9 KT763060
BankItl856417 seql0 KT7632061

The GenBank accession numbers should appear in any publication that

eports or discusses these data, as it gives the community a unique
Tabel with which they may retrieve your data from our on—¥ﬁne Servers.
You may prepare and submit wyour manuscript before your accessions are
released in GenBank.

Submissions are not automatically deposited into GenBank after being
accessioned. Each sequence record is individually examined and processed
by the GenBank annotation staff to ensure that it is free of errors or problems.

vou have not requested a specific release date for your sequence data.
Therefore, your record(s) will be released to the public database once
they are processed. If this is not what wou intended, please contact
us as soon as possible with the correct release date.

since the flatfile record is a display format only and is not an editable
format of the data, do not make changes directly to a flatfile. For
complete information about different methods to update a sequence record,
seea: http:/few. ncbi. nlm. nih. gov/Genbank /update. html

Any inquiries about your submission should be sent to %b—admﬁn@ncbﬁ.HWm.nih.gov
For more information about the submission process or the available

submission tools, please contact GenBank User Support at

info@nchi.nlm. nih. gowv.

Please reply using the original subject line.

This will allow for faster processing of your correspondence.
Sincerely

Anjanette Johnston, PhD

The GenBank Direct Submission Staff

BT IS A, M A U oo oe oo o 0 0 0 s 20 ¢ o o S B 0 0 0 0 0 20 ¢ B 9 9 B
b-admin@ncbi.nlm. nih.gov (for updates/replies to GenBank entries)
info@nchi.nlm. nih. gov (for general questions regarding GenBank)

www . ncbi.nlm. nih. gov,/books /NBK51157,/ GenBank Submissions Handbook



Appendix (5) : Multiple sequence alignment of HPIV-1

KT763060.
KT763055.
KT763056.
KT763057.
KT763058.
AF457102.

ME2850.1

KT763053.
KT763054,
10901971,
EU346886.

001070.1
538060.1

KM190940.
1Q902004.
KF530212.
KFE87311.
KF530203.

KT763060.
KT763055.
KT763056.
KT763057.
KT763058.
AF457102.

ME2850.1

KT763053.
KT763054.
1Q901971.
EU346886.

D01070.1
538060.1

KM190940.
19902004,
KF530212,
KFE687311.
KF530203.

KT763060.
KT763055.
KT763056.
KT763057.
KT763058.
AF457102.

ME2850.1

KT763053.
KT763054.
1Q901971.
EU346886.

D01070.1
538060.1

KM190940.
1Q902004.
KF530212.
KFGE7311.
KF530203.

KT763060.
KT763055.
KT763056.
KT763057.
KT763058,
AF457102.

ME2850.1

KT7630533.
KT763054.
1Q901971.
EU346886.

D01070.1
538060.1

KM190940.
1Q902004.
KF530212.
KF&87311.
KF530203.

CLUSTAL O(1.2.1) multiple sequence alignment .

HFREEE RRRRRE e i e el el e e el Ll el e el el el Yo HERERE RRRRRE

el

CTTTTGACACATTTAGT TCCAGGAGAAGTGAGAGCATCAACAAGTCTGGLGGAGGAGCAA
CTTTTGACACATTTAGT TCCAGGAGAAGTGAGAGCATCAACAAGTCTGGLGGAGGAGCAA
CTTTTGACACATTTAGT TCCAGGAGAAGTGAGAGCATCAACAAGTCTGGLGGAGGAGCAA
CTTTTGACACATTTAGT TCCAGGAGAAGTGAGAGCATCAACAAGTCTGGLGGAGGAGCAA
CTTTTGACACATTTAGT TCCAGGAGAAGTGAGAGCATCAACAAGTCTGGLGGAGGAGCAA
——————————————————————————————————————————————————— GAGGAGCAA

TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGOCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACCGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACCGTTTCTGTCTTCACAT TAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACCGTTTCTGTCTTCACATTGGGOCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCACAT TAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG

ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGOCCACTCATTGGACACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGOCCACTCATTGGACACAGATAAAC
ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGOCCACTCACTGGATACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCCCACTCACTGGATACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACT TTCTTAGCCCACTCATTGGATACAGATAAAC
ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGATACAGATAAAC
ATGCAGATAAATTAT TAATAGCAACCACTTTCTTAGCCCACTCATTGGATACAGATAAAC
ATGCAGATAAAT TAT TAATAGCAACCACTTTCTTAGOCCACTCATTGGATACAGATAAAC

AACACTCTCAAAGAGGAGGATTT T TAGTATCACTCC T TGCAATGGC TTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCC T TGCAATGGC TTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGC TTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGC TTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGC TTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT T TAGTATCACTCC T TGCAATGGCCTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCC T TGCAATGGC TTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGCC TACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT T TAGTATCACTCCTTGCAATGGCC TACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCT TGCAATGGCC TACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCC T TGCAATGGCCTACAGTAGTICGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGCCATACGTAGTCCGG
AACATTCTCAAAGAGGAGGATTTCTAGTATCACTCCTTGCAATGGC TTATAGTAGCCCAG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGC TTACAGTAGCCCGG
AACACTCTCAAAGAGGAGGATTT T TAGTATCACTCC T TGCAATGGC TTACAGTAGCCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGC TTACAGTAGCCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGC TTACAGTAGCCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGC TTACAGTAGCCCGG
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180
180
180
180
180
129
129
129
129
129
129
129
129
129
129
129
129
129

240
240
240
240
240
189
189
189
189
189
189
189
189
189
189
189
189
189



KT763060.
KT763055.
KT763056.
KT763057.
KT763058.
AF457102.

ME2850.1

KT7630533.
KT763054.
1Q901971.
EU346886.

D01070.1
53B060.1

KM190940.
1Q902004.
KF530212.
KF687311.
KF530203.

KT763060.
KT763055.
KT763056.
KT763057.
KT763058.
AF457102.

M62850.1

KT763053.
KT763054.
JQ901971.
EU346886.

001070.1
538060.1

KM190940.
19902004,
KF530212.
KFE687311.
KF530203.

KT763060.
KT763055.
KT763056.
KT763057.
KT763058.
AF457102.

MG62850.1

KT763053.
KT763034.
10901971,
EU346886.

D01070.1
53B060.1

KM190940.
10902004 .
KF530212.
KF687311.
KF530203.

KT763060.
KT763055.
KT763056.
KT763057.
KT763058.
AF457102.

MEB2850.1

KT763053.
KT763054.
1Q901971.
EU346886.

D01070.1
538060.1

KM190940.
10902004.
KF530212.
KFEB7311.
KF530203.
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AGAGAGATCCTAAAAGAACAAAAACAGATGGGTTCATTGTC AAAACGAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAAC AGATGGGTTCATTGTCAAAACGAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAACAGATGGGTTCATTGTCAAAACGAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAACAGATGGGTTCATTGTC AAAACGAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAAC AGATGGGTTCATTGTCAAAACGAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAACAGATGGGTTCATTGTCAAAACAAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAACAGATGLGGT TCATTGTC AAAACGAGAGACATGGAGT
AGAGAGATCCTAAAAGAAC AAAAACAGATGGGTTCATTGTCAAAACGAGIMGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAACAGATGGGTTCATTGTCAAAACGAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAACAGATGLGGT TCATTGTC AAAACGAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAAC AGATGGGTTCATTGTCAAAACGAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAACAGATGGGTTCATTGTCAAAACGAGAGACATGGAGT
AGAGAGATCCCAAAAGGACAAAAACAGATGLGGT TCATTGTC AAAACAAGAGACATGGAGT
AGAGAGATCCTAAAAGGACAAAAACAGATGGGTTCATTGTCAAAACAAGAGACATGGAAT
AGAGAGATCCTAAAAGGACAAAAACAGATGGGTTCATTGTCAAAACAAGAGACATGGAGT
AGAGAGATCCTAAAAGGACAAAAACAGATGLGGT TCATTGTC AAAACAAGAGACATGGAGT
AGAGAGATCCTAAAAGGACAAAAAC AGATGGGTTCATTGTCAAAACAAGAGACATGGAGT
AGAGAGATCCTAAAAGGACAAAAACAGATGGGT TCATTGTCAAAACAAGAGACATGGAGT

AGAGAGATCCTAAAAGAACAAAAACAGATGGGT TCATTGTCAAAAC GAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAAC AGATGGGT TCATTGTCAAAAC GAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAAC AGATGGGT TCATTGTCAAAAC GAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAACAGATGGGT TCATTGTCAAAACGAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAAC AGATGGGT TCATTGTCAAAAC GAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAAC AGATGGGT TCATTGTCAAAAC AAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAAC AGATGGGT TCATTGTCAAAAC GAGAGACATGGAGT
AGAGAGATCC TAAAAGAACAAAAACAGATGGGTTCATTGTCAAAAC GAGIGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAAC AGATGGGT TCATTGTCAAAAC GAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAACAGATGGGT TCATTGTCAAAACGAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAAC AGATGGGT TCATTGTCAAAAC GAGAGACATGGAGT
AGAGAGATCCTAAAAGAACAAAAAC AGATGGGT TCATTGTCAAAAC GAGAGACATGGAGT
AGAGAGATCCCAAAAGGACAAAAACAGATGGGT TCATTGTCAAAAC AAGAGACATGGAGT
AGAGAGATCCTAAAAGGACAAAAAC AGATGGGT TCATTGTCAAAAC AAGAGACATGGAAT
AGAGAGATCCTAAAAGGACAAAAAC AGATGGGT TCATTGTCAAAAC AAGAGACATGGAGT
AGAGAGATCCTAAAAGGACAAAAACAGATGGGT TCATTGTCAAAAC AAGAGACATGGAGT
AGAGAGATCCTAAAAGGACAAAAAC AGATGGGT TCATTGTCAAAAC AAGAGACATGGAGT
AGAGAGATCCTAAAAGGACAAAAAC AGATGGGT TCATTGTCAAAAC AAGAGAC ATGGAGT

ATGAAAGAACCACAGAGTGGTTGT TTGGACCTATGAT TAACAAGAATCCATTGT TCCAAG
ATGAAAGAACCACAGAGTGGTTGT TTGEACCTATGAT TAACAAGAATCCATTGT TCCAAG
ATGAAAGAACCACAGAGTGGTTGT TTGGACCTATGAT TAACAAGAATCCATTGT TCCAAG
ATGAAAGAACCACAGAGTGGTTGT TTGEACCTATGAT TAACAAGAATCCATTGT TCCAAG
ATGAAAGAACCACAGAGTGGTTGT TTGEACCTATGAT TAACAAGAATCCATTGT TCCAAG
ATGAAAGAACAACAGAGTGGTTGT TTGGACCTATGATCAACAAGAACCCATTGTTCCAAG
ATGAAAGAACCACAGAGTGGTTGT TTGEACCTATGAT TAACAAGAATCCATTGT TCCAAG
ATGAAAGAACCACAGAGTGGTTGT TTGGACCTATGATCAATAAGAATCCATTGT TCCAAG
ATGAAAGAACCACAGAGTGGTTGT TTGGACCTATGATCAATAAGAATCCATTGT TCCAAG
ATGAAAGAACCACAGAGTGGTTGT TTGEACCTATGATCAATAAGAATCCATTGT TCCAAG
ATGAAAGAACCACAGAGTGGTTGT TTGGACCTATGATCAATAAGAATCCATTGT TCCAAG
ATGAAAGAACCACAGAGTGGTTGT TTGGACCTATGATCAATAAGAATCCATTGT TCCAAG
ATGAAAGAACAACAGAGTGGTTGT TCGEACCTATGATCAACAAGAACCCATTGT TCCAAG
ATGAAAGAACAACAGAGTGGTTGT TCGGACCTATGGTCAAC AAGAACCCACTGTTCCAGG
ATGAAAGAACAACAGAGTGGTTGT TCGLACCTATGGTCAACAAGAATCCATTGT TCCAAG
ATGAAAGAACAACAGAGTGGTTGT TCGGACCTATGGTCAACAAGAACCCATTGT TCCAAG
ATGAAAGAACAACAGAGTGGTTGT TCGGACCTATGGTCAACAAGAACCCATTGT TCCAAG
ATGAAAGAACAACAGAGTGGTTGT TCGEACCTATGGTCAACAAGAACCCATTGT TCCAAG

GGCAAAGAGAGAATGC GGATC TAGAGGCATTGC T TCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAGAATGC GGATCTAGAGGCATTGC T TCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAGAATGC GGATCTAGAGGCATTGC T TCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAGAATGC GGATC TAGAGGCATTGC T TCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAGAATGC GGATCTAGAGGCATTGC T TCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAGAATGC GGATCTAGAGGCATTGC T TCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAGAATGC GGATCTAGAGGCATTGC T TCAGACATATGGATATCOCTGCATGTC
GGCAAAGAGAGAATGC GGATCTAGAGGCATTGC T TCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAGAATGC GGATCTAGAGGCATTGC T TCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAGAATGC GGATCTAGAGGCATTGC T TCAGACATATGGATATCOCTGCATGTC
GGCAAAGAGAGAATGC GGATCTAGAGGCATTGC T TCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAGAATGC GLATCTAGAGGCATTGC T TCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAAAATGC AGATC TAGAAGCATTGCTTCAGACATATGGATATCCTGCATGTC
GGCAGAGAGAGAATGC GLGATCTAGAAGCATTGCTTCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAGAATGC GLATC TAGAAGCATTGC T TCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAGAATGC GGATC TAGAAGCATTGCTTCAGACATATGGATATCOCTGCATGTC
GGCAAAGAGAGAATGC GGATCTAGAAGCATTGC T TCAGACATATGGATATCCTGCATGTC
GGCAAAGAGAGAATGC GLATC TAGAAGCATTGC T TCAGACATATGGATATCCTGCATGTC
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KT763060.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGTTGGTCAAAGC —— = === ————— == ===
KT763055.1 TCGGAGCTATAATAGT TCAAGTTTGGATAGTGTTGGTCAAAGL —— - —————————— ===
KT763056.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGTTGGTCAAAGCCA- ——————————————
KT763057.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGTTGGTCAAAGC —— = ——————— === ===
KT763058.1 TCGGAGCTATAATAGT TCAAGTTTGGATAGTGTTGGTCAAAGL —— - —————————— ===
AF457102.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGTTGGTTAAAGCCATAACAAGTAGTGCTG
MGZ2850.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGTTGGTCAAAGCCATAACAAGTAGTTCTG
KT763053.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGTTGGTCAAAGCCATAACAAGTAGTGCTG
KT763054.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGTTGGTCAAAGCCATAACAAGTAGTGCTG
1Q901971.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGTTGGTCAAAGCCATAACAAGTAGTGCTG
EU346886.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGTTGGTCAAAGCCATAACAAGTAGTGCTG
D01070.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGTTGGTCAAAGCCATAACAAGTAGTGCTG
538060.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGTTGGTTAAAGCCATAACAAGTAGTGCTG
KM190940.1 TTGGAGC TATAATAGT TCAAGTTTGGATAGTGTTGGTTAAGGCCATAACAAGTAGTGCTG
1Q902004.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGC TGGTTAAGGCCATAACAAGTAGTGCTG
KF530212.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGC TGGTTAAGGCCATAACAAGTAGTGCTG
KF687311.1 TCGGAGCTATAATAGT TCAAGTTTGGATAGTGC TGGTTAAGGCCATAACAAGTAGTGCTG
KF530203.1 TCGGAGCTATAATAGTTCAAGTTTGGATAGTGC TGGTTAAGGCCATAACAAGTAGTGCTG
T R ETEEE T AT TR R AT AT TR R T RY Rk R R
KT763060.1 @ - 523
KT763055.1 ——————mmmmmmm e 523
KT763056.1 @ - ————-— 525
KT763057.1 ——————mmmmmm e 523
KT763058.1 —===————mmmmmmmmmmmmmmmm e 523
AF457102.1 GTCTAAGAAAAGGATTCTTCAATAGAT TAGAAGCAT 325
MB2850.1 GTCTAAGAAAAGGATTCTTCAATAGATTAGAAGCAT 525
KT763053.1 GTCTAAGAAAAGGATTCTTCAATAGATTAGAAGCAT 525
KT763054.1 GTCTAAGAAAAGGATTCTTCAATAGATTAGAAGCAT 525
10901971.1 GTCTAAGAAAAGGATTCTTCAATAGATTAGAAGCAT 525
EU346886.1 GTCTAAGAAAAGGATTCTTCAATAGAT TAGAAGCAT 525
DO1070.1 GTCTAAGAAAAGGATTCTTCAATAGATTAGAAGCAT 525
538060.1 GTCTAAGAAAAGGATTCTTCAATAGATTAGAAGCAT 525
KM190940.1 GTCTAAGGAAAGGATTCTTCAATAGAT TAGAAGCAT 325
10902004.1 GTCTAAGAAAAGGATTCTTCAATAGATTAGAAGCAT 525
KF5330212.1 GTCTAAGAAAAGGATTCTTCAATAGATTAGAAGCAT 525
KFEE87311.1 GTCTAAGAAAAGGATTCTTCAATAGATTAGAAGCAT 525
KF5330203.1 GTCTAAGAAAAGGATTCTTCAATAGATTAGAAGCAT 525
KT763060.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
KT763055.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
KT763056.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
KT763057.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
KT763058.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
AF457102.1 TTATACCTGGTCAAAGAAGTACCGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
MB2850.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
KT763053.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
KT763054.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
10901971.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
EU346886.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
D01070.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCATATTAGGCCCGAGTGTGACAGATG
538060.1 TTATACCTGGTCAAAGAAGTACCGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
KM190940.1 TTATACCTGGTCAAAGAAGTACCGTTTCTGTCTTCACATTGGGCCCGAGTGTGACAGATG
10902004.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
KF530212.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
KFE87311.1 TTATACCTGGTCAAAGAAGTACAGTTTCTGTCTTCACATTAGGCCCGAGTGTGACAGATG
KF530203.1 TTATACCTGETC AAAGAAGTACAGTTTCTGTC TTCACATTAGGCCCGAGTGTGACAGATG
TR ER R R T TR TR R TR R RET SRR TR R Rl R R RS R R
KT763060.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
KT763055.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
KT763056.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
KT763057.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
KT763058.1 ATGCAGATAAATTATTAATAGC AACCACTTTC TTAGCCCACTCATTGGACACAGATAAAC
AF457102.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
ME2850.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGACACAGATAAAC
KT763053.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAAC
KT763054.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGC TCACTCATTGGACACAGATAAAC
10901971.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGC TCACTCATTGGACACAGATAAAC
EU346886.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCTCACTCATTGGACACAGATAAAC
D01070.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGC TCACTCATTGGACACAGATAAAC
538060.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCAC TGGATACAGATAAAC
KM190940.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCAC TGGATACAGATAAAC
1Q902004.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGATACAGATAAAC
KF530212.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGATACAGATAAAC
KF687311.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGATACAGATAAAC
KF530203.1 ATGCAGATAAATTATTAATAGCAACCACTTTCTTAGCCCACTCATTGGATACAGATAAAC
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KT763060.
T763055.
KT763056.
KT763057.
T763058.
AF457102.

M62850.1

KT763053.
KT763054.
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D01070.1
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KM190940.
1q902004.
KF530212.
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AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGAT T T TTAGTATCACTCCTTGCAATGGCTTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGOC TACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCC TACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGOC TACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCCTACAGTAGTCCGG
AACACTCTCAAAGAGGAGGAT TT TTAGTATCACTCCTTGCAATGGOC TACAGTAGTCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGCCATACGTAGTCCGG
AACATTCTCAAAGAGGAGGAT TTCTAGTATCACTCCTTGCAATGGC TTATAGTAGCCCAG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGCCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGCCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGCCCGG
AACACTCTCAAAGAGGAGGATTTTTAGTATCACTCCTTGCAATGGCTTACAGTAGCCCGG
AACACTCTCAAAGAGGAGGATTT TTAGTATCACTCCTTGCAATGGCTTACAGTAGCCCGG

WEEE WEREEEETRR RIS R R TR R R R e R R R R R Ww

AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AGTTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATACAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATATAATATAG
AATTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATACAATATAG
AGTTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATACAGTATAG
AGTTATATCTCACTACAAACGGCGTCAATGC TGATGTCAAGTATGTGATATACAGTATAG
AGTTATATCTCACTACAAACGGTGTCAATGC TGATGTCAAGTATGTGATATACAGTATAG
AGTTATATCTCACTACAAACGGCGTCAATGC TGATGTCAAGTATGTGATATACAGTATAG
AG'IT)‘-\TATCTC)\CTACAMC GLCGTCAATGCTGATGTCAAGTATGTGATATACAGTATAG

Appendix (6) : Multiple sequence alignment of HPIV-3

CLUSTAL O(1.2.1) multiple sequence alignment .

KT763061.

M11849.1

KT763059.
KT763052.
EU3468E87.

M14552.1
xX04612.1

F1455842.
KM190938.

us111e6.1
Z11575.1

ABT36166.
KI672605.
KF530245,

KT763061.

M11849.1

KT7630539.
KT763052.
EU346887.

M14552.1
X04612.1

F1455842.
KM190938.

u51116.1
Z11575.1

ABY736166.
K1672605.
KF530245.
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TGATACATTTAATGCACGTAGGCAAGAAAACATAACAAAATCAGCTGGTGGAGCTATCAT

TCCTGGACAGAAAAATACTGTCTCCATAT T TGCCCTTGGACCGACAATAACTGATGACAA
TCCTGGACAGAAMAATACTGTCTCCATAT T TGCCCT TGGACC GACAATAACTGATGACGA
TCCTGGACAGAAAAATACTGTCTCCATAT T TGCCCTTGGACCGACAATAACTGATGACAA
TCCTGGACAGAAAAATACTGTCTCCATAT T TGCCCT TGGACCGACAATAACTGATGACAA
TCCTGGACAGAAAAATACTGTCTCCATAT T TGCCCT TGGACCGACAATAACTGATGACAA
TCCTGGACAGAAAAATACTGTCTCCATAT T TGCCCTTGGACCGACAATAACTGATGACAA
TCCTGGACAGAAAAATACTGTCTCCATAT T TGCCCT TGGACCGACAATAACTGATGACAA
TCCTGGACAGAAAAATACTGTCTCTATAT T TGCTCT TGGACCGACAATAACTGATGATAA
COCTGGACAGAAAAATACTGTCTCTATAT TCGCTCT TGGACCAACAATAACCGATGATAA
TCCTGGACAGAAAMAATACTGTCTCTATAT TCGCCCT TGGACCGACAATAACTGATGATAA
TCCTGGACAGAAAAATACTGTCTCTATAT TCGCCCTTGGACCGACAATAACTGATGATAA
CCCTGGACAGAAAAATACTGTCTCTATAT T TGCCCT TGGACCGACAATAACTGATGATAA
CCCTOLACAGAAMAATACTGTCTCTATAT T TGCCCT TGGACCGACAATAACTGATGATAA
CCCTGGACAGAAAAATACTGTCTCTATATTTGCCCTTGGACC GACMTMCTGATGATM
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KT763061.

M11849.1

KT763059.
KT763052.
EU346887.

M14552.1
xX04612.1

F1455842.
KM190938,

u51116.1
£11575.1

ABY36166.
K1672605.
KF530245.

KT763061.

M11849.1

KT763059.
KT7630532.
EU346887.

M14552.1
X04612.1

F1455842.
KM190938,

u51116.1
Z11575.1

AB736166.
K1672605.
KF530245.

KT763061.

M11849.1

KT763059,
KT763052.
EU346887.

M14552.1
xX04612.1

FJ1455842.
KM190938.

u51116.1
Z11575.1

AB736166.
KJ672605.
KF530245.

KT763061.

M11849.1

KT763059.
KT763052.
EU3468E7.

M14552.1
xX04612.1

F1455842.
KM19093E.

us1116.1
Z11575.1

ABY36166.
K1672605.
KF530245.

KT763061.

M11849.1

KT763059.
KT763052.
EU346887.

M14552.1
xX04612.1

F1455842.
KM19093E8.

Us1116.1
£11575.1

AB736166.
K1672605.
KF530245.
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TGAGAAAATGACATTAGCTCTTCTATTTCTATCTCATTCACTAGATAATGAGAAACAACA
TOAGAAAATGACATTAGCTCTTCTAT TTCTATCTCATTCACTAGATAATGAGAAACAACA
TGAGAAAATGACATTAGCTCTTCTATTTCTATCTCATTCACTAGATAATGAGAAACAACA
TOAGAAAATGACATTAGCTCTTCTAT TTCTATCTCATTCACTAGATAATGAGAAACAACA
TGAGAAAATGACATTAGCTCTTCTAT TTCTATCTCATTCACTAGATAATGAGAAACAACA
TGAGAAAATGACATTAGCTCTTCTATTTCTATCTCATTCACTAGATAATGAGAAACAACA
TGAGAAAATGACATTAGCTCTTCTAT TTCTATCTCATTCACTAGATAATGAGAAACAACA
TGAGAAAATGACATTAGCTCTTCTT T T T T TATCTCATTCACTGGATAATGAGAAACAACA
TGAGAAAATGACATTAGCTCTTCTATTTCTATCTCATTCAT TAGATAATGAGAAACAACA
TOAGAAAATGACATTAGCTCTTCTAT TTCTATCTCATTCACTAGATAATGAGAAACAACA
TGAGAAAATGACATTAGCTCTTCTATTTCTATCTCATTCACTAGATAATGAGAAACAACA
TOAGAAAATGACATTGGCCCTT T TGT TTCTATCTCATTCAT TAGATAATGAGAAACAACA
TOAGAAAATGACATTAGCCCTTCTATTTCTATCTCATTCATTAGATAATGAGAAACAACA
TGAGAAAATGACATTAGCCCTTCTATTTCTATCTCATTCATTAGATAATGAGAAACAACA

TGCACAAAGGGCAGGGTTCTTGGTGTCT T TAT TGTCAATGGCTTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCTTTAT TGTCAATGGCTTATGCCAATCCAGAGCT
TGCACAAAGGGCAGGGTTCTTGGTGTCT T TAT TGTCAATGGC TTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCT T TAT TGTCAATGGCTTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCT T TAT TGTCAATGGCTTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGT TCTTGGTGTCT T TAT TGTCAATGGC TTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCT T TAT TGTCAATGGC TTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCCTGGTGTCCTTAT TATCAATGGCTTATGCCAATCCAGAGET
TGCACAAAGAGCAGGGTTCTTGGTGTCTTTAT TGTCAATGGCTTATGCCAATCCAGAACT
TGCACAAAGGGCAGGGT TCTTGGTGTCT T TAT TGTCAATGGC TTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCT T TAT TGTCAATGGCTTATGCCAATCCAGAGET
TGCACAAAGAGCAGGGTTCTTGGTGTCCTTAT TGTCAATGGCTTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCTTTAT TGTCAATGGCTTATGCCAATCCAGAGCT
TGCACAAAGGGCAGGGTTCTTGGTGTCCTTAT TGTCAATGGC TTATGCCAATCCAGAGET

TTACCTGACAACAAATGGAAGTAATGCAGATGT TAAATATGTCATATATATGAT TGAGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGT TAAATATGTCATATATATGATTAGGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGTCAAATATGTCATATATATGATTGAGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGTCAAATATGTCATATATATGAT TGAGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGTCAAATATGTCATATATATGAT TGAGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGT TAAATATGTCATATATATGATTGAGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGT TAAATATGTCATATATATGAT TGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGATCGAGAA
CTACTTGACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGATTGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGAT TGAGAA
CTACCTAACAACAAATGGAAGTAATGC AGATGTC AAGTATGTCATATACATGATTGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGATTGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGATCGAGAA
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AGATCTAAAACGGCAAAAGTATGGAGGATTTGTGGT TAAGACGAGAGAGATGATATATGA
AGATCTAAAACGLCAAAAGTATGGAGGAT TTGTGGT TAAGACGAGAGAGATGATATATGA
AGATCTAAAAC GGCAAAAGTATGGAGGATTTGTGGOT TAAGAC GAGAGAGATGATATATGA
AGATCTAAAACGGCAAAAGTATGGAGGATTTGTGOT TAAGAC GAGAGAGATGATATATGA
AGATCTAAAACGGCAAAAGTATGGAGGATTTGTGGT TAAGAC GAGAGAGATGATATATGA
AGATCTAAAACGGCAAAAGTATGGAGGATTTGTGGT TAAGACGAGAGAGATGATATATGA
AGATCTAAAAC GGCAAAAGTATGGAGGATTTGTGGOT TAAGAC GAGAGAGATGATATATGA
AGATCTAAAAC GGCAAAAGTATGGAGGATTTGTGGOT TAAGAC GAGAGAGATGGTATATGA
AGATCTAAAACGGCAAAAGTATGGAGGATTTGTGGT TAAGAC GAGAGAGATGATATATGA
AGATCTAAAACGGCAAAAGTATGGAGGATTTGTGGT TAAGACGAGAGAGATGATATATGA
AGATCTAAAACGLCAAAAGTATGGAGGAT TTGTGGT TAAGACGAGAGAGATGATATATGA
AGATCTAAAAC GGCAAAAGTATGGAGGATTTGTGGOT TAAGAC GAGAGAGATGATATATGA
AGATCTAAAACGGCAAAAGTATGGAGGATTTGTGOT TAAGAC GAGAGAGATGATATATGA
AGATCTAAAACGGCAAAAGTATGGAGGATTTGTGGT TAAGAC GAGAGAGATGATATATGA

AAAGACAACTGAGTGGATATT TGGAAGTGACC TGGATTATGACCAGGAAACTATGCTGCA
AAAGACAACTGAGTGGATATT TGGAAGTGACCTGGATTATGACCAGGAAACTATGCTGCA
AAAGACAACTGATTGGATATT TGGAAGTGACC TGGATTATGACCAGGAAACTATGCTGCA
AAAGACAACTGATTGGATATT TGGAAGTGACC TGGATTATGACCAGGAAACTATGCTGCA
AAAGACAACTGATTGGATATT TGGAAGTGACCTGGATTATGACCAGGAAACTATGCTGCA
AAAGACAACTGAGTGGATATT TGGAAGTGACC TGGATTATGACCAGGAAACTATGCTGCA
AAAGACAACTGAGTGGATATT TGGAAGTGACC TGGATTATGACCAGGAAACTATGCTGCA
CAAGACAACTGATTGGATATT TGGAAGTGACCTGGATTATGATCAGGAAACTATGTTGCA
GAAGACAACTGAT TGGATATT TGGAAGTGACC TGEAT TATGATCAGGAAACTATGTTGCA
AAAGACAACTGATTGGATATT TGGAAGTGACC TGGATTATGATCAGGAAACTATGTTGCA
AAAGACAACTGATTGGATATT TGGAAGTGACCTGGATTATGATCAGGAAACTATGTTGCA
GAAGACAACTGATTGGATAT T TGGAAGTGACCTGGAT TACGATCAGGAAAATATGTTGCA
GAAGACAACTGATTGGATATT TGGAAGTGACC TGGATTATGATCAGGAAACTATGTTGCA
GAAGACAACTGATTGGATATT TGGAAGTGACCTGGATTATGATCAGGAAACTATGTTGCA
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184
184
184
184
184
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184
184
184
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300
244
244
244
244
244
244
244
256
251
244
244
244
244

360
304
304
304
304
304
304
304
316
311
304
304
304
304

420
364
364
364
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364
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KT763081.1 GAAC GG AGAAAC AATTCAACGATTGAAGATCTTGT TCACACATT TGGGTATCCATCATG
M11849.1 GAACGGCAGAAAC AATTCAACGAT TGAAGATCTTGT TCACACATT TGGGTATCCATCATG
KT763059.1 GAAC GGCAGAAAC AATTCAACGAT TEAAGATCTTGT TCACACATTTGGGTATCCATCATG
KT763052.1 GAAC GGCAGAAAC AATTCAACGAT TGAAGATCTTGT TCACACATT TGGGTATCCATCATG
EU346887.1 GAAC GGCAGAAAC AATTCAACGATTGAAGATCTTGT TCACACATTTGGGTATCCATCATG
M14552.1 GAAC GGCAGAAAC AATTCAACGATTGAAGATCTTGT TCACACATT TGGGTATCCATCATG
x04612.1 GAACGGCAGAAAC AATTCAACGAT TGAAGATCTTGT TCACACATT TGGGTATCCATCATG
F1455842.2 GAATGGCAGAAAC AATCCAACAAT TEAAGACCTTGTCCACACGT T TGGGTATCCATCATG
KM190938.1 GAAC GGCAGAAAC AAT TCAACAAT TGAAGATCTTGTCCACACGT T TGGGTATCCATCATG
usl1116.1 GAAC GGCAGGAAC AATTCAACAATTGAAGACCTTGTCCACACATTTGGGTATCCATCATG
Z11575.1 GAAC GGCAGGAAC AATTCAACAATTGAAGACCTTGTCCACACATTTGGGTATCCATCATG
AB736166.1 GAACGGCAGAAAC AATTCAACAATTGAAGACCTTGTCCACACATTTGGGTATCCATCATG
K1672605.1 GAAC GGCAGAAAC AAT TCAACAAT TGAAGACCTTGTCCACACATTTGGGTATCCATCATG
KF530245.1 GAACGGCAGAAAC AATTCAACAATTGAAGACCTTGTCCACACATTTGGGTATCCATCATG
TR RERRAER FRRAATR RHRAATR RAARRRRERR ARRARRT RRARR RARAAAARRARARARRRRRRR
KT763061.1 TTTAGGAGC TCTTATAATACAGATCTGGATAGT TT TGGTCAAAGICA-————————————
M11849.1 TTTAGGAGC TCTTATAATACAGATC TGGATAGT T TTGGTCAAAGCCATCACTAGCATCTC
KT763059.1 TTTAGGAGC TCTTATAATACAGATC TGGATAGT T T TGGTCAAAGCCATCACTAGCATCTC
KT763052.1 TTTAGGAGC TC T TATAATACAGATC TGGATAGT TTTGGTCAAAGCCATCACTAGCATCTC
EU346887.1 TTTAGGAGC TCTTATAATACAGATCTGGATAGT TT TGGTCAAAGOCATCACTAGCATCTC
M14552.1 TTTAGGAGC TCTTATAATACAGATC TGGATAGT T T TGGTCAAAGCCATCACTAGCATCTC
x04612.1 TTTAGGAGC TCTTATAATACAGATC TGGATAGT T T TGGTCAAAGCCATCACTAGCATCTC
F1455842.2 TTTAGGAGC TATTATAATACAGATC TGGATAGT TTTGGTCAAAGC TATCACTAGCATCTC
KM190938.1 TTTAGGAGC TATTATAATACAGATC TGGATAGT T TTGGTCAAAGC TATCACTAGCATCTC
usllle.1 TTTAGGAGC TCTTATAATACAGATC TGGATAGT TCTGGTCAAAGCTATCACTAGTATCTC
Z11575.1 TTTAGGAGC TCTTATAATACAGATC TGGATAGT TCTGGTCAAAGC TATCACTAGTATCTC
AB73I6l66.1 TTTAGGAGC TCTTATAATACAGATCTGGATAGT TT TGGTCAAAGC TATTACTAGCATCTC
K1672605.1 TTTAGGAGC TCTTATAATACAGATC TGGATAGT T TTGGTCAAAGC TATTACTAGCATCTC
KF530245.1 TTTAGGAGC TCTTATAATACAGATC TGGATAGT T T TGGTCAAAGCTATTACTAGCATCTC
PR R R R R o R o o o o o o W R o R ol o
KT763061.1 ———mmmmmmmmmmmmmmmmme 527
M11E849.1 AGGGT TAAGAAAMAGGCTTTTTCACTCGATTAGAGGCTTT 523
KT763059.1 AGGGTTAAGAAAMAGGCTTTTTCACTCGATTAGAGGCTTT 523
KT763052.1 AGGGTTAAGAAMAGGCTTTTTCACTCGATTAGAGGCTTT 523
EU346887.1 AGGGT TAAGAAMAGGCTTTTTCACTCGATTAGAGGCTTT 523
M14552.1 AGGGTTAAGAAAMAGGCTTTTTCACTCGATTAGAGGCTTT 523
x04612.1 AGGGT TAAGAAMAGGCTTTTTCACTCGATTAGAGGCTTT 523
F1455842. 2 AGGETTAAGAAAAGGCTTT T TCACTCGATTGGAAGCTTT 523
KM190938.1 AGGGTTAAGAAMAGGCTTTTTCACTCGATTGGAAGCTTT 535
usllle. 1 AGGGT TAAGAAAMAGGCTTTTTCACCCGATTGGAAGCTTT 530
Z11575.1 AGGGTTAAGAAMAGGCTTTTTCACCCGATTGGAAGCTTT 523
AB736l166.1 AGGGT TAAGAAMAGGCTTTTTCACTCGATTGGAAGCTTT 523
Kl1a72605.1 AGGGT TAAGAAMAGGCTTTTTCACTCGATTGGAAGCTTT 523
KF530245.1 AGGGTTAAGAAMAGGCTTTTTCACTCGATTGGAAGCTTT 523
KT763061.1 TCCTEGACAGAAAMATACTETCTCCATATT TGCCCTTGLACCGAC AATAAC TCGATGAC AL
M11849.1 TCCTGLACAGAAAAATACTGTCTCCATATTTGCCCTTGGACCGAC AATAAC TGATGACGA
KT763059.1 TCCTGGACAGAAAAATACTCTCTCCATATT TGCCCTTGGACCCGAC AATAAC TCGATCAC AL
KT763052.1 TCCTEGACAGAAAMATACTETCTCCATATT TGCCCTTGLACCGAC AATAAC TCGATGAC AL
EU346887.1 TCCTGLACAGAAAAATACTGTCTCCATATTTGCCC T TGGACCGAC AATAAC TGATGACAA
M14552.1 TCCTGGACAGAAAMATAC TCTCTCCATATT TGCCCTTGGACCCGAC AATAAC TCGATCAC AL
x04612.1 T T GGACAGAAAAATACTGTCTCCATATT TGLCC T TGLACCGAC AATAAC TCATGAC AN
F1455842. 2 TCCTGLACAGAAAAATACTGTCTCTATATTTGCTC T TGGACCGAC AATAAC TGATGATAA
KM19093E8.1 CCCTEGACAGAAAMATACTETCTCTATATTCGCTCTTGGACCAAC AATAACCGATGATAA
us11i16.1 TCCTGLACAGAAAAATACTGTCTCTATATTCGCCCTTGGACCGAC AATAAC TGATGATAA
Z11575.1 TCCTGGACAGAAAAMATACTGTCTCTATATTCGCCCTTGGACCGAC AATAAC TGATGATAS
AB736166.1 CCCTEGACAGAAAMATACTOTCTCTATATT TGCCCTTGLACCGAC AATAACTCGATGATAA
K1672605.1 CCCTOLACAGAAAAATACTGTCTCTATATTTGCCC T TGGACCGAC AATAAC TGATGATAA
KF330245.1 CCCTEGACAGAAAMATAC TCTCTCTATATT TGCCCTTGGACCCGAC AATAAC TCGATCATAS
TR TR T R R R R R R o R R Wl Rl Wl Rl ol Rl Rl oo ol Wl o o -
KT763061.1 TEAGAAAATGACATTAGCTCTTCTATTTCTATCTCATTCACTAGATAATGAGAAAC AACA
M11849.1 TEAGAAAATGACATTAGCTCTTCTATTTCTATCTCAT TCACTAGATAATGAGAAAC AACA
KT763059.1 TCAGAAAATGACATTAGCTCTTCTATTTCTATCTCATTCAC TAGATAATGAGAAAC AACA
KT763052.1 TEAGAAAATGACATTAGCTCTTCTATTTCTATCTCATTCACTAGATAATGAGAAAC AACA
EU346887.1 TEAGAAAATGACATTAGCTCTTCTATTTCTATCTCAT TCACTAGATAATGAGASAC AACA
M14552.1 TCAGAAAATCACATTAGCTCTTCTAT T TCTATCTCATTCACTAGATAATGAGAAACAACA
x04612.1 TEAGAAAATGACATTAGCTCTTCTAT T TCTATCTCAT TCACTAGATAATGAGAAAT AACA
F1455842. 2 TEAGAAAATGACATTAGCTCTTCTTTITTTITATCTCAT TCACTGLATAATGAGAAACAACA
KM19093E.1 TCAGAAAATCACATTAGC TCTTCTATTTCTATCTCATTCATTAGATAATGAGAAACAACA
us11i16.1 TEAGAAAATGACATTAGCTCTTCTATTTCTATCTCAT TCACTAGATAATGAGAAAC AACA
Z11575.1 TCAGAAAATGACATTAGCTCTTCTATTTCTATCTCATTCAC TAGATAATGAGAAAC AACA
AB736166.1 TEAGAAAATCGACATTGGCCCTTTTGT T TCTATCTCATTCATTAGATAATGAGAAAC AACA
K1672605.1 TEAGAAAATGACATTAGCCCTTCTATTTCTATCTCATTCAT TAGATAATGAGAAAC AACA
KF330245.1 TCAGAAAATCACATTAGCCCTTCTATTTCTATCTCATTCATTAGATAATGAGAAACAACA

480
424
424
424
424
424
424
424
436
431
424
424
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KT763061.
M11849.1
KT763059.
KT763052.
EU346887.
M14552.1
xX04612.1
F1455842.
KM19093E.
Usllle.1
Z11575.1
ABY 36166.
K1672605.
KF530245.

R el

e

KT763061.
M11849.1
KT763059.
KT763052.
EU346887.
M14552.1
xX04612.1
F1455842.
KM19093E.
Usllle.1
Z11575.1
ABY 36166.
K1672605.
KF530245.

R el

e

1 KT763060.1 Iraq
2 KT763055.1 Iraq
3 KT763056.1 Iraq
4 KT763057.1 Iraq
5 KT763058.1 Iraq
6 AF457102.1 USA
7 M62850.1  USA
8 KT763053.1Iraq
9 KT763054.1 Iraq
10 JQ901971.1 UsA

11 EU346886.1 Lithuania 99.15 99.15 99.16 99.15 99.15

12 D01070.1  USA
13 S38060.1  Japan

14 KM190940.1 Thailand 94.92 94.92 9494 9492 9492 96.76 95.05 94.86 94.86 94.86 94.86

15 JQ902004.1 USA
16 KF530212.1 USA
17 KF687311.1 USA
18 KF530203.1 USA

TGCACAAAGGGCAGGGTTCTTGGTGTC T T TATTGTCAATGGC TTATGCCAATCCAGAGET
TECACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGCTTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGC TTATGCCAATCCAGAGET
TECACAAAGGGCAGGGTTCTTGGTGTC T T TATTGTCAATGGC TTATGCCAATCCAGAGET
TECACAAAGGGCAGGGTTCTTGGTGTCT T TATTGTCAATGGC T TATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGC TTATGCCAATCCAGAGET
TECACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGCTTATGCCAATCCAGAGET
TECACAAAGGGCAGGGTTCCTGGTGTCCTTATTATCAATGGC T TATGCCAATCCAGAGLT
TGCACAAAGAGCAGGGTTCTTGGTGTCTT TATTGTCAATGGC TTATGCCAATCCAGAALT
TECACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGCTTATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCTT TATTGTCAATGGC TTATGCCAATCCAGAGET
TGCACAAAGAGCAGGGTTCTTGGTGTCCTTATTGTCAATGGC TTATGCCAATCCAGAGET
TECACAAAGGGCAGGGTTCTTGGTGTCT T TATTGTCAATGGC T TATGCCAATCCAGAGET
TGCACAAAGGGCAGGGTTCTTGGTGTCCTTATTGTCAATGGC TTATGCCAATCCAGAGET

TTACCTGACAACAAATGGAAGTAATGCAGATGT TAAATATGTCATATATATGAT TGAGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGT TAAATATGTCATATATATGAT TAGGAA
TTACCTGACAACAAATGLAAGTAATGCAGATGTCAAATATGTCATATATATGAT TGAGAA
TTACCTGACAAC AAATGGAAGTAATGC AGATGTCAAATATGTCATATATATGAT TGAGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGTCAAATATGTCATATATATGAT TGAGAA
TTACCTGACAACAAATGLAAGTAATGCAGATGT TAAATATGTCATATATATGAT TGAGAA
TTACCTGACAACAAATGGAAGTAATGCAGATGT TAAATATGTCATATATATGAT TGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGATCGAGAA
CTACTTGACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGAT TGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGAT TGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGAT TGAGAA
CTACCTAACAAC AAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGAT TGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGATCGAGAA
CTACCTAACAACAAATGGAAGTAATGCAGATGTCAAGTATGTCATATACATGAT TGAGAA

HHEE K AARWAARAAARARAAARAAAAARRAAAAAT AR ATRRRRAARRR RRTRW R
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Appendixes (8) : Nucleotide Identity Percent estimate HPIV-3.

KT763061.1
KT763059.1
KT763052.1
M11849.1
EU346887.1
M14552.1
X04612.1
FJ455842.2
KM190938.1
Us1116.1
Z11575.1
12 AB736166.1
KJ672605.1
KF530245.1

O ONOGOUHAWNR

=
= O

=
S w

1 2 3 4 5 6 7 8 9 10 11 12 13
Iraq
Iraq 99.58
Iraq 99.58 100
Chile 99.36 99.04 99.04
Lithuania 99.58 100 100
Chile 100 99.62 99.62
India 100 99.62 99.62

China 94.06 94.65 94.65
Thailand 92.75 9541 9541

USA 95.19 96.37 96.37

USA 96.39 96.37 96.37

Japan 9469 9503 9503 94.07 9503 9465 9465 9579 9656 96.75 96.75

USA 9597 96.18 96.18 9522 96.18 9579 9579 96.75 97.32 979 97.9 9847

USA 9597 96.18 96.18 9522 96.18 9579 9579 96.75 97.32 979 979 9885 99.62
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Appendixes (9):Percent Identity Matrix - created by Clustal2.1 HPIV-1.
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Appendixes (10): Percent Identity Matrix - created by Clustal2.1 HPIV-3.
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Appendixes (11) : Sequences producing significant alignments for HPIV3

Sequences producing significant alignments:

Select: All None Selected:14 Show all columns
it Alignments [BJDownload v GenBank Graphics Distance tree of results O
1 Description Ident Accession
‘ ¥/ Human parainfluenza virus 3 strain C-243 nucleoprotein (NP) gene. complete cds 100% EU346887.1
¥ Human parainfluenza virus type 3 nucleocapsid protein. complete cds 99% M14552.1
¥ Human parainfluenza type 3 virus gene for major nucleocapsid protein 99% X04612.1
¥/ Human parainfluenza virus 3 nucleocapsid protein gene. complete cds 99% M11849.1
¥ Human parainfluenza virus 3. mutant cp-45, complete genome 96% U51116.1
@ Human parainfluenza virus 3 virus RNA 96% 2Z11575.1
¥ Human parainfluenza virus 3 strain HPIV3/Homo sapiens/PER/FLE8246/2010. partial genome 96% KJ672609.1
¥/ Human parainfluenza virus 3 strain HPIV3/Homo sapiens/PER/FLE4204/2009. complete genome 96% KJ672605.1
¥/ Human parainfluenza virus 3 strain HPIV3/Homo sapiens/PER/FLU7236/2007. complete genome 96% KJ672596.1
¥ Human parainfluenza virus 3 strain HPIV3/Homo sapiens/PER/FPP00635/2011. complete genome 96% KJ672537.1
¥/ Human parainfluenza virus 3 strain HPIV3/Homo sapiens/PER/FPP01456/2012, partial genome 96% KJ672531.1
¥/ Human parainfluenza virus 3 strain HPIV3/MEX/1527/2005, partial genome 96% KF687323.1

Appendixes (12) : Sequences producing significant alignments for HPIV1

Sequences producing significant alignments:

Select: All None Selected:11 Show all columns
i Alignments [EDownload v GenBank Graphics Distance tree of results o
Description Ident Accession
Human parainfluenza virus 1 strain ATCC VR-94, partial genome 100% JQ901971.1
@ Human parainfluenza virus 1 strain C35 nucleoprotein (NP) gene, complete cds 100% EU346886.1
@ Human parainfluenza virus 1 mRNA for nucleoprotein. complete cds 99% D01070.1
Human parainfluenza type 1 virus nucleoprotein mRNA, complete cds 99% M62850.1
HPIV-1 strain Washington/1964. complete genome 98% AF457102.1
& Human parainfluenza virus 1 strain HPIV1/WI/629-D02071/2010, partial genome 96% JQ902010.1
Human parainfluenza virus 1 strain HPIV1/USA/38081A/2011, complete genome 96% KF530212.1
Human parainfluenza virus 1 strain HPIV1/W1/629-D01575/2009, partial genome 96% JQ902004.1
Human parainfluenza virus 1 strain HPIV1/WI/629-D01463/2009, partial genome 96% JQ902000.1
@ Human parainfluenza virus 1 strain HPIV1/ZAF/879/2010. complete genome 96% KF687311.1
¥ Human parainfluenza virus 1 strain HPIV1/USA/38078A/2011, complete genome 96% KF530203.1
) Human parainfluenza virus 1 strain HPIV1/W1/629-D02209/2009, partial genome 96% JQ902005.1
© Human parainfluenza virus 1 strain HPIV1/W1/629-D01790/2009. partial genome 96% J 001.1
D Human parainfluenza virus 1 strain HPIV1/W1/629-D01809/2009. partial genome 96% JQ901995.1
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