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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-qPCR  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 , KT763058,KT763060) 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 Iraqi strains of the current study with some other some world 

lineages as USA, Lithuania , Chile and other .     
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Chapter One 
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 a1., 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 (PIV) (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  

(  Marx et al., 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 

immunity, 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) .                           

                                                            



  

 

  (Figure2-1):A schematic diagram of the parainfluenza virion. L, large RNA polymerase protein; M, 

matrix protein; NP, nucleocapsid protein; P, phosphoprotein (Hall,. 2001). 

 

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 (Fo) (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). 

 

 

(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) .                                          

 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

(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  

Paramyxoviridae 

Paramyxovirinae 
Pneumovirinae 

Pneumovirus Metapneumovirus Respirovirus Rubulavirus Morbillivirus 

Measles Mumps Parainfluenza 

2&4 

Parainfluenza 

1&3 

 

Human 

metapneumovirus 
Respiratory 

syncytial virus 



  

   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 mRNA 

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 McIntosh. 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 

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


  

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 

illnesses 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) . 

 

(Figure 2-

5):Clinical 
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Parainfluenza 

Virus Types 1, 
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Outpatients  ( 

Knott  et 

al,.1994). 

 

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 
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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 

immune 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, ×275,000. , ( 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 before 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 HeLa (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 (AGMs) 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 (Belák and Ballagi-Pordány, 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 ; Liò 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) . 

 

(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).  

 

(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 ). 



  

 

 

(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 ). 

 

 

 

(Figure 2-10) : Mirror Phylogenies. Gene A and Gene A1 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 a1., 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 a1., 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 a1., 1996). Also, HPIV can interfere 

with signalling components of the interferon pathway (Young et a1., 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 

immunity, associated with HPIV. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

 

Chapter Three 
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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, 

100-1000µl 

CYAN 

7 Refrigerator Concord /Lebanon 

8 Thermocycler  PCR MyGene/USA 

9 Exispin centrifuge Bioneer/ Korea 

10 Eppendorf  tubes Bioneer 

11 Disposable syringe 10 ml, 

5ml and 3ml 

Sterile  EO. / China 

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 

AccuZol
TM

 

Bioneer \ Korea 

 Trizol reagent 100ml  

2 AccuPower® RocketScript
TM 

RT-qPCR 

PreMix 

(RT-qPCR) 

Bioneer\ Korea 

 RocketScript RT enzyme  

RT buffer 

Taq DNA polymerase 

DNTPs 

10X PCR buffer 

RNase inhibitor 

3 AccuPower® RT-PCR PreMix 

(convential PCR) 

Bioneer\ Korea  

 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 . 

Amplicon Sequence Primer 

85bp 5- ACTGGAAGCACGGAAAGAAG-3 

  

F NP-qPCR 

primers 

For RT-

qPCR 
5- TTGTTGGTGAGCTTGTTGCC-3 R 

5-FAM-TGAGCTGGAGACATCCACAGCCA-BHQ1-3 NP-qPCR 

probe 

523bp 5-GCCCGAGTGTGACAGATGAT-3 F NP- PCR 

Primers 

For end 

point PCR 
5-GTGTCTCCCGTGAAGACCAG-3 R 

 

 

 

 

 

 

 

 

 

 

 



  

3.2.  Methods. 

3.2.1. Study Design.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Infected patients  

Examination 

Clinical Signs 
Samples collection 

Nasal swaps 

Molecular Study 

Viral RNA Extraction 

AccuZol
 
kit   

RNA measurement using 

the Nanodrops  

 

 One step RT-qPCR 

 RT-q PCR thermocycler  

 

Positive sample 

 

AccuPower® RT-
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(convential PCR) 

DNA Sequencing  

1- Virus Identity with other 

world strain and alignments. 

2- Phylogenic Tree with other 

strains. 

3- Record of Iraq 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)  (López , 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
TM 

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 μl 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 500μl 

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 (50μl) 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 2μl of ddH2O 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 1μl 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 TaqMan probe specific for nucleoprotein (NP)gene and this technique was carried 

out according to method described by Lassaunière(  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-qPCR master mix Volume 

Total RNA 10µL 

(5-50 ng\20ml) 

Forward NP gene primer (20pmol) 2µL 

Reverse NP gene primer (20pmol) 2µL 

TaqMan NP gene probe (25pmol) 2µL 

DEPC water 34 µL 

Total 50µL 

 

          The RT-qPCR master mix reaction components that mentioned in table (3-5) were 

added into standard qPCR tube containing (8 wells strips tubes which were contained 

RocketScript reverse transcriptase and TaqMan 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 TaqMan 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 5µL 

(5-50 ng\20ml) 

NP gene Forward primer 

(10pmol) 

0.0015 ml 

NP gene Reveres primer 

(10pmol) 

0.0015 ml 

PCR water 0.012 ml 

Total volume 0.02 ml 

                                            

     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, Taq DNA polymerase, dNTPs, Tris-HCl pH: 

9.0, KCl, MgCl2,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 
o
C 5min 1 



  

Denaturation 95 
o
C 30sec. 30 cycle 

Annealing 60 
o
C 30sec 

Extension 72 
o
C 1min 

Final extension 72 
o
C 5min 1 

Hold 4 
o
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 3µ 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 10µl of PCR product were added into each comb well and 5 µl 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 MEGA6 ( 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
2
), 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).                 

                                                                         

 

Figure 4-1): The percent of clinical signs in examined patient .) 
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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).  

 

 (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). 

 

 

 

Figure (4-3): Results of the total infection rate of both male and female  . 
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4.3. Molecular detection  using (RT-qPCR )  

   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) . 

 

 . Figure (4-4): Results of molecular test using  RT-qPCR 

 

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.  
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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).   

 

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-qPCR  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-qPCR . 

      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-qPCR. 

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-qPCR  ,gave positive 

results, figure (4-9). 

 

(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-
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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 (seq1  BankIt1856417  KT763052 ), (seq2  BankIt1856417 KT763053), 

(seq3 BankIt1856417    KT763054) , (seq4 BankIt1856417   KT763055), (seq5 

BankIt1856417  KT763056), (seq6 BankIt1856417  KT763057), (seq7 BankIt1856417  

KT763058), (seq8  BankIt1856417 KT763059), (seq9  BankIt1856417  KT763060), 

(seq10 BankIt1856417     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).  



  

 

(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). 
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Figure (4-11): Multiple sequence alignment of HPIV-1. 



  

 

 

Figure (4-12): Multiple sequence alignment of HPIV-3 

 

 

 

 

 

 



  

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.  

                         

Identical 

percent  

% 

Reference Origin Genotype Strain NO. 

 This Study  Iraq HPIV 1 KT763053 1 

 This Study  Iraq HPIV 1 KT763054 2 

 This Study  Iraq HPIV 1 KT763055 3 

 This Study  Iraq HPIV 1 KT763056 4 

 This Study  Iraq HPIV 1 KT763057 5 

 This Study  Iraq HPIV 1 KT763058 6 

 This Study  Iraq HPIV 1 KT763060 7 

100% (Beck et al., 2012) USA 

 

HPIV 1 JQ901971.1 

 

8 

100% (Juozapaitis et al., 2008) Lithuania 

 

HPIV 1 EU346886.1 

 

9 

99% (Matsuoka, and Ray, 1991) 

 

USA 

 

HPIV 1 M62850.1 10 

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

 

11 

98% (Newman et al., 2002) USA 

 

HPIV 1 AF457102.1 12 

96% (Miyahara et al., 1992) Japan 

 

HPIV 1 S38060.1 

 

13 

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

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



  

 

96% (Lorenzi et al., 2013) USA HPIV 1 KF687311.1 

 

16 

96% (Lorenzi et al., 2013) USA HPIV 1 KF530203.1 

 

17 

95% (Rutvisuttinunt et al.,2015) Thailand 

 

HPIV 1 KM190940.1 

 

18 

 

Table (4-2): Results of Sequence and phylogenetic analysis for HPIV-3. 

 

Identical 

percent  

% 

Reference Origin Genotype Strain NO. 

 This Study  Iraq HPIV 3 KT763052 1 

 This Study  Iraq HPIV 3 KT763059 2 

 This Study  Iraq HPIV 3 KT763061 3 

100% (Juozapaitis et al., 2008) Lithuania HPIV 3 EU346887.1 

 

4 

99% (Galinski et al., 1986) Chile 

 

HPIV 3 M11849.1  

 

5 

99% (Sanchez et al., 1986) Chile 

 

HPIV 3 M14552.1 

 

6 

99% (Jambou et al., 1986) India HPIV 3 X04612.1 

 

7 

96% (Stokes et al., 1993) USA HPIV 3 U51116.1  

 

8 

96% (Stokes et al., 1992) USA  HPIV 3 Z11575.1 

 

9 

96% (Wentworth  et al.,2014) USA HPIV 3 KJ672605.1 

 

10 

96% (Lorenzi  et al., 2013) USA HPIV 3 KF530245.1 

 

11 

95% (Yang et al.,2011) China 

 

HPIV 3 FJ455842.2 

 

12 

95% (Rutvisuttinunt et al., 2015) Thailand  HPIV 3 KM190938.1 

 

13 

95% (Sasaki  et al., 2013) Japan 

 

HPIV 3 AB736166.1 

 

14 

 

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) . 

 . 

 

 

(Figure 4-13):  Traditional phylogeny tree using a neighbor – joining method constructed based on NP 

gene of   HPIV , general HPIV-1 and HPIV-3. 
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   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   ( 

Rogério 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-qPCR 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 Iraqi 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 Iraq 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.,l 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  ( U51116.1, Z11575.1, 

KF530245.1,KJ672605.1) , that isolated from USA with (96%) . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

 

 

 

 

 

 

 

Chapter Six 
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 Iraqi 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 Iraqi 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 Iraqi strains is essential to determine the ancestral 

origin and evolutionary pathway of circulating strains to confirm the existence of distinct 

Iraqi lineage .                                             

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

 

References 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 Abed, Y., & Boivin, G. (2006). Treatment of respiratory virus infections. Antiviral 

research, 70(2), 1-16 

 Adcock, P. M., Stout, G. G., Hauck, M. A., & Marshall, G. S. (1997). Effect of 

rapid viral diagnosis on the management of children hospitalized with lower 

respiratory tract infection. The Pediatric infectious disease journal, 16(9), 842-846.  

 ADLER, S. P. (1988). Cytomegalovirus transmission among children in day care, 

their mothers and caretakers. The Pediatric infectious disease journal, 7(4), 279-

285.  

  Aguilar, J. C., Pérez-Breña, M. P., García, M. L., Cruz, N., Erdman, D. D., & 

Echevarría, J. E. (2000). Detection and identification of human parainfluenza 

viruses 1, 2, 3, and 4 in clinical samples of pediatric patients by multiplex reverse 

transcription-PCR. Journal of clinical microbiology, 38(3), 1191-1195. 

 American Academy of Pediatrics. (2003).. Report of the Committee on Infectious 

Diseases, 26th ed. American Academy of Pediatrics, Elk Grove Village, IL. 

Parainfluenza viral infections, p. 454–455. Red book . 

 Ansari, S. A., Springthorpe, V. S., Sattar, S. A., Rivard, S., & Rahman, M. (1991). 

Potential role of hands in the spread of respiratory viral infections: studies with 

human parainfluenza virus 3 and rhinovirus 14. Journal of Clinical Microbiology, 

29(10), 2115-2119.  

 Apalsch, A. M., Green, M., Ledesma-Medina, J., Nour, B., & Wald, E. R. (1995). 

Parainfluenza and influenza virus infections in pediatric organ transplant recipients. 

Clinical infectious diseases, 20(2), 394-399.  

 Apalsch, A. M., Green, M., Ledesma-Medina, J., Nour, B., & Wald, E. R. (1995). 

Parainfluenza and influenza virus infections in pediatric organ transplant recipients. 

Clinical infectious diseases, 20(2), 394-399.  

 Arnold, R., Humbert, B., Werchau, H., Gallati, H., & König, W. (1994). Interleukin-

8, interleukin-6, and soluble tumour necrosis factor receptor type I release from a 

human pulmonary epithelial cell line (A549) exposed to respiratory syncytial virus. 

Immunology, 82(1), 126  



  

 Arola, M., Ruuskanen, O., Ziegler, T., & Salmi, T. T. (1995). Respiratory virus 

infections during anticancer treatment in children. The Pediatric infectious disease 

journal, 14(8), 690-694.  

 Baldauf, S. L. (2003). Phylogeny for the faint of heart: a tutorial. TRENDS in 

Genetics, 19(6), 345-351. 

 Beck, E. T., He, J., Nelson, M. I., Bose, M. E., Fan, J., Kumar, S., & Henrickson, K. 

J. (2012). Genome sequencing and phylogenetic analysis of 39 human parainfluenza 

virus type 1 strains isolated from 1997–2010. PloS one, 7(9), e46048.  

 Beck,E.T., He,J., Nelson,M.I., Bose,M.E., Fan,J., Kumar,S. and 

Henrickson,K.J.(2010) Genome sequencing and phylogenetic analysis of 39 human 

parainfluenza virus type 1 strains isolated from 1997-2010JOURNAL   PLoS ONE 7 

(9), E46048 (2012) 

 Belak, S., & Ballagi-Pordany, A. (1993). Application of the polymerase chain 

reaction (PCR) in veterinary diagnostic virology. Veterinary research 

communications, 17(1), 55-72. 

 Bellanti, J. A. (1997). Recurrent respiratory tract infections in paediatric patients. 

Drugs, 54(1), 1-4. 

 Belshe, R. B., & Hissom, F. K. (1982). Cold adaptation of parainfluenza virus type 

3: induction of three phenotypic markers. Journal of medical virology, 10(4), 235-

242 

 Black, R. E., Cousens, S., Johnson, H. L., Lawn, J. E., Rudan, I., Bassani, D. G., ... 

& Eisele, T. (2010). Global, regional, and national causes of child mortality in 2008: 

a systematic analysis. The lancet, 375(9730), 1969-1987. 

 Bose, S., Malur, A., & Banerjee, A. K. (2001). Polarity of human parainfluenza 

virus type 3 infection in polarized human lung epithelial A549 cells: role of 

microfilament and microtubule. Journal of virology, 75(4), 1984-1989. 

 Brady, M. T., Evans, J., & Cuartas, J. (1990). Survival and disinfection of 

parainfluenza viruses on environmental surfaces. American journal of infection 

control, 18(1), 18-23. 



  

 Calvo, C., García-García, M. L., Ambrona, P., Rico, M., Pozo, F., Molinero, M. D. 

M., ... & Casas, I. (2011). The burden of infections by parainfluenza virus in 

hospitalized children in Spain. The Pediatric infectious disease journal, 30(9), 792-

794. 

 CANCHOLA, J., VARGOSKO, A. J., Kim, H. W., PARROTT, R. H., 

CHRISTMAS, E., JEFFRIES, B., & CHANOCK, R. M. (1964). Antigenic 

Variation among Newly Isolated Strains of Parainfluenza Type 4 Virus. American 

journal of hygiene, 79(3), 357-64. 

 Carballal, G., Videla, C. M., Espinosa, M. A., Savy, V., Uez, O., Sequeira, M. D., ... 

& Miceli, I. (2001). Multicentered study of viral acute lower respiratory infections 

in children from four cities of Argentina, 1993–1994. Journal of medical virology, 

64(2), 167-174.  

 Chanock,  R. M. B. R. M. a.P.L.C. (2001). Parainfluenza Viruses. In Field Virology 

,Volume 4th edition (D. M. a. P. M. H. Knipe, ed) Lippincott Wdliarns and Wdkins 

,Philadelphia, US 1341 -1 379. 

 Chanock, R. M. ; and McIntosh, K . (1990). Parainfluenza viruses,. In N. B. Fields, 

D. M. Knipe ; R. M. Chanock ; M. S. Hirsch ; J. L. Melnick ; T. P. Monath ; and B. 

Roizman (ed.), Fields virology. Raven Press, New York. p. 963-988 . 

 CHANOCK, R., & ROIZMAN, B. (1957). Recovery from infants with respiratory 

illness of a virus related to chimpanzee coryza agent (CCA). I. Isolation, properties 

and characterization. American journal of hygiene, 66(3), 281-90. 

 Chesnutt, M. S. ; Prendergast, T. J. Lung (2002) In: Tierney LM, Stephen J 

McPhee, Maxine A Papadakis, (eds.). Current medical diagnosis & treatment,. 

(41stedn), McGraw-Hill, New York.  

 Collier, L., Oxford, J., & Kellam, P. (2016). Human virology. Oxford University 

Press.  

 Collins, P. L. ; Chanock, R. M. ; McIntosh, K. (1996). Parainfluenza viruses. In: 

Fields BN, Knipe DM, Howley PM, eds. Field’s virology. 3rd ed. Philadelphia: 

Lippincott-Raven,:1205–41 



  

 Cortez, K. J., Erdman, D. D., Peret, T. C., Gill, V. J., Childs, R., Barrett, A. J., & 

Bennett, J. E. (2001). Outbreak of human parainfluenza virus 3 infections in a 

hematopoietic stem cell transplant population. Journal of Infectious Diseases, 

184(9), 1093-1097. 

 Counihan, M. E., Shay, D. K., Holman, R. C., Lowther, S. A., & Anderson, L. J. 

(2001). Human parainfluenza virus-associated hospitalizations among children less 

than five years of age in the United States. The Pediatric infectious disease journal, 

20(7), 646-653. 

 Cowley, J. A., & Barry, R. D. (1983). Characterization of human parainfluenza 

viruses. I. The structural proteins of parainfluenza virus 2 and their synthesis in 

infected cells. Journal of general virology, 64(10), 2117-2125  

 Daniel YT Goh ; Lynette, P.C. Shek ; Lee Bee Wah .(1999) Acute respiratory tract 

infection in children: Outpatient management  . 

 Denny, F. W. and Loda F. A. (1986). Acute respiratory infections are the leading 

cause of death in children in developing countries. Am J Trop Med Hyg, 35(1):1-2. 

 Denny, F. W., & Clyde, W. A. (1986). Acute lower respiratory tract infections in 

nonhospitalized children. The Journal of pediatrics, 108(5), 635-646.  

 Downham, M. A. P. S., McQuillin, J., & Gardner, P. S. (1974). Diagnosis and 

clinical significance of parainfluenza virus infections in children. Archives of 

disease in childhood, 49(1), 8-15. 

 Durbin, A. P., & Karron, R. A. (2003). Progress in the development of respiratory 

syncytial virus and parainfluenza virus vaccines. Clinical infectious diseases, 

37(12), 1668-1677. 

 Ellis, J. S., Fleming, D. M., & Zambon, M. C. (1997). Multiplex reverse 

transcription-PCR for surveillance of influenza A and B viruses in England and 

Wales in 1995 and 1996. Journal of clinical microbiology, 35(8), 2076-2082. 

 Ellis, m.(2015). Parainfluenza. Time line,  Medically Reviewed by Deborah 

Weatherspoon, Ph.D, MSN, RN, CRNA  

http://www.healthline.com/health/medical-board
http://www.healthline.com/health/medical-board


  

 Elnifro, E. M., Ashshi, A. M., Cooper, R. J., & Klapper, P. E. (2000). Multiplex 

PCR: optimization and application in diagnostic virology. Clinical microbiology 

reviews, 13(4), 559-570. 

 Emmalene J. Bartlett , E. J., Cruz, A. M., Esker, J., Castaño, A., Schomacker, H., 

Surman, S. R., ... & Murphy, B. R. (2008). Human parainfluenza virus type 1 C 

proteins are nonessential proteins that inhibit the host interferon and apoptotic 

responses and are required for efficient replication in nonhuman primates. Journal 

of virology, 82(18), 8965-8977.  

 Espy, M. J., Uhl, J. R., Sloan, L. M., Buckwalter, S. P., Jones, M. F., Vetter, E. A., 

... & Smith, T. F. (2006). Real-time PCR in clinical microbiology: applications for 

routine laboratory testing. Clinical microbiology reviews, 19(1), 165-256. 

 Ewens, W. J., & Grant, G. R. (2006). Statistical methods in bioinformatics: an 

introduction. Springer Science & Business Media.  

  Falsey, A. R., McCann, R. M., Hall, W. J., Tanner, M. A., Criddle, M. M., Formica, 

M. A., ... & Treanor, J. J. (1995). Acute respiratory tract infection in daycare centers 

for older persons. Journal of the American Geriatrics Society, 43(1), 30-36. 

 Faridesh, Rafiefard Rafiefard, F. (2008). Epidemiologic and genetic studies of 

paramyxoviruses. Institutionen för laboratoriemedicin/Department of Laboratory 

Medicine 

 Felsenstein, J. (1985). Confidence limits on phylogenies: an approach using the 

bootstrap. Evolution, 783-791.  

 File, T. M. (2009). The science of selecting antimicrobials for community-acquired 

pneumonia (CAP). Journal of Managed Care Pharmacy, 15(2 Supp A), 5-11. 

 Finocchi, A., Angelini, F., Chini, L., Di Cesare, S., Cancrini, C., Rossi, P., & 

Moschese, V. (2002). Evaluation of the relevance of humoral immunodeficiencies 

in a pediatric population affected by recurrent infections. Pediatric allergy and 

immunology, 13(6), 443-447. 

 Fiore, A. E., Iverson, C., Messmer, T., Erdman, D., Lett, S. M., Talkington, D. F., ... 

& Cetron, M. S. (1998). Outbreak of Pneumonia in a Long‐term Care Facility: 

http://jvi.asm.org/search?author1=Emmalene+J.+Bartlett&sortspec=date&submit=Submit


  

Antecedent Human Parainfluenza Virus 1 Infection May Predispose to Bacterial 

Pneumonia. Journal of the American Geriatrics Society, 46(9), 1112-1117. 

 Frayha, H., Castriciano, S., Mahony, J., & Chernesky, M. (1989). Nasopharyngeal 

swabs and nasopharyngeal aspirates equally effective for the diagnosis of viral 

respiratory disease in hospitalized children. Journal of clinical microbiology, 27(6), 

1387-1389. 

 Freymuth, F., Eugene, G., Vabret, A., Petitjean, J., Gennetay, E., Brouard, J., ... & 

Guillois, B. (1995). Detection of respiratory syncytial virus by reverse transcription-

PCR and hybridization with a DNA enzyme immunoassay. Journal of clinical 

microbiology, 33(12), 3352-3355.   

 Galinski, M. S., Mink, M. A., Lambert, D. M., Wechsler, S. L., & Pons, M. W. 

(1986). Molecular cloning and sequence analysis of the human parainfluenza 3 virus 

RNA encoding the nucleocapsid protein. Virology, 149(2), 139-151.  

  Gallina, L., Dal Pozzo, F., Mc Innes, C. J., Cardeti, G., Guercio, A., Battilani, M., 

Ciulli, S., and Scagliarini, A. (2006), ―A Real Time PCR Assay for the Detections 

and Quantification of Orf Virus,‖ Journal of Virological Methods , 134, 140–145. 

 Gharabaghi, F., Tellier, R., Cheung, R., Collins, C., Broukhanski, G., Drews, S. J., 

& Richardson, S. E. (2008). Comparison of a commercial qualitative real-time RT-

PCR kit with direct immunofluorescence assay (DFA) and cell culture for detection 

of influenza A and B in children. Journal of Clinical Virology, 42(2), 190-193.  

 Glezen, W. P., & Denny, F. W. (1973). Epidemiology of acute lower respiratory 

disease in children. New England Journal of Medicine, 288(10), 498-505. 

 Glezen, W. P., & Denny, F. W.(1997). Parainfluenza Viruses In: Evans A, Kaslow 

R, eds. Viral Infections in Humans: epidemiology and control, 551-67.  

 Goldmann, D. A. (2000). Transmission of viral respiratory infections in the home. 

The Pediatric infectious disease journal, 19(10), S97-S102.  

 Greenberg, S. B. (2002). Respiratory viral infections in adults. Curr. Opin. Pulm. 

Med. 8:201–208. 

 Griffin, M. R., Walker, F. J., Iwane, M. K., Weinberg, G. A., Staat, M. A., Erdman, 

D. D., & New Vaccine Surveillance Network Study Group. (2004). Epidemiology 



  

of respiratory infections in young children: insights from the new vaccine 

surveillance network. The Pediatric infectious disease journal, 23(11), S188-S192.  

 Hall, BG. (2004). Phylogenetic Trees Made Easy: A How-To Manual, 2nd ed. 

Sinauer Associates, Inc.: Sunderland, MA. 

 Hall, C. B. (2001). Respiratory syncytial virus and parainfluenza virus. New 

England journal of medicine, 344(25), 1917-1928 

 Hartwell, L. H. ; L. Hood ; M. L. Goldberg ; A. E. Reynolds ; L. M. Silver ; R. C. 

Veres .(2008). Genetics: From Genes to Genomes, 3rd Ed. McGraw-Hill: New York. 

 He, Q., Velumani, S., Du, Q., Lim, C. W., Ng, F. K., Donis, R., & Kwang, J. 

(2007). Detection of H5 avian influenza viruses by antigen-capture enzyme-linked 

immunosorbent assay using H5-specific monoclonal antibody. Clinical and Vaccine 

Immunology, 14(5), 617-623.  

 Heidemann, S. M. (1992). Clinical characteristics of parainfluenza virus infection in 

hospitalized children. Pediatric pulmonology, 13(2), 86-89.  

 Henderson, F. W. (1981). Anti-Viral Cytotoxic Lymphocyte Response in Hamsters 

with Parainfluenza Virus Type 3 Infection. In Hamster Immune Responses in 

Infectious and Oncologic Diseases (pp. 215-219). Springer US. 

 Henderson, F. W. (1987, June). Pulmonary infections with respiratory syncytial 

virus and the parainfluenza viruses. In Seminars in respiratory infections (Vol. 2, 

No. 2, pp. 112-121). 

 Henderson, F. W., Collier, A. M., Sanyal, M. A., Watkins, J. M., Fairclough, D. L., 

Clyde Jr, W. A., & Denny, F. W. (1982). A longitudinal study of respiratory viruses 

and bacteria in the etiology of acute otitis media with effusion. New England 

Journal of Medicine, 306(23), 1377-1383. 

 HENDLEY, J. O., & GWALTNEY, J. M. (1988). Mechanisms of transmission of 

rhinovirus infections. Epidemiologic Reviews, 10(1), 242-258. 

 Henrickson, K. J. (1999). Human parainfluenza viruses, p. 665–702. In E. H. 

Lennette (ed.), Laboratory diagnosis of viral infections, Marcel Dekker, Inc., New 

York, N.Y. 

 Henrickson, K. J. (2003). Parainfluenza viruses. Clin Microbiol Rev 16:242-64. 



  

 Henrickson, K. J., & Savatski, L. L. (1997). Antigenic structure, function, and 

evolution of the hemagglutinin-neuraminidase protein of human parainfluenza virus 

type 1. Journal of Infectious Diseases, 176(4), 867-875.  

 Henrickson, K. J., Kuhn, S. M., & Savatski, L. L. (1994). Epidemiology and cost of 

infection with human parainfluenza virus types 1 and 2 in young children. Clinical 

infectious diseases, 18(5), 770-779.  

 Hill, C. (2001). RESPIRATORY SYNCYTIAL VIRUS AND PARAINFLUENZA 

VIRUS . The New England Journal of Medicine , N Engl J Med, Vol. 344, No. 25 

 Holly M. Frost, H. M., Robinson, C. C., & Dominguez, S. R. (2014). Epidemiology 

and clinical presentation of parainfluenza type 4 in children: a 3-year comparative 

study to parainfluenza types 1–3. Journal of Infectious Diseases, 209(5), 695-702 

 Hosamani, M., Yadav, S., Kallesh, D. J., Mondal, B., Bhanuprakash, V., & Singh, 

R. K. (2007). Isolation and characterization of an Indian Orf virus from goats. 

Zoonoses and public health, 54(5), 204-208. 

 Hsieh, Y. J., Chin, H., Chiu, N. C., & Huang, F. Y. (2010). Hospitalized pediatric 

parainfluenza virus infections in a medical center. Journal of Microbiology, 

Immunology and Infection, 43(5), 360-365.  

 Jambou, R. C., Elango, N., Venkatesan, S., & Collins, P. L. (1986). Complete 

sequence of the major nucleocapsid protein gene of human parainfluenza type 3 

virus: comparison with other negative strand viruses. Journal of general virology, 

67(11), 2543-2548.  

 Jiang F., Henrickson, K. J., & Savatski, L. L. (1998). Rapid simultaneous diagnosis 

of infections with respiratory syncytial viruses A and B, influenza viruses A and B, 

and human parainfluenza virus types 1, 2, and 3 by multiplex quantitative reverse 

transcription-polymerase chain reaction-enzyme hybridization assay (Hexaplex). 

Clinical Infectious Diseases, 26(6), 1397-1402. 

 Jose C. Aguilar, J. C., Pérez-Breña, M. P., García, M. L., Cruz, N., Erdman, D. D., 

& Echevarría, J. E. (2000). Detection and identification of human parainfluenza 

viruses 1, 2, 3, and 4 in clinical samples of pediatric patients by multiplex reverse 

transcription-PCR. Journal of clinical microbiology, 38(3), 1191-1195  



  

 Juozapaitis, M., Zvirbliene, A., Kucinskaite, I., Sezaite, I., Slibinskas, R., Coiras, 

M., ... & Narkeviciute, I. (2008). Synthesis of recombinant human parainfluenza 

virus 1 and 3 nucleocapsid proteins in yeast Saccharomyces cerevisiae. Virus 

research, 133(2), 178-186. 

 Juozapaitis, M., Zvirbliene, A., Kucinskaite, I., Sezaite, I., Slibinskas, R., Coiras, 

M., ... & Narkeviciute, I. (2008). Synthesis of recombinant human parainfluenza 

virus 1 and 3 nucleocapsid proteins in yeast Saccharomyces cerevisiae. Virus 

research, 133(2), 178-186.  

 Karron, R. A., O'Brien, K. L., Froehlich, J. L., & Brown, V. A. (1993). Molecular 

epidemiology of a parainfluenza type 3 virus outbreak on a pediatric ward. Journal 

of Infectious Diseases, 167(6), 1441-1445.  

 Kim, M. R., Lee, H. R., & Lee, G. M. (2000). Epidemiology of acute viral 

respiratory tract infections in Korean children. Journal of infection, 41(2), 152-158. 

 Kingsbury, D. W. (1985). Orthomyxo-and paramyxoviruses and their replication. 

Virology. Raven Press, New York, 1157-1178. 

 Knott, A. M., Long, C. E., & HALL, C. B. (1994). Parainfluenza viral infections in 

pediatric outpatients: seasonal patterns and clinical characteristics. The Pediatric 

infectious disease journal, 13(4), 269-273. 

 Knutson, D. O. U. G., & Braun, C. H. A. D. (2002). Diagnosis and management of 

acute bronchitis. American family physician, 65(10), 2039-2048.  

 Koivisto, J. (2004). Viral upper respiratory tract infections in young children . 

Academic dissertation To be publicly discussed, with the permission of the Medical 

Faculty of the University of Helsinki, in the Auditorium of the Department of 

Otorhinolaryngology, Haartmaninkatu 4 E, Helsinki 

 Komada, H. ; Tsurudome, M. ; Ueda, M. ; Nishio, H. ; Bando, H. and Ito, Y. (1989). 

Isolation and characterization of monoclonal antibodies to human parainfluenza 

virus type 4 and their use in revealing antigenic relation between subtypes 1A and 

4B. Virology 171:28–37. 

 Komada, H., Kusagawa, S., Örvell, C., Tsurudome, M., Nishio, M., Bando, H., ... & 

Ito, Y. (1992). Antigenic diversity of human parainfluenza virus type 1 isolates and 



  

their immunological relationship with Sendai virus revealed by using monoclonal 

antibodies. Journal of general virology, 73(4), 875-884. 

 Komada, H., Ørstavik, I., Ito, Y., & Norrby, E. (1990). Strain variation in 

parainfluenza virus type 4. Journal of General Virology, 71(7), 1581-1583.  

 Kuypers, J., Wright, N., Ferrenberg, J., Huang, M. L., Cent, A., Corey, L., & 

Morrow, R. (2006). Comparison of real-time PCR assays with fluorescent-antibody 

assays for diagnosis of respiratory virus infections in children. Journal of clinical 

microbiology, 44(7), 2382-2388  

 Lam Siu Yan .(2007). Multiplex reverse transcription-PCR for detection and 

identification of human parainfluenza viruses 1, 2, 3 and 4 infection in hospitalized 

children with respiratory diseasein Hong Kong 

 Lamb, R. A. ; Kolakofsky, D. (2001). paramyxoviridae: The viruses and their 

replication. Field 4
rd 

. Philadelphia; 1345-1340. 

 Lamb, R.A. ;and  Parks,  G.D .(2007) Paramyxoviridae: the viruses and their 

replication". In Fields Virology 
 

ed; Knipe, D.M. Howley, P. M. Griffin, D. E. 

Lamb, R. A. Straus, S. E. Martin, M.A. Roizman, B., Eds.; Wolters Kluwer 

Lippincott Williams & Wilkins: Philadelphia, PA, USA,; Vol. 1, pp. 1449-1496. 

 Lassauniere, R., Kresfelder, T., & Venter, M. (2010). A novel multiplex real-time 

RT-PCR assay with FRET hybridization probes for the detection and quantitation of 

13 respiratory viruses. Journal of virological methods, 165(2), 254-260.  

 Lau, S. K., To, W. K., Philomena, W. T., Chan, A. K., Woo, P. C., Tsoi, H. W., ... 

& Yung, R. W. (2005). Human parainfluenza virus 4 outbreak and the role of 

diagnostic tests. Journal of clinical microbiology, 43(9), 4515-4521. 

 Lee, P. Y., Costumbrado, J., Hsu, C. Y., & Kim, Y. H. (2012). Agarose gel 

electrophoresis for the separation of DNA fragments. JoVE (Journal of Visualized 

Experiments), (62), e3923-e3923. 

 Leland, D. S. (1996). Concepts of immunoserological and molecular techniques. 

Clinical Virology. Philadelphia, PA: WB Saunders Company, 21-49. 

 Li, W. H. (1997) . Molecular Evolution. Sinauer Associates: Sunderland, MA. 



  

 Linder, C. R., & Warnow, T. (2005). An overview of phylogeny reconstruction. 

Handbook of Computational Molecular Biology. 

 Lindquist, S. W., Darnule, A., Istas, A., & Demmler, G. J. (1997). Parainfluenza 

virus type 4 infections in pediatric patients. The Pediatric infectious disease journal, 

16(1), 34-38. 

 Liò, P., & Goldman, N. (1998). Models of molecular evolution and phylogeny. 

Genome research, 8(12), 1233-1244. 

 Liolios, L., Jenney, A., Spelman, D., Kotsimbos, T., Catton, M., & Wesselingh, S. 

(2001). Comparison of a multiplex reverse transcription-PCR-enzyme hybridization 

assay with conventional viral culture and immunofluorescence techniques for the 

detection of seven viral respiratory pathogens. Journal of clinical microbiology, 

39(8), 2779-2783. 

 Litzman, J., Lokaj, J., Krejčí, M., Pešák, S., & Morgan, G. (1999). Isoprinosine does 

not protect against frequent respiratory tract infections in childhood. European 

journal of pediatrics, 158(1), 32-37. 

 Ljungman, P. (2001). Respiratory virus infections in stem cell transplant patients: 

the European experience. Biology of Blood and Marrow Transplantation, 7(12), 5S-

7S. 

 López Pérez G, Morfín Maciel BM, Navarrete N, Aguirre A. Identification of 

influenza, parainfluenza, adenovirus and respiratory syncytial virus during 

rhinopharyngitis in a group of Mexican children with asthma and wheezing. Rev 

Alerg Mex. 2009 May-Jun. 56(3):86-91. 

 Lopez, A. D., Mathers, C. D., Ezzati, M., Jamison, D. T., & Murray, C. J. (2006). 

Global and regional burden of disease and risk factors, 2001: systematic analysis of 

population health data. The Lancet, 367(9524), 1747-1757 

 Lorenzi,H.; Town,C.; Halpin,R.; Bera,J., Ransier,A.; Fedorova,N.; Stockwell,T.; 

Amedeo,P.; Appalla,L.; Bishop,B.; Edworthy,P.; Gupta,N.; Hoover,J.; Katzel,D.; 

Li,K.; Schobel,S.; Shrivastava,S.; Thovarai,V.; Wang,S.; Rebuffo-Scheer,C.; Fan,J.; 

He,J.; Kehl,S.C.; Lederboer,N.; Jurgens,L.A.; Bose,M.E.; Beck,E.T.; Kumar,S.; 

Wentworth,D.E. and Henrickson,K.J.(2013). Direct Submission . Submitted (31-



  

JUL-2013) J. Craig Venter Institute, 9704 Medical Center Drive, Rockville, MD 

20850, USA 

 Lyn, D., Gill, D. S., Scroggs, R. A., & Portner, A. (1991). The nucleoproteins of 

human parainfluenza virus type 1 and Sendai virus share amino acid sequences and 

antigenic and structural determinants. Journal of general virology, 72(4), 983-987.  

 Mackay, I. M., Arden, K. E., & Nitsche, A. (2002). Real-time PCR in virology. 

Nucleic acids research, 30(6), 1292-1305.  

 Madden, J. F., Burchette, J. L., & Hale, L. P. (2004). Pathology of parainfluenza 

virus infection in patients with congenital immunodeficiency syndromes. Human 

pathology, 35(5), 594-603.  

 Madden, T. (2013). The BLAST sequence analysis tool.  

 Mahdi, F, (2014),   Identification of Parainfluenza virus 4 of human in Najaf / Iraq . 

International Journal of Scientific & Engineering Research , ISSN 2229-5518 

 Mahony, J. B. (2008). Detection of respiratory viruses by molecular methods. 

Clinical microbiology reviews, 21(4), 716-747.  

 Mao, N., Ji, Y., Xie, Z., Wang, H., Wang, H., An, J., ... & Xu, S. (2012). Human 

parainfluenza virus-associated respiratory tract infection among children and 

genetic analysis of HPIV-3 strains in Beijing, China. PloS one, 7(8), e43893.  

 Marika, K. Iwane I, M. K., Edwards, K. M., Szilagyi, P. G., Walker, F. J., Griffin, 

M. R., Weinberg, G. A., ... & Hall, C. B. (2004). Population-based surveillance for 

hospitalizations associated with respiratory syncytial virus, influenza virus, and 

parainfluenza viruses among young children. Pediatrics, 113(6), 1758-1764.  

 Martha Bouda BSc, Vassilis G Gorgoulis M.D., Ph.D., Nikos G Kastrinakis BSc, 

MSc, Athina Giannoudis BSc, Efthymia Tsoli BSc, MPhil, Despina Danassi-

Afentaki M.D., Periklis Foukas M.D., Aspasia Kyroudi M.D., Ph.D., 

George Laskaris M.D., Ph.D., C Simon Herrington M.D., Ph.D. and 

Christos Kittas M.D., Ph.D. 2000 modern pathology 

 Martin Reijans , Dingemans, G., Klaassen, C. H., Meis, J. F., Keijdener, J., Mulders, 

B., ... & Simons, G. (2008). RespiFinder: a new multiparameter test to differentially 



  

identify fifteen respiratory viruses. Journal of clinical microbiology, 46(4), 1232-

1240.  

 Marx, A., Gary, H. E., Marston, B. J., Erdman, D. D., Breiman, R. F., Török, T. J., 

... & Anderson, L. J. (1999). Parainfluenza virus infection among adults hospitalized 

for lower respiratory tract infection. Clinical infectious diseases, 29(1), 134-140. 

 Marx, A., Török, T. J., Holma, R. C., Clarke, M. J., & Anderson, L. J. (1997). 

Pediatric hospitalizations for croup (laryngotracheobronchitis): biennial increases 

associated with human parainfluenza virus 1 epidemics. Journal of Infectious 

Diseases, 176(6), 1423-1427.  

  Matsuoka, Y., & Ray, R. (1991). Sequence analysis and expression of the human 

parainfluenza type 1 virus nucleoprotein gene. Virology, 181(1), 403-407 

 Michael, J. Wacker ; and Michael P. (2005). Analysis of one-step and two-step real-

time RT-PCR using SuperScript III. Journal of biomolecular techniques: JBT, 

16(3), 266. 

 Min Jou, W. M., Haegeman, G., Ysebaert, M., & Fiers, W. (1972). Nucleotide 

sequence of the gene coding for the bacteriophage MS2 coat protein. Nature, 237, 

82-88.  

 Miyahara, K., Kitada, S., Yoshimoto, M., Matsumura, H., Kawano, M., Komada, 

H., ... & Ito, Y. (1992). Molecular evolution of human paramyxoviruses. Archives of 

virology, 124(3-4), 255-268. 

 Monto, A. S., & Ullman, B. M. (1974). Acute respiratory illness in an American 

community: the Tecumseh study. Jama, 227(2), 164-169.  

 Morris, J. A., Blount, R. E., & Savage, R. E. (1956). Recovery of Cytopathogenic 

Agent from Chimpanzees with Goryza. Experimental Biology and Medicine, 92(3), 

544-549.  

 Morrison, T. B., Weis, J. J., & Wittwer, C. T. (1998). Quantification of low-copy 

transcripts by continuous SYBR Green I monitoring during amplification. 

Biotechniques, 24(6), 954-8.  



  

  Moscona, A. (2005). Entry of parainfluenza virus into cells as a target for 

interrupting childhood respiratory disease. The Journal of clinical investigation, 

115(7), 1688-1698. 

 Mufson, M. A. (2000). Viral pharyngitis, laryngitis, croup and bronchitis. Cecil 

Textbook of medicine. 21st ed. Philadelphia: Saunders, 1793-4.  

 Murphy, B. R., Prince, G. A., Collins, P. L., Coelingh, K. V. W., Olmsted, R. A., 

Spriggs, M. K., ... & Chanock, R. M. (1988). Current approaches to the 

development of vaccines effective against parainfluenza and respiratory syncytial 

viruses. Virus research, 11(1), 1-15.  

 Newman, J. T., Surman, S. R., Riggs, J. M., Hansen, C. T., Collins, P. L., Murphy, 

B. R., & Skiadopoulos, M. H. (2002). Sequence analysis of the Washington/1964 

strain of human parainfluenza virus type 1 (HPIV1) and recovery and 

characterization of wild-type recombinant HPIV1 produced by reverse genetics. 

Virus genes, 24(1), 77-92.  

 Nichols, W. G., Corey, L., Gooley, T., Davis, C., & Boeckh, M. (2001). 

Parainfluenza virus infections after hematopoietic stem cell transplantation: risk 

factors, response to antiviral therapy, and effect on transplant outcome. Blood, 

98(3), 573-578. 

 Numazaki, Y., Shigeta, S., Yano, N., Takai, S., & Ishida, N. (1968). A variant of 

parainfluenza type 2 virus. Experimental Biology and Medicine, 127(4), 992-996.  

 Ozsolak, F. ; Platt, A. R.; Jones, D. R.; Reifenberger, J. G. ; Sass, L. E.; Mclnemey, 

P.; Thompson, J. F. ; Bowers, J. ; Milos, M. J; Milos, P. M. .(2009). Direct RNA 

sequencing. Nature: Vol. 468, 814-818. 

 Ozsolak, F., & Milos, P. M. (2011). RNA sequencing: advances, challenges and 

opportunities. Nature reviews genetics, 12(2), 87-98.  

 Parkinson, A. J., Muchmore, H. G., Scott, E. N., & Scott, L. V. (1983). Survival of 

human parainfluenza viruses in the South Polar environment. Applied and 

environmental microbiology, 46(4), 901-905.  

  Patthy ; László. (1999). Protein Evolution. Blackwell Science, Ltd: Malden, MA. 



  

 Pettersson, E., Lundeberg, J., & Ahmadian, A. (2009). Generations of sequencing 

technologies. Genomics, 93(2), 105-111.  

 Plotnicky-Gilquin, H., Cyblat, D., Aubry, J. P., Delneste, Y., Blaecke, A., 

Bonnefoy, J. Y., ... & Jeannin, P. (2001). Differential effects of parainfluenza virus 

type 3 on human monocytes and dendritic cells. Virology, 285(1), 82-90.  

 Porter, D. D., Prince, G. A., Hemming, V. G., & Porter, H. G. (1991). Pathogenesis 

of human parainfluenza virus 3 infection in two species of cotton rats: Sigmodon 

hispidus develops bronchiolitis, while Sigmodon fulviventer develops interstitial 

pneumonia. Journal of virology, 65(1), 103-111.  

  Raboni, S. M., Nogueira, M. B., Tsuchiya, L. R., Takahashi, G. A., Pereira, L. A., 

Pasquini, R., & Siqueira, M. M. (2003). Respiratory tract viral infections in bone 

marrow transplant patients. Transplantation, 76(1), 142-146.  

 Ray, R., Duncan, J., Quinn, R., & Matsuoka, Y. (1992). Distinct hemagglutinin and 

neuraminidase epitopes involved in antigenic variation of recent human 

parainfluenza virus type 2 isolates. Virus research, 24(1), 107-113.  

 Reed, G., Jewett, P. H., Thompson, J., Tollefson, S., & Wright, P. F. (1997). 

Epidemiology and clinical impact of parainfluenza virus infections in otherwise 

healthy infants and young children< 5 years old. Journal of Infectious Diseases, 

175(4), 807-813.  

 Rogério Pecchinia , Berezin, E. N., Souza, M. C., de Andrade Vaz-de-Lima, L., 

Sato, N., Salgado, M., ... & Catebelota, A. (2015). Parainfluenza virus as a cause of 

acute respiratory infection in hospitalized children. The Brazilian Journal of 

Infectious Diseases, 19(4), 358-362.  

 Roth, J.(2009) The Use of Reverse Genetics to Clone and Rescue Infectious, 

Recombinant Human Parainfluenza Type 3 Viruses. All Graduate Theses and 

Dissertations. Paper 467. http://digitalcommons.usu.edu/etd/467. 

 Roth,J.P., Li,J.K., Smee,D.F., Morrey,J.D. and Barnard,D.L. TITLE     A 

recombinant, infectious human parainfluenza virus type 3 expressing the enhanced 

green fluorescent protein for use in high-throughput antiviral assays JOURNAL   

Antiviral Res. 82 (1), 12-21 (2009). 

http://digitalcommons.usu.edu/etd/467


  

 Rubin, E. E., Quennec, P., & McDonald, J. C. (1993). Infections due to 

parainfluenza virus type 4 in children. Clinical infectious diseases, 17(6), 998-1002.  

 Rungrassamee,W., Klanchui,A., Maibunkaew,S., Chaiyapechara,S., 

Jiravanichpaisal,P. and Karoonuthaisiri,N (2014). Characterization of Intestinal 

Bacteria in Wild and Domesticated Adult Black Tiger Shrimp (Penaeus monodon) 

JOURNAL   PLoS ONE 9 (3), E91853. 

  Rutvisuttinunt ,W.; Chinnawirotpisan, P.; Thaisomboonsuk ,B.; Huang,A.; 

Hussem,K.; Simasathien,S.; Yoon,I.-K.and  Klungthong,C.(2015). A practical 

approach for molecular epidemiological studies: assortment of viral pathogens in 

simulated isolate admixture. VRL 

 Rutvisuttinunt,W.; Chinnawirotpisan,P.; Thaisomboonsuk,B.; Huang,A.; 

Hussem,K.; Simasathien,S.; Yoon,I.-K.; Klungthong,C. and Fernandez,S.(2015). 

Direct Submission. Unpublished VRL 31-MAY-2015. 

 Saitou, N. and Nei, M. (1987). The neighbor-joining method: A new method for 

reconstructing phylogenetic trees. Molecular Biology and Evolution 4:406-425. 

 Sánchez, Á., Banerjee, A. K., Furuichi, Y., & Richardson, M. A. (1986). Conserved 

structures among the nucleocapsid proteins of the paramyxoviridae: complete 

nucleotide sequence of human parainfluenza virus type 3 NP mRNA. Virology, 

152(1), 171-180.  

  Sanger, F., Nicklen, S., & Coulson, A. R. (1977). DNA sequencing with chain-

terminating inhibitors. Proceedings of the National Academy of Sciences, 74(12), 

5463-5467.  

 Sarkkinen, H. K., Halonen, P. E., Arstila, P. P., & Salmi, A. A. (1981). Detection of 

respiratory syncytial, parainfluenza type 2, and adenovirus antigens by 

radioimmunoassay and enzyme immunoassay on nasopharyngeal specimens from 

children with acute respiratory disease. Journal of clinical microbiology, 13(2), 258-

265.  

 Sasaki, M., Ishii, A., Orba, Y., Thomas, Y., Hang’ombe, B. M., Moonga, L., ... & 

Sawa, H. (2013). Human parainfluenza virus type 3 in wild nonhuman primates, 

Zambia. Emerging infectious diseases, 19(9), 1500-1503.  



  

  Sato, M., & Wright, P. F. (2008). Current status of vaccines for parainfluenza virus 

infections. The Pediatric infectious disease journal, 27(10), S123-S125.  

 Scaparrotta, A., Attanasi, M., Di Pillo, S., & Chiarelli, F. (2013). Pediatric Lower 

Respiratory Infections.  

 Sieg, S., King, C., Huang, Y., & Kaplan, D. (1996). The role of interleukin-10 in the 

inhibition of T-cell proliferation and apoptosis mediated by parainfluenza virus type 

3. Journal of virology, 70(7), 4845-4848.  

 Stokes, A., Tierney, E. L., Murphy, B. R., & Hall, S. L. (1992). The complete 

nucleotide sequence of the JS strain of human parainfluenza virus type 3: 

comparison with the Wash/47885/57 prototype strain. Virus research, 25(1-2), 91-

103.  

 Stokes, A., Tierney, E. L., Sarris, C. M., Murphy, B. R., & Hall, S. L. (1993). The 

complete nucleotide sequence of two cold-adapted, temperature-sensitive attenuated 

mutant vaccine viruses (cp12 and cp45) derived from the JS strain of human 

parainfluenza virus type 3 (PIV3). Virus research, 30(1), 43-52.  

 Storey, D. G., Dimock, K. E. N. N. E. T. H., & Kang, C. Y. (1984). Structural 

characterization of virion proteins and genomic RNA of human parainfluenza virus 

3. Journal of virology, 52(3), 761-766.  

 Swierkosz, E. M., Erdman, D. D., Bonnot, T., Schneiderheinze, C., & Waner, J. L. 

(1995). Isolation and characterization of a naturally occurring parainfluenza 3 virus 

variant. Journal of clinical microbiology, 33(7), 1839-1841.  

  Tamura, K. (1992). Estimation of the number of nucleotide substitutions when 

there are strong transition-transversion and G + C-content biases. Molecular Biology 

and Evolution 9:678-687. 

 Tamura, K. ; Stecher, G. ; Peterson. D. ; Filipski, A. ; and Kumar, S. (2013). 

MEGA6: Molecular Evolutionary Genetics Analysis version 6.0. Molecular Biology 

and Evolution30: 2725-2729. 

 Tang, Y. W., & Stratton, C. W. (2006). Advanced techniques in diagnostic 

microbiology. New York: Springer.  



  

 Tellez, A., Perez-Brena, P., Fernandez-Patino, M. V., León, P., Anda, P., & Nájera, 

R. (1990). Acute respiratory disease in Spain: seven years of experience. Review of 

Infectious Diseases, 12(5), 745-753.  

 Teo, W. Y., Rajadurai, V. S., & Sriram, B. (2010). Morbidity of parainfluenza 3 

outbreak in preterm infants in a neonatal unit. Annals Academy of Medicine 

Singapore, 39(11), 837.  

 Tsurudome, M., Nishio, M., Komada, H., Bando, H., & Ito, Y. (1989). Extensive 

antigenic diversity among human parainfluenza type 2 virus isolates and 

immunological relationships among paramyxoviruses revealed by monoclonal 

antibodies. Virology, 171(1), 38-48.  

 Turner, P., McLennan, A., Bates, A. & White, M. 2005. Molecular Biology, 3rd 

edition: Taylor and Francis Ltd."High Risk" HPV Types Are Frequently Detected in 

Potentially Malignant and Malignant Oral Lesions, But Not in Normal Oral Mucosa 

 Vainionpää, R., & Hyypiä, T. (1994). Biology of parainfluenza viruses. Clinical 

microbiology reviews, 7(2), 265-275.  

 Van den Hoogen, B. G., de Jong, J. C., Groen, J., Kuiken, T., de Groot, R., 

Fouchier, R. A., & Osterhaus, A. D. (2001). A newly discovered human 

pneumovirus isolated from young children with respiratory tract disease. Nature 

medicine, 7(6), 719-724.  

 Van Raak, H.; Rossen , J. and van Steet.(2010). Parainfluenza virus research using a 

multiplex Real-Time RT-PCR method and viiaTM 7 real-Time PCR system. Life 

technologies.  

 Wacker, M. J., & Godard, M. P. (2005). Analysis of one-step and two-step real-time 

RT-PCR using SuperScript III. Journal of biomolecular techniques: JBT, 16(3), 

266.   

 Wang, Z. ; Gerstein, M. ; Snyder, M. .(2009). RNA-Seq: arevolutionary tool for 

transcriptomics. Nature Reviews Genetics: Vol. 10, 57-63. 

 Warnow, T (2004) ―Computational Methods in Phylogenetics‖ Computational 

Systems Biology Conference, Stanford, CA. 



  

 Watzinger, F. ; Ebner, K. ; and Lion, T. (2006). Detection and monitoring of virus 

infection by real-time PCR. Mol Aspects Med. 27(2-3): 254=98. 

 Watzinger, F.; Ebner, K. and Lion, T. (2006). Detection and monitoring of virus 

infection by real-time PCR. Mol Aspects Med. 27(2-3): 254=98.  

 Wechsler, S. L. ; D. M. Lambert ; Galinski,  M. S. ; Heineke B. E. and Pons, M. W.. 

(1985). Human parainfluenza virus 3: purification and characterization of subviral 

components, viral proteins and viral RNA. Virus Res. 3:339–351. 

 Weinberg,  G. A. ; Hall, C. B. ; Poehling,  K. A. ; Edwards,  K. M. ; Griffen, M. R. ; 

et al.(2009) parainfluenza virus infection of young children: estimation of the 

population based burden of hospitalization. Journal of pediatrics;154(5):694-9. 

 Weinberg, G. A., Erdman, D. D., Edwards, K. M., Hall, C. B., Walker, F. J., Griffin, 

M. R., ... & New Vaccine Surveillance Network Study Group. (2004). Superiority 

of reverse-transcription polymerase chain reaction to conventional viral culture in 

the diagnosis of acute respiratory tract infections in children. Journal of Infectious 

Diseases, 189(4), 706-710.  

  Wentworth,D.E.; Halpin,R.A.; Bera,J.; Lin,X.; Fedorova,N.; Tsitrin,T.; 

McLellan,M.; Stockwell,T.; Amedeo,P.; Bishop,B.;  Gupta,N.; Hoover,J.; 

Katzel,D.; Schobel,S.; Shrivastava,S.; Garcia,J.; Laguna-Torres,V.A.; Leguia,M.; 

Benavides;J.G. and Halsey,E. (2014) . Direct Submission . Submitted (04-APR-

2014) J. Craig Venter Institute, 9704 Medical Center Drive, Rockville, MD 20850, 

USA. 

 Wheeler, J.G. (1996). Evaluating the child with recurrent infections. American 

Family Physician, Vol. 54, No. 7, (November 1996), pp. 2276-2282. 

 Wheeler, J.G. and Steiner, D. (1992). Evaluation of humoral responsiveness in 

children. Pediatric Infectious Diseases Journal, Vol. 11, No. 4, pp. 304-310. 

 Woo, P. C. Y. ; Chiu, S. S. ; Seto W. ; and Peiris, M.. (1997). Cost-effectiveness of 

rapid diagnosis of viral respiratory tract infections in pediatric patients. J. Clin. 

Microbiol. 35:1579–1581. 



  

 World Health Organisation . (2001). Burden of disease in DALYs by sex and 

mortality stratum in WHO regions, estimates for 2001. The world health report 

2002, 192-197. 

 World Health Organization. (2007) .WHO Library Cataloguing-in-Publication Data 

Addressing sex and gender in epidemic-prone infectious diseases. ―This publication 

has been a joint effort of the Departments of Gender, Women and Health, and 

Epidemic and Pandemic Alert and Response, WHO, Geneva” ISBN 978 92 4 

159534 6  

 Wright,  P.  F.  (2005). Parainfluenza, p. 1998–2003. In G. L. Mandell, J. E. 

Bennett, and R. Dolin (ed.), Principles and practice of infectious diseases, 6th ed. 

Elsevier Churchill Livingstone, Philadelphia, PA. 

 Yang, K.D.; & Hill, H.R. (1991). Neutrophil function disorders: pathophysiology, 

prevention, and therapy. Journal of Pediatrics, Vol. 119, No. 3, pp. 343-354. 

 Yang,H.T.; Jiang,Q.; Zhou,X.; Bai,M.Q.; Si,H.L.; Wang,X.J.; Lu,Y.; Zhao,H.; 

He,H.B. and He,C.Q.(2011). Identification of a natural human serotype 3 

parainfluenza virus. Virol. J. 8, 58 

 Young, D. F. ; Didcock, L. ; Goodbourn, S. ; Randall, R. E. (2000). 

Paramyxoviridae use distinct virus-specific mechanisms to circumvent the 

interferon response. Virology.269, 383-90. 

 Yuan, J. S., Reed, A., Chen, F., & Stewart, C. N. (2006). Statistical analysis of real-

time PCR data. BMC bioinformatics, 7(1), 1.  

 

 

 

 

 

 

 

 



  

 

 

 

 

 

Appendixes 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Appendix (1) : Examination card for The general databases of the                                      

Parainfluenza virus in this study .   

 

Patient Information 

The Area Period Of 

Collecting 
Gender Age Patient Name  Sample 
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Physical Exam 

Breathing 

Difficulty   
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breathing   
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Discharge 

Cough Temp 
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Appendix (2) : Gene submission sequence. 

 

 

 

 

 

 



  

   



  

 

 



  

  

 



  

  



  

  

 



  

 

 



  

  

 



  

  



  

  



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Appendix (3): Ten clones of this study .   

 

 



  

 

 

Appendix (4) : GeneBank Submission Massage 

 

 



  

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

  CLUSTAL O(1.2.1) multiple sequence alignment . 

 

 

 

 



  

 

 

 

 



  

 

 

  

 



  

 

 

 

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

CLUSTAL O(1.2.1) multiple sequence alignment . 

 

 



  

 

 

 

 

 



  

 

 

 

 

 

 



  

 

Appendixes (7) : Nucleotide Identity  Percent estimate  HPIV-1. 

 

Appendixes (8) : Nucleotide Identity  Percent estimate  HPIV-3. 

 



  

Appendixes (9):Percent Identity  Matrix - created by Clustal2.1 HPIV-1. 

  

 

Appendixes (10): Percent Identity  Matrix - created by Clustal2.1 HPIV-3.  

 

 

 

 

 

 

 

 

 



  

Appendixes (11) : Sequences producing significant alignments for  HPIV3  

 

Appendixes (12) : Sequences producing significant alignments for HPIV1 

 

 

 

  



  

 الخلاصت .

( احس أْى انفٛطٔؼبد انزٙ رصٛت انًًطاد انزُفؽٛخ انؼهٛب ٔ انؽفهٗ فٙ  HPIVٚؼس فٛطٔغ َظٛط الأَفهَٕعا انجشط٘ )  

( فٙ الأذًبط انزُفؽٛخ ٔ  RSVالأغفبل كًب ٚؼس انًؽجت انضبَٙ يٍ َبحٛخ الأًْٛخ ثؼس انفٛطٔغ انًرلأ٘ انزُفؽٙ ) 

 ذصٕصب فٙ الأغفبل ٔ أٌ كم شرص ٚزؼطض نلإصبثخ ثّ ػهٗ الأقم يطح ٔاحسح فٙ حٛبرّ .

ثبنُظط نلأًْٛخ انؽطٚطّٚ نٓصا انفٛطٔغ صًًذ انسضاؼخ انحبنٛخ نزقٛٛى ثؼط انًظبْط انؽطٚطٚخ ٔ انٕثبئٛخ ٔ انزحط٘ 

( ٔ شنك ػٍ غطٚق انزٕصٛف انغعٚئٙ ٔ انزحهٛم  local predominant genotypes ػٍ انؼزط انًحهٛخ انؽبئسح )

 ( ٔ ثبنًقبضَخ يغ انؼزط انًطعؼٛخ انًؽغهخ ػبنًٛب .  Phylogenetic analysisانفٛهٕعُٛٙ )

يؽحخ أَفٛخ فٙ الأغفبل انًصبثٍٛ ثأيطاض رُفؽٛخ حبزح ٔ انصٍٚ ازذهٕا فٙ يؽزشفٛبد الأغفبل فٙ  خرى عًغ صلاصًبئ

 ٔ ثؼس أذص انًٕافقخ انزحطٚطٚخ . 2015إنٗ آشاض  2015ح يٍ شٓط كبٌَٕ انضبَٙ يحبفظخ انًضُٗ نهفزط

ٔ قس ؼغهذ انؼلايبد انؽطٚطّٚ انًطافقخ نلإصبثخ يضم انحًٗ , صؼٕثخ انزُفػ , أظٚع , انؽؼبل , ٔ انططٔحبد الأَفٛخ , 

 . ٔ رى حؽبة انؼلايبد الأكضط حسٔصب ثًُٛب ؼغم أكضط يٍ ػلايخ ؼطٚطّٚ فٙ َفػ انٕقذ

أظٓطد انسضاؼبد انؽطٚطّٚ إٌ انُؽجخ نلإصبثخ ثبلأذًبط انزُفؽٛخ انحبزح كبَذ اػهٗ َؽجخ فٙ يُطقخ انطيٛضخ ثُؽجخ 

% ٔ انُؽجخ 54,33% .. ٔ انُؽجخ انكهٛخ نلإصبثخ نهصكٕض كبٌ 1,33% ٔ اقم َؽجخ إصبثخ فٙ يُطقخ انرعط ثُؽجخ 38

 % .45,66انكهٛخ نلإَبس 

( نهزحط٘ ػٍ عٍٛ   RT-RT-PCRرفبػم ؼهؽهخ انجهًطح ثبنٕقذ انحقٛقٙ ) –ؽبخ انؼكؽٙ رى اؼزرساو رقُٛخ الاؼزُ

( ٔ شنك ػٍ غطٚق اؼزرساو ثبزئبد يزرصصخ  HPIV )(  نفٛطٔغ َظٛط الأَفهَٕعا انجشط٘   NPانجطٔرٍٛ انُٕٔ٘ )

(primers   ( يغػ يزرصص أٚعب ٔ )Tag Man prop . ) 

( ثبؼزرساو رقُٛخ رفبػم ؼهؽهخ انجهًطح HPIV ) ٔقس أظٓطد انُزبئظ إٌ َؽجخ الإصبثخ ثفٛطٔغ َظٛط الأَفهَٕعا انجشط٘ 

 % .45,38( كبَذ  RT-PCRثبنٕقذ انحقٛقٙ ) 

يغ  36,66% ثًُٛب َؽجخ إصبثخ الإَبس 61,11َزبئظ َؽجخ الإصبثخ رجؼب نهغُػ أظٓطد إٌ َؽجخ إصبثخ انصكٕض كبَذ 

ثٍٛ إصبثخ انصكٕض ٔالإَبس . َزبئظ يؼسل الإصبثخ ثٕاؼطخ اؼزرساو رقُٛخ الاؼزُؽبخ   (p≤0.01)بد يؼُٕٚخ ػُساذزلاف

% ( فٙ 0% ٔ 0% , 25% , 33,3% , 38,5% , 50,1% , 47,5% , 58,3انؼكؽٙ رجؼب نًُبغق الإصبثخ كبَذ ) 

س ٔ انرعط ( ػهٗ انزٕانٙ . انؽًبٔح أظٓطد اػهٗ ) انؽًبٔح , انطيٛضخ , انٓلال , انٕضكبء , انؽٕٚط , انُغًٙ , انًغ

.انًغس ٔ   (P≤0.01)% يغ اذزلافبد يؼُٕٚخ ػُس 25% ثًُٛب انُغًٙ  كبٌ يغ اقم َؽجخ إصبثخ يغ 58,3َؽجخ إصبثخ 

انرعط نى ٚؽغلا أ٘ َزبئظ يٕعجخ . ٔقس ٔ عسد اذزلافبد يؼُٕٚخ يغ ثٍٛ يُطقخ انطيٛضخ ٔ انٓلال ػُس يؽزٕٖ يؼُٕٚخ  

(p≤0.01)    يغ انًُبغق الأذطٖ .ٔ قس ٔعسد اذزلافبد يؼُٕٚخ ثٍٛ انٕضكبء ٔ انًُبغق الأذطٖ ػُس يؽزٕٖ يؼُٕٚخ 

.(p≤0.01)ٔعسد اذزلافبد يُٕٚخ ثٍٛ يُطقخ انؽٕٚط يغ انًُبغق الأذطٖ ػُس يؽزٕٖ يؼُٕٚخ ٔ(p≤0.01)   ٔعٕز .



  

. ٔنى رٕعس اذزلافبد يؼُٕٚخ  (p≤0.01)ٕٖ يؼُٕٚخ  اذزلافبد يؼُٕٚخ ثٍٛ يُطقخ انُغًٙ ٔ انًُبغق الأذطٖ ػُس يؽز

 ثٍٛ انًغس ٔ انرعط ػُس يغ انًُبغق الأذطٖ . 

(  convential PCRرى رأكٛس فحص ًَبشط ػشطح يٕعجخ يرزبضح ٔ شنك ثبؼزرساو رفبػم ؼهؽهخ انجهًطح انزقهٛس٘ )

 ( . NP( )523 bpثٕعٕز انجبزئبد انًزرصصخ نهزحط٘ ػٍ عٍٛ انجطٔرٍٛ انُٕٔ٘ )

( نؼشطح يٍ َزبئظ رفبػم انجهًطح ٔ ثؼس رؽغٛهٓب فٙ انًطكع انٕغُٙ   sequencingأظٓطد َزبئظ انزحهٛم انغُٛٙ ) 

( ٔ ثؼس ررصٛص ػسز  GenBank ( ٔ ثُك انغُٛبد فٙ انٕلاٚبد انًزحسح          )  NCBI نهًؼهٕيبد الإحٛبئٛخ )

,  HPIV-1 (KT763053  ,KT763054  ,KT763055ؼجؼخ يُٓب كبَذ   .accession NOاَعًبو 

KT763056  ,KT763057  ,KT763058  ,KT763060 ) صلاصخ يُٓب كبَذ ٔHPIV-3  (KT763052 , 

KT763059  ,KT763061)  فٙ حٍٛ نى رؽغم انؼزطHPIV-2 , HPIV-4   فٙ ْصِ انسضاؼخ كًب ظٓط فٙ انزحهٛم

,  KT763053) (  phylogenetic treeٔثُبء انشغطح انفٛهٕعُّٛٛ )  ( phylogentic analysisانغُٛٙ ) 

KT763054   أظٓطد َؽجخ رطبثق ػبنٛخ يغ )(EU346886.1,) ( انزٙ ػعنذ يٍ نزٕاَٛب, ٔ يغ ٔJQ901971.1 

 ,( D01070.1  انزٙ ػعنذ يٍ انٕلاٚبد انًزحسح . ٔ ػعلارُب كصنك أظٓطد َؽجخ رشبثّ يغ انؼعلاد ٔ 

(AF457102.1 , JQ902004.1 , KF530212.1 , KF687311.1 , KF530203.1)  ٍانزٙ ػعنذ ي ٔ

 . س( ٔ انزٙ ػعنذ يٍ ربٚلاَ(KM190940.1 ٔانزٙ ػعنذ يٍ انٛبثبٌ ٔ يغ  (S38060.1)انٕلاٚبد انًزحسح  , 

أظٓطد َؽجخ ( KT763055 , KT763056 , KT763057 ) KT763058, KT763060 ثًُٛب انؼعلاد 

أظٓطد َؽجخ رطبثق ػبنٛخ يغ   (KT763061)ٔ انزٙ ػعنذ يغ انٕلاٚبد انًزحسح .   (M62850.1) يغ رطبثق ػبنٛخ

 (M11849.1 M14552.1 انزٙ ػعنذ يٍ رشٛهٙ ,ٔ يغ ٔ )(X04612.1)    انزٙ ػعنذ يٍ انُٓس , ثًُٛب انؼعلاد ٔ

(KT763052 , KT763059)  أظٓطد َؽجخ ػبنٛخ يغ(EU346887.1)  انزٙ ػعنذ يٍ نٛزٕاَٛب . كًب أظٓطد ٔ

( ٔ انزٙ U51116.1  Z11575.1 , KJ672605.1 , KF530245.1ػعلارُب َؽجخ رشبثّ ػبنٛخ يغ انؼعلاد )

ٔ انزٙ ػعنذ يٍ  (FJ455842.2)ٔ انزٙ ػعنذ يٍ انٛبثبٌ , ٔيغ  (AB736166.1) ػعنذ يٍ انٕلاٚبد انًزحسح ,

 انصٍٛ .

ٚؼزجط احس اْى انًؽججبد انًطظٛخ نهغٓبظ انزُفؽٙ فٙ انطظغ ٔ الاغفبل فٙ انًضُٗ ٔ ٚؼزجط انُٕع  HPIVفٙ انرزبو 

HPIV1   وHPIV2    ُٙٛانُٕع انؽبئس انًؽغم فٙ يُبغق انسضاؼخ انًرزهفخ . انزحهٛم انغPhylogenetic 

analysis  خ يضم انٕلاٚبد انًزحسح ٔ اظٓطد رطرٛت انؽلالاد انؼطاقٛخ يٍ ْصِ انسضاؼخ يغ يُبغق اذطٖ يرزهف

 لارٕاَٛب ٔ رشٛهٙ ٔ غٛطْب .

 

 

 



  

 

 جوهىرٌت العراق

 وزارة التعلٍن العبلً والبحث العلوً

   جبهعت الوثٌى

    كلٍت العلىم

فً الرضع و الأطفبل  parainfluenza   التحري الجسٌئً لفٍروش

 فً هحبفظت الوثٌى  

  

 رسبلت 

عبيؼخ انًضُٗ ْٔٙ ععء يٍ يزطهجبد  انؼهٕو ,قؽى ػهٕو انحٛبح, كهٛخ  إنٗيقسيخ 

 انًغٓطٚخ الأحٛبء / يبعؽزٛط ػهٕو فٙ ػهٕو انحٛبح زضعخَٛم 

 

 يٍ قجم انطبنجخ

 أبرار عبذالله كبظن 

 (3102)ثكبنٕضٕٚغ ػهٕو انحٛبح 

 

 ثإشطاف
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