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Abstract
Background: Humanrespiratory syncytial virus (HRSV) is the major viral cause of
acute lowerrespiratory tract infections (ALRTI) in children. There are limited data about

the viral causes of ALRTI and the molecular epidemiology of HRSV in developing

countries, such as Jordan.

Objectives: To examine the prevalence of HRSV, and other potential aetiological

respiratory tract pathogens including human metapneumovirus (HMPV), human
bocavirus (HBoV), human coronaviruses (HCoV)-NL63 and HCoV-HKUI, human
rhinoviruses (HRV), human adenoviruses (HAdV), influenza viruses A (FLUA) and B
(FLUB), human parainfluenza viruses (HPIV) 1-4, Mycoplasma pneumoniae, and
Chlamydia spp., in a hospital-based paediatric population. To examine the molecular

epidemiology and disease severity of HRSV in relation to other potential respiratory

pathogensin hospitalized Jordanian children.
Methods: Between December 2003 and May 2004, a total of 326 nasopharyngeal

aspirates (NPAs) were collected from Jordanian children younger than 5 years of age

hospitalized with ALRTI. Total RNA and DNA were extracted separately from the

NPAs by using commercial kits. The genome of HRSV was detected by reverse

transcription-polymerase chain reaction (RT-PCR). HRSV-positive strains were

classified into two subgroups A and bytherestriction fragment length polymorphism

(RFLP)analysis of the nucleoprotein (N) gene using 5 restriction endonucleases (HindIII,

Pst 1, Bgl Il, Rsa 1, and Hae II1). HRSV amplicons were typed into six nucleoprotein

genotypes (NPI-NP6) onthe basis of their restriction endonuclease digestion profiles.

RT-PCR was also used for the detection of HMPV, FLUA, FLUB, HPIV 1-4, HRV,

HCoV-NL63, and HCoV-HKU1. PCR wasused to detect HBoV, HAdV, Mycoplasma

pneumoniae, and Chlamydia spp.

Results: Overall a potential pathogen was detected in 252/326 (77.3%) of children.

HRSV was the most frequently detected pathogen (140/326: 43%). HRSV was found

more frequently during the winter (January/February), being less frequent or negligible

by spring (March/April). Analysis of 135 HRSV-positive strains using RFLP showed

that 94 (70%) belonged to subgroup A, and 41 (30%) to subgroup B. There were also

two cases of mixed genotypic infection. Only four of the six previously described N

genotypes were detected with NP4 predominating. There were no associations between

subgroup or NP-genotype and disease severity. HRSV wassignificantly associated with

more severe ALRTI and the median age of children with HRSV waslowerthan for those

without. Next in order of frequency were HAdV (116/312: 37%), HBoV (57/312: 18%),

HRV (36/325: 11%), Chlamydia spp (14/312: 4.5%), HMPV (8/326: 2.5%), HCoV-NL63

(4/325: 1.2%) and FLUA (2/323: 0.6%). FLUB, HPIV 1-4, HCoV-HKUI and ©.

pneumoniae were not detected.

Conclusion: This study has confirmed that HRSV is the most frequent cause of severe

ALRTIin young children in Jordan. The recently-described HMPV, HBoV,and HCoV-

NL63 havealso been identified as significant causes of community-acquired ALRTI in

the same study population. Further studies over longer periods of time are warranted to

better determine the role of the different HRSV genotypes in the epidemiology and the

severity of disease andtheir inter-relationship with other respiratory pathogens. This

information could inform better therapeutic approaches and vaccine development for

ALRTI.
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Chapter 1 General Introduction

1.1 Acute Respiratory Infections

Acute respiratory infection (ARI) is a major cause of illness and death worldwide

(Murray and Lopez, 1997). ARI contributes to more morbidity and mortality than

HIV infection, malaria, cancer, or heart attack (Mizgerd, 2006). Although ARIis the

third most common cause of death overall, it is the major cause of death in children

outside the neonatal period; and an estimated 2 million deaths occur in children <5

years of age predominantly in developing countries (Bryceet al., 2005).

A broad spectrum ofpossible causative agents including a variety of viruses, bacteria,

and fungi is associated with ARI. In children, the atypical bacterial pathogens, such

as Mycoplasma pneumoniae and Chlamydia pneumoniae, seem to have a more

important role in causing ARI than previously thought (Principi and Esposito, 2001).

Although often self-limiting in healthy adults, viral ARI remains a leading cause of

morbidity and mortality of the very young, of immunocompromisedindividuals, and

of elderly populations (Gillim-Ross and Subbarao, 2006). Viral ARI is also

associated with a substantial economic loss and social impact. Viral ARI leads to

more than 400,000 hospitalizations per year in children less than 18 years of age in

the United States (Henricksonetal., 2004).



1.2. Respiratory Viruses

The respiratory viruses (RV) most frequently associated with ARI in children include

human respiratory syncytial virus (HRSV), human coronaviruses (HCoV), human

rhinoviruses (HRV), human adenoviruses (HAdV), influenza viruses (FLUV), and

human parainfluenza viruses (HPIV). However, HRSV is the most important viral

cause of ARIin infants and young children in terms of prevalence and effect (Shay et

al., 2001).

Large-scale molecular screening for viral genome sequences continuesto identify new

agents that are also putatively responsible for this nonspecific clinical syndrome of

ARI, such as human metapneumovirus (HMPV) (van den Hoogen et al., 2001),

human bocavirus (HBoV) (Allanderet al., 2005), HCoV-NL63 (van der Hoeket al.,

2004), and HCoV-HKU1 (Slootset al., 2006).

Theaetiological infectious agent responsible for approximately a third of viral ARI is

often not identified suggesting that previously unknown pathogens maybecirculating

and mayberesponsible for a substantial proportion of ARI. This confirmsthat the list

of the new respiratory viral pathogens (Table 1.1) is more likely to expand and

include new members.
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1.3. Risk Factors for Acute Respiratory Infections

Indicators of severity of ARI include requirement for and duration of hospitalization,

use of oxygen therapy, demand for intensive care and mechanical ventilation, and

death. The risk factors associated with an increased chance of development of severe

ARIinclude host, birth-related and underlying diseases, and environmental factors

(Constantopouloset al., 2002, Aujard and Fauroux, 2002).

1.3.1 Host Risk Factors

Host factors associated with ARI include prematurity, birth-weight, month of birth,

age and atopy. Ethnicity, male sex, and body mass of <5 kg are also important

contributing factors (Rossi et al., 2007).

It has been reported that prematurity is an important risk factor for severe ARI in

children, and accounted for approximately 17% of HRSV-related hospitalizations

(Deshpande and Northern, 2003). It seems that the associated immaturity of the

immune system, low birth weight, and airway and lung immaturity are the main

contributing factors.

The incidence of ARIin the first six months of life is generally low as children are

protected by the transplacentally-acquired IgG antibody. The peak incidence of ARI

is between the ages of 6 months and 5 years, with exposure through older siblings or

day care attendance being the most critical determinant. Studies have foundillness

rates for both otitis media (OM) and acute lowerrespiratory tract infections (ALRTI)



to be substantially higher in boys than girls under the age of 6 years (Marburyetal.,

1997, Schwartz et al., 1994). Children born in the winter months, when the

prevalence of ARIis high, are at higher risk of contracting an ARI, particularly if they

are not breastfed. Children of low birth-weight, from poor socioeconomic

backgroundsare also at higher risk of ARI, particularly pneumonia (Greenoughetal.,

1996).

Although the role of atopy in the development of severe HRSV infectionis still not

clear, children with atopy appear to be more likely to suffer severe HRSV infection

and to require hospital admission (Sigurs et al., 1995). However, it was found that

there was no association between ALRTI due to HRSV in early childhood and the

subsequent developmentof atopic status up to the age of 13 years (Stein et al., 1999).

Underlying medical conditions associated with increased severity of ARI include

chronic lung diseases (Arnold et al., 1999), congenital heart diseases (Kanekoetal.,

2001), and immunosuppression. Immunocompromised children include those with

severe combined immunodeficiency, human immunodeficiency virus (HIV) infection,

or children receiving chemotherapy for malignant diseases. Chronic lung diseases

include neonatal lung abnormalities such as bronchopulmonary dysplasia, cystic

fibrosis, recurrent aspiration pneumonia, pulmonary malformations, neurogenic

disorders, and tracheo-oesophageal fistula. It has been reported that about 75% of

children with bronchiolitis admitted to paediatric intensive care unit (PICU) had

underlying respiratory or cardiac conditions (Hodge and Chetcuti, 2000). Similar to

children, the elderly with underlying heart and lung conditions such as chronic



obstructive pulmonary disease (COPD) and congestive heart failure are at higher risk

of developing severe ARI (Falsey and Walsh, 2000).

1.3.2. Environmental Risk Factors

Environmental factors associated with increased risk of developing ARI include

exposure to air pollution and passive tobacco smoke, low socioeconomicstatus,

malnutrition, household overcrowding, attendance to day-care centres, and lack of

breastfeeding (Handforth et al., 2000).

Exposure to indoorair pollution originating from the combustion of biomass (wood,

charcoal, agricultural residues) has been implicated as a causal factor of respiratory

diseases in developing countries (Ezzati and Kammen. 2001).

Passive exposure to tobacco smokeis an importantrisk factor for severe ALRTI, and

higher risk has been associated with smokers in the household (Koch et al., 2003).

Howeverhigher risk has been reported with the exposure occurring before birth and

in particular maternal smoking during pregnancy (Aujard and Fauroux. 2002).

Children of low socioeconomic status living with a single mother and those living

with more siblings at homeare at higher risk of developing severe ARI. This risk is

often combined with a lack of access to medical care and poor maternal education

(Lacaze-Masmonteil et al., 2004). Children of higher socioeconomic status have a

lowerrisk of developing severe ARI (Handforth et al., 2000).



ARI is more common among malnourished children, who particularly suffer from

considerable impairmentin their cellular immunity, than well-nourished children; and

the incidence of ARI increases as the nutritional status deteriorates (Kaushik et al.,

1995).

Children in day care centres have been shown to have not only more ARI but also

infections of longer duration (Wald et al., 1991).

Breastfeeding provides protection against ARI and other infections in newborns and

infants (Cushingetal., 1998). It has been proposed that colostrumcontains both anti-

HRSVIgA and lactoferrin which may have important antiviral properties, and breast

milk promotes lung maturation, perhaps through prolactin (Hanson, 1998). It has also

been reported that breastfeeding for less than six months is associated with an

increased risk for hospital and clinic visits, and hospitalization due to ALRTI (Oddy

et al., 2003).

1.4 Clinical Presentation and Classification of Acute Respiratory Infections

The typical signs and symptoms of viral ARI in children are characteristically

nonspecific and include fever, nasal congestion, rhinorrhoea, sore throat, headache,

hoarseness, cough, dyspnoea, and wheezing (Falsey and Walsh, 2000). ALRTI are

also characterized by inter- and sub-costal indrawings, cyanosis, and feeding

difficulty in infants. However, there are no described distinct clinical signs

differentiating between the different causative viral agents.



The most commonly classification method used and the one preferred by most

clinicians, is by the site of primary pathology, with separation of upper from lower

respiratory tracts at the level of the larynx.

1.4.1. Upper Respiratory Tract Infections

Little is known about the frequency of acute upper respiratory tract infections

(AURTI) as generally they are common, have few complications, and resolve

spontaneously without medical attention. AURTI symptomsare not clear-cut, and

there is strong overlap with hay fever symptoms.

1.4.1.1 Seasonal Colds

Seasonal colds represent a clinical syndrome of upper respiratory signs and symptoms

which include rhinorrhea, sore throat, sneezing, cough, and watery eyes. None of

these symptomsor their combinations is pathognomonic for any specific RV.

1.4.1.2 Acute Otitis Media and Sinusitis

The incidence of OM is greatest in young children between 6 and 18 monthsofage,

and 90% of all children have at least one episode of acute OM bythe age of 2 years

(Hendersonetal., 1982).

RVs have been implicated in the pathogenesis of OM. The inflammatory reaction to

the virus, leading to incomplete or complete blockage of the eustachian tubes and

subsequent invasion by bacteria, is a likely mechanism for virus-induced OM



(Heikkinen et al., 1999). HRV have been increasingly appreciated as causes of acute

OM andsinusitis. HRSV is the cause of 15% of acute OM cases in children andit

accounts for one-third of viral causes. Other viral causes include HPIV, HAdV,

enteroviruses, and FLUV (Patel et al., 2007, Revai et al., 2007). HRV was the

predominantvirus recovered in the middle ear cavities of children with asymptomatic

OM with effusion in one study (Chantzi et al., 2006). Ear involvement of viral

infections has also been seen in adults (Louie et al., 2005).

Complications such assinusitis, mastoiditis, epiglottitis and peritonsillar abscesses are

uncommonand dependent on several factors, including the child’s age and offending

organism. Sinusitis occurs in 10% of adult patients with acute RV infections; and

HRSV, FLUV,and picornaviruses appear to be the most commonly involved (Louie

et al., 2005).

1.4.2 Lower Respiratory Tract Infections

ALRTI are classified by the primary anatomical site affected and include

laryngotracheobronchitis, bronchiolitis, bronchitis and pneumonia. Although more

than one site is affected, most patients have a predominant site of involvement.

Bronchiolitis and pneumonia are usually the hallmark of severe ALRTI.

1.4.2.1 Laryngotracheobronchitis

Laryngotracheobronchitis (croup) is a commonillness of young children. Theclinical

diagnosis of croup is based on a combination of symptoms of coryza, fever,



hoarseness, harsh barking cough, stridor, and respiratory distress, which is usually

worse at night. Croup is usually mild and self-limiting; however it can occasionally

cause severe obstruction requiring hospitalization. Therefore, it is very important to

exclude otherclinically similar conditions, such as foreign body inhalation.

The majority of cases of viral croup are caused by HPIV. HPIV type | appears to be

more commonly involved than types 2, 3 and 4 (Rosekrans, 1998). However, HRSV,

HAdV, HMPV, FLUV,and recently HCoV-NL63 and HBoV have been described as

causes of croup (Nichols et al., 2008).

1.4.2.2 Bronchiolitis

Bronchiolitis is the best known ALRTI of young children. The characteristic clinical

presentation of bronchiolitis is that of a young infant with symptomsof a cold, with

rhinitis or nasal congestion followed within a couple of days by fever, intermittent

cough and sometimes wheezes. Bronchiolitis is the most common cause of

hospitalization of small infants in developed countries (Noyolaet al., 2007). HRSV is

the leading cause of bronchiolitis, however other RV such as HMPV, FLUV,and

HCoVshave also been shownto cause the disease (Nichols et al., 2008). A recent

study showed that lytic viral infection of the bronchial tissue is the dominant

pathogenic mechanism in children with bronchiolitis (Welliveret al., 2007).
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1.4.2.3 Bronchitis

Acute bronchitis is generally seen in association with AURTI. The hallmark of

clinical presentation is the presence of cough thatis initially dry and irritating but,

with the natural progression of illness, becomes moist and productive over 7-10 days.

Bronchitis is the most common cause of chronic cough in children (Marchantet al.,

2006).

1.4.2.4 Pneumonia

Pneumonia is most commonin children under the age of 2 years, with incidence rates

of 40 per 1000 in preschool-aged children, and 9 per 1000 in children aged 9-15 years

(Glezen and Denny, 1973). Although the majority of cases of pneumoniahavea viral

aetiology, common typical bacteria cause a considerable proportion of cases. The

bacteria often responsible for pneumonia, most commonly Streptococcus pneumoniae

and Haemophilus influenzae, are oropharyngeal flora. A preceding viral infection

facilitates the passage of these bacterial commensals into the lowerrespiratory tract.

The signs and symptomsof bacterial and viral pneumonias overlap, often making

specific diagnosis more difficult.

RVsare increasingly recognized as a cause of community-acquired pneumonia in

adults, especially the elderly, and children. Up to 20-25% of cases of community-

acquired pneumoniain adults are due to RV with FLUV and HRV the leading causes

(Jennings et al., 2008). HAdV is also a well-known cause of pneumonia in military

recruits (Wadell et al., 1980). HRSV, HPIV, HCoV, HAdV,enteroviruses, HBoV,
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and HMPVhavealso been described as causes of community-acquired pneumonia in

young immunocompetentadults as well as in the elderly (Nichols et al., 2008).

1.4.2.5 Exacerbation of Asthma or Chronic Obstructive Pulmonary Disease

ARI have frequently been detected in infants with recurrent airway obstruction

(wheezing), and in older children and adults with asthma exacerbations (Schildgen et

al., 2008). In fact, the highest frequency of laboratory confirmations of ARI are

described by studies of children with acute expiratory wheezing, and usually

attributed to viruses.

A causative role of RV in the initiation and progression of asthma remains a

controversial issue. However, it is well established that common RV, such as HRV,

can cause wheezing in some children and that infection with these viruses may induce

exacerbations of reactive airway disease or asthma (Johnstonet al., 1996).

RV including FLUV types A and B, HCoV, HRV, HRSV, and HMPV are an

important trigger for both COPD and asthma exacerbations (Proud and Chow, 2006).

Acute wheezing episodes are a common, epidemic and seasonal manifestation ofviral

ARIin children of all ages, but especially among males and during the first year of

life (Rakeset al., 1999).
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1.4.3. Infections of Respiratory Viruses in the Immunocompromised Hosts

1.4.3.1 Haematologic Malignancies and Haematopoietic Cell Transplant

HRSV is a common cause of fatal ARI in haematopoietic cell transplant (HCT)

recipients with a mortality rate ranging from 6.5 to about 80% with the greatest

mortality risk in patients with severe ALRTI and in those in whom treatment is

significantly delayed (Ison, 2009). HMPV can cause AURTI and fatal interstitial

pneumonia in HCTrecipients (Englundet al., 2006). HCT from an unrelated donor

has been identified as a risk factor for acquisition of HPIV; and HPIV type 3 is most

commonly detected in HCTrecipients followed by serotypes 1 and 2 (Nichols et al.,

2001).

1.4.3.2 Solid Organ Transplantation

RV can cause major morbidity and mortality in solid organ transplantation (SOT)

recipients. RV have been implicated in pneumonia and chronic rejection in lung

transplant recipients with the highest morbidity reported with HRSV, FLUV, and

HPIV (Nichols et al., 2008). HAdV infection may result in pneumonia, hepatitis,

haemorrhagic cystitis, nephritis, enterocolitis and disseminated disease in SOT (Ison,

2006).
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1.4.3.3 Human Immunodeficiency Virus Infection

The frequency of RV infections appears to be higher in HIV-infected patients but the

clinical course appeared to be less severe (Mendoza Sanchezetal., 2006).

1.4.3.4 Elderly persons

HRSV infections accounted for 10.6% of elderly hospitalizations for pneumonia,

11.4% for COPD, 5.4% for congestive heart failure, and 7.2% for asthma (Falsey et

al., 2005). HRSV and HMPV havealso been reported to cause outbreaks in chronic

care facilities (Boivinet al., 2002, Falsey et al., 2006).
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Chapter 2 General Methodology

2.1 Study Design

This was a prospective cross-sectional descriptive study.

2.2 Objectives of the Study

- To determine the prevalence and evaluate the role of the following respiratory tract

pathogens as aetiologic agents of community-acquired ARI in a hospital-based

paediatric population younger than 5 years of age in Jordan; human respiratory

syncytial virus (HRSV), human metapneumovirus (HMPV), human_bocavirus

(HBoV), human coronavirus (HCoV)-NL63 and HCoV-HKU1, human rhinoviruses

(HRV), human adenoviruses (HAdV), influenza viruses (FLUV) types A (FLUA) and

B (FLUB), human parainfluenza viruses (HPIV) types 1-4, Mycoplasma pneumoniae

and Chlamydia spp.

- To examine the molecular epidemiology of HRSV and to compare disease severity

of HRSV subgroups A and B andtheir associated genotypes in relation to other

potential respiratory pathogens.

2.3 Study Location

This study was conducted in Amman,the capital city of the Hashemite Kingdom of

Jordan (HKJ). Ammanis situated approximately at latitude 31° north and longitude

35° east. The city lies in a hilly area of northwestern HKJ at 773 meters altitude
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abovethe sea level. The HKJ is located in Southeast Asia. It is bordered on the north

by Syria, on the south by Saudi Arabia, on the east by Iraq, and on the west by Israel

and West bank as shown in figure 2.1. It is landlocked except at its southern

extremity, where nearly twenty-six kilometers of shoreline along the Gulf of Aqaba

provide access to the Red Sea.

Figure 2.1 MapofJordan

 

 
The HKJ is about 91,880 square kilometers with limited natural fresh water resources.

Most of the country receives less than 120 millimeters of rain a year and may be

classified as a dry desert. The HKJ has a Mediterranean-style climate with a

relatively rainy winter season from November to April, and a very dry and hot

summer season reaching a peak during August. January is usually the coolest month

of the year. It usually snows a couple of times in the HKJ.
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According to the Annual Health Statistical Report 2007 (AHSR 2007) of the Ministry

of Health, the estimated population of the HKJ is 5,723,000 (82.6% urban, and 17.4%

rural), with a population growth rate of 2.2%, and a life expectancy at birth of 73

years (71.6 for males, and 74.4 for females). The total fertility rate is 3.6 children

born/woman (3.7 in urban, and 3.6 in rural areas). 37.32% of population is <14 years

of age, 49.41% between 15-44 years, 10.02% between 45-64 years, and 3.25% >65

years old. The under-five mortality rate is 22.5/1000 children <5 years (22/1000 for

males, and 23/1000 for females). The infant mortality rate is 20/1000 live births

(20/1000 for males, and 20/1000 for females).

The governmentof the HKJ utilizes a traditional three-tier health system consisting of

health care units, health centres and hospitals. In the country, there are 615 health

care units, 777 health centres, and 103 hospitals with a total capacity of 11,043 beds.

There are 26.7 physicians, 33.6 nurses, and 19.3 beds per 10,000 populations.

Ammanhasa population of 2,216,000 inhabitants. In Amman, there are 52 hospitals

with a total capacity of 6,179 beds (28 beds/10,000 population).

Vaccination coverage for children <1 year is 98%-100% for Diphtheria-Tetanus-

Pertussis (DTP), measles, poliomyelitis, and Hepatitis B.

The most commonly reported diseases in 2007 are diarrhoeal diseases (143,111

cases), non-meningococcal meningitis (778 cases), Hepatitis A virus infection (387

cases), cutaneous leishmaniasis (354 cases), brucellosis (222 cases), and

schistosomiasis (114 cases) (AHSR 2007).
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2.4 Study Period

According to the original study design, we had intended to start enrolment of

hospitalized patients and collect clinical specimensstarting from 1* of June 2003 for a

period of twelve consecutive months. Unfortunately, the first patient was admitted

and enrolled in the present study on the 1° of December 2003. Furthermore, the

specimen collection process had to be concluded on the 31° of May 2004 due to

unforeseen circumstances. Therefore, the study was practically conducted over a

period of six months only starting from 1“ of December 2003 to 31° of May 2004.

ARI are highly prevalent in Amman, Jordan during this cold period of the year which

correspondsto the winter and the spring.

2.5 Study Population

Enrolment Criteria

- Children younger than 5 years of age (<60 months).

- Clinical diagnosis of ARI.

- Hospitalization for less than 48h.

Children younger than 5 years of age with ARI admitted to the paediatric hospital

wards of King Hussein Medical Centre (KHMC) and Queen Alia Hospital (QAH),

Amman, Jordan were enrolled in the study. KHMCis a 1000-bed tertiary referral

hospital, and QAHis a 250-bed district general hospital. Both hospitals belong to the

Royal Medical Services of the Jordanian Armed Forces, and provide hospital
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paediatric care for Amman and its surroundings. Patients were recruited

consecutively at the time of consultation and irrespective of the severity of their

illness. Patients admitted out-of-hours were assessed either by the on-call

paediatrician or early the following morning. The clinical diagnosis of ARI and

assessment of its severity was made by using the World Health Organization standard

protocol for ARI based on the presence of cough, tachypnoea, chest indrawing, and

wheezing for <7 days duration (Pio, 2003). Severe disease was defined as present in

children with a respiratory rate >60/min and chest indrawing. Oxygen saturation

(pO) was measured by using pulse oximetry (Nellcor Puritan Bennett NPB-195, UK)

and a pO) <85% was used as the cut-off for giving supplementary oxygen. A

standardized questionnaire (Appendix 1) containing clinical, socio-demographic,

therapeutic, and outcome data was completed for each patient by interviewing his

parent or legal guardian.

2.6 Informed Consent

The patients were enrolled for participation in the study after obtaining signed written

informed consent from their parents or legal guardians. The general purpose,

procedure, and possible consequences of the study were clearly indicated in the

informed consent form (Appendix 2, 3), and fully explained to the parents or legal

guardians of the child by the investigator. The researcher ascertained that the parents

or legal guardians understood the information, and answered any questions or

enquiries before obtaining their signature. Parents or legal guardians were also

explicitly informed that participation of their children in this study was completely

voluntary, and that accepting or declining to participate would have no effect on the
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quality of medical care provided. The identities of the enrolled children were kept

confidential.

Dal Ethical Approval

This study was approved by the Medical Research Ethical Committee of the Royal

Medical Services, King Hussein Medical Centre, Amman,Jordan.

2.8 Statistical Analysis

Data were entered into computer database. Epi Info Version 3.3.2 (Centers for

Disease Control, Atlanta, USA) was used for statistical analysis by applying Chi

Square and Student’s t-tests. P values <0.05 were consideredstatistically significant.

2.9 Collection, Storage, and Transport of Specimens

Sterile nasopharyngeal mucousextractors (Unoplast, Denmark) were used for direct

aspiration of nasopharyngeal aspirates (NPA) from all enrolled patients within 48h of

their admission to the hospital. However in the small babies, a size 5 or 8 French

polyethylene paediatric feeding tube was attached to the mucus collection trap. The

tube was passed into the nasopharynx, Iml sterile phosphate-buffered saline (PBS)

instilled, and a suction of 15-25 Ib/in? applied using a suction pump (Medela-

Dominant suction vacuum, Switzerland). Optimal results were achieved by

suctioning through both nostrils. Immediately after collection, NPA were vortex
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mixed with Iml of sterile PBS, and aliquoted into 2ml labeled cryogenic vials

(Sarstedt, Germany). The labeled cryotubes wereserially arranged inside transparent

plastic storage boxes with cardboard dividers, and stored frozen at -80°C. NPA

collected out-of-hours were refrigerated while in their mucus extractors and processed

early the following morning. Specimens were transported frozen to the Department

of Medical Microbiology, University of Liverpool, England, UK for analysis.

2.10 Practical Laboratory Experiments

2.10.1 Nucleic Acids Extraction

Total RNA and DNA were separately extracted from all the collected NPA by using

the commercial RNeasy, and QlIAamp DNA Mini Kits (Qiagen, Crawley, West

Sussex, UK) respectively according to the manufacturer’s instructions. Sufficient

nucleic acids were extractable from the NPA for detection of each potential

respiratory pathogen; however the volume of some NPA was too small for extraction

of both DNA and RNA.

2.10.1.1 Qiagen RNeasy Mini Kit for Total RNA Extraction

Principle

This is a novel procedure which combinesthe selective binding properties ofa silica-

gel-based membrane with the speed of microspin technology. A specialized high-salt

buffer system allows up to 100ug of RNA molecules longer than 200 nucleotide bases

to bind to the RNeasy silica-gel membrane. This provides enrichment for the mRNA,
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since most RNA <200 nucleotide bases, which comprise 15-20% of total RNA, are

selectively excluded.

The thawed NPA is first lysed with a highly denaturing guanidine isothiocyanate

(GITC)-containing buffer (Buffer RLT) which immediately inactivates RNases to

ensure isolation of intact RNA. The lysate is then homogenized to shear genomic

DNAand reduce viscosity. Ethanol (70%) is added to provide appropriate binding

conditions. The sample is then applied to RNeasy mini spin column for the

adsorption of total RNAto the silica-gel membrane. The contaminantsareefficiently

removed by simple washspins using the two washing buffers; RW1 and working RPE

which contains absolute ethanol (96%-100%). A high-quality ready-to-use RNA is

then eluted in 5Ou1 HPLC water.

Procedure

1. Aliquot 500u] thawed NPA sample into 1.5ml eppendorftube.

2. Working in a fume hood, make up the working RLT buffer by adding 1001 of B-

mercaptoethanol (B-ME) to 10ml RLT buffer (this is sufficient for 20 reactions plus

controls).

3. Add 350ul of working RLT buffer, and mix by pulse-vortexing.

4. Add 350u1 of 70% ethanol to the homogenized lysate, and mix by up-and-down

pipetting.

5. Aliquot 600ul of the sample mixture to the Qiagen mini spin column (in clean

labeled 2ml collection tube) without wetting the rim, close the tube gently, and

centrifuge at full speed for 15s.
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6. Discard the flow through into a waste container, blot the collection tube onto an

absorbent towel, and repeat the same last step number6.

7. Add 700ul of RW1 wash buffer to the column without wetting the rim, close the

tube gently, centrifuge at full speed for 15s, place the column into new clean labeled

2mlcollection tube, and discard the collection tube containing thefiltrate.

8. Add 500u] of working RPE buffer (prepared by the addition of 4 volumes of

absolute 96%-100% ethanol to RPE buffer concentrate) to the column without wetting

the rim, close the tube gently, centrifuge at full speed for 15s, and discard the flow

through.

9. Add 500ul RPE buffer into column,close the tube gently, centrifuge at full speed

for 2min, discard the collection tube containingthefiltrate, place the column into new

clean labeled 2ml collection tube, centrifuge at full speed for 2min, and place the

column into new clean labeled 1.5ml collection tube.

10. Elute the extracted RNA by adding 50u] of HPLC water directly onto the silica-

gel membrane, close the tube gently, incubate at room temperature for Imin, and

centrifuge at full speed for 1min.

11. To increase the yield of RNA,the elution step can be repeated by pipetting the

50ul of HPLC water from the 1.5ml collection tubes back through the column.

12. Pipette the extracted RNA into clean labeled 0.5ml eppendorf tubesandstore at

-80°C.
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210.12 QIAamp DNA Mini Kit for Total DNA Extraction

Principle

This method is simple and ideal for simultaneous processing of multiple samples. It

provides rapid purification of high quality DNA ready-to-use for direct PCR

amplification in just 20min. The thawed NPAisfirst lysed by proteinase K which is

free of DNase and RNase activity. The DNA purification is carried out using

QIAamp Spin Columns in a_ standard microcentrifuge, and requires no

phenol/chloroform extraction or alcohol precipitation. This spin procedure ensures

that there is no sample-to-sample cross-contamination, and allowsverylittle and safe

handling of potentially infectious samples. The lysate buffering conditions allow the

optimal adsorption of the total DNA onto the silica-gel membrane. The salt and pH

conditions in the lysate ensure that protein and other contaminants, which can inhibit

PCR and other downstream enzymatic reactions, are not retained on the membrane.

DNAis eluted in Buffer AE or water. The purified DNAis free of protein, nucleases,

and other contaminants or inhibitors. This DNA is up to 50kbin size, with fragments

of approximately 20-30kb predominating. DNAofthis length denatures completely

during thermal cycling and can be amplified with high efficiency.

Procedure

1. Aliquot 20u1 Proteinase K into the bottom of clean labeled 1.5ml eppendorftube.

2. Add 200ul thawed NPA samples.

3. Add 200ul AL lysis buffer, mix by pulse-vortexing for 15s, incubate at 56°C for

10min, and centrifuge briefly to remove drops from theinsideof the lid.

24



4. Add 200ul absolute (96%-100%) ethanol, mix by pulse-vortexing for 15s, and

centrifuge briefly to remove drops from the inside ofthe lid.

5. Apply 650ul of the sample mixture carefully to the QlAamp Spin Column

(supported in clean labeled 2mlcollection tube) without wetting the rim, close the cap

gently, centrifuge at 8000rpm for 1min, place the column into new clean labeled 2m]

collection tube, and discard the collection tube containingthefiltrate.

6. Add 500ul of AW1 wash buffer into the column without wetting the rim, close the

cap gently and centrifuge at 8000rpm for Imin, place the column into new clean

labeled 2mlcollection tube, and discard the collection tube containing thefiltrate.

7. Add 500u1 of AW2 wash buffer into the column without wetting the rim, close the

cap gently, centrifuge at 14000rpm for 3min, place the columninto new clean labeled

1.5ml eppendorftube, and discard the collection tube containingthefiltrate.

8. Elute the DNA by adding 100u1 of HPLC water directly onto the silica-gel

membrane,close the tube gently, incubate at room temperature for 1 min, centrifuge at

8000rpm for Imin, discard the column,close the tube, and store the extracted DNAat

-80°C,

2.10.2 Polymerase Chain Reaction

Principle

The polymerase chain reaction (PCR) wasfirst reported in 1985 (Saiki et al, 1985).

Kary Mullis was awarded the Nobel Prize in Chemistry in 1993 in recognition of the

extraordinary impact of PCR technology on scientific research in general. PCR is a

simple and rapid technique widely used in molecular biology. PCRis a revolutionary

in vitro genetic technique which allows the enzymatic amplification of specific DNA
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fragments of certain sequence and length. PCR is an extremely powerful tool for

research and diagnosis as 10°-10° amplification is readily achieved in 30-40 PCR

cycles. PCR is extremely sensitive technique as the threshold of detection is 10-1000

nucleic acid copies. Carryover contamination is the most important problem for

diagnostic PCR. Cross-contamination between samplesis also a potential problem for

PCR.

The PCR reaction mixture, in a total volume of about 50ul, includes DNA template,

two primers, a DNA polymerase, the four DNA nucleotides, and a reaction buffer.

The DNA template contains the DNA region (target) to be amplified by PCR. The

regions amplified are usually 150-3,000bp length.

The two DNA primers (DNA oligonucleotides) are synthetic fragments of single-

stranded DNA,typically about 15-25 bases long. These primers are usually produced

by automated chemical synthesis. Each primer is complementary at the 5’ (five

prime) or 3’ (three prime) ends of a sequence on one strand of the template DNA

(target DNA orrecognition site). The specificity of PCR is based on the sequence of

the two primers because attachment between each primer and target DNA is

dependent on complementary base-pairing rules where nucleotide A pairs with T, C

pairs with G,etc.

The DNA polymerase used is the thermo-stable Taq polymerase originally isolated

from the thermophilic bacterium Thermus aquaticus. This enzyme does not become

denatured and remains active at high temperatures obviating the need to add new

DNApolymeraseafter each PCR cycle. It uses single-stranded DNAasa template to
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enzymatically assemble a new complementary DNA strand, using the four DNA

nucleotides (Deoxynucleotide triphosphates; dNTP) as building blocks.

The PCRreaction mixture is subjected to 30 or more repeated temperature cycles in

specialized equipment called a temperature or thermal cycler. During each cycle, the

amount of target duplex DNA present is theoretically doubled assuming 100%

reaction efficiency. Each cycle typically consists of three discrete temperature steps.

Thefirst denaturation step consists of heating the mixture to 94°C-98°C for 20-30s. It

causes separation (melting) of the two DNA strands in the DNA double-helix of the

template by disrupting the hydrogen bonds between the complementary bases,

yielding single strands of DNA. The second annealing step consists of lowering the

temperature to 50°C-65°C for 20-40s allowing the formation of stable DNA-DNA

hydrogen bonds between primers and complementary regions of the single-stranded

target DNA. Thethird extension (elongation) step consists of heating to the optimum

activity temperature of the DNA polymerase (typically 72°C). The DNA polymerase

binds to any primer-template hybrid and synthesizes a new DNA strand

complementary to the DNA template strand by adding dNTPsthat are complementary

to the template in 5’ to 3’ direction, condensing the 5'-phosphate group of the dNTPs

with the 3-hydroxyl group at the end of the nascent (extending) DNA strand. The

primer is extended to form a new strand of DNA in a manner analogous to DNA

replication. The recognition sites of the two primers face each other. Extension from

one primer generatesthe recognition site of the other primer, allowing it to attach on

the next cycle. After extension, the mixture is heated to separate the newly formed

DNAinto twostrands, beginning the next cycle.
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Initialization step consisting of heating to 94°C-96°C for 1-8min may be required for

heat activation of the DNA polymerase by hot-start PCR. Final extension

(elongation) step at 70°C-74°C for 5-15min is occasionally performed after the last

PCRcycle to ensure that any remaining single-stranded DNAis fully extended. Final

hold at 4°C-15°C for an indefinite time may be employed for short-term storage of the

reaction.

There are a numberofvariations on the basic conventional PCR technique. Reverse

transcription PCR (RT-PCR) involves the application of regular PCR for the

amplification of RNA by the addition of an initial 30 min reverse transcription cycle

at 50°C in which cDNAis synthesized from the RNAtarget using an enzymecalled a

reverse transcriptase. Multiplex-PCR involves the use of multiple, unique primer sets

within a single PCR mixture to produce amplicons of varying sizes specific to

different DNA sequences. Nested PCR increases the specificity of DNA

amplification by using two different sets of primers in two successive PCRreactions.

Random PCR allows amplification of unknown sequences by using a set of non-

specific primers. Real-time (kinetic) PCR is a quantitative technique that measures

the accumulation of DNA productafter each round of PCR amplification.
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Techniques

The potential respiratory pathogens and PCR techniques used for their detection in the

present study are shown in Table 2.1.

Table 2.1 Respiratory Pathogens and PCR Techniques Usedfor their Detection

 

Pathogen PCR technique

 

Humanrespiratory syncytial virus (HRSV) Duplex RT-PCR (HRSV and HMPV)

Human metapneumovirus (HMPV) Duplex RT-PCR (HRSV and HMPV)

RT-PCR (RNA polymerase L-gene)

Humancoronavirus (HCoV) Random RT-PCR

Humanrhinovirus (HRV) Random RT-PCR

Influenza A and B viruses (FLUV) Duplex RT-PCR

Humanparainfluenza 1-4 viruses (HPIV 1-4) Multiplex RT-PCR

Human adenovirus (HAdV) Nested PCR

Humanbocavirus (HBoV) Conventional PCR

Chlamydia spp. Conventional PCR

Mycoplasma pneumoniae Conventional PCR

 

Controls Used in the Molecular Experimental Work

- The negative control used was HPLC water.

- The positive controls used for HRSV, HMPV, HBoV and HRV were obtained from

the in-house positive clinical samples.

- The positive controls used for HCoV, HAdV, FLUV and HPIV were obtained from

the Department of Clinical Virology, Manchester Royal Infirmary, Oxford Road,

Manchester, UK.
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- The positive controls used for Mycoplasma pneumoniae and Chlamydia spp. were

obtained from the relevant reference laboratories in the UK.

GeneralPractical Steps for PCR Experiments

The following practical steps were strictly observed in all the PCR experiments

performedin the present study:

1. Complete defrosting of all samples and reagents (including the enzymes’ buffers)

was always ensured beforetheiruse.

2. All enzymesincluding RNase Inhibitor (RNasin) are stored in glycerol and do not

need defrosting.

3. Enzymes and enzymes-containing mastermixes were always kept in wet icebox.

4. PCR mastermixes were always prepared in the Laminar flow cabinet understerile

conditions (including sterile laboratory coats, hand gloves, set of pipettes, and filtered

pipettes’ tips).

5. PCR mastermixes were prepared by calculating the reagent volumes for the

number of samples and controls plus one (to allow for loss during pipetting), and

vortexing briefly after the addition of enzymes.

6. The total PCR reaction volume wasaliquoted into each labeled 0.2m] PCR tubes.

7. The ice box was removed to the bench, and the extracted nucleic acid added to the

appropriate tube, and mixed by up-and-downpipetting.

8. The PCR tubes were placed in the thermal cycler and the specific PCR program

applied.
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2.10.3 Preparation and Loading of 2.0% Agarose Gel

Principle

PCR products (DNA amplicons) were separated by electrophoresis on a 2% (wt/vol)

agarose-Tris-Borate-ethylene diamine tetracetic acid (EDTA) gel, stained with

fluorescent dye (ethidium bromide), and detected by visualization under UV light

(Syngene, Ingenius, Cambridge, UK).

Procedure

1. Prepare the gel tray by sealing both ends with tape, inserting the comb(s), and

situating on an even surface.

2. Add 2gm of electrophoresis agarose (Gibco) to 100ml of 0.5x TBE in a clean

conical flask.

3. Microwave the mixture for approximately 2min and never leave unattended as the

agarose may overflow.

4. Leaveto cool slightly, add 211 ethidium bromide, and mix gently.

5. Pour the agarose into the prepared gel tray avoiding creating air bubbles and leave

to set at room temperature.

6. Labelsterile 0.5ml eppendorf tubes for the corresponding PCR products plus one

for the DNA ladder (100-base pairs DNA molecular weight marker), and add 2ul of

10x loading buffer to each tube.

7. Dilute the DNA ladder 1:10 into the extra tube (111 DNA ladder + 9p] HPLC H20)

to give a total volume of 12ul.
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8. Add 10ul of each PCR product to the corresponding tube. However for

HRSV/HMPYV,only 8ul were added because the remaining 42u1 of the 50u1 PCR

product’s total volume were used for RFLP.

9. Remove the tape and comb(s), place the gel tray into a horizontal electrophoresis

tank, and ensure that the gel is fully immersed in 0.5x TSB buffer.

10. Load the wells by the prepared DNA ladder and PCRproducts.

11. Run at 150 volts for approximately 1h, and view under UV Light.

2.10.4 DNA Sequencing

Principle

DNAsequencingis used to define unknown PCR-amplified sequences by determining

the order of the nucleotide bases along the DNA strand. Chain termination and

chemical degradation methods are two separate equally-popular DNA sequencing

methods, however the most commonly used method is the chain termination

sequencing. Cycle sequencing methodis a variant method developed for automated

sequencing machines.

Chain Termination Sequencing Method

Chain termination sequencing method is based on the principle that single-stranded

DNA molecules that differ in length by just a single molecule can be separated from

one another using polyacrylamide gel electrophoresis.

This technique requires that four nucleotide-specific reactions (one each for G, A, C,

and T) be performed on four identical samples of DNA. The four sequencing
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reactions require the addition ofall the components necessary to synthesize and label

new DNA,including: a template DNA to be sequenced, a primer tagged with a mildly

radioactive molecule or a light-emitting chemical, DNA polymerase, all four

deoxynucleotides (G, A, C, T), and one dideoxynucleotides (either ddG, ddA, ddC, or

ddT). After the annealing of the short oligonucleotide (primer) to the single-stranded

template DNA, DNA polymerase continues to add base after base to synthesize a new

complementary DNAstrand. Asall four deoxynucleotides are present, the new strand

synthesis reaction proceeds until, by chance, DNA polymerase inserts a

dideoxynucleotide blocking further chain elongation and terminating the reaction.

This is because dideoxynucleotides are missing a special group of molecules, called a

3'-hydroxyl group, needed to form a connection with the next nucleotide. Only a

small amount of a dideoxynucleotide is added to each reaction, allowing different

reactions to proceed for various lengths of time. Therefore, the result is a set of new

DNAchainsall of different lengths. The four reactions are run side-by-side and the

fragments are separated by size using polyacrylamide sequencing gel electrophoresis.

As each labeled DNA fragmentpassesa detector at the bottom ofthe gel, the color is

recorded. The DNA sequence is then reconstructed from the pattern of colors

representing each nucleotide in the sequence.

Cycle Sequencing Method

The dideoxynucleotides (not the primers) are tagged with different colored fluorescent

dyes, thus all four reactions occur in the same tube and are separated in the same lane

on the gel. As each labeled DNA fragmentpassesa detector at the bottom ofthe gel,

the color is recorded. The DNA sequenceis then reconstructed from the pattern of

colors representing each nucleotide in the sequence.
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Application of DNA Sequencing in the Present Study

The DNA amplicons of 4 HMPV L-gene were subjected to sequencing after prior

purification using the commercial MicroSpin Sephacryl HR Columns (Amersham

Biosciencses, UK).

The DNA amplicons of 14 HBoV were subjected directly and without prior

purification for sequence analysis.

The sequence analysis of both DNA strands was performed by Lark Technologies,

Essex, UK. The relatedness of amplicons was determined by assessment of

similarities and differences of genomic nucleotide and/or deduced amino acid

sequences.
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Chapter3 Human Respiratory Syncytial Virus

3.1 Introduction

The respiratory syncytial virus (RSV) was discovered in 1956, when a group of

chimpanzeesin a colony outside of Washington DC, USA were noted to suffer from

cold-like illness. Blount and coworkers recovered a cytopathogenic agent from one of

these 14 chimpanzees, who had an upperrespiratory tract illness with coryza, runny

nose, and malaise. This agent wascalled “chimpanzee coryza agent” (CCA) (Blount

et al., 1956). The ability of this agent to infect humans was not yet known, however

cross-infection was only suspected when one laboratory worker developed specific

| antibody to CCA. Chanock and colleagues confirmed that this agent caused

respiratory illness in humans whenthey obtained twoisolates from children that were

indistinguishable from CCA (Chanock et al., 1957). These two isolates were

recovered from the throat swabs of an infant with bronchopneumonia (Longstrain),

and a child with laryngotracheobronchitis (Schneiderstrain). Subsequently, Chanock

and Finberg detected increases in the levels of specific neutralizing antibody to CCA

in children with respiratory illness and also discovered that such antibody waspresent

in most children by the time they reached school age (Chanock and Finberg, 1957).

The inappropriatenessofcalling this virus CCA became apparent, and it was renamed

RSV to denote its clinical and laboratory manifestations. Multiple studies soon

followed to support the current claim that RSV is the major agent causing outbreaks

of lowerrespiratory disease in infants (Adamset al., 1961, Gardneret al., 1967).



3.2. Taxonomy and Biology

Human Respiratory Syncytial Virus (HRSV) has been assigned a separate genus,

Pneumovirus, within the family Paramyxoviridiae because of the morphologic and

antigenic differences which distinguish HRSV from other members ofthis family. In

this respect, HRSV has a smaller nucleocapsid (13-14 nm in diameter) and lacks

haemagglutinin and neuraminidase activity (Richmanet al., 1971).

The Paramyxoviridae family consists of two subfamilies; Paramyxovirinae and

Pneumovirinae. The Paramyxovirinae subfamily consists of three genera:

Respirovirus, containing HPIV types 1 and 3; Rubulavirus, containing mumps and

HPIV types 2, 4a, and 4b; and Morbillivirus, represented by measles virus. The

Pneumovirinae subfamily consists of two genera: Pneumovirus, containing the HRSV

and the morphologically and biologically similar pneumonia virus of mice, and the

bovine, ovine, and caprine RSV; Metapneumovirus, containing the recently

discovered human metapneumovirus (van den Hoogenet al., 2001).

HRSV (Fig 3.1) is pleomorphic, enveloped, and medium-sized with 100-350 nm in

diameter (Berthiaumeet al., 1974). The viral envelope is a bi-lipid layer derived from

the cytoplasmic membraneofthe host cells. It has the appearance of a thistle with

virally encoded trans-membranesurface glycoprotein spikes or projections which are

11-15 nm in length and closely spaced at regular intervals of 6-10 nm (Hacking and

Hull, 2002).
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Figure 3.1 HumanRespiratory Syncytial Virus Structure

G (attachment) protein si Negative strand RNA genome

  

  

  

F (fusion) protein SH protein

M (matrix) protem

N, P and L nucleocapsid proteins

Source: (Hacking and Hull, 2002)

HRSVcontains a small, single-stranded, negative-sense RNA genome. The genome

is linear with a molecular mass of about 5x10° Da (Collinset al., 2001). The RNA is

a non-segmented helical structure with a periodicity of 65-70 nm in a herringbone

pattern and appearsto be similar to the nucleoproteins of other paramyxoviruses when

viewed by negative-staining electron microscopy. The genome is associated with

viral proteins throughout its length, forming the nucleocapsid. The viral RNA

consists of 15,222 nucleotides that are transcribed into 10 subgenomic messenger

RNA,each of which encodes for one of the major proteins, except for M2 mRNA,

which possesses two overlapping open reading frames that encode for two separate

proteins (M2-1 and M2-2).
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The complete gene sequence of HRSV (A2 reference strain) has been described (Hall,

2001). Analysis of the nucleotide sequence of HRSV has allowed the accurate

identification of HRSV proteins encoded by the genome(Fig 3.2).

Thefirst two protein products encoded by the HRSV genomereading from 3’ to the S’

end are the two nonstructural proteins NS1 and NS2 with anti-interferon a and B

activity (Schlenderet al., 2000). NS1 is slightly acidic, while NS2 is basic.

There are three structural proteins associated with viral nucleocapsid; nucleoprotein

(N), phosphoprotein (P), and RNA polymerase (L).

The N protein is intermediate in size and serves as the major structural protein for the

nucleocapsid, while P and L are mostlikely involved in transcription and replication

(Collins et al., 2001). In an immunofluorescence assay, monoclonal antibodies raised

against the N protein stain intracytoplasmic inclusion bodies (Walsh and Hruska,

1983).

The P protein is heavily phosphorylated, unlike the other HRSV proteins, and is

relatively acidic (Satakeet al., 1984). In an immunofluorescence assay, monoclonal

antibodies raised against the P protein also stain intracytoplasmic inclusion bodies

(Walsh and Hruska, 1983).

The L protein is very large (250 kDa) andrelatively hydrophobic. Becauseofits size

and its location in the nucleocapsid, L protein is believed to be the viral RNA-

dependent RNA polymerase (Collinset al., 2001).
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Of the five structural proteins associated with viral envelope, there are three

glycosylated trans-membranesurface proteins; fusion (F), glycoprotein (G), and small

hydrophobic protein (SH). The glycoproteins G and F are two large glycosylated

proteins found on the surface of the viral envelope. They appear integral and

important in the infectivity and pathogenesis of HRSV, and are important

immunogens during HRSV infection. The SH protein may be a third integral

membrane protein; howeverit is also expressed on the surfaces of HRSV-infected

cells.

The F glycoprotein has been identified as the fusion protein (Walsh and Hruska,

1983). F glycoprotein is one of the major components of the projections on the outer

surface of the virion, and one of the major immunogens of HRSV (Gruber and

Levine, 1983). F glycoprotein bears a structural similarity to the fusion protein of the

HPIV,consisting of two disulphide-linked polypeptide subunits (F1 and F2) (Walshet

al., 1985). F glycoprotein initiates viral penetration by fusing viral and cellular

membranes through interaction with cellular heparan sulphate (Feldmanet al., 2000)

and promotesviral spread by melding infected to adjacent uninfected cells resulting in

the formation of the characteristic giant syncytia. Efficient fusion, however, appears

to require the co-expression ofall the three surface glycoproteins; F, G, and SH.

After glycosylation, the F protein is proteolytically cleaved in the infected cell prior to

virion assembly. Although direct evidenceis not available, it is possible that, similar

to what occurs in other paramyxoviruses; post-translational enzymatic cleavage is

required for the formationof infectious viral particles (Fingeret al., 1987).
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The largest G glycoprotein is highly glycosylated and its protein component is

relatively small (32 kDa) compared to the mature fully processed glycoprotein (85

kDa). The G protein has an unusually high content of serine and threonine, to which

the O-linked carbohydrate side chains are attached (Wertz et al., 1985). The function

of G protein appears primarily to mediate attachment or adsorption of HRSV to the

host cells (Levine et al., 1987), analogus to the haemagglutinin protein of HPIV.

Of the structural proteins associated with viral envelope, there are also two non-

glycosylated matrix proteins; matrix (M), and a 22-kDaprotein (M2). The M protein

is presentin detergent-solubilized cores but not in nucleocapsids, suggesting that it is

similar to other matrix proteins found in enveloped RNA viruses (Collins et al., 2001).

M protein is most likely hydrophobic and basic, as suggested by its reduced amino

acid sequence (Satakeetal., 1984). M protein plays a central role in HRSV assembly

by co-ordinating the assembly of the envelope proteins F and G with the nucleocapsid

proteins N, P and M2-1 (Schmidt et al., 2001). The location and function of the

second matrix protein, M2, are indicated in Fig. 3.2. M2 is highly basic and

hydrophilic and is expressed on the surfaces of infected cells, as determined by

immunofluorescencestudies (Collinset al., 2001).
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Figure 3.2 The HRSV Genome,Proteins, and Protein Function

Genome Protein Function
y

NS1 Non-structural proteins:

NS2 anti-interferon a and B activity

N Nucleocapsid protein: Nucleoprotein

essential for transcriptional activity

P Nucleocapsid protein: Phosphoprotein
essential for transcriptional activity

M Matrix protein: viral assembly

SH Small hydrophobic protein: function unknown

G Glycoprotein: viral attachmentto thecell

F Fusion protein:
viral entry and syncytia formation

M2 2-1: transcription elongation factor

M2-2: regulation of viral transcription

L Nucleocapsid protein: RNA polymerase 
Source: (Hacking and Hull, 2002)

aud Antigenic Variation

HRSVstrains are divided into two major antigenic subgroups, A and B,on the basis

of reactivity with monoclonalantibodies against the major structural glycoproteins G

and F (Mufsonet al., 1985). Subgroup A is represented by the A2 reference strain,

and subgroup B by the 18537 reference strain. Overall, the antigenic relatedness for

the two strain subgroups is 25%. The major diversity between subgroup A and

subgroup B resides with the G, F, SH, and NS1 proteins. The strain heterogenicity is

even greater when analyzed genetically. The G glycoprotein seems to have the

greatest genetic variability in amino acid sequences in the two HRSV subgroups, and
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second is the SH protein. In contrast, the F glycoprotein is highly conserved, and

antibody against F glycoprotein cross-reacts with F protein of both A- and B-

subgroup (Johnson and Collins, 1988). This is reflected in the relative antigenic

relatedness of the G protein of each subgroup of only 1-7% in comparison with 50%

for the F proteins. The amino acid diversity of the G proteins within subgroups

ranges from 20% for subgroup A to 12% for subgroup B. Comparisons between the

G ectodomains of two subgroup A HRSV showed 94% homology, while subgroup B

showed 74% divergence from the subgroup A (Johnson et al., 1987). The central

region containing cysteine was the only region conserved across the subgroups.

Similar to F, the N, P, M2, NS1, and NS2 proteins are more highly conserved and

demonstrate an amino acid homology of more than 87% and a nucleotide homology

of more than 75%.

On the basis of G protein, the two HRSV subgroups can be further subdivided into

genotypesbyrestriction analysis and nucleotide sequence variability (Sullenderet al.,

1993; Peret et al., 1998). However, the variation in HRSV genes has been used to

define HRSV typing schemes as N gene differences resulting in the NP1-NP6

genotypes.

Strains of both subgroups circulate simultaneously during outbreaks, but the

circulating proportions of subgroups A and B vary, as do the genotypes. Antigenic

and molecular analyses of the relatedness of strains circulating concurrently in a

single locale, as well as in multiple areas worldwide, indicate that the strains within

both subgroups possess genetic diversity. Even in widely separated geographicareas,

the co-circulating strains may have similar genotypes and parallel evolutionary
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lineages. Analyses of the G protein ofstrains collected over decades and from diverse

areas suggest that the pressure of the population’s immunity may play a role in the

slow accumulation of the amino acid substitutions that result in strain evolution.

3.4 Epidemiology

HRSV is the most common viral agent recovered from young children with

pneumonia and bronchiolitis (Hall, 2001). On the contrast, HRSV is rarely isolated

from children without respiratory disease (Kim et al., 1973). The proportion of cases

that are identified as caused by HRSV varies according to the population examined

and the methods used.

All newborns are protected by the passively-acquired maternal specific neutralizing

antibody that is directed against the major surface glycoproteins of HRSV. However,

without natural infection, the level of this antibody falls over the next 3-12 months.

HRSVcan cause re-infections throughout the child’s life and it can infect infants in

the presence of maternal antibodies. This could be due to either an inadequate

immune response or to the extensive genetic variability of the virus. Although

antigenic variation is not essential for re-infection, growing evidence suggests that it

may contribute to re-infections by immune evasion (Viegas and Mistchenko, 2005).

HRSVspreads so effectively and transmission has been documented to occur most

commonly through contact with infected droplets, most often in fomites. The survival

of HRSVin the environment appears to dependin part on the drying time and on the

humidity (Hall et al., 1980). At room temperature, HRSVin the secretions ofpatients
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may survive on nonporous surfaces, such as countertops, for 3-30 hours. On porous

surfaces, such as cloth and papertissue, survival is generally shorter, usually less than

1 hour. The infectivity of HRSV on the handsis variable from person to person butis

usually less than 1 hour.

HRSVis most infectious when applied directly to the mucosal surface of the eye or

nose by infected hands or objects. Airborne transmission, except by close direct

contact with an infected person, is uncommon. Schools and day care attendance

provide ideal settings for the spread ofvirus to susceptible individuals.

HRSYVinfection is universal at a young age, therefore 50% ofall infants experience a

primary HRSV infection by the first year oflife, and 95% or more of children become

seropositive by 2 years of age (Beem, 1967). While all age groups are susceptible to

HRSVinfections, the majority of hospitalizations for HRSV disease occur for 2-6

month-old children. HRSV bronchiolitis has been shown to be the leading cause of

hospitalization of infants in the first year of life (Leader and Kohlhase, 2002).

Admission rates for bronchiolitis and pneumonia can reach as high as 24/1,000 in

younginfants experiencing primary HRSVinfection (Hall, 1999).

Repeated infections are common despite the presence of HRSV-specific local and

systemic antibodies and neutralizing antibody (Glezenet al., 1986) and no age group

appears protected. Re-infection causes upper respiratory tract illness and

tracheobronchitis in older children and adults.

44



HRSVinfection occurs worldwide and has been found in every geographic area

studied. In areas of widely differing climates, HRSV infections appear to have

similar characteristics, and primary infection occurs in the very young (Stensballe et

al., 2003). The spread of HRSV infection within a community produces a

characteristic rise in both the number of cases of bronchiolitis and paediatric

pneumonia in the community and the number of hospital admissions of young

children with ALRTI (Hall and Douglas, 1976).

HRSV is characterized by causing annual outbreaks of infection. HRSV causes

substantial annual winter epidemics in temperate climates, representing a major cause

of paediatric hospitalizations and a serious economic burden (Viegaset al., 2004).

However, no link has been clearly established between climate and epidemics

(Florman and McLaren, 1988). In temperate climates, there are distinct seasonal

peaks in the winter months, however biannual peaks of outbreaks have also been

observed. In warmer climates, outbreaks may be more prolonged with less

pronouncedpeaks and have been observed mainly during the rainy seasons (Shek and

Lee, 2003).

Age, sex and socioeconomic factors appear to influence the expression of HRSV

disease (Law et al., 2002, Jansson et al., 2002). The most severeillness occursin the

youngest infants and those with underlying cardiopulmonary disease (Boyceetal.,

2000). Males are slightly more likely to experience severe HRSV disease, as are

infants from industrialized areas and infants exposed to parental cigarette smoke

(McConnochie and Roghmann, 1989). Both a greater number of siblings and

attendance at day care also increase the risk of infection with HRSV (Holberg etal.,
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1991). Recently, human genetic factors and their associations with HRSV disease

severity have been reviewed (Miyairi and DeVincenzo, 2008).

3.5 Pathogenesis

The average incubation period in naturally acquired infection is 5 days with a range of

2-8 days (Kapikian et al., 1961). The two main equally-sensitive HRSV portals of

entry are the nose and the eye, whereas the mouth is a much less sensitive mean of

inoculation (Hall et al., 1981). HRSV infection is generally confined to the

respiratory tract, and spread of the virus may occur during primary infection from the

upperrespiratory passages to involve the entire lowerrespiratory tract.

Because the severe HRSV disease occurs when high levels of circulating specific

maternally-derived antibody is invariably and abundantly present, it has been

suggested that immunologic mechanisms may contribute to the pathogenesis of the

severe HRSV disease in infants. A proposed mechanism is the occurrence of an

immune complex reaction between HRSV_ and_ the passively-acquired

immunoglobulin G antibody in the infant’s lung (Polack et al., 2002) especially when

the local defence of secretory antibody is absent. Another proposed mechanism is

that the manifestations of HRSV lower respiratory tract disease may result from

HRSV-specific IgE-mediated disease, or from a detrimental T-cell response, or

mostly from the immunologic immaturity of the young infant (Openshawet al., 2003,

Crowe and Williams, 2003). Alternatively, a severe HRSV infection in infants has

been simply explained by the exposure of the small peripheral airways to large HRSV

doses sufficient to produce inflammation and obstruction.
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As a result of demonstrating minimal quantities of lymphocyte-derived cytokines in

the respiratory secretions from infants with HRSV infection, it has been recently

proposed that the pathogenesis of severe ALRTI due to HRSVis primarily related to

the failure to develop an adaptive cytotoxic T-lymphocyte response (Welliveret al.,

2007).

3.6 Pathology

In bronchiolitis, the initial pathologic findings are predominantly a lymphocytic

peribronchiolar infiltration with some edema of the walls and surrounding tissue

(Aherneet al., 1970). Subsequently, the characteristic proliferation and apoptosis of

the epithelium of the bronchioles develop. The lumina of these small airways become

obstructed due to the sloughed epithelium and the increased mucussecretion. Partial

obstruction to the flow of air occurs during both inspiration and expiration but is

greater in the latter when the positive expiratory pressure narrows the lumen further.

Therefore hyperinflation results from the trapping of air peripheral to the sites of

partial occlusion. With complete obstruction, trapped air eventually becomes

absorbed, resulting in the characteristic multiple areas of atelectasis. Young infants

are particularly prone to develop such areas of atelectasis, as the collateral channels

that maintain alveolar expansion in the presence of airway obstruction are not yet well

developed. Therefore, an increase in lung volume and expiratory resistance occurs in

bronchiolitis (Wohlet al., 1969). Somehistological evidence of recovery is presentin

most patients with bronchiolitis within the first week of illness and is marked by the

beginning regeneration of the bronchiolar epithelium (Aherne etal., 1970). However
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ciliated cells may not be present for weeks and other morphologic alterations may

persist indefinitely.

Infants with HRSV lower respiratory tract disease often have pathologic evidence of

both pneumonia and bronchiolitis. Patients with pneumonia demonstrate an

interstitial infiltration of mononuclear cells that may be accompanied by edema and

necrotic areas that lead to alveolar filling (Aherne et al., 1970, Neilson and Yunis,

1990).

3.7 Immunity

Naturally acquired immunity to HRSV infection is incomplete, variable, and not

durable. Therefore, repeated infections are common. Lower respiratory tract

involvement may occur with repeated infections but it is generally confined to those

at either end of the age spectrum (Hall etal., 1991).

The immune response to HRSV infection is comprised of an innate immunity, and

subsequently by activation of humoral and cellular specific immuneresponse.

The first defence in the innate immunity against HRSV infection in infants is the

respiratory epithelial cells which produce opsonins, collectins, and secrete a range of

cytokines (McNamara and Smyth 2002) such as intracellular adhesion molecule

(ICAM)-1, interleukin (IL)-8, and RANTES (Regulation upon activation normal T

cell-expressed and secreted) that have been demonstrated to initiate subsequent

recruitment and chemotaxis of effector cells, primarily neutrophils, macrophages,
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natural killer cells, and eosinophils (Hacking and Hull, 2002). Surfactant A, which is

a collectin produced by epithelial cells, enhances opsonisation of HRSV_ by

mononuclear cells and macrophages, thereby increasing the production of tumor

necrosis factor (TNF) a and IL-10 and resulting in an enhanced HRSV clearance

(Barr et al., 2000). The alveolar macrophages may regulate the immune response

against HRSV,and release inflammatory cytokines such as macrophage inflammatory

protein (MIP)-1a when infected (Midulla et al., 1993, Openshawetal., 2003). It has

recently been shown that the F protein of HRSV bindsto the Toll-like receptor (TLR)

4 and the CD14 receptor on human monocytes, thereby stimulating the release of

cytokines IL-1, IL-6, IL-8 and TNFa and resulting in an enhanced HRSVclearance

(Kurt-Joneset al., 2000). This innate immunity does not evoke an immune memory.

The serum antibodies against HRSV are not likely to be helpful in influencing the

course of a primary infection once it has occurred, however there is good evidence

that protection from subsequent infections is mediated through antibodies. Higher

levels of passively transplacentally-acquired maternal antibodies in breast fed infants

have been correlated with lower infection rates and with less severe disease (Holberg

et al., 1991). Howeverno defined level of neutralizing antibodies is predictive of the

risk for infection, the severity of illness, or recovery in children or adults (Hallet al.,

1991, Crowe, 1998).

During primary infection, serum IgM antibody appears within several days, butit is

transient and lasts only a few weeks (Crowe and Williams, 2003). During the second

week, IgG antibody appears, usually peaks in the fourth week, and begins to decline

after 1-2 months. The IgA serum antibody response is more variable in infants. An
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anamnestic response involving all three immunoglobulin classes occurs after re-

infection, and after about three infections the titers reach levels similar to those in

adults.

The effectiveness of the antibody produced to HRSV varies according to the type of

antibody,its function, and its protein specificity. In general, the immune responsesto

the two large surface glycoproteins F and G are most important, howeverthe relative

degrees of protection against infection, re-infection, and illness afforded by antibodies

to the F and G proteins are not well defined. On both of these F and G proteins,

neutralizing epitopes are present, and a fusion epitope is also present on F protein

(Langedijk et al., 1998). The quantitative and qualitative antibody responsesto these

proteins are influenced by the presence of pre-existing antibody and age (Wright et

al., 2002). Although infants and young children are able to produce antibodies

directed against both the F and G proteins, the responsesare variable, especially to the

G protein in infants. The G protein is heavily glycosylated with large carbohydrate

content; therefore it is a poor immunogen in infants. Pre-existing or maternal

antibody appears to have a more inhibitory effect on the antibody response to G than

to F protein. Antibody to the G protein in response to primary infection in infants is

of low avidity in contrast to the high-avidity of anti-G antibody in adults; the high-

avidity pattern has also been shown in the passively derived maternal antibody

(Meurmanetal., 1992).

Local antibody production may be important in HRSV infection because the virus

spreads from cell to cell. A nonspecific neutralizing activity associated with

diminished viral shedding has been identified in the nasal secretions of children with
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HRSV infection; however there was no correlation with protection or with illness

severity. A specific IgA-antibody response associated with diminished viraltiters has

also been demonstrated in infants recovering from HRSV infection. Specific IgM,

IgG, and IgE antibodies may also be found in the secretions of children with HRSV

infections (McIntosh et al., 1978). The IgM antibody appears early and disappears,

and IgG appears later. The infant’s secretory response to the F and G proteins is

similar to their serum response in that both are diminished in younger infants and

lower to the G protein. The F protein also appears to elicit a response with a more

favorable ratio of IgA to IgE (Welliver et al., 1989).

Most children with HRSV infection produce a transient adverse response to specific

IgE or IgG antibodyin the respiratory tract. The length and magnitude of the specific

IgE response and of the concentrations of histamine in the nasopharyngeal secretions

have been correlated with wheezing during the acute illness and with subsequent

episodes of airway bronchospasm (Welliver, 2003).

It has been reported that HRSV-specific T-cell immune responses do not provide

protection against HRSVre-infection, and natural re-infection does not boost HRSV-

specific T-cell proliferation (Bont et al., 2002). However, cellular immune response

is likely to be pivotal in the clearance of HRSV andin the recovery. This is supported

by the observations that adults and children with deficiencies of cellular-mediated

immunity have more severe disease and prolonged virus shedding (Champlin and

Whimbey, 2001).
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Lymphocyte transformation activity as a measure ofcell-mediated immunity has been

demonstrated in adults and in infants after HRSV infection. It has also been detected

after immunization with the formalin-inactivated vaccine in those children who

subsequently developed enhanced disease with natural HRSV infection, and alsoafter

immunization with the HRSV glycoprotein in seropositive children (Crowe and

Williams, 2003).

Cytotoxic T-lymphocyte (CTL) responses have been identified in peripheral blood

lymphocytes of both infants and adults after HRSV infection (Issacs et al., 1987).

During primary infection in infants, cell-mediated responses with specific CTL have

been variably produced withinthe first days of infection, but ameliorated disease has

not been correlated with these depressed lymphocytes function in several T-cell

subsets, as well as with depressed IL-12 levels and elevated IL-8 levels (Bont etal.,

2000). Correlations between CTL and helper T (Th)-lymphocyte responses, andviral

clearance and clinical response are complex and sometimes contradictory. The type

of primary immunization may also influence the specificity and type of cellular

immune responses. Live viral natural infections have been shown to induce a mixed

helper T cells responses primarily with a delayed hypersensitivity-related Th]

cytokine profile (IL-2, interferon-y, and TNF-a secretion). However, administration

of inactivated or non-replicating antigens has been shownto induce a helper T cells

responses primarily with an allergy-associated Th2 cytokine profile (IL-4, IL-5, IL-

10, and IL-13 secretion) (Crowe and Williams, 2003).
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3.8 Clinical Manifestations

Primary infection with HRSV is rarely asymptomatic, and may be manifested as

lower or upperrespiratory tract disease, and is often accompanied by fever andotitis

media (OM). The risk to develop lower respiratory tract disease with the first

infection is high and even higherin closed populations ofinfants.

HRSVinfection occurring after the first year or twoof life is almost always theresult

of re-infection. The manifestations of repeated infection are highly variable, ranging

from asymptomatic or mild infection in healthy individuals to lower respiratory tract

involvementand severe disease in high-risk populations.

For healthy persons, although HRSV disease can be severe, recovery is usual.

Mortality rates amonginfants and children hospitalized with ALRTI due to HRSV are

relatively low and usually less than 1% in otherwise healthy hosts (Shayet al., 2001).

However, mortality rates among patients with respiratory or cardiac compromise or

immune system dysfunction are as high as 37%, although 3-5% is probably a more

accurate estimate (Shayet al., 2001).

Ofthe lowerrespiratory tract syndromes due to HRSV,bronchiolitis and pneumonia

are the most frequent in infants, whereas tracheobronchitis or croup is the least

common. Bronchiolitis and pneumonia are often preceded by several days of upper

respiratory tract symptoms, and frequently the two syndromesoverlap (Hall, 1999).

The hallmarks of bronchiolitis are wheezing and hyperaeration of the lung. A low-

grade fever, lasting for 2-4 days, occurs in most young children early in the course of



the illness. The height or duration of the fever does not correlate with the severity of

the disease. Usually after several days of upper respiratory tract signs and a

deepening, more productive cough, the lowerrespiratory tract involvementis heralded

by the onset of dyspnoea, an increased respiratory rate, and retractions of the

intercostal muscles.

Hypoxemia is common in infants hospitalized with HRSV lower respiratory tract

disease and results from the diffuse viral involvement of the lung parenchyma. The

degree of hypoxemiais difficult to assess clinically and requires measurement ofthe

infant’s arterial oxygen saturation level. In a small proportion of hospitalized infants,

alveolar hypoventilation and progressive hypercarbia develop and require assisted

ventilation. The duration of illness in mostinfants is 7-21 days, and hospitalization,if

required, usually averages 3-7 days.

Apneais one of the most commonacute complications in young infants hospitalized

with ALRTI due to HRSV (Openshawet al., 2003). The apnea associated with

HRSV is non-obstructive and does not appear to increase the infant’s risk for

subsequent apneic episodes. Various studies have determined the incidence of

HRSV-associated apnoea to be 16-20% (Kneyber et al., 1998). Infants with

significant risk for apnoea include premature infants, young infants (usually <6 weeks

old), and infants with a history of apnoea of prematurity.

Recurrent wheezing after ALRTI and bronchiolitis due to HRSV in infancy has been

recognized as frequent sequelae, occurring in approximately 50% of children

(Piedimonte, 2002). Studies to date demonstrate that there is a significant association
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between HRSV-induced bronchiolitis and childhood asthmawithin the first decade of

life but that this association is not significant after the age of 13 years (Mohapatra and

Boyapalle, 2008). Asthma could be a direct consequence of HRSVinfectionitself, or

the virus maytrigger changes in pulmonary physiology in patients whoare especially

predisposed to asthma(Schaller et al., 2006).

Infants admitted with ALRTI due to HRSV maybeat an increased risk of aspiration,

which can appear clinically similar to bronchiolitis with airway hyperactivity

(Hernandezet al., 2002). Young infants hospitalized with ALRTI due to HRSV are

frequently given antibiotics because of their young age, the presence of fever, and the

bacterial pneumonia-like appearance of the chest radiographic findings, especially

consolidation or atelectasis. Concurrent serious bacterial infections are rare in infants

and children hospitalized with ALRTI due to HRSV (Purcell and Fergie, 2002), and

empiric use of broad-spectrum intravenousantibiotics has not been shown to improve

the rate of recovery in these patients. Therefore, the antibiotic therapy should be

reserved for those patients with documented bacterial complications.

The association between HRSV infection and OM has been shown epidemiologically

by concurrent increases in cases of OM during outbreaks of HRSV disease

(Henderson et al., 1982). In children with documented HRSV infection, the virus has

been detected in 75% of middle ear effusions using PCR (Chonmaitreeet al., 1992).

HRSV maybe recovered from the ear as the sole pathogen, but commonlyit is seen in

conjunction with a bacterial pathogen, usually Streptococcus pneumoniae (Andrade et

al., 1998). Therefore whether HRSV primarily causes the frequently observed OM

accompanying HRSV infection by direct viral invasion, or by augmentation of
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obstruction of the Eustachian tube in conjunction with the bacterial infection, or both,

is unclear. However, co-infection of HRSV with a bacterial pathogen may worsen the

outcome of OM,resulting in a greater chance of treatment failure with antibiotics and

persistent effusion (Arolaet al., 1990).

HRSVinfection may cause significant morbidity and mortality in adults (Dowell et

al., 1996) and the elderly (Falsey and Walsh, 1998). Illness in these individuals may

be characterized not by bronchiolitis and wheezing but by the development of

progressive pneumonia. However, rates of HRSV as a cause of community-acquired

pneumonia and subsequent hospitalization in healthy adults of younger ages have

varied considerably. HRSV infection may also be a major cause of prolonged cough

in adults and its clinical manifestations may be indistinguishable from pertussis.

HRSVinfections may mimic common cold; however they tend to be more severe and

prolonged than are other AURTI(Hall et al., 2001). The clinical findings of HRSV

infection in these adult populations are not sufficiently distinctive or appreciated to

result in a correct diagnosis or even a suspicion of HRSV infection. Viral shedding in

healthy adults is generally less than that observed in young children and usually lasts

for 1-6 days.

Outbreaks of ALRTI due to HRSVin nursing homesandinstitutions for the mentally

retarded have been reported (Finger et al., 1987). HRSV_ infections in

institutionalized older adults have also been appreciated (Falsey and Walsh, 2000).

The severity of the disease is greatest with COPD, cardiovascular disease, and

smoking. HRSV infection is a major cause of exacerbations of COPD or

cardiovascular disease (Walshet al., 1999), and therefore such exacerbations may be
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the major epidemiologic manifestation of HRSV infection in institutionalized

populations.

Young children with certain underlying high-risk conditions are prone to complicated

HRSV infection with prolonged morbidity and increased mortality. Those children

whoare particularly likely to require hospitalization when infected with HRSV are

those born prematurely, and those with underlying chronic lung disease, congenital

heart disease, immunosuppressive conditions, or other chronic diseases such as

nephrotic syndrome (Weisman, 2003). Preterm gestation and low birth weight are the

most frequently identified risk factors. Infants with chronic lung disease or

bronchopulmonary dysplasia are at an increased risk for admission to the PICU and

need for mechanical ventilation. HRSV infection may cause exacerbations of cystic

fibrosis and deterioration of lung function in children and adults (Wangetal., 1984,

Efthimiouet al., 1984). Congenital heart disease is the third most frequent underlying

condition in infants hospitalized with HRSV infection (Romero, 2003), who are at an

increased risk for admission to the PICU and need for mechanical ventilation (Altman

et al., 2000).

HRSVis an important opportunistic agent causing increased morbidity and mortality

in immunosuppressed patients with congenital immunodeficiencies and those

undergoing transplantation of bone marrow and solid organs (Crookset al., 2000,

Small et al., 2002). However, HRSV infection occurring soon after solid organ

transplantation can be severe in some instances but not in others (Whimbey and

Ghosh, 2000). Several factors shownto affect the severity of HRSV infection include

the degree of immunosuppression and the source and timing of the transplant. The
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pre-engraftment stage is associated with a greater risk for lower respiratory tract

involvement and mortality than is the post-engraftment stage. The diagnosis of

HRSVinfection in these patients is difficult because clinically it may mimic other

opportunistic agents, and because of concurrent infections by other opportunistic

agents. Howeverupperrespiratory tract signs or symptoms, radiological evidence of

sinusitis, and wheezing (Wendt and Hertz, 1995), and the presence of HRSV outbreak

in the community are more indicative of HRSV infection than of other opportunistic

pathogens. Hypoxemia frequently accompanies any presentation of HRSV infection,

and progression to severe lower respiratory tract involvement may be rapid.

Laboratory confirmation of HRSV infection in these patients is also problematic

because HRSV is usually shed in low titers even if there is marked pulmonary

involvement. Therefore viral isolation and rapid antigen detection assays applied to

bronchopulmonary lavage provide a muchhigheryield of positive results than those

applied to upper respiratory tract secretions which proved to be insensitive and

inadequate meansof diagnosis (Whimbey and Ghosh, 2000).

Patients with HIV infection also can have a greater morbidity from HRSVinfection.

The severity varies according to the stage and severity of the HIV infection; however

HRSVinfection in patients with HIV generally appears to be not as severe asin those

with transplants and congenital immune deficiency disease (Madhiet al., 2001). In

patients with HIV infection and with evidence of immunocompromise, HRSV maybe

shed for prolonged periods, and the infection may involve the lower respiratory tract.

Children with HIV infection and viral respiratory infections also have a higher rate of

a bacterial co-infection.
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3.9 Laboratory Diagnosis

HRSV infection is often diagnosed on the basis of clinical and epidemiological

findings in infants with ALRTI; howeverthe findingsare less specific in adults.

Samples of nasopharyngeal secretions recovered by nasal washings or direct

aspiration are two or three times more likely to yield HRSV in cell culture than

specimens obtained by swabs. NPA apparently result in greater recovery ofepithelial

cells than do washes or swabs, so NPA should be more effective for

immunofluorescence assays, in which antigen is detected on the surface of exfoliated

cells. NPA are also superior to swabs in enzyme immunoassays (EIA) (Ahluwalia et

al., 1987).

Specimens need not be placed into cell culture at the bedside but should be

transported promptly to the laboratory. If samples are not immediately processed,

they should be refrigerated to maintain optimal recovery of HRSV in cell culture.

The transport medium should include a physiologic salt solution and a protein

stabilizer such as 0.5% bovine serum albumin or 0.5% gelatin. However the use of

Hanks’ balanced salt solution may not be optimal as it has been reported to decrease

the absorbance in HRSV EIA (Hendry and McIntosh, 1982).

HRSVisinactivated quickly by ether, chloroform, and a variety of detergents such as

0.1% sodium deoxycholate, sodium dodecyl sulfate, and Triton X-100 (Hambling,

1964). HRSV withstands changes in temperature and pH relatively poorly. HRSV is

denatured rapidly at low pH and survives optimally at pH 7.5. HRSV is rapidly
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destroyed at 55°C, and only 10% of HRSV remainsinfectious after exposure to 55°C

for 5 minutes. HRSV isstable at 37°C for 1 h, but only 10% of the infectivity remains

after exposure to 37°C for 24h. Only 10% ofthe infectivity is present after exposure

to 25°C for 48 h, and only 1% ofthe infectivity remains after exposure to 4°C for 7

days (Hambling, 1964). Mailing specimensto the laboratory or transporting them at

room temperature can be expected to result in substantial loss of cell culture

infectivity. Therefore, all specimens to be analyzed by cell culture or

immunofluorescence in which cellular viability must be maintained should be

transportedat refrigerator temperatures or on wet ice. However samples for EJA can

be transported at ambient temperatures without loss of reactivity.

HRSV does not tolerate slow freezing and thawing. Complete loss of infectivity

occurs when HRSV is slowly frozen at -30°C and then thawed. Therefore, freezing

should be avoided, but if samples must bestored at refrigerator temperatures for more

than 1 day, rapid freezing and holding the virus at -70°C will maintain the titer of

virus for at least several months. HRSVsurvival can be enhanced byflash freezing in

an alcohol and dry ice bath and by the addition of sucrose or glycerin to the storage

medium (Hambling, 1964).

Direct examination of specimens by immunofluorescence techniques for the detection

of HRSV antigens had been used. The characteristic fluorescence in cytoplasm was

observed as early as the second day following inoculation of cell cultures. Indirect

immunofluorescence techniques have been applied to exfoliated nasopharyngeal

epithelial cells present in samples of secretions obtained from patients with HRSV

infection (Gardner and McQuillin, 1968). Several acceptable commercial kits that use
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both direct and indirect immunofluorescence techniques for the detection of HRSV

antigen in respiratory secretions have been developed (Bromberg et al., 1991,

Cheesemanetal., 1986).

HRSVisolation in cell culture is the gold standard diagnostic technique; howeverit is

slow, expensive, and depends on the quality of the cell lines and the laboratory

techniques. HRSV grows well in a variety of animal and humancell lines. For

primary isolation, HEp-2 cells from an epithelial carcinoma of the larynx, HeLacells

from epithelial tissue of a cervical adenocarcinoma, and A549 cells from a type II

alveolar epithelial lung carcinoma are commonly preferred. Other cell lines that may

be used but are usually less sensitive include human kidney, amnion, and diploid

fibroblastic cells, and monkey kidney cells. The degree of the characteristic

cytopathic syncytial formation depends on the type of cell culture, the heaviness of

the cell sheet, the medium, and the strain of virus. HRSV replication and syncytia

formation require that the culture media contain calcium and glutamine. The type and

handling of the specimens are important as HRSVis relatively labile virus and

requires prompt inoculation without subjecting the specimen to major temperature

changes during transportation. Nasopharyngeal washes or tracheal secretions are

better than nasal swabs (Heikkinenet al., 2002). From immunocompromised patients

with positive cultures, 15% of nasopharyngeal wash specimenshave beenreported to

be positive, compared with 71% of endotracheal secretions and 89% of

bronchoalveolar washes (Englund et al., 1996). On primary isolation in sensitive

heteroploid cell cultures, the characteristic cytopathic changes of HRSV_ usually

appear within 3-5 days (Hall and Douglas, 1975). The use of shell vials hastens the

speed ofidentification (Engler and Preuss, 1997).
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Rapid direct HRSV antigen detection tests are required for adequate hospital infection

control management and to determine specific therapy (Abels et al., 2001). Direct

and indirect immunofluorescent assays are highly specific but require several hours

and skilled laboratory personnel. The commercially available rapid detection tests

using EIA are the most frequently used methods. Their advantages are rapidity (30

min), ease, objective end point, and relatively low cost. Their sensitivity is usually

60-70% (rang 50-90%) (Abels et al., 2001), therefore negative tests by this method

require additional testing by another method. The specificity of EIA method is

usually good, around 90-95%, during an HRSV outbreak when the incidence of

HRSVinfection in the community is high. Howevertheir specificity falls markedly

when HRSVis not active in the community.

The serologic diagnosis of HRSV infection has been more useful for epidemiologic

studies than for patient management because of the delay required to obtain

convalescent sera. Furthermore, young infants, older individuals with repeated

infections, and immunocompromised patients may not produce a significant rise in

antibody titer, depending on the assay used. The serologic diagnosis is most

frequently made using enzyme immunoassays and neutralization assays which also

allow the detection of specific antibody classes (Meddens et al., 1990). Earlier

diagnosis by using assays that detect serum IgM antibodiesis of limited usefulness, as

specific IgM antibodies are not consistently detectable in patients with proven HRSV

infection and may require 1-7 weeks to appear after the onset ofillness (Vikerfors et

al., 1988). The detection of specific secretory IgM and IgA antibodies to HRSV in

nasopharyngeal secretions using enzyme immunoassays has been usedas a diagnostic
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supplementto antigen detection as these antibodies maybepresentearlier in infection

than humoral antibodies (Jensenet al., 1997).

The diagnostic RT-PCR method is used mostly in research laboratories. It has higher

rates of specificity and sensitivity than other diagnostic methods(Falsey et al., 2002).

The inclusion of appropriate additional primers allows the group of HRSV to be

concurrently determined (Hu et al., 2003). Other respiratory pathogens may be

simultaneously identified (Kehl et al., 2001), and quantitation of the numberof copies

of HRSV RNAcanalso be obtained (Gueudinet al., 2003).

3.10 Treatment

The majority of infants with HRSV bronchiolitis or pneumonia does not usually

require hospitalization and can be managed at home with good supportive care to

ensure comfort, fever control, and adequate fluid intake. However, those infants who

are unable to feed secondary to respiratory distress or those who require supplemental

oxygen therapy should be hospitalized. A small percentage (<5%) of otherwise

healthy infants will need intubation and ventilation because of severe respiratory

compromise. In the hospitalized and more severely infected infants, the quality of

supportive care is of prime importance (Panitch, 2003).

Additional therapies have primarily involved ribavirin, bronchodilators,

corticosteroids, and antibiotics. Controlled studies have generally indicated that these

agents are of limited benefit for most children, and their use should be highly

63



selective. However, these agents are administered to the majority of children

hospitalized with HRSV (Behrendtet al., 1998).

HRSV antiviral agents have been recently reviewed (Prince, 2001, Gower and

Graham, 2001, Sudo et al., 1999). However, ribavirin (1-B-D-ribofuranosyl-1,2,4-

triazole-3-carboxamide), a synthetic nucleoside, is the only currently approved

specific agent for treatment of ALRTI due to HRSV in hospitalized infants. The drug

is administered in a small-particle aerosolized form for 8-24 hours per day until

improvement is evident. Shorter and intermittent periods of treatment may be

beneficial (Englundet al., 1990). Ribavirin has a broad spectrum ofantiviral activity

against both RNA and DNAviruses. It is generally safe and welltolerated in infants

receiving aerosolized therapy, and development of resistance to ribavirin by HRSV

strains has not been recognized even with prolonged treatment.

Early clinical trials of ribavirin for HRSV bronchiolitis suggested a favorable clinical

outcome with improved oxygenation and decreased viral shedding; however a

systematic review highlighted a potential error in the study design (Moler et al.,

1996). Several studies used as a placebo aerosolized sterile water which may have

exacerbated bronchospasms among someplacebo recipients. Therefore it has been

recommended that ribavirin may be considered for selected infants and young

children at risk of serious HRSV disease because of the continuing questionable

efficacy, its potential hazard to exposed health care workers, and its high cost

(American Academyof Paediatrics, 1996).
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Although the drug has shown someclinical benefit in some studies, the days of

hospitalization and short-term outcome have not been affected by ribavirin therapy.

Therefore the degree of benefit relative to the considerable cost of aerosolized

ribavirin must be considered on an individual basis (Meissner and Long, 2003).

Follow-up studies after ribavirin therapy have suggested that aerosolized treatment of

acute HRSV infection may provide some amelioration in the long-term pulmonary

sequelae and recurrent wheezing (Khoshooet al., 2002, Edell et al., 2002). The use of

ribavirin in adults is even more problematic because of cost, logistics, and lacking

evidenceofefficacy.

Although bronchodilators and corticosteroids have not been proven to be of benefit

for infants with bronchiolitis, their use in adults with asthma or COPD and evidence

of bronchospasm seemsreasonable.

Generally the use of bronchodilators for routine managementof bronchiolitis has not

been recommended of children under a year of age with first time wheezing.

Howeveroral and inhaled bronchodilators are commonly used to treat infants with

bronchiolitis. The results have been variable because the manifestations of

bronchiolitis, although clinically similar to asthma, originated from several

mechanismsof obstruction other than bronchial hyperactivity, including mucus and

inflammatory cellular material and the infant’s small airway caliber (Panitch, 2003).

In a meta-analysis of bronchodilator therapy, a firm conclusion about the benefit of

bronchodilators was further complicated by the heterogenicity of the populations and

methods used in the studies (Kellner et al., 1996). Therefore, the use of

brochodilators should be determined on an individual basis.
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Generally the use of corticosteroids is not recommendedfor the routine management

of infants with long-time wheezing. Corticosteroid therapy has mostly been studied

in infants with the diagnosis of bronchiolitis, and the results have been contrasting due

to the variable methodology, the heterogeneity of the children included, and the lack

of specific aetiology of the bronchiolitis. The majority of trials evaluating inhaled

corticosteroids showed no benefit during the acute phase or subsequently for recurrent

wheezing (Khoshooet al., 2002). Oral prednisolone was shownto be not effective in

preventing post-bronchiolitis wheezing or asthma at the mean age of 5 years during

the acute phase of HRSV bronchiolitis (van Woensel et al., 2000). A meta-analysis of

trials evaluating systemic corticosteroids demonstrated a pooled mean reduction in the

duration of hospitalization and symptoms amongtreated infants; howeverothertrials

that excluded infants with previous wheezing showednosignificant benefit (Garrison

et al., 2000).

The routine use of antibiotics for therapy of HRSV infections or for prevention of

secondary bacterial infections should be discouraged. Howeverthe use of antibiotics

should be reserved for selected HRSV-infected persons in whom bacterial infection is

proven or highly suspected while awaiting culture results (Hallet al., 1988).

3.11 Prevention

Two HRSV-specific immunoglobulin products are approved for passive prophylaxis

against HRSV infection; HRSV hyper-immune globulin containing high titers of

HRSV neutralizing polyclonal antibodies (RSV-IGIV), and humanized mouse IgG

anti-F monoclonal antibodies that bind the F protein of HRSV (palivizumab). Both
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preparations work well for pre-exposure prophylaxis but do not shorten the course of

established infection (Sudoet al., 1999). Prophylactic HRSV antibodies are primarily

to be used for limited periods, and for target groups most at risk for severe HRSV

disease. Howeverthe precise definition of groups that would receive the most benefit

from HRSV prophylaxis and about its relative cost effectiveness is controversial

(Clark et al., 2000, Sharland and Bedford-Russell, 2001). Several studies showed that

administration of RSV-IGIV, or palivizumab to high-risk infants had demonstrated

protection against more severe HRSV disease (Meissneret al., 2003, Romero, 2003,

Sénchez, 2000). The monthly administration of intravenous RSV-IGIV_ or

intramuscular palivizumab to the high-risk infants with prematurity, with or without

chronic lung disease reduced the rate of hospitalization due to HRSV infection by

41% and 55% respectively.

Most HRSV vaccine-studies have involved children (Dudas and Karron, 1998). The

optimal means of active prophylaxis for HRSV infection would be a safe and

effective vaccine. The ideal vaccine should be protective against illness during the

newborn period in the presence of abundant specific maternal antibody, and should

provide better protection than natural disease which does not confer durable

immunity.

The initial alum-precipitated, formalin-inactivated or killed HRSV vaccine was

developed in 1960s and produced excellent levels of both complement-fixing and

neutralizing serum antibodies to HRSV. However upon subsequent exposure to

natural HRSV infection, the vaccine recipients were not protected from HRSV

infection and some developed an exaggerated illness characterized by severe ALRTI
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requiring hospitalization (Kim et al, 1969). This was explained by an immune

complex reaction occurring between HRSV andpassively acquired IgG antibody in

the infant’s lung (Polacket al., 2002).

The initial live attenuated HRSV vaccines were developed using cold-passaged

temperature-sensitive HRSV mutants. These attenuated vaccines appear

immunogenic and should theoretically elicit a longer duration of both systemic and

mucosal immunity, howeverthe retained virulence make their use limited (Karron et

al., 1997). Despite promising results in adult volunteers, subsequent studies proved

these initial strains to be unsuitable in young children. Neither the parenteral nor the

intranasal live attenuated HRSV vaccines proved useful as they were not attenuated

enough resulting in symptomatic disease in recipients, were over-attenuated resulting

in an inadequate immune response, or were genetically unstable with reversion to

wild-type virus that was then shed (Piedra, 2003, Belsheet al.,1982, Kim et al., 1973).

Several HRSVlive attenuated mutants have been safely tested in healthy adults prior

to testing in young children and infants, although HRSV replication and

immunogenicity have been variable (McKayet al., 1988, Pringle et al., 1993, Watt et

al., 1990). New HRSV live attenuated vaccines have been improved by repeated

rounds of chemical mutagenesis, producing mutants that are more attenuated and that

provide improvedstability and immunogenicity (Crowe, 2001).

The two major F and G surface glycoproteins of HRSVare the primary targets for the

subunit vaccines. The initial purified fusion protein (PFP)-1 and PFP-2 subunit

vaccines were evaluated in trials of normal children and those with underlying

diseases, including cystic fibrosis, bronchopulmonary dysplasia, and asthma. Trials in
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healthy adults, in older adults, and in womenin their third trimester of pregnancy or

postpartum have also been conducted (Falsey and Walsh, 1996, Piedra, 2003).

Immunization with PFP-2 induced moderate increases in neutralizing antibodies in

healthy elderly subjects (Falsey and Walsh, 1996). These subunit vaccines were

shown to be safe and generally immunogenic, and immunogenicity was enhanced

whenthey contained someG protein in addition to F protein (Paradisoet al., 1994).

F and G glycoprotein subunit vaccines performed well in seropositive children

(Groothuis et al., 1998), but when seropositive children were immunized with a

further purified F-subunit vaccine, they were not protected against HRSV infection,

suggesting that some G antibody may be necessary for effective protection (Tristram

et al., 1994). As there is no suitable vaccine for seronegative infants so far, there may

yet be a live HRSV vaccine to induce primary infection, with subsequent booster

doses of a subunit vaccine. Combined or sequential immunization with PFP-2 and a

cold-passaged temperature-sensitive live attenuated HRSV was well tolerated in both

healthy young and healthy older adults, although immunogenicity was poor (Gonzalez

et al., 2000).

A polypeptide vaccine (BBG2Na), containing a conserved region of the G protein

fused to the albumin-binding domain of the streptococcal G protein, and chimeric

vaccines of the F and G proteins are also under study (Piedra, 2003, Wathen et al.,

1991, Poweret al., 2001). They have been shownto be generally safe in seropositive

subjects, immunogenic, and less likely to endanger an augmented cytotoxic T-

lymphocyte response. Additional subunit vaccines are being developed that may be

made more immunogenic and effective by the addition of new adjuvants or by

recombinant vectors and plasmids containing complementary DNA of the F and G
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genes. These vaccines may boost immunity in individuals previously infected and

reduce the severity of disease in thoseat risk.

The ability to introduce desired mutations into infectious HRSV by reverse genetics

provides a method for identifying and designing a new generation of highly defined

live attenuated HRSV vaccines (Collins and Murphy, 2005). The reverse genetics

involves producing infectious HRSV in cell culture completely from cloned HRSV-

cDNA, and the standard recombinant DNA genetic engineering methods involves

introducing the desired mutations into these HRSV-cDNA.

3.12 Hospital Infection Control

Nosocomial HRSV infections remain an annual problem encountered by hospital

infection control personnel particularly on units with immunocompromisedpatients

(Dykewicz, 2001), and on paediatric wards (where up to 40% of identified HRSV

infections are nosocomially acquired) and neonatal units (up to 70%) (Mlinaric-

Galinovic and Varda-Brkic, 2000, Hall, 1999, Heerens et al., 2002). Nosocomial

infections acquired by infants and older patients with underlying diseases are always

symptomatic and range from a febrile upper respiratory tract illness to severe lower

respiratory tract involvement and death (Martinoet al., 2003).

Introduction and spread of HRSV in hospitals is facilitated by the number of young

infants admitted during an outbreak who tend to shed high titers of virus for

prolonged periods(Hall et al., 1976), however healthcare workers and visitors, who
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have mild or unrecognized community-acquired HRSV infection, are also important

sources ofinfection.

HRSV mayspread directly by close contact and inoculation of large droplets from

infectious secretions of an infected person to other patients and staff, and indirectly by

contaminated fomites and contaminated hands of healthcare workers (Hall, 2000,

Goldmann, 2001).

Strict adherence to the recommended guidelines for infection control of HRSV on

hospital wards is essential and cost effective (Macartney et al., 2000). The infection

control procedures for HRSV should be reviewed yearly with all personnel before and

during the HRSV season to maintain compliance (Hall, 2000). These general

procedures include careful hand hygiene, use of hand-rub antiseptic products, and

care of contaminated tissues, toys and other objects likely to be contaminated with

secretions, the wearing of eye-nose goggles and gloves, wearing of gowns for close

contact with infected patients, isolation or cohorting of infected patients, and the use

of rapid diagnostic techniques. During the HRSV season, health-care workers with

signs of respiratory illness should not care for high-risk patients, and visitors should

be screened for respiratory illness.

Various infection control strategies, principally hand washing, have been employedto

limit the spread of nosocomial HRSV (Graman and Hall, 1989). Since compliance

with hand washingis frequently poor, some authorities advocate the use of gowns and

gloves, which have been associated with reduced nosocomial HRSVinfection rates on

paediatric wards (Madgeet al., 1992). Masks are not warranted in the control of
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HRSV since transmission is not via aerosol and ordinary masks cover only one

potential route of autoinoculation, the nose. An unusual approach of using eye-nose

goggles to prevent infection of staff has been shown to limit HRSV spread (Gala et

al., 1986). If possible, isolation and cohorting of infected patients is also

recommended (Graman and Hall, 1989). Education of staff regarding transmission of

respiratory viruses and the value of hand washing was associated with reduced rates

of ARIin senior daycare centers (Falsey et al., 1999).

Very aggressive infection control strategies have been shown to be effective in

reducing nosocomial HRSV infection rates in immunocompromised hosts. The

infection control measures used in Bone Marrow Transplantation (BMT) units include

screening of ill patients with rapid diagnostic tests; early isolation, cohorting, and

treatment of infected patients; use of gowns, gloves, and masks when caring for

infected patients; strict hand washing; screening of visitors for respiratory symptoms;

prohibition ofvisits from children <12 years old; prohibition ofill staff members from

working on the BMT unit; and staff education.

3.13. Methodology

3.13.1 Duplex Reverse Transcription - Polymerase Chain Reaction for HRSV and

HMPV

1. The details of both HRSV primers which amplify the nucleocapsid (N) gene

between nucleotides 858-1135 giving 278-bp product (Cane and Pringle, 1991), and

HMPVprimers which amplify the matrix (M) gene between nucleotides 212-331

giving 121-bp product (Greensill et al., 2003) are shownin Table 3.1.
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Table 3.1 HRSV and HMPV Primers

 

 

HRSVprimers:

hRSVN1 5'-GGA ACA AGT TGT TGA GGT TTA TGA ATA TGC-3’

hRSVN2 5'-CTT CTG CTG TCA AGT CTA GTA CAC TGT AGT-3'

HMPVprimers:

hMPVMFI1 5'-AAG TGA ATG CAT CAG CCC AAG-3'

hMPVMRI1 5'-CAC AGA CTG TGA GTT TGT CAAA-3'

 

2. Prepare the HRSV/HMPV RT-PCR mastermix as shownin Table 3.2.

Table 3.2 HRSV/HMPV RT-PCR Mastermix

 

 

Reagent Volume(ul) X 1 Reaction

HPLC H,0 19.0

10x PCR buffer 5.0

25mM MgCl 6.0

0.1M dTT 2.5

10mM dNTP’s 2.0

Primer mix (contains equal volumesofall four 4.0

primers at a concentration of 20M).

 

 

RNase Inhibitor (RNasin) 0.5

MuLV RT 05

Amplitaq gold DNA polymerase 0.5

Total 40.0

Extracted RNA 10.0
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3. Apply HRSV/HMPV RT-PCRprogram as shownin Table 3.3.

Table 3.3 HRSV/HMPV RT-PCR Conditions

 

1 Cycle 50°C - 30min

1 Cycle 94°C - Smin

40 Cycles 94°C - Imin

55°C - |min

72°C - |min

1 Cycle 72°C - 10min

Soak 4°C

 

3.13.2 Restriction Fragment Length Polymorphism

Principle

Restriction fragment length polymorphism (RFLP)is a technique in which organisms

may be differentiated by analysis of the digestion patterns derived from cleavage of

their DNAbythe action ofrestriction endonucleases enzymes(Saiki et al., 1985).

Restriction endonucleasesare isolated from a wide variety of bacterial genera and are

thought to be part of the bacterial cells’ defences against invading bacterial viruses.

Restriction enzymes are namedbyusingthe letter of the bacterial genus,the first two

letters of the bacterial species, and the order of their discovery. Each restriction

endonuclease enzyme cleaves the DNA molecule at specific recognition nucleotide

sequences. Generally, the shorter the recognition sequence, the greater the number of

fragments generated. However, enzymerecognition sites are usually 4-6 bp in length.

Therefore DNA fragments of different lengths may be generated depending on the
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numberand position of nucleotide sequences. Then the resulted restriction fragments

can be analyzed by stained agarose gel electrophoresis.

If two organisms differ in the distance between sites of cleavage of a particular

restriction endonuclease, the length of the fragments produced will differ when the

DNAis digested with this enzyme. Therefore, the similarity of the digestion patterns

generated can be used to differentiate species (and even strains) from one another.

Restriction Fragment Length Polymorphism for HRSV Genotyping

1. The amplified DNAs of HRSV-positive samples are separately subjected directly

and without prior purification to digestion by a set of five restriction endonuclease

enzymes. Thedetails of the restriction enzymes used are shownin Table 3.4.

Table 3.4 Restriction Endonuclease Enzymes for HRSV

 

 

Enzyme Bacteria of origin Recognition sequence Expected bandsizes (bp)

Hind= Haemophilus influenzae 5'-A/AGCTT-3' 240 + 38

PstI Providencia stuartii 5'-CTGCA/G-3' 278 (no cut site for HRSV)

Bel I Bacillus globigii 5'-A/GATCT-3' 200 + 78

(Bacillus licheniformis)

Rsal Rhodopseudomonas 5'-GT/AC-3' 178 + 100

sphaeroides

Hae ill Haemophilus aegyptius 5'-GG/CC-3' 149 + 129
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2. Prepare labeled restriction endonuclease mastermix (Table 3.5) for each enzyme

used by calculating the reagent volumes for the number of samples and controls plus

two (to allow for loss during pipetting).

 

 

Table 3.5 Restriction Endonuclease Enzymes Mastermix for HRSV

Reagent Volume(ul) X 1 Reaction

HPLC H20 0.5

10x Enzyme Buffer 1.0

Restriction Enzyme 0.5

 

2. Label the template and the 96 (12x8)-well flat-bottomed sterile polystyrene

microtitre plate as follows: samples’ numbers on the twelve columns and enzymes’

namesonfive rows.

3. Pipette 81 of each PCR product into the specified column of 5 wells.

4. Add 2ul of each restriction mastermix to the labeled row of 12 wells.

5. Seal the plate perfectly with the lid, mix thoroughly and incubate at 37°C for th.

6. Add 2ul of 10x loading buffer to each well and ensure final mixing.

7. Dilute the 100bp DNA molecular marker (ladder) 1:10 into extra well (Sul ladder

+ 10u1 loading buffer + 35u1 HPLC H20).

8. Load 10ul of the ladder and the 12 samples of each enzyme onto a separate 2%

agarose gel.

9. Run at 150 volts for approximately 1h, and view under UVlight.

10. HRSV ampliconsare typed into six nucleoprotein (NP) genotypes on the basis of

their restriction endonuclease digestion profiles (Cane and Pringle, 1992). HRSV-
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positive isolates are then classified into HRSV subgroup A including NP2, NP4, and

NP5; and HRSV subgroupB including NP1, NP3, and NP6 genotypes (Table 3.6).

Table 3.6 Restriction Patterns ofNP Gene of HRSV-Positive PCR Products

 

NP Restriction Endonuclease Enzyme HRSV

Pattern Hindlll Psfl Bell] Rsal\*  Rsal,* Haelll,*  Haellln" Subgroup

 

NP1 - - = + < : - B

NP2 a - - + . + - A

NP3 = : + + : : : B

NP4 - = + + - + . A

NP5 + - + ++ - + - A

NP6 - - ~ + : - 4 B

NP7 . + E 2 ND? : - Bovine ‘

NP8 4: - - - - 7 PVM°

NP9 + - + + - - - B

NP10 - - - + + + - A

 

a: Two separate sites for both Rsal and Haelll can be distinguished by sizes of

fragments given.

b: Not Determined.

c: Bovine RSV.

d: Pneumonia Virus of Mice.

+: Cut at RestrictionSite.

-: No Cut.
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3.14 Results

A total of 326 hospitalized children were enrolled during the 6-month study period.

The aetiological agents, other than HRSV,were detected using the relevant molecular

methodsas specified in the corresponding chapters (2, 4, 5, 6, 7, 8, 9, and 10).

HRSV wasdetected in 140/326 (43%) of the children (Table 3.7). Out of these, 67

(48%) HRSV co-infections were detected; 30 with HAdV, 10 with HBoV, 10 with

HAdV and HBoV, 8 with HRV, 3 with Chlamydia spp., 1 with HRV and HBoV,1

with Chlamydia spp. and HAdV, 1 with Chlamydia spp. and HBoV, 1 with

Chlamydia spp. and HRV, 1 with HAdV and HRV,and | with Chlamydia spp., HRV

and HBoV. However no HRSV/HMPYVco-infections were detected.

 

 

 

Table 3.7 Acute Respiratory Infections Associated with Human Respiratory

Syncytial Virus in Hospitalized Jordanian Children

Month Nasopharyngeal Aspirates

No. Tested No. Positive % Positive

(No. Mixed Infections)

Dec 2003 11 2 (1) 18

Jan2004 103 43 (24) 42

Feb 2004 118 71 (31) 60

Mar 2004 63 21 (10) a3

Apr 2004 27 3 (1) 11

May 2004 4 0 (0) 0

Total 326 140 (67) 43
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In the present study, a total of 139 (43%) children had severe, and 187 (57%) had

mild-moderate ARI. Significantly (p<0.0005) more HRSV-infected children had

severe disease (100/140; 71%) compared to those uninfected with HRSV (39/186;

21%).

The median age of HRSV-infected patients was 4.8 months (range 1-48 months) and

82 (59%) were male, as compared with a median age of 6 months and 104 (56%)

male in the HRSV-negative patients (p<0.05).

There were 62 (62%) HRSV-infected children with severe ARI in the 0-6 months age

group, 30 (30%) in the 7-12 months age group, and 8 (8%) in those older than 1 year.

This showed that severe HRSV infections occurred in all age groups, however it was

significantly more likely to occur in those under 6 months of age (p<0.01).

In the 100 HRSV-infected patients with severe ARI, HRSV was the only detected

pathogen in 53 (53%) patients. However in the remaining 47 cases, it was found as a

mixed infection with HAdV (20 patients), HBoV and HAdV (9 patients), HBoV (8

patients), Chlamydia spp. (3 patients), HRV (2 patients), HBoV and HRV (1 patient),

Chlamydia spp. and HBoV(1 patient), Chlamydia spp. and HAdV (1 patient), HAdV

and HRV(1 patient), and Chlamydia spp., HBoV and HRV (1 patient). There was no

significant difference (p>0.5) in the prevalence of severe disease between those where

HRSV was the sole pathogen (53/73: 73%) and those with HRSV and another

potential pathogen (47/67: 70%) The median age of children with severe ARI was 4

months for those infected only with HRSV, and 6 months for those co-infected with

HRSVandother potential respiratory pathogens (p<0.05).
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In the 40 HRSV-infected patients with mild-moderate ARI, HRSV was the only

detected pathogen in 20 (50%) patients. However, in the remaining 20 cases, it was

found as a mixed infection with HAdV (10 patients), HRV (6 patient), HBoV (2

patients), HAdV and HBoV(1 patient), and Chlamydia spp. and HRV (1 patient).

The median age of children with mild-moderate ARI was 4 months for those infected

only with HRSV,and 9.5 months for those co-infected with HRSV andother potential

respiratory pathogens (p=0.05).

The RFLP analysis (Figure 3.3) was performed for 137/140 (98%) of HRSV-positive

amplicons, as three HRSV-positive strains were weakly positive isolates and were not

subjected to further sub-grouping analysis. HRSV subgroup A was detected in

94/135 (70%) and subgroup B in 41/135 (30%) of the samples. There were two

HRSV-positive strains which showed simultaneous mixed genotypic infections; one

by genotypes NP2 and NP4 of subgroup A, and one by subgroups A (NP4) and B

(NP3). HRSV subgroup A and B were associated with 66 and 33 cases of severe ARI

respectively (p=0.2).
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Fig 3.3 Ethidium Bromide-Stained 2% Agarose Gel Electrophoresis of Restriction

Fragment Length PolymorphismProducts

10 9 8 7 6 5 4 L
o

N
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The analysis of N-Generestriction fragments determines the nucleoprotein (NP) genotype

and consequently allowsthe classification of HRSV isolates into subgroups A and B:

- The lanes 1-5 show restriction fragments pattern of genotype NP4 (subgroup A):

Lane 1: Hind Ul Negative

Lane 2: Pst I Negative

Lane 3: Bel Il Positive
Lane 4: RsaI Positive

Lane5: Hae UI Positive

- The lanes 6-10 showrestriction fragments pattern of genotype NP3 (Subgroup B):

Lane6: Hind Il] Negative

Lane 7: PstI Negative
Lane 8: Bel Il Positive

Lane9: RsaI Positive

Lane 10: Hae Ul Negative

- Lane L: 100bp DNA Standard Molecular Size Marker(Ladder)
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Genotyping analysis of HRSV strains (Table 3.8) showed that 63 (47%) were NP4, 31

(23%) NP2, 26 (19%) NP1, and 15 (11%) NP3. There was nosignificant difference

between the individual HRSV genotypesas potential causes of severe disease.

Table 3.8 Frequency of HRSV-NP Genotypes According to Disease Severity

 

Genotype (Subgroup) NP2(A) NP4 (A) NPI! (B) NP3 (B) Total

 

 

Severe ARI 22 44 22 11 99°

Mild-Moderate ARI 9 19 4 4 36°

Total Number (%) 31(23) 63 (47) 26 (19) 15 (11) 135

 

a: The total does not include one HRSV-positive strain with simultaneous mixed

infection by subgroups A (NP4) and B (NP3).

b: The total does not include three HRSV-weakly positive strains not subjected to

subgroup analysis by RFLP, and one HRSV-positive strain with simultaneous

mixed infection by genotypes NP2 and NP4 of subgroup A.

 

Each of the four genotypes co-circulated during the January-March period of the

study (Table 3.9).
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3.15 Discussion

This study has confirmed that HRSV is the most frequent cause of severe ARI in

young children in Jordan. The fact that a large proportion of HRSV infections

(100/140, 71%) were associated with more severe disease is not unexpected because

only hospitalized patients were involved in the present study. Howeversignificantly

more hospitalized infants with severe than those with mild-moderate ARI due to

HRSV were detected compared to infection with the other potential respiratory

pathogens.

Worldwide, two subgroups of HRSV circulate independently within human

populations, with group A being the more prevalent (Peret et al., 2000). In a 3-year

study conducted in the USA (Walshet al., 1997), group B viruses predominated for 2

years, while group A predominated in the third year. Information on the relative

frequencies of subgroups A and B in the Middle East and Africa is scarce. In the

present study, subgroup A was predominant (70% vs. 30%), as previously shown in

Jordan (Bdour, 2001), and Yemen (Al-Sonboli et al., 2005). This predominance of

subgroup A HRSVis the most commonpattern worldwide (Cane, 2001).

Only four of the six previously described N genotypes (Fletcher et al., 1997) were

found among the HRSVstrains. All these four genotypes were identified during the

January-March period of the study, with genotype NP4 predominating (Table 3.2).

However all four genotypes co-circulated at the same time. Some authors have

concluded that infection with subgroup A of HRSV is associated with more severe

disease (Peret et al., 2000) but others have found no such association (Walsh et al.,
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1997, Fletcheret al., 1997). In the present study HRSV subgroup A infection was not

associated with more severe disease than infection with subgroup B (Table 3.1). The

medical staff was unaware of HRSV subgroup and genotype results and thus potential

bias leading to a differential misclassification of the disease severity is unlikely.

Although the present study extended through only six months of the year, there was a

demonstrable peak of ARI due to HRSV during January and February (Fig 3.3), as

shownin a previous study in Jordan (Al-Toum et al., 2006). HRSV wasless frequent

or almost absent in March, April and May.

HRSV-infected children were significantly younger than HRSV-negative children,

and severe HRSVinfections most frequently (90%) affected children younger than 12

months of age in agreement with a previous report from Jordan (Meqdam and

Nasrallah, 2000). Although it has been shownpreviously that children infected with

subgroup A HRSV were significantly older than were those infected with group B

HRSV (Hall et al., 1990), there was no significant difference in the ages of these

groups (p=0.2) in the present study.

There were no significant differences between the different HRSV genotypes as

potential causes of severe disease, so it was difficult to establish a relationship

between genotypesand disease severity.
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Chapter4 Human Metapneumovirus

4.1 Introduction

In 2001, Human Metapneumovirus (HMPV) wasfirst described as a new human

respiratory pathogen by investigators in the Netherlands (van den Hoogenet al.,

2001). This previously unidentified virus was detected in NPA of 28 Dutch young

children suffering from ARI, and the samples were collected during a 20-year period.

4.2 Taxonomyand Biology

The HMPVexhibits a paramyxovirus-like morphology in negative contrast electron

microscopy. The HMPVparticles appear pleomorphic, spherical, or filamentous with

a lipid envelope and projections on the outer surface.

HMPVbelongs to the order Mononegavirales, family Paramyxoviridae, subfamily

Pneumovirinae, and genus Metapneumovirus (van den Hoogen et al., 2001). The

subfamily Pneumovirinae contains two genera; Pneumovirus and Metapneumovirus.

Members of the Pneumovirus genus include the mammalian RSV (human, bovine,

ovine, and caprine), and pneumovirus of mice (PVM) (Mackie, 2003). Until the

discovery of HMPV,the only member of the Metapneumovirus genus was avian

pneumovirus (APV), also knownasturkey rhinotracheitis virus (Cook and Cavanagh,

2002). APV has a different gene number and gene order, and only 40% homology

with mammalian pneumoviruses.
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The HMPVcontains a non-segmented, single-stranded, negative-sense RNA genome.

The HMPV genomecontains open reading frames (ORF) that encode three putative

viral envelope glycoproteins, the F (fusion), G (attachment), and SH (short

hydrophobic) proteins. The G gene is the most variable of all HRSV and HMPV;

however the F gene is the most highly conserved (33% identity on the amino acid

level) between HMPV and HRSV(van den Hoogenetal., 2002). The genome also

contains other ORF encoding the nucleoprotein (N), phosphoprotein (P), matrix

protein (M), and polymerase protein (L).

The original sequence data for HMPV genome (Figure 6.1) confirmed its

classification in the Metapneumovirus genus and showed that HMPV is genetically

similar to, though distinct from, AVP. The order of HMPV genes (3'-N-P-M-F-M2-

SH-G-L-5') by positioning of F immediately adjacent to M, and the lack of the two

nonstructural interferon-inhibiting genes NS-1 and NS-2 at the 3’ end showed a

significant difference from the gene order of the other pneumoviruses and HRSV (3’-

NS1-NS2-N-P-M-SH-G-F-M2-L-S5') (van den Hoogenetal., 2002).

Based on genomic sequencing of the N, M, F, G, or L gene, HMPV is divided into

two major genotypes (A and B), and each genotype is also divided into two genetic

subgroups 1 and 2 (Kahn, 2006, van den Hoogenetal., 2004, Skiadopoulosetal.,

2004). Studies from different geographical regions suggested that both genotypes of

HMPVare globally distributed (Peret et al., 2002, Stockton et al., 2002, Boivin etal.,

2002).
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Figure 4.1 Genomic Mapsof the RNA Genomes of HMPV and HRSV Displayed

in the 3’-to-5’ Orientation
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Source: modified from (Kahn, 2006):

(1) In HMPV,the F and M2 genesare 3’ to the SH and G genes, whereas in HRSV,

the order of these genesis reversed.

(2) The HRSV genomeencodes two nonstructural proteins, NS-1 and NS-2 (shaded),

that are not present in the HMPV genome.

(3) The L-gene of each virus, encoding the viral RNA-dependent RNA polymerase,

comprises two-thirds ofthe viral genomeandis shortened forfigure clarity.

(4) The genomesare not drawntoscale.
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4.3. Epidemiology

The HMPVis a commonrespiratory pathogen that has worldwide distribution (Kahn,

2006). In temperate climates, HMPV circulates predominantly in winter months and

overlaps with other seasonal respiratory pathogens such as FLUV and HRSV (Boivin

et al., 2002). In the Southern Hemisphere, HMPVcirculates in the summer; and in

the subtropics, peak activity is in the spring and early summer(Peiris et al., 2003).

Similar to HRSV, HMPV of both A and B genotypes (and both subgroups in each

genotype) co-circulate each year and the predominantstrains vary from location to

location and from year to year (Peret et al., 1998, Peret et al., 2002, van den Hoogen

et al., 2004).

It is likely that HMPV hasa similar mode of transmission as that of HRSV, and is

effectively transmitted as a result of direct contact with infected secretions via fomites

or large-particle aerosols. The HMPVaffects all age groups (Falseyet al., 2003). Re-

infection occurs throughout life as HMPV leads to incomplete immunity despite the

induction of antibody response. Seroprevalence studies from Japan and the

Netherlands revealed that by the age of 5 years most children had evidence of HMPV

infection (van den Hoogenet al., 2001 and Ebiharaet al., 2003).

It is not uncommon to have a dual infection of HMPV and another respiratory

pathogen. Rates of mixed infections range from 6-39%, with HRSV and FLUAbeing

the most common co-pathogens (Osterhaus and Fouchier, 2003). Co-infection with

HMPV and HRSV has been associated with an increased risk of admission to the
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PICU (Greensil et al., 2003, Semple et al., 2005) raising the possibility that HMPV

maybe a cofactor, or that mixed viral infections may be more severe. Howeverother

investigators have not found dual infections to be more severe than infections with

HMPValone(Viazoz et al., 2003, Maggiet al., 2003), and several other studies have

found that HMPV-HRSVco-infections were uncommon (Kahn, 2006).

Although HMPV hasbeenidentified in a significantly higher proportion of patients

with severe acute respiratory syndrome (SARS) than of patients infected with other

respiratory pathogens (Chanet al., 2003), its potential role as a cofactor in that illness

remains to be completely defined.

4.4 Clinical Manifestations

The incubation period between exposure and onset of clinical symptoms is not

known. However, information from one case of nosocomial transmission suggests

that the incubation period is approximately 5-6 days (Peiris et al., 2003). Respiratory

disease caused by both HRSV and HMPV appears to be commonin youngchildren,

however primary infection with HMPV occursat a slightly older age (Peiris et al.,

2003).

The clinical manifestations of HMPV-associated disease are neither specific nor

diagnostically distinct. They are similar to those of HRSV and range from mild

AURTIto bronchiolitis and severe pneumonia requiring mechanical ventilation (van

den Hoogenet al., 2001, Boivin et al., 2002). Fever, cough, and coryza are the most
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common symptoms. The spectrum of the disease appears to depend on the age and

health status of the host (Peiriset al., 2003, Falsey et al., 2003, Boivin et al., 2002).

HMPVmayberesponsible for 5-15% of cases of AURTI in children (Williamset al.,

2004, Williams et al., 2006). Most young children with HMPV infection exhibit

fever, cough, and rhinorrhoea. Fever appears to be more common with HMPV than

with HRSV,andfebrile seizures were noted in 16% of patients with HMPV compared

with 3.1% in HRSV-infected children (Peiris et al., 2003). Wheezing, otitis media,

conjunctivitis, pharyngitis, and laryngitis occur with variable frequencies (Boivin et

al., 2003, Esper et al., 2003, Freymouth et al., 2003). However, several studies have

reported the association of HMPV with acute otitis media (Kahn, 2006). Less

common symptomsinclude maculopapular truncal rash and diarrhea. Recovery from

infection is nearly universal, with the exception of immunocompromised children

(Pelletier et al., 2002).

Evidence from many studies has demonstrated that HMPV is responsible for a

substantial proportion of ALRTI in infants and young children and is second only to

HRSVas a cause of bronchiolitis in early childhood. The clinical manifestations of

HMPV-associated ALRTI in young children are indistinguishable from those of

HRSV. The incidence of HMPV-associated ALRTI in young children varies with

geographical location and time of year. The incidence estimates range from 5-15% in

most studies (Kahn, 2006). Asymptomatic infection with HMPV in young children

appears to be uncommon(Williamsetal., 2004).

HMPVaccounts for approximately 10% of ALRTI hospitalizations and is second to

HRSV as a cause of ALRTI in infants and young children requiring hospitalization
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(Kahn, 2006). Children <2 years old are the most likely to be hospitalized due to

HMPV-associated ALRTI, however the mean age for HMPV-associated ALRTI is

slightly greater than the mean age for HRSV-associated ALRTI (Mullinset al., 2004).

The peak age for hospitalization with HMPV is 3-5 months compared with 0-2

months for HRSV infections (Boivin et al., 2003). In general, the severity of disease

associated with HMPV maybeless than that observed with HRSV (Boivin et al.,

2003, Viazovet al., 2003).

Wheezing is a common symptom in children with HMPV-associated ALRTI (Kahn,

2006). HMPV hasbeen associated with exacerbation of wheezing in children (Jartti

et al., 2002) and adults (Williamset al., 2005).

HMPV-associated disease occurs in adults of all ages (Falsey et al., 2003). The

overall rates of HMPV respiratory disease in adults are likely lower than those

observed in children, and approximately 3.4% (Falsey et al., 2006). Middle-aged and

healthy older adults present with influenza-like illness and common cold syndromes

(Stockton et al., 2002, Falsey et al., 2003, Boivin et al., 2002). Asymptomatic

infection is also common. Unlike the children, fever is not commonin adults with

HMPV illness. MPV has also been associated with bronchiolitis, bronchitis,

pneumonia, and exacerbations of both asthma and COPDin adults (Falsey and Walsh,

2006). The impact of HMPV-associated respiratory tract infection is greatest in older

adults and patients with chronic cardiopulmonary disease who require hospitalization

(Falsey et al., 2003, Hamelin et al., 2005).
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In immunocompromised patients, HMPV can cause prolonged and serious infections

with high mortality rate (Kahn, 2006). Howeverit is difficult to determinethe clinical

features of HMPV disease in these individuals as many of them usually have

concurrent bacterial or fungal infections (Larcheret al., 2005).

4.5 Methodology

The RNAextracts from all the 326 specimens were subjected to the Duplex RT-PCR

for HRSV and HMPV described in Chapter 3 (3.13.1) as a screening method for the

detection of the HMVP small matrix (M) gene.

4.5.1 Specific RT-PCR for Human Metapneumovirus L-gene

Only HMPV M-gene-positive extracts were re-subjected to the confirmatory specific

RT-PCR for the detection of the HMPV larger RNA polymerase (L) gene which is

preferably required for further DNA sequencing. The HMPV L-gene needs to be

detected separately by this specific RT-PCR which requires higher concentration of

MgCl, (10mM)perreaction rather than 3mM required for the simultaneous detection

of both the HMPV M-gene and HRSV.

1. The details of HMPV primers which amplify RNA polymerase (L) gene giving

171-bp product (Stocktonet al., 2002) are shown in Table 4.1.
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Table 4.1 Human Metapneumovirus RNA Polymerase (L)-gene Primers

 

HMPV-L6 S'-CAT GCC CAC TAT AAA AGG TCAG-3'

HMPV-L7 5'-CAC CCC AGT CTT TCT TGA AA-3'

 

2. Prepare HMPV L-gene RT-PCR mastermix as shownin Table 4.2.

Table 4.2 Human Metapneumovirus L-gene RT-PCR Mastermix

 

 

Reagent Volume(ul) X 1 Reaction

HPLC H20 7.0

10x PCR buffer 50)

25mM MgCl 20.0

0.1M dTT Dod

10mM dNTP’s 2.0

L6/L7 Primer mix (contains equal volumes of the 2.0

two primers at a concentration of 20uM).

 

 

RNase Inhibitor (RNasin). 0.5

MuLV RT 0.5

Amplitaq gold DNA polymerase 0.5

Total 40.0

Extracted RNA 10.0

 

3. Apply PCR program as shownin Table 3.3.
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4.5.2. DNAPurification

The DNA amplicons ofall L-gene-positive HMPV isolates were purified using the

commercial MicroSpin Sephacryl-400 HR Columns (Amersham Biosciences, UK).

Principle

The MicroSpin Sephacryl-400 HR Columnsare designed for the rapid purification of

nucleic acids for use in a wide range of applications. They are ideal for simultaneous

processing of multiple samples. They involve no sample dilution as the pre-spin step

removes most of the storage buffer so that when the sample is purified, it elutes in a

volume equivalent to the applied sample volume. They allow rapid DNA purification

in less than 4 min by the process of spin-column chromatography. The columns

contain Sephacryl gel-filtration resin of differing pore sizes. Molecules larger than

the largest pores in the Sephacryl are excluded from the gel and elute first. The

intermediate size molecules penetrate the matrix to varying extents, depending on

their size. Penetration of the matrix retards progress through the column where very

small moleculeselute last.

Procedure

1. Re-suspend the resin in the column by vortexing.

2. Loosen the cap one-fourth turn and snap off the bottom closure.

3. Place the column,after cutting the cap from its flip-top, in 1.5ml supporting tube.

4. Centrifuge at 3000rpm for Imin.

5. Place the column in a new 1.5ml tube, remove and discard cap and slowly apply

the sample to the top-center ofthe resin, being careful notto disturb the bed.
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6. Centrifuge at 3000rpm for 2min. The purified sampleis collected in the bottom of

the supporting tube.

4.5.3 DNA Sequencing

The purified DNA amplicons ofall L-gene-positive HMPV isolates were sent for

sequence analysis (Lark Technologies, Essex, UK).

4.6 Results

Out of 326 NPA examined, HMPV wasdetected in 8 (2.5%) as shown in Table 4.3.

Table 4.3 Comparison of the HMPV-Infected Hospitalized Jordanian Children

 

 

Patient Age Sex Date (Sample Disease Simultaneous

(months) Collection) Severity Infection

1 24 Female Dec 2003 Severe Chlamydia spp.

2 2.5 Female Jan 2004 Mild-Moderate None

3 i Female Jan 2004 Severe Adenovirus

4 6 Female Jan 2004 Severe Adenovirus

5 2 Male Jan 2004 Severe None

6 10 Male Jan 2004 Mild-Moderate Adenovirus

7 2] Male Jan 2004 Mild-Moderate None

8 3 Male Feb 2004 Severe None
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The median age of HMPV-positive patients was 6.5 months (range 2-27 months); and

4 (50%) were male. Five patients had severe and 3 had mild-moderate ARI.

The HMPV wasidentified as the sole pathogen in 4 (1.2%) patients; 2 with severe and

2 with mild-moderate ARI. The HMPV was detected in combination with other

potential respiratory pathogens in 4 (1.2%) patients. Co-infection with HAdV was

detected in 3 patients; 2 with severe and 1 with mild-moderate ARI. Co-infection

with Chlamydia spp. was detected in | patient with severe ARI.

A total of 6 (75%) of the HMPV-positive cases were detected in January.

The DNA sequence analysis of L-gene from all 8 HMPV detected showed that the

Jordanian HMPVisolates had 98% identity to each other using Blast search, and were

similar to the first described original Dutch strains (data not shown).

4.7 Discussion

The HMPV wasdetected in 8 (2.5%) of 326 children with ARI severe enough to

require hospital admission, however there was neither admission to PICU nor deaths

reported in HMPV-positive children. HMPV wasdetected in 4 (2.9%) of those

admitted who wereclassified according to WHOcriteria as having severe ARI.

The HMPV-infected children had a median age of 6.5 months. This is similar to the

age distribution of the patients includedin original reports from the Netherlands and

elsewhere (van den Hoogenet al., 2001, Kahn, 2006).
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It has been reported that it is not uncommonto have a dual infection of HMPV and

another respiratory pathogen (Greensill et al., 2003). Rates of mixed infections

ranged from 6-39%, with HRSV and FLUA being the most common co-pathogens.

Similarly, this study reported an even higher 50% dual infection rate, however, there

were no patients infected simultaneously with HRSV and HMPV.

Although the study was conducted over a 6-month period, HMPV had a peak in

January. This agrees with reports of HMPV having a peak in the first months of the

year in the Northern hemisphere and during April and May in the Southern

hemisphere (Cuevasetal., 2003).

There was no evidence for genetic variations obtained in the present study, as HMPV

strains examined by DNA analysis showed 98% identity to each other, and were

similar to the originally described Dutchstrains.
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Chapter5 Human Bocavirus

5.1 Introduction

Human Bocavirus (HBoV)wasfirst described in September 2005 by Tobias Allander

and coworkersat the Karolinska University Hospital, Stockholm, Sweden (Allanderet

al., 2005). The finding resulted from the intensive investigation of two

chronologically distinct pools of NPA obtained from mostly paediatric patients

hospitalized with suspected ARI. The virus was detected by constructing libraries of

amplified DNA and RNA from the NPA’s supernatants and removing non-viral

nucleic acids by ultracentrifugation, microfiltration, and treatment with DNase. In the

original study, HBoV DNA was identified in 17 out of 540 NPA (3.1%). Coincident

detection of another virus occurred for three patients (17.6% of positive patients),

including two HRSV and one HAdV. No other viruses were detected in 14 of 17

HBoV-positive symptomatic patients, suggesting a high occurrenceofsole detections.

However, commonrespiratory viruses were not sought using PCR, and several other

knownrespiratory pathogens, including HRV and HCoV were not sought by any

means. The fact that HBoV was not detected randomly in the material but was

detected significantly more often in the absence of other detected viruses nevertheless

suggested that HBoV may be a causative agent of previously unexplained respiratory

tract disease. All 14 children without co-detection had been admitted to an inpatient

medical treatment center after presenting with symptoms of cough and fever during

the previous 1-4 days.
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5.2. Taxonomy and Biology

HBoV is assigned to the family Parvoviridiae, subfamily Parvovirinae, genus

Bocavirus. HBoV wasclassified as a bocavirus based on genomic structure and

amino acid sequence similarity shared with other members of the genus, bovine

parvovirus and canine parvovirus 1 (CPV-1) (Schildgen et al., 2008). The members

of the family Parvoviridiae are small and non-enveloped viruses. They have isomeric

nucleocapsids with diameters of 18-26 nm that contain a single molecule oflinear,

negative-sense or positive-sense, single-stranded DNA. The complete genome has a

length of approximately 4,000-6,000 nucleotides (Allander et al., 2007, Allander et

al., 2005). The genome of HBoV contains three proposed open reading frames, with

two open reading frames putatively encoding the non-structural non-capsid proteins

(NS1 and NP-1) and one encoding the two structural capsid viral proteins, VP1 and

VP2 (Allanderet al., 2005). The coding sequencesforthe structural proteins VP1 and

VP2 showhighervariability, reflecting the more immunogenic character of the virion-

associated proteins. The coding sequences for the non-structural NS1 and NP-1

proteins are more conserved and therefore preferably targeted by primers for PCR

diagnostic purposes (Schildgenet al., 2008).

ae Epidemiology

Several reports suggested that HBoV has worldwide endimicity, and its presence in

children with ARI has been confirmed by over 40 studies (Schildgen et al., 2008).

The proportion of respiratory specimens from symptomatic hospitalized children that

contain HBoV sequenceshas ranged from 1.5% to 19% (Allanderet al., 2007). Most
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children infected with HBoV have been younger than 24 months (Naghipouretal.,

2007), but older children may also be infected (Chung et al., 2006). Therefore, it

seemsreasonable to include older children into prospective surveillance studies.

HBoV DNA-positive ARI occurs in children across a range of months. Most authors

reporting from regions with temperate climates have observed a higher occurrence of

HBoV detections during the winter and spring months (Allanderet al., 2005). Choi

and coworkers reported a relatively high occurrence of HBoVin the late spring and

early summer(Choietal., 2006).

5.4 Human Bocavirus and Respiratory Tract Disease

Although several studies have founda statistical association between HBoV and ARI

(Schildgen et al., 2008), the possible role of HBoV as a true primary respiratory

pathogen remains uncertain. This wasattributed to the facts that HBoV is notrelated

to a known humanrespiratory pathogen, HBoV may be shedpersistently, and HBoV

is commonly detected in association with other respiratory viruses which have an

established pathogenic potential. It has been suggested that primary HBoVinfection,

similar to some adenoviruses (Kaye et al., 2005) and other human parvoviruses, may

cause ARI which can be followed by prolonged persistent low-level virus shedding in

the respiratory tract. Detection of the virus in this phase will be facilitated by other

infections, either simply via increased sample cell count or via reactivation of HBoV,

leading to an increased detection frequency of HBoV during other virus infections.

Consequently, HBoV detection in respiratory tract samples from patients with ARI

may simply reflect asymptomatic persistence or prolonged viral shedding. However,

another hypothesis is that HBoV is reactivated or produces a transient asymptomatic
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superinfection that is triggered by the presence of another replicating respiratory

virus. Moreover, Koch’s revised postulates cannot be applied to HBoV,since neither

a method for HBoV culture nor an animal model of infection has been established.

As previously proposed by Fredericks and Relman, a number of well-designed

detailed epidemiological studies with appropriate controls will be needed to confirm

the causative role of HBoV in respiratory tract disease (Fredericks and Relman,

1996).

Manyprevalence studies have found an unusually high numberof co-infections where

HBoV occurs simultaneously with other viruses, making the association of HBoV

with disease more complex. Co-detection frequencies of 18-90% have been reported

(Allander et al., 2005, Fry et al., 2007). This may be explained by the fact that

detection of HBoV shedding is greatly enhanced by airway inflammation caused by

any another virus. This inflammatory process will produce a cell-rich mucoid

secretion, easily available for sampling. However to date, it remains uncertain

whether co-detection with any respiratory viruses results in more serious clinical

outcomes.

De Clinical Symptoms

The most common clinical diagnoses given to HBoV-positive patients, with or

without co-infections, include AURTI, bronchitis, bronchiolitis, pneumonia, and acute

exacerbations of asthma. This clinical spectrum is in accordance with other viral

ARI, similar to the situation with HRSV infections (Weigl et al., 2003) and with

HMPVinfections (Wilkesmannetal., 2006).
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Clinical symptoms most frequently reported in individuals where HBoV is the only

detected pathogen include cough, rhinorrhea, and fever, which are also the most

common non-specific viral respiratory symptoms. There are no described distinct

clinical signs differentiating HBoV-positive infections from those ascribed to other

viruses (Kleines et al., 2007). Studies which included only hospitalized children

presented a higher illness severity than those studies that analyzed respiratory

specimens from outpatients as well (Schildgen et al., 2008). Monteny and coworkers

reported a prolonged course of fever (>7 days or recurring) in HBoV-infected patients

(Montenyet al., 2007). Wheezing was considered by Allander et al. (2005) as the

main clinical manifestation of HBoV infection. Several clinical studies described

asthma exacerbations as a clinical entity in up to 27% of HBoV-positive patients;

howeverthey did not explicitly exclude other relevant viral pathogens such as HRSV

and HRV (Schildgenet al., 2008).

HBoV has also been detected in patients with skin rash; however no causal

association has been identified (Arnold et al., 2006). Allander et al. (2005) reported a

42% incidence of acute OM in solely HBoV-positive patients. Variable detection

rates of HBoV DNAin stool samples from children with gastroenteritis with or

without concomitant respiratory symptoms have also been reported (Vicente etal.,

2007, Lee et al., 2007).

Several clinical research groups have reported HBoV-positive immunosuppressed or

immunodeficient patients. HBoV was detected in two paediatric patients after organ

transplantation (Arnold et al., 2006), eight HIV-infected paediatric patients (Smuts

and Hardie, 2006), two immunosuppressed adult patients (Manninget al., 2006), and

adult female patient with malignant B-cell lymphoma(Kupferet al., 2006).



5.6 Methodology

5.6.1 Polymerase Chain Reaction for Human Bocavirus

1. The details of HBoV primers which amplify NP-1 protein gene giving 354-bp

product (Allanderet al., 2005) are shownin Table 5.1.

 

Table 5.1 Human Bocavirus Primers

188F (forward) 5'-GAG CTC TGT AAG TAC TAT TAC-3'

542R (reverse) 5'-CTC TGT GTT GAC TGA ATA CAG-3'

 

2. Prepare HBoV PCR mastermix as shownin Table 5.2.

Table 5.2 Human Bocavirus PCR Mastermix

 

 

Reagent Volume(ul) X1 Reaction

HPLC H20 28.5

10x PCR buffer 5.0

25mM MgCl 5.0

10mM dNTP’s 2.0

Primer mix (contains equal volumesof the two 2.0

primers at a concentration of 20M).

 

 

1% BSA 2.0

Amplitaq gold DNA polymerase 0.5

Total 45.0

Extracted DNA 5.0
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5. Apply HBoV PCRprogram as shownin Table 5.3.

Table 5.3 Human Bocavirus PCR Conditions

 

Initial denature 94°C - 10min

35 cycles 94°C - Imin

54°C - Imin

72°C - 2min

Final extension 72°C - Smin

Soak 10°C

 

5.6.2 DNA Sequencing

The DNA amplicons of 25% of HBoV-positive samples were directly sent for

sequence analysis (Lark Technologies, Essex, UK) to confirm the identity of the

virus.

5.7 Results

Out of 312 NPA examined, HBoV wasdetected in 57 (18%) (Table 5.4).
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Table 5.4 Acute Respiratory Infections Associated with Human Bocavirus in

Hospitalized Jordanian Children

 

Date Nasopharyngeal Aspirates

No. Tested No. Positive % Positive

(No. Mixed Infections)

 

 

Dec 2003 7 1 (1) 14

Jan2004 95 18 (11) 19

Feb 2004 117 17 (15) 15

Mar 2004 62 10 (8) 16

Apr 2004 27 10 (10) 37

May 2004 4 1 (1) 25

Total 312 57 (46) 18
 

The median age of HBoV-infected children was 8 months and 29 (51%) were male, as

compared with a median age of 6 months and 156 (61%) male in the HBoV-negative

patients (p>0.2). HBoV wasdetected in 31 (22.5%) of 138 children with severe ARI

and in 26 (15%) of 174 children with mild-moderate ARI (p=0.2).

In the 31 HBoV-infected patients with severe ARI, HBoV was the only detected

pathogen in 1 (3.2%) patients. However, in the remaining 30 cases, it was found as a

mixed infection with HRSV and HAdV (9 patients), HAdV (8 patients), HRSV (7

patients), HRV (2 patients), HRSV and HRV(1 patient), HRSV and Chlamydia spp.

(1 patient), and HMPV and Chlamydia spp. (1 patient), and HRSV, HRV and

Chlamydia spp.(1 patient).
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In the 26 HBoV-infected patients with mild-moderate ARI, HBoV was the only

detected pathogen in 10 (38.5%) patients. However, in the remaining 16 cases, it was

found as a mixed infection with HAdV (6 patients), HRSV (3 patients), HAdV and

HRV (3 patients), HRV (2 patients), HRSV and HAdV (1 patient), and Chlamydia

spp. (1 patient).

The median age was 3.5 months for those infected only with HBoV and 10 months

(p=0.012) for those co-infected with HBoV andother potential respiratory pathogens.

A total of 14 (25%) of HBoV amplicons were subjected to direct DNA sequencing of

both strands. Four amplicons had the same sequence and were identical to the

Swedish original reference strain. Five variants were detected. One cluster (DNA

Data Bank of Japan accession number AB243566 available from www.ddbj.nig.ac.jp)

contained 5 strains with point mutations at codons 21 [R (Arginine) —K (Lysine)]

and 59 [S (Serine) —N (Asparagine)]. Another cluster (AB243570) contained 2

strains with one point mutation at codon 79 (SN). Three other variants were

detected with changes at codons 26 (RK), 29 [Q (Glutamine) —R], and 59 (SN)

(AB243568), codons 21 (RK) and 79 (SN) (AB243569), and codon 42 (RQ)

(AB243567), respectively. No connections were found between patients with

different variants except for AB243570, in which 2 strains were isolated from

children at the same orphanage in Amman who cameto the hospital on the same day.

One had mild-moderate disease and the other had severe disease.
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5.8 Discussion

HBoV wasdetected in 57 (18%) of 312 children with ARI severe enough to require

hospital admission, however there were no reported deaths in those HBoV-positive

patients. Only one child with severe ARI, who had dual co-infection with HBoV and

HRV, was admitted to PICU. HBoV wasdetected in 30 (21.7%) of those admitted

whowereclassified according to WHOcriteria as having severe ARI. Other reported

prevalences are 17 (3.1%) of 540 paediatric samples in Sweden (Allander et al.,

2005), 18 (5.6%) of 324 children <3 years of age in Australia (Slootset al., 2006), and

18 (5.7%) of 318 children <3 years of age in Japan (Maet al., 2006). These data

support an association between HBoV and ARI. However, the prolonged detection of

HBoV for up to 4.5 months in NPAs of immunocompetent children with ARI has

been recently reported (Blessinget al., 2009).

As in the Australian study (Sloots et al., 2006), mixed infections were common. In

the Australian study, HBoV wasdetected with other potential respiratory pathogens in

nearly 56%. In the present study, the prevalence (81%) of mixed infections was even

higher, occurring most often as a co-infection with HRSV. HBoV wasfoundassole

pathogen in 2% of cases of severe ARI and in 7.5% of mild-moderate ARI.

The present study was conducted during the peak period of ARI in Jordan, and the

prevalence of detection of HBoV ranged from 12.9% in March to 37% in April.

Evidence for variations in the HBoV NP-1 gene was also obtained in the present

study. In addition to the original Swedish strain, we found 5 variants with point
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mutations in the gene causing amino acid substitution in the deduced protein. What

role this might play in HBoV pathogenesis and whether other genes encoding

nonstructural protein 1 (NS-1) and virion proteins 1/2 (VP1/2) show similar

variability are unclear. However, 2 CPV-1 strains showed 96.5%, 92.5%, and 97.5%

homology in their NS-1-, NP-1-, and VP1/2-deduced proteins (Ohshimaet al., 2004).
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Chapter6 Human Coronaviruses

6.1 Introduction

Human coronaviruses (HCoV) were first described by Tyrrell and Bynoe following

their discovery from a school boy with a cold (Tyrrell and Bynoe, 1965). Soon

thereafter, HCoV was suggested to be an etiological cause of respiratory tract disease

(Tyrrell & Bynoe, 1966). HCoV may account for up to 30% of ARI in the general

population (Gillim-Ross & Subbarao, 2006).

6.2 Biology and Taxonomy

HCoV are membersin the family Coronaviridae within the order Nidovirales. HCoV

are enveloped, and medium-sized with a diameter of 50-150 nm. As seen by electron

microscopy, the viral particles are pleomorphic and carry extended spike proteins on

the membrane surface, providing the typical crown (Latin, corona)-like appearance

(Almeida and Tyrrell, 1967). HCoV contain positive-sense single-stranded RNA

genome whichis the largest viral genome (27-33 kb) among the RNA viruses. HCoV

has a unique and complicated mechanism of gene transcription and genome

replication whichresults in a set of subgenomic RNAs (Sawicki and Sawicki, 1998).

This mechanism allows unique recombination to occur easily in cells infected with

two different viruses resulting in the emergence of novel viruses with unpredictable

host ranges and pathogenicity (Kahn, 2006).
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6.3 Prototype Strains of Human Coronaviruses

Two HCoV prototype strains with well-defined antigenic serogroups were

established; group I represented by HCoV-229E,and group II represented by HCoV-

OC43 (van der Hoek, 2007).

HCoV-229E and HCoV-OC43 are a common cause of upper respiratory tract disease

in children and adults, are associated with exacerbations of asthma and chronic

bronchitis and are, less commonly, the cause of severe lowerrespiratory tract disease.

However pneumoniahas been reported in infants, military recruits and elderly people

(Kahn, 2006).

HCoV-229E and HCoV-OC43 tend to circulate in the winter months and cause

irregular epidemics every 2-3 years (Monto, 1974).

6.4 Severe Acute Respiratory Syndrome-Associated Coronavirus

Severe acute respiratory syndrome-associated Coronavirus (SARS-CoV) is a novel

coronavirus that caused the first major pandemic in the new millennium (Chengetal.,

2007). SARS-CoV wasfirst identified in early 2003 as the cause of the newly

emerging severe acute respiratory syndrome (SARS) (Peiris et al., 2003). It is now

clear that SARS-CoV originated from animals and was not the result of unique

recombination but rather the trans-species transmission of the virus (Kahn, 2006).

The SARS wasfirst recognized in the Guangdong province in China in November

2002; however SARS-CoV capacity for human-to-human transmission, lack of

awareness in hospital infection control, and international air travel facilitated the rapid

global dissemination of this virus (Chenget al., 2007).

111



6.5 Discovery of HCoV-NL63 and HCoV-HKU1

In 2004, a novel HCoV-NL63, which is most closely related to HCoV-229E and

belongs to antigenic group I, was detected in a 7-month-old child with bronchiolitis in

the Netherlands (van der Hoeketal., 2004).

In 2005, a novel HCoV-HKU1, which is most closely related to HCoV-OC43 and

belongs to antigenic group II, was detected in a 71-year-old man with chronic

obstructive airway disease in Hong Kong (Wooetal., 2005).

6.6 Epidemiology of HCoV-NL63 and HCoV-HKU1

These two new HCoV-NL63 and HCoV-HKU1 circulate worldwide causing

infections that have been reported from a numberof different countries (Pyrc et al.,

2007). They can be detected in 1-10% of patients with ARI, and dual infections with

other respiratory viruses are commonespecially in the HCoV-NL63infected patients

(van der Hoeket al., 2006).

Mostpatients that are hospitalized with HCoV-NL63 or HCoV-HKU1 infections are

children, adults with underlying disease, or elderly (Hayden, 2006). Generally,

infection by HCoV-NL63 and HCoV-HKU1is not lethal; however fatalities were

reported in the elderly and persons with severe underlying illnesses (van der Hoek,

2007).
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6.7 Clinical Presentation of HCoV-NL63 and HCoV-HKU1 Infections

Although HCoV-NL63 and HCoV-HKU1 can be found in ARI, proof that these

viruses cause commoncolds in normal adults is lacking (van der Hoek, 2007). Fever,

cough, and rhinorrhea are the most frequently observed symptoms, and infection is

often diagnosedin patients with an underlying disease.

Koch’s revised postulates cannot be applied to HCoV-NL63 and HCoV-HKU1, since

neither a method for viral tissue culture system nor an animal model of infection has

been established. As previously proposed by Fredericks and Relman (1996), a

number of well-designed detailed epidemiological studies with appropriate controls

will be needed to confirm the causative role of HCoV-NL63 and HCoV-HKU1 in

respiratory tract disease. Therefore the determination of a significant association with

a disease represents the best method of confirming the relation between these viruses

and the disease.

A high incidence of croup has been observed among HCoV-NL63-infected patients

(Choi et al., 2006, van der Hoek et al., 2005). Although croup can be caused by

several respiratory viruses, HPIV are regarded as the main causative agents for croup

(Dennyet al., 1983). However in one study, HCoV-NL63 was detected even more

frequently than HPIV (van der Hoeket al., 2005).

The suggested association between HCoV-NL63 and Kawasaki disease (Esperet al.,

2005) remains unconfirmed and doubtful (van der Hoek, 2007). Kawasaki disease is

one of the most common forms of childhood vasculitis (Burns and Glodé, 2004). It
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presents with prolonged fever and a polymorphic exanthema, oropharyngeal erythema

and bilateral conjunctivitis.

6.8 Methodology

The genomes of HCoV-NL63 and HCoV-HKU1 were detected separately in the NPA

by random reverse transcription-polymerase chain reaction (RT-PCR). The RT step

was performed using a nonspecific random hexamerprimer that can anneal to nearly

any RNA. The cDNAproduct is then PCR amplified using specific HCoV-NL63 and

HCoV-HKUprimers separately (Pyrcet al., 2007).

6.8.1 Random RT-PCR for Human Coronavirus-NL63

1. Prepare HCoV-NL63 RT mastermix as shownin Table 6.1.

 

 

Table 6.1 Human Coronavirus-NL63 Reverse Transcription Mastermix

Reagent Volume (ul) X 1 Reaction

HPLC H20 13.5

10x PCR buffer 225)

25mM MgCl 2.0

10mM dNTP’s 1.0

Random hexamerprimer(at a concentration of 0.5

 

 

20uM).

RNase Inhibitor (RNasin). 0.25

MuLV RT 0.25

Total 20.0

Extracted RNA 5.0
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2. Place the PCR tubesin the thermal cycler at 25°C for 10min, then 42°C for Ihr.

3. The details of HCoV-NL63 specific primers which amplify the replicase gene

producing 215-bp amplicons (Choiet al., 2006) are shown in Table 6.2.

Table 6.2 Human Coronavirus-NL63 Specific Primers

 

Forward S'-GCG CTA TGA GGG TGG TTG TAAC-3'

Reverse 5'-CGC GCA GTT AAA AGT CCA GAA TTA AC-3’

 

4, Prepare HCoV-NL63 PCR mastermix as shownin Table 6.3.

Table 6.3 Human Coronavirus-NL63 PCR Mastermix

 

 

Reagent Volume(ul) X 1 Reaction

HPLC H20 33.5

10x PCR buffer 5.0

25mM MgCl 3.0

10mM dNTP’s 1.0

Primer mix (contains equal volumes of the two 2.0

primers at a concentration of 20M).

 

 

Amplitaq gold DNA polymerase 0.5

Total 45.0

cDNAtemplates 5.0

 

5. Apply HCoV-NL63 PCRprogram asin Table 6.4.
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Table 6.4 Human Coronavirus-NL63 PCR Conditions

 

1 cycle 94°C - 5min

40 cycles 95°C - Imin

50°C - Imin

72°C - Imin

1 cycle 72°C - Smin

Soak 10°C

 

6.8.2. Random RT-PCR for Human Coronavirus-HKU 1

1. Prepare HCoV-HKU1 RT mastermix as shownin Table 6.1.

2. Place the PCRtubesin the thermal cycler at 25°C for 10min, then 42°C for Lhr.

3. The details of HCoV-HKU1 specific primers which amplify the polymerase gene

producing 392-bp amplicons(Lauet al., 2006) are shown in Table6.5.

Table 6.5 Human Coronavirus-KHU1 Specific Primers

 

LPW1926 Forward 5'-AAA GGA TGT TGA CAA CCC TGT T-3’

LPW1927 Reverse 5'-ATC ATC ATA CTA AAA TGC TTA CA-3'

 

4. Prepare HCoV-HKU1 PCR mastermix as shownin Table 6.3.

5. Apply HCoV-HKU1 PCRprogramasin Table 6.4.
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6.9 Results

Only one of the 326 collected NPA was inadequate for the detection of HCoV by RT-

PCR. There was no HCoV-HKU1 detected in the present study, however HCoV-

NL63 wasdetected in 4 (1.2%) of 325 examined NPA (Table 6.6).

Table 6.6 Comparison of Human Coronavirus-NL63-Infected Hospitalized

Jordanian Children

 

 

Patient Age Sex Date Disease Co-infection

(months) (sample collection) Severity

1 12 F December Severe None

Za 6 M January Severe None

3 4 M February Mild-Moderate Adenovirus

4 Z M February Mild-Moderate None

 

The median age of HCoV-NL63-infected patients was 5 months (range 2-12 months);

and three (1.6%) were male. Two patients had mild-moderate and 2 had severe ARI.

HCoV-NL63 wasthe only pathogen detected in the 2 patients with severe and in one

patient with mild-moderate ARI, however it was mixed with HAdV in the other

patient who had mild-moderate ARI. Each of the four HCoV-NL63 isolates was

identified during the December-February period of the winter season.
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6.10 Discussion

Although numerous groups have reported HCoV-NL63 infections worldwide (Pyre et

al., 2007), the present study has confirmed that HCoV-NL63 is a cause of ARI in

youngchildren in Jordan. In the present study, HCoV-NL63 wasdetected in 4 (1.2%)

of 325 patients as compared to detection in 1-10% of patients with ARI in other

studies (van der Hoeketal., 2006). The median age of HCoV-NL63-infected patients

in the present study was 5 months (range 2-12 months) suggesting that children under

the age of 12 months were mostat risk of infection. Each of the four HCoV-NL63

isolates in this study was identified during the December-February period suggesting

that this virus circulates in Jordan primarily in the winter as reported in other

temperate climate countries (van der Hoeket al., 2006). However a spring-summer

peak of activity was reported in Hong Kong (Chiu et al., 2005) indicating that the

seasonality of HCoV-NL63 in tropical and subtropical regions may notberestricted

to the winter season. A summerpeak cannot be excluded in the present study which

wasonly conducted from December to May.

Although all the currently circulating HCoVs can probably be classified as common

cold viruses, a more severe ALRTIis frequently observed in young children, patients

with underlying disease and the elderly (Pyrc et al., 2007). However the four HCoV-

NL63-infected patients in the present study had no underlying illnesses or pre-existing

lung diseases.

Althoughthe first described cases of HCoV-NL63 infections were in young children

with severe ALRTI in hospital settings (van der Hoek et al., 2004, Fouchieret al.,
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2004, Ardenet al., 2005), a recent Canadian study showed that HCoV-NL63-infected

patients had relatively mild symptomslike fever, cough, sore throat, and rhinitis

(Bastien et al., 2005). This demonstrates the broad clinical spectrum of HCoV-NL63

infections. It has also been reported that HCoV-NL63 infection is associated with

high frequency of croup (van der Hoeket al., 2005). In the present study, two patients

had mild-moderate and 2 had severe ARI; however there were no deaths or

admissionsto the pediatric intensive care unit in the HCoV-infected patients.

Although HCoV-NL63 infections are often found in combination with a second

respiratory virus, and the frequency of double infections can exceed 50% (van der

Hoeketal., 2006), in the present study HCoV-NL63 was morelikely to occur in the

absence of another potential respiratory pathogen as it was the sole pathogen detected

in the 2 patients with severe and in one patient with mild-moderate ARI, howeverit

was mixed with HAdV in onepatient with mild-moderate disease.

HCoV-HKUI1 wasnot detected in the present study; nevertheless this does not mean

that this virus does not exist in Jordan. This might be attributed to the relatively short

study period, possible missing of the peak season, and the variable seasonality of

HCoV-HKU1from yearto year.
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Chapter 7 Human Rhinoviruses

7.1 Introduction

In 1954, the first recognized rhinovirus (type 1A) wasisolated in monkey kidneycell

culture (Mogabgab and Pelon, 1957). In 1963, human rhinoviruses (HRV) were

named becauseoftheir association with illnesses, and adaptation to the nasal passages

(Tyrrell and Chanock, 1963). By 1967, around 55 serotypes of HRV had been

discovered (Kapikian et al., 1967). In 1986, HRV classification was expanded to

include 100 serotypes (Hamparianet al., 1987). HRV are the most commoncause of

viral illness worldwide (Rotbart and Hayden, 2000), and have been implicated in one-

third to one-half of all cases of ARI.

7.2 Biology and Taxonomy

The large family Picornaviridae currently comprises nine genera including

Enterovirus and Rhinovirus. However HRV constitute the largest genus in this

family. HRV are small particles with a diameter of 25-30 nm. Each HRV contains

four structural proteins (VP 1-4) which form a non-enveloped capsid with icosahedral

symmetry. The viral genome is a single-stranded, positive-sense RNA of

approximately 7.4 kb in size with a single open reading frame. HRV differ from the

enteroviruses by their inability to withstand acidic conditions. HRV havea relatively

low optimum temperature (33°C) for growth considered to reflect an evolutionary

adaptation to the environment of the nasopharyngeal region. HRV have been

classified into more than 100 distinct antigenic serotypes (Savolainenetal., 2003).
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7.3 Epidemiology

HRVinfections are commonall over the world and children in particular suffer from

HRVinfections frequently. In temperate climates, HRV infections occur throughout

the year but usually peak in spring (April-May) and autumn (September) (Mackay,

2008). HRV have been associated with 3-fold more ARI than HRSV (Kuseletal.,

2006). However co-detection has been associated with more severe than detection of

HRValone (Aberle et al., 2005).

74 Clinical Diseases

HRVare the most common cause of common cold in all age groups (Mackay, 2008),

however the common cold caused by HRV cannot be distinguished clinically from

that caused by other viruses (Baeret al., 2008).

HRV have been strongly associated with acute OM which is the most common

complication of HRV infection in children. More than 40% of documented

nasopharyngeal HRV infections were associated with acute OM in small children

(Vesaet al., 2001).

HRVcan causesinusitis, bronchitis, bronchiolitis, and pneumonia in children. HRV

are the most commonly identified pathogens associated with expiratory wheezing

exacerbations (Jacques et al., 2006) in all age groups (Joao Silva et al., 2007).

Exacerbations of asthma and COPDare often preceded by a symptomatic rather than

asymptomatic HRV infection (Heymannet al., 2005).
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HRVinfections are usually more frequent, severe, and longer-lasting in children, the

immunocompromised and the elderly than in healthy immunocompetent adults

(Atmar, 2005).

Tae Methodology; Random RT-PCR Method for Human Rhinoviruses

1. Prepare HRV-RT mastermix as shownin Table 6.1.

2. Place the PCRtubesin the thermal cycler at 25°C for 10min, then 42°C for Lhr.

3. The details of HRV specific primers which amplify the 5’'UTR gene producing

202-bp amplicons (Choiet al., 2006) are shownin Table 7.1.

Table 7.1 Human Rhinoviruses Primers

 

Forward 5'-GCA CTT CTG TTT CCC C-3'

Reverse 5'-GGC AGC CAC GCA GGCT-3'

 

4, Prepare HRV-PCR mastermix as shownin Table 6.3.

5. Apply HRV-PCR program as shownin Table 6.4.

7.6 Results

HRVwasdetected in 36/325 (11%) of NPA examined (Table 7.2). Of the 36 HRV-

infected children; 12 (33%) had severe, and 24 (67%) had mild-moderate ARI. The

median age of those infected with HRV was 5.5 months not significantly different

from that of those infected with HRSV.
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In 12 HRV-infected patients with severe ARI, HRV wasthe only detected pathogen in

only one (8%) patient. However, in the remaining 11 (92%) cases, it was found as a

mixed infection with HRSV (2 patients), HAdV (2 patients), HBoV (2 patients),

HRSV and HAdV (1 patient), HRSV and HBoV (1 patient), HAdV and HMPV (1

patient), Chlamydia spp. (1 patient), and HRSV, HBoV and Chlamydia spp. (1

patient).

In 24 HRV-infected patients with mild-moderate ARI, HRV was the only detected

pathogen in 7 (29%) patients. However, in the remaining 17 (71%) cases, it was

found as a mixed infection with HRSV (6 patients), HAdV (5 patients), HAdV and

HBoV (3 patients), HBoV (2 patients), and HRSV and Chlamydia spp.(1 patient).

 

 

 

Table 7.2 Acute Respiratory Infections Associated with Human Rhinoviruses in

Hospitalized Jordanian Children

Date Nasopharyngeal Aspirates

No. Tested No. Positive % Positive

(No. Mixed Infections)

Dec 2003 1] 2 (1) 18

Jan2004 103 12 (10) 12

Feb 2004 118 11 (8) 9

Mar 2004 62 5 (3) 8

Apr 2004 27 6 (6) za

May 2004 + 0 (0) 0

Total S25 36 (28) 11
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The median age of HRV-infected children was 5.5 months and 17 (47%) were male,

as compared with a median age of 5 months and 171 (59%) male in the HRV-negative

patients (p=0.5).

HRVwas detected in 12 (8.7%) of 138 children with severe ARI, and in 24 (12.8%)

of 187 children with mild-moderate ARI (p=0.2).

The median age was 5.5 months for patients infected only with HRV, and 5 months

(p=0.9) for those co-infected with HRV and other potential respiratory pathogens.

7.7 Discussion

HRV wasthe fourth commonest respiratory pathogen detected in 36/325 (11%) of

children with ARI severe enough to require hospital admission. There were no

reported deaths in HRV-positive patients; however one child with severe ARI, who

had dual co-infection with HBoV and HRV, was admitted to PICU. HRV was

detected in 12 (8.6%) of those admitted who were classified according to WHO

criteria as having severe ARI.

The HRVprevalence (11%) in Jordanian children is double that (5.8%) described for

ALRTI in Korean children (Choi et al., 2006) but somewhat lower than that (44%)

found recently in Australia (Ardenetal., 2006).

HRV was present as a co-pathogen in 28 (78%) of Jordanian children, whereas in

Australia in almost one third of HRV infections a co-pathogen was detected (Ardenet

al., 2006).
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HRVare well-recognized causes of AURTI. Howeverin the Australian study it was

detected in almost half the samples from patients with ALRTI (Arden et al., 2006),

again somewhere higher than the 11% prevalence in Jordanian children. Hayden

(2004) has recently reviewed the role of HRV in ALRTI and found that they were

responsible for between 12% and 24% of such infections in children. In one study it

waspresent as a co-pathogen in almost 50% of infections (Papadopouloset al., 2002).

The present study was conducted during the peak period of ARI in Jordan, and the

prevalence of detection of HRV ranged from 8% in March to 22% in April.
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Chapter 8 Human Adenoviruses

8.1 Introduction

Adenoviruses were first described in 1953, when Rowe and coworkers described

spontaneous degeneration of primary cell-lines derived from the human adenoids

(Roweet al., 1953). In 1956, these viruses were named adenoviruses, after the tissue

from which they were found. Currently, there are over 120 adenovirusesthat infect a

wide range of mammalian, avian, and reptile species (Hart and Kerrigan, 2005).

Adenoviruses are divided into 4 genera. Human Adenoviruses (HAdV) are viruses

infecting humans, and represented by at least 52 serotypes with various genotypes

divided into genomic clusters. HAdV may cause a broad spectrum of diseases due to

their various serotypes and different tissue tropism. The disease manifestations

include asymptomatic excretion, diarrhoeal disease, conjunctivitis, pneumonia, and

meningitis.

8.2 Biology and Taxonomy

HAdV,from the family Adenoviridae, are medium-sized of 80-110nm in diameter,

non-enveloped, icosahedral viruses. Each particle contains a non-segmented, linear,

double-stranded DNA molecule of about 36 kb carrying approximately 40 genes. The

protein capsid is unilayered with a hexagonal outline, and composed of 252

capsomeres(each 8-10 nm in diameter), including 240 hexons and 12 pentons(at the

apices). Each penton consists of a base and an up to 70 nm long fibre with a knob-

like terminal that interacts with cellular receptors. Cross-reacting antibodies are
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directed against the hexons, which contain the generic antigenic component common

to all mammalian adenoviruses. Hexons also contain serotype-specific sites which

induce neutralizing antibodies. PCR primers for the hexon gene are more commonly

chosen for molecular diagnostic methods because it is highly conserved among

different serotypes.

HAdV belong to the Adenoviridae family and the Mastadenovirus genus. They are

divided into seven species, from A through G, based on immunologic, biologic, and

biochemical characteristics. Species B is further subdivided into subspecies B1 and

B2 (Hart and Kerrigan, 2005).

Different HAdV serotypes are described within a species. To date, 52 serotypes have

been described (Jones et al., 2007). A serotype is defined on the basis of its

neutralization by specific animalantisera.

Different genotypes can be distinguished within the same serotype. The genotypes

are named with letters. The letter ‘p’ is assigned to the prototype strain, while other

letters, such as a, b, c, d, h, i, etc., are assigned to the rest. These genotypes represent

changes of the genomic DNA, which are not always associated with serological

changes (Crawford-Miksza and Schnurr, 1996). Genotypes can be determined by

restriction enzyme analysis or by sequencing.

HAdVsare highly resistant to physical and chemical agents. They are inactivated at

56°C and stable whenstored at -70°C (Hart and Kerrigan, 2005, Russell, 2000). They

remain infectious at room temperature for prolonged periods (up to 3 weeks) in

certain fomites, giving them a high potential for spread. There is no animal reservoir,
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and transmission is person to person, through water, fomites, and instruments.

Nosocomial infections and severe outbreaks have been reported.

HAdVsare stable at low pH andare resistant to gastric and biliary secretions,

therefore allowing the virus to replicate and achieve a high viral load in the gut.

8.3 Clinical Diseases

HAdVsare associated with respiratory, ocular, or gastrointestinal diseases, occurring

mainly in children and military recruits as endemic infections or during outbreaks.

Different serotypes of HAdVs are responsible for ARI in children and adults.

Serotypes 1-3 and 5-7 usually cause ARI and pneumonia in children, while serotypes

4 and 7 mostly cause pneumonia in young adults (Hart and Kerrigan, 2005). The

latter two serotypes have emerged as a significant and serious problem in military

recruits (Sanchez et al., 2001). Serotype 7 is responsible for large community

epidemics and outbreaks of respiratory infection in children living in close proximity

with others. Serotype 7 in children is almost exclusively a pathogen ofthe respiratory

tract, and sometimes the infection can be very severe and fatal (Mitchell et al., 2000).

Ocular diseases include acute conjunctivitis, acute haemorrhagic conjunctivitis,

pharyngoconjunctival fever, and epidemic keratoconjunctivitis. HAdV serotypes 8,

19 and 37 cause a severe epidemic keratoconjunctivitis, also known as shipyard eye

(Hart and Kerrigan, 2005). HAdV may cause other extrapulmonary diseases in

children including gastroenteritis, intussusception, haemorrhagic cystitis and

encephalitis.
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Over the last years, HAdV have increasingly been recognized as significant viral

causes of acute or persistent infections, with high morbidity and mortality, among

immunocompromised patients. Co-infection with more than one HAdVserotype is

more frequent in immunocompromised patients (30%) than in immunocompetent

patients (5%) (Gray et al., 2007). Clinical manifestations in immunocompromised

patients include pneumonia, hepatitis, hemorrhagic cystitis, colitis, pancreatitis,

meningoencephalitis, and disseminated disease, depending on the underlying disease,

affected organ system, patient age, and virus serotype (Echavarria, 2008).

Asymptomatic excretions of HAdV have been reported to occur in groups D and B

(De Jong et al., 1999).

8.4 Epidemiology

HAdVinfections are common, have a worldwidedistribution, and occur throughout

the year. At birth about 90% of newborns have transplacentally acquired antibodies

to the more common HAdVserotypes which may be protective during the first 6

months oflife. Therefore the highest incidence rates of HAdV infections occur in

children between 6 months and 5 years of age (Mitchell et al., 2000). These

infections are frequent during childhood, when they tend to be self-limiting and to

induce serotype-specific immunity. HAdV are endemic in the paediatric population;

epidemics and outbreaks with higher morbidity and mortality can also occur.

Latency or persistence of HAdVisparticularly observed for species C in tonsils. The

gp19 protein and 14.7kDa protein play a key role in the ability of species C to

produce persistent infections. The gp1l9 prevents transport of class I major
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histocompatibility complex molecules to the surfaces of infected cells, thus reducing

cytotoxic T-cell attack of the infected cells (Lichtenstein et al., 2004). Endogenous

reactivation may occur during periods of immunosuppression.

8.5 Methodology

8.5.1 Nested Polymerase Chain Reaction for Human Adenoviruses

1. The details of HAdV primers which amplify the hexon gene giving a 330-bp

product (Couroucliet al., 2000) are shown in Table 8.1.

Table 8.1 Human Adenoviruses Primers

 

Primary PCR primers:

ADH-O1 5'-ACT ACA AYA TTG GCT ACC AGG-3'

ADH-02 5'-CAA AAC ATA AAG AAG KG TG GGC-3’

 

Secondary PCR primers:

ADH-11 5'-AAC TTC CAG CCC ATG AGC MG-3'

ADH-12 5'-CTC AAA AGT CAT GTC BAG CGC-3'

 

Y=C+T, K=T+G, M=A+C, B=T+C+G

 

2. Prepare the primary HAdV-PCR mastermix as shownin Table 8.2.
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Table 8.2 Human Adenoviruses Primary PCR Mastermix

 

 

Reagent Volume(ul) X 1 Reaction

HPLC H20 23.5

10x PCRbuffer 5.0

25mM MgCl 7.0

10mM dNTP’s 2.0

Primer mix (contains equal volumes of the two 2.0

primary primers at a concentration of 20p.M).

 

 

Amplitaq DNA polymerase 0.5

Total 40.0

Extracted DNA 10.0

 

3. Apply HAdV-PCRprogram as shownin Table 8.3.

Table 8.3 Human Adenoviruses PCR Conditions

 

Initial Denature 94°C - 5min

35 Cycles 94°C - 45s

64°C - 45s

72°C - 45s

Final Extension 72°C - 10min

Soak 10°C

 

6. Prepare the secondary HAdV-PCR mastermix as shownin Table 8.4.
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Table 8.4 Human Adenoviruses Secondary PCR Mastermix

 

 

Reagent Volume(ul) X 1 Reaction

HPLC H20 31.5

10x PCR buffer 5.0

25mM MgCl 7.0

10mM dNTP’s 2.0

Primer mix (contains equal volumes of the two 2.0

secondary primers at a concentration of

 

 

20uM).

Amplitaq DNA polymerase 0.5

Total 48.0

Primary PCR product 2.0

 

9. Apply HAdV-PCRprogram as shownin Table 8.3.

8.5.2 DNA Sequencing

All the DNA amplicons of HAdV-positive samples were directly sent for sequence

analysis (Faculty of Veterinary Science, Leahurst, Liverpool, UK). However no

results were received.

132



8.6 Results

HAdV were detected in 116/312 (37%) of NPA examined (Table 8.5). Of the 116

HAdV-infected children; 48 (41%) had severe, and 68 (59%) had mild-moderate ARI.

The median age of those infected with HAdV was 7 monthsnotsignificantly different

from that of those infected with HRSV.

In 48 HAdV-infected patients with severe ARI, HAdV was the only detected

pathogen in only 9 (19%) patients. However, in the remaining 39 (81%) cases, it was

found as a mixed infection with HRSV (18 patients), HRSV and HBoV (9 patients),

HBoV(6 patients), HRV (2 patient), HMPV (1 patient), HRSV and HRV(1 patient),

HRSV and Chlamydia spp. (1 patient), and HMPV and HRV(1 patient).

In 68 HAdV-infected patients with mild-moderate ARI, HAdV wasthe only detected

pathogen in 36 (53%) patients. However, in the remaining 32 (47%) cases, it was

found as a mixed infection with HRSV (12 patients), HBoV (8 patients), HRV (5

patients), HBoV and HRV (3 patients), HRSV and HBoV (1 patient), HMPV (1

patient), Chlamydia spp. (1 patient), and HCoV-NL63(1 patient).
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Table 8.5 Acute Respiratory Infections Associated with Human Adenoviruses in

Hospitalized Jordanian Children

 

Date Nasopharyngeal Aspirates

No.tested No.Positive % Positive

(No. Mixed Infections)

 

 

Dec 2003 7 0 0) 0

Jan2004 95 41 (31) 43

Feb 2004 117 36 (22) 31

Mar 2004 62 20 (7) 32

Apr 2004 27 18 (10) 67

May 2004 4 1(1) 25

Total 312 11671) 37
 

The median age of HAdV-infected children was 7 months and 69 (60%) were male,

as compared with a median age of 5 months and 116 (59%) male in the HAdV-

negative patients (p=0.005).

HAVwasdetected in 48 (35%) of 138 children with severe ARI, and in 68 (39%) of

174 children with mild-moderate ARI (p=0.4).

The median age was 6.8 monthsfor patients infected only with HAdV,and 7 months

(p>0.4) for those co-infected with HAdV andother potential respiratory pathogens.

8.7 Discussion

HAdVwasdetected in 116 (37%) of 312 children with ARI severe enough to require

hospital admission, however there was neither admission to PICU nor deaths reported
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in HAdV-positive patients. HAdV wasdetected in 48 (35%) of those admitted who

were Classified according to WHOcriteria as having severe ARI.

The prevalence of HAdV detected in this study (37%) is significantly higher than

those reported recently from Germany (12.9%), Brazil (6%) and India (1.5%)

(Gréndahlet al., 1999, Straliotto et al., 2002, Maitreyi et al., 2000). This might be

explained by the fact that the present study used a more sensitive two-step nested

PCR. However only the German study used a one-step multiplex RT-PCR assay to

allow the detection of nine different microorganisms including HAdV. Thelatter two

studies from Brazil and India employed immunofluorescence and viral culture

respectively.

In 71 (61%) of the cases of HAdV infection it was found together with another

potential pathogen. The German study showed that in 5% of the cases when an agent

was detected there was more than one potential pathogen and in most cases this was

HAdV with another pathogen (Gréndahlet al., 1999). It is unclear why we had such a

high rate of detection and a high rate of co-infection involving HAdV and this

warrants further study.

This study was conducted during the peak period of ARI in Jordan, and the

prevalence of detection of HAdV ranged from 25% in May to 67% in April.
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Chapter9 Influenza and Parainfluenza Viruses

9.1 Influenza Viruses

9.1.1 Introduction

Influenza viruses (FLUV)are the causative agents of influenza which is characterized

by the epidemic nature of the disease and the mortality that results in part from its

pulmonary complications.

9.1.2 Biology and Taxonomy

FLUVbelong to the Orthomyxoviridae family which contains three important genera:

influenza virus type A (FLUA), B (FLUB), and C (FLUC).

FLUVare pleomorphic and medium-sized with a diameter of 80-120 nm. FLUVare

enveloped and covered by surface projections or spikes. FLUV particles usually

contain an eight-segmented, single-stranded, negative-sense RNA genome (Pons,

1971) which encodes 11 proteins including haemagglutinin (HA) and neuraminidase

(NA). FLUA are sub-typed based upon HA and NA whichare surface glycoproteins

found on the viral envelope representing the viral major antigenic determinants (Murti

and Webster, 1986).

There are 16 types of HA (H1-H16) which binds to host cell sialic acid-conjugated

glycoproteinfacilitating the viral entry into the cell. There are 9 types ofNA (N1-N9)
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which is a sialidase and important for viral release and propagation (Beigel, 2008).

Antigenic variation, which involves principally HA and NA,is a unique feature of

FLUV. It is a frequent and almost an annual event with FLUA but occurs less

frequently with FLUB. There are two forms of antigenic variations; major (shift) and

minor(drift).

The antigenic shift occurs from genomic segments re-assortment when two FLUV

infect the samecell, resulting in the emergence of an antigenically novel FLUV that

spreads rapidly worldwide in an immunologically non-immune population. The

antigenic drift occurs frequently every year or few years within an influenza subtype,

resulting from point mutations affecting RNA segment coding HA or NA but more

commonly HA (Gillim-Ross and Subbarao, 2006).

9.1.3 Epidemiology

Spread of influenza is primarily through small-particle aerosols generated by

sneezing, coughing, and speaking. In temperate northern climates, influenza

epidemics occur from December-March, however in hot equatorial climates, FLUV

circulate throughout the year with peak activity in rainy seasons (Beigel, 2008).

FLUV cause recurrent epidemics almost every year leading to significant human

morbidity and mortality. However, only FLUA is historically associated with

pandemics. Three types of HA (H1-H3) and two NA (NI-N2) have caused three

influenza pandemics in the last century; ‘Spanish flu’ caused by HINI1 in 1918,

‘Asian flu’ caused by H2N2 in 1957, and ‘Hong Kong flu’ caused by H3N2 in 1968
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(Peiris et al., 2007). Only two of these FLUA (HINI and H3N2) are currently

circulating as seasonal influenza, however H2N2 has not circulated in humans since

1968 (Beigel, 2008).

Interspecies transmission of FLUA occurs and mayresult in severe humanillness, as

the 1997 outbreak in Hong Kong caused by H5N1 virus of avian origin (Yuenetal.,

1998). This highly pathogenic avian influenza virus subtype HSN1 which is endemic

in wild aquatic bird populations continues to cross species barriers to infect humans

and other mammals, often with fatal outcomes, and represents a potential serious

pandemicthreat (Peiris et al., 2007).

9, 1.4 Clinical Diseases

FLUA and FLUB are more common and cause more severe disease than FLUC

(Beigel, 2008). However FLUC is a significant cause of ARI in children younger

than 6 years of age (Matsuzaki et al., 2006).

FLUA naturally infect humans and cause epidemics and pandemics of influenza

which is a highly contagious, acute, usually self-limited, febrile respiratory disease.

The incubation period is short, 1-4 days. The most commonclinical manifestations

are sore throat, dry cough, headache, myalgia, malaise, and fever; however only about

50% of infected persons present with these classic symptoms(Beigel, 2008).

The spectrum of illness ranges from asymptomatic infection or mild pharyngitis to

pneumonia with fatal outcome. More severe disease is generally seen in young

children, persons >65 years, and persons of any age with underlying health conditions
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(de Roux et al., 2004). Acute otitis media is a common complication of influenza in

children. The most severe complications contributing to the mortality associated with

influenza are exacerbation of underlying medical conditions such as pulmonary or

cardiac disease and pneumonia.

9.1.5 Methodology; Duplex RT-PCR for Influenza A and B viruses

1. The details of FLUV primers used (Templetonet al., 2004) are shown in Table 9.1

giving 104-bp and 145-bp products for FLUA and FLUBrespectively.

 

 

Table 9.1 Influenza Viruses Primers

Influenza-As 5'-AAA GCG AAT TTC AGT GTG AT-3"

Influenza-Aas 5'-GAA GGC AAT GGT GAG ATTT-3'

Influenza-Bs 5'-GTC CAT CAA GCT CCA GTT TT-3'

Influenza-Bas 5'-TCT TCT TAC AGC TTG CTT GC-3'

 

2. Prepare FLUV RT-PCR mastermix as shown in Table 9.2.



Table 9.2 Influenza Viruses RT-PCR Mastermix

 

 

Reagent Volume(ul) X 1 Reaction

HPLC H20 21.5

10x PCR buffer 5.0

25mM MgCl 9.0

10mM dNTP’s 4.0

Primer mix (contains equal volumesofall four 4.0

primersat a concentration of 20M).

 

 

RNaseInhibitor (RNasin). 0.5

MuLV RT 0.5

Amplitaq gold DNA polymerase 0.5

Total 45.0

Extracted RNA 5.0

 

3. Apply FLUV PCRprogram as shown in Table 9.3.

Table 9.3 Influenza Viruses RT-PCR Conditions

 

1 Cycle 50°C - 30min

1 Cycle 94°C - 15min

40 Cycles 94°C - 30s

55°C - 30s

72°C - 30s

1 Cycle 72°C - Smin

Soak 10°C
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9.1.6 Results

FLUAwasdetected in 2/323 (0.6%) ofNPA examined. These 2 FLUA-positive NPA

were collected in December 2003.

The 2 FLUA-infected patients had mild-moderate community-acquired ARI, and

FLUAwasthe only detected pathogen in both patients. However the volumeof one

of these 2 FLUA-positive NPA wasinadequate for both RNA and DNAextractions.

The median age of FLUA-infected children was 7 months not significantly different

from that of those infected with HRSV. Both FLUA-infected children were female.

9.2 HumanParainfluenza Viruses

9.2.1 Introduction

Humanparainfluenza viruses (HPIV) were first discovered in the late 1950s, when

three different viruses recovered from children with lower respiratory tract disease

proved to be unique and easily separated from the myxoviruses (FLUV)they closely

resembled. These new respiratory viruses grew poorly in embryonated eggs and

shared few antigenic sites with FLUV. In 1959, a fourth virus was found that also

metthese criteria (Henrickson, 2003).
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9.2.2 Biology and Taxonomy

HPIV are pleomorphic, enveloped, and medium-sized with a diameter of 150-250 nm.

Virus particles usually contain non-segmented, single-stranded, negative-sense RNA

genomes.

HPIV belong to the Paramyxoviridae family, which is a large and rapidly growing

group of viruses that cause significant human and veterinary disease. HPIV are

genetically and antigenically divided into types 1 to 4 which are arranged into two

genera, Respirovirus (HPIV-1 and HPIV-3) and Rubulavirus (HPIV-2 and HPIV-4).

Both genera can be differentiated morphologically from myxoviruses (FLUV)bytheir

non-segmented thick nucleocapsids (17 nm versus 9 nm). Further major subtypes of

HPIV-4 (A and B), and subgroups/genotypes of HPIV-1 and HPIV-3 have been

described (Henrickson, 2003).

9.2.3. Epidemiology

HPIV are common community-acquired respiratory pathogens without ethnic,

socioeconomic, gender, age, or geographic boundaries. HPIV have been found to

occur at low levels in most months of the year (Henrickson, 1998). Immunity to

HPIV is incomplete, and infections occur throughoutlife.

HPIV have been found in as many as one-third of ARI in children younger than 5

years (Denny et al., 1983). HPIV may be causes of approximately 12% of ARI

hospitalizations in children younger than 18 years (Shayet al., 1999).
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9.2.4 Clinical Diseases

HPIV are major causes of ARI in infants, young children, the immunocompromised,

the chronically ill, and the elderly. Although the majority of HPIV structural and

biological characteristics are similar; each subtype can cause unique clinical diseases

in different hosts (Henrickson, 2003).

HPIV can cause upper ARI as coryza (commoncold), pharyngitis, conjunctivitis, and

otitis media, and lower ARI as croup (acute laryngotracheobronchitis), bronchiolitis,

and pneumonia. HPIV can cause severe and fatal ARI in immunocompromised

children and adults (Henrickson, 2003).

9.2.5 Methodology; Multiplex RT-PCR for Human Parainfluenza Viruses 1-4

1. The details of HPIV primers used (Templeton et al., 2004) are shown in Table 9.4.

 

 

 

 

Table 9.4 HumanParainfluenza Viruses Primers

PIV-1s 5'-ACC TAC AAG GCA ACA ACA TC-3’

PIV-las 5'-CTT CCT GCT GGT GTG TTA AT-3'

PIV-2s 5'-CCA TTT ACC TAA GTG ATG GAA-3'

PIV-2as 5'-CGT GGC ATA ATC TTC TTT TT-3'

PIV-3s 5'-GGA GCA TTG TGT CAT CTG TC-3'

PIV-3as 5'-TAG TGT GTA ATG CAG CTC GT-3'

PIV-4s 5'-CCT GGA GTC CCA TCA AAA GT-3'

PIV-4as 5'-GCA TCT ATA CGA ACA CCT GCT-3'
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2. Prepare HPIV RT-PCR mastermix as shownin Table 9.5.

Table 9.5 Human Parainfluenza Viruses RT-PCR Mastermix

 

 

Reagent Volume(ul) X 1 Reaction

HPLC H20 20.5

10x PCRbuffer 5.0

25mM MgCl 5.0

10mM dNTP’s 4.0

Primer mix (contains equal volumes of all 4.0

eight primers at a concentration of 20M).

 

 

RNase Inhibitor (RNasin). 0.5

MuLV RT. 0.5

Amplitaq gold DNA polymerase 0.5

Total 40.0

Extracted RNA 10.0

 

3. Apply HPIV PCR program as shownin Table 9.3.

9.2.6 Results

HPIV 1-4 were not detected in 323 NPA examined by RT-PCR.

9.3 Discussion

FLUVare important causes of ARI in infants and children (Samransamruajkitetal.,

2008). The World Health Organization (WHO)hasestimated that approximately 3-5
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million cases and 250,000-500,000 deaths are caused by influenza each year

worldwide (World Health Organization, 2003).

In the present study, FLUA wasdetected in 2/323 (0.6%) children with ARI severe

enough to require hospital admission, however there was neither admission to PICU

nor deaths reported in the FLUA-infected children. Unfortunately, this small number

of FLUA-positive patients does not support any further significant correlations.

Although HPIV have been found to occur at low levels in most months of the year

(Henrickson, 1998), HPIV 1-4 were not detected in any of 323 NPA examinedin this

study.

Similar rates of detection were reported in a prospective cross-sectional Iranian study

(Naghipouret al., 2007). FLUA was detected in 11/261 (4%), and HPIV were not

detected. However there were 122 hospitalized and 139 out-patient children with

community-acquired ARI enrolled in this Iranian study.

A higher rates of detection were reported in a recent prospective study

(Samransamruajkit et al., 2008), FLUV was found in 32/257 (12.5%) children (ages 1

month - 15 years) hospitalized with community-acquired pneumonia, and HPIV in 12

(4.7%). However 27 (84%) FLUV-positive patients were younger than 5 years. This

finding is comparable to a recently reported 14% and 15% of FLUV in similar

population (Lahti et al., 2006, Wolf et al., 2006).
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Chapter 10 Atypical Bacterial Respiratory Pathogens

10.1. Mycoplasma pneumoniae

10.1.1 Introduction

Mycoplasma pneumoniae wasfirst isolated in tissue culture from the sputum of a

patient with primary atypical pneumonia in 1944 (Eaton et al., 1944). It was

consideredto be a virus until it becameclear that antibiotics could be effective against

it (Waites and Talkington, 2004).

10.1.2 Biology and Classification

Mycoplasmas (fungus-form) represent the smallest self-replicating bacteria with an

extremely small genome. Mycoplasmas are characterized by the permanent lack of

the cell wall which renders these organisms insensitive to the activity of B-lactam

antimicrobials, prevents them from staining by Gram stain, and is largely responsible

for their osmotic fragility and pleomorphism. Mycoplasmas are surrounded by a

sterol-containing triple-layered cell membrane. Mycoplasmasare capable of in vitro

cell-free cultivation; however they require highly enrichedartificial growth media due

to their small genome and limited metabolic and biosynthetic capabilities. The

growth media should contain nucleic acids precursors, and serum which provides the

required sterols (Atkinsonetal., 2008).

M. pneumoniae is a member of the family Mycoplasmataceae and_ order

Mycoplasmatales (Waiteset al., 2003).
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10.1.3 Epidemiology

M. pneumoniae infections occur both endemically and epidemically worldwide in

persons of all ages. Although climate, seasonality, and geography are not thought to

be of major significance, higher incidence and outbreaks of M. pneumoniae infections

tend to occur during the summer in temperate climates due to the lower incidence of

other respiratory pathogens (Atkinson et al., 2008). Sub-clinical infections of M

pneumoniae are common (Marston et al., 1997). M. pneumoniae is transmitted

through aerosols from person to person, and close personal contact is typical of

outbreak settings e.g. schools, military barracks, and institutions (Waites and

Talkington, 2004). The long incubation period, relatively low transmission rate, and

persistence of the organisms in the respiratory tract for variable periods following

infections may explain the prolonged duration of epidemics of M. pneumoniae

infections (Atkinsonetal., 2008).

M. pneumoniae causes up to 40% or more of cases of community-acquired

pneumonias, and as many as 18% of cases requiring hospitalization in children.

Although M. pneumoniae has long been associated with pneumonias in school-aged

children, adolescents, and young adults, in recent years this organism has also been

shown to occur endemically and occasionally epidemically in older persons, as well

as children younger than 5 years (Waites and Talkington, 2004).

10.1.4 Clinical Diseases

M. pneumoniae is well recognized as a worldwide cause of primary atypical

pneumonia (Atkinson et al., 2008). MM. pneumoniae disease is ordinarily mild.
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However, severe infections requiring hospitalization and even deaths are known to

occur, especially in middle-aged and elderly persons (Marstonetal., 1997).

The clinical presentation of M. pneumoniae respiratory disease is often similar to that

of various respiratory viruses and other atypical pathogens, particularly Chlamydia

pneumoniae. M. pneumoniae may also be present in the respiratory tract

concomitantly with other pathogens (Ferwerdaet al., 2001). The most typical clinical

syndrome, especially in children, is tracheobronchitis, often accompanied by upper

respiratory tract manifestations. Pneumonia, which may be the most severe clinical

presentation of M. pneumoniae infection, develops in about one-third of infected

persons. Many extrapulmonary complications including meningo-encephalitis,

ascending paralysis (Guillain-Barré Syndrome), transverse myelitis, mucocutaneous

lesions, arthritis, pericarditis, and haemolytic anaemia have been reported (Waites and

Talkington, 2004).

10.1.5 Methodology; Polymerase Chain Reaction for M. pneumoniae

1. The details ofM pneumoniae primers which amplify the 16S ribosomal RNA gene

giving a 322-bp product (Couroucliet al., 2000) are shown in Table 10.1.

Table 10.1 Mycoplasma pneumoniae primers

 

MYCOP-01 5'-GTT GCC CTA CGT TAA GCA GGA-3'

MYCOP-02 5'-AAT CCA GGG GTT CAT ACA CCG-3'

 

2. Prepare M. pneumoniae PCR mastermix as shownin Table 10.2.
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Table 10.2. Mycoplasma pneumoniae PCR Mastermix

 

 

 

 

Reagent Volume(ul) X 1 Reaction

HPLC H20 25.5

10x PCR buffer 5.0

25mM MgCl, Bald

10mM dNTP’s 2.0

Primer mix (contains equal volumes of the two 2.0

primers at a concentration of 20M).

Amplitaq DNA polymerase 0.5

Total 40.0

Extracted DNA 10.0

 

5. Apply M. pneumoniae PCR program as shownin Table 10.3.

Table 10.3. Mycoplasma pneumoniae PCR Conditions

 

Initial Denature

35 Cycles

Final Extension

Soak

94°C - 5min

94°C - 45s

64°C - 45s

72°C - 45s

72°C - 10min

10°C

 

10.1.6 Results

M. pneumoniae wasnotdetected in 312 NPA investigated by PCR method.



10.2. Chlamydia spp.

10.2.1 Introduction

Chlamydiae are nonmotile, gram-negative, obligate intracellular bacteria.

Chlamydiae lack cytochromes and so cannot synthesize their own ATP. Therefore

Chlamydiae are considered energy parasites since they use ATP produced by host

cells for their own energy requirements. Chlamydiae replicate in the cytoplasm of

host cells within an endosomal vacuole which appears under light microscopy as an

intracellular inclusion. Chlamydiae possess a unique biphasic developmental life

cycle consisting of extracellular metabolically inactive infectious elementary bodies,

and intracellular metabolically active non-infectious reticulate bodies (Corsaro and

Greub, 2006). Under adverse environmental conditions, chlamydiae revert to non-

replicating persistent bodies. Chlamydiae are susceptible to many broad-spectrum

antibiotics including erythromycins and tetracyclines.

10.2.2 Classification

The unique two-stage growth cycle differentiates chlamydiae from all other

microorganisms, and is the basis for their taxonomic classification into their own

order, Chlamydiales, family Chlamydiaceae, within one genus, Chlamydia. However

the analysis of 16S and 23rRNA gene sequenceshas indicated that a new taxonomic

classification may be warranted (Everett et al., 1999). All the three common

Chlamydia spp. which include C. trachomatis, C. pneumoniae, and C. psittaci, are

significant human pathogens. (Vandahlet al., 2004).
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10.2.3 Clinical Diseases

C. trachomatis 1s the most commonsexually transmitted bacterial agent that primarily

causes genital and extragenital infections. C. trachomatis may also cause neonatal

pneumonia following the passage of the neonate through an infected cervix (Vandahl

et al., 2004, Ceveniniet al., 2002).

C. pneumoniaeis a relatively recently recognized species. It is primarily a respiratory

pathogen and mostly causes asymptomatic infections. It causes a variety of ARI in

humansincluding pharyngitis, sinusitis, bronchitis, pneumonia, and exacerbation of

asthma. C. pneumoniae is a major cause of community-acquired pneumonia and

accounts for up to 15% of cases (Ceveninietal., 2002, Freymuth et al., 1999). C.

pneumoniae might also be involved in the pathogenesis of atherosclerotic

cardiovascular diseases (Boman and Hammerschlag, 2002), and neurodegenerative

syndromes(Stratton and Sriram, 2003).

C. psittaci is the causative agent of rare but severe zoonotic infections called

psittacosis and ornithosis (Sachse and Grossmann, 2002). Humansare secondarily

infected following the exposure to an infected avian species, and develop pneumonia

or systemic infections, including endocarditis.

10.2.4 Epidemiology

C. pneumoniae infections are very common worldwide. Seroepidemiologic studies

suggest that infections are commonly acquired in late childhood, adolescence, and
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early childhood, resulting in seroprevalence up to 70% by the fifth decade oflife

(Grayston, 2000). Within households, schools, and workplace environments,

transmission is thought to occur via respiratory secretions.

10.2.5 Methodology

10.2.5.1 Polymerase Chain Reaction for Chlamydia spp.

1. The details of Chlamydia (C. trachomatis, C. psittaci, and C. pneumoniae) primers

which amplify 16S ribosomal RNA gene giving a 609-bp product (Courouclietal.,

2000) are shownin Table 10.4.

Table 10.4 Chlamydia spp. Primers

 

CHLAM-O01 5'-ACA CTC GCA AGG GTG AAA CTC-3'

CHLAM-02 5'-CGA CTT CAT CCY AGT CAT CAG-3'

 

2. Prepare Chlamydia spp. PCR mastermix as shownin Table 10.5.
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Table 10.5 Chlamydia spp. PCR Mastermix

 

 

Reagent Volume (ul) X 1 Reaction

HPLC H,0 28.5

10x PCR buffer 5.0

25mM MgCl 7.0

10mM dNTP’s mal)

Primer mix (contains equal volumesof the two 2.0

primers at a concentration of 20uM).

 

 

Amplitaq DNA polymerase 0.5

Total 45.0

Extracted DNA 5.0

 

3. Apply PCR program as shown in Table 10.3.

10.2.5.2 DNASequencing

The DNA sequencing to differentiate between the detected Chlamydia spp. was not

performed. This wasattributed to the weak positivity of the isolates and the need for

a preparatory cloning procedure before sending the amplicons for sequencing.

Therefore it was decided not to proceed in his respect and to do the other

experimental work.
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10.2.6 Results

Chlamydia spp. was detected in 14/312 (4.5%) of NPA examined (Table 10.6). Of

the 14 Chlamydia spp.-infected children; 9 had severe, and 5 had mild-moderate ARI.

The median age of those infected with Chlamydia spp. was 9 monthsnotsignificantly

different from that of those infected with HRSV.

Table 10.6 Acute Respiratory Infections Associated with Chlamydia spp. in

Hospitalized Jordanian Children

 

Date Nasopharyngeal Aspirates

No. Tested No.Positive % Positive

(No. Mixed Infections)

 

 

Dec 2003 7 1(1) 0.3

Jan2004 95 10 (8) 3.2

Feb 2004 117 3 (2) 1.0

Mar2004 62 0 (0) 0

Apr 2004 7 0 (0) 0

May 2004 4 0 (0) 0

Total 312 14 (11) 4.5
 

In 9 Chlamydiaspp.-infected patients with severe ARI, Chlamydia spp. was found as

a mixed infection with HRSV (3 patients), HRSV and HRV (2 patient), HRV (1

patient), HRSV and HAdV(1 patient), HRSV and HBoV (1 patient), and HMPV and

HBoV(1 patient). Chlamydia spp. was not detected as a single pathogen in any

patient with severe ARI.
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In 5 Chlamydia spp.-infected patients with mild-moderate ARI, Chlamydia spp. was

the only detected pathogen in 3 patients. However it was found as a mixed infection

with HAdV(1 patient) and HBoV (1 patient).

Chlamydia spp. was detected in 9 (7%) of 138 children with severe ARI, and in 5

(3%) of 174 children with mild-moderate ARI (p>0.1).

The median age of Chlamydia spp.-infected children was 9 months and 5 (36%) were

male, as compared with a median age of 5 months and 176 (59%) male in the

Chlamydia spp.-negative patients (p>0.1).

The median age was 3 months for those infected only with Chlamydia spp. and 11

months for those co-infected with Chlamydia spp. and other potential respiratory

pathogens (p>0.2).

10.3. Discussion

The atypical respiratory bacteria M. pneumoniae and C. pneumoniae are increasingly

recognized as commonand important causes of community-acquired pneumonia (File

et al., 1998). These atypical respiratory pathogens seem to play a moresignificant

role than previously thought as causes of ALRTI in children <5 years (Principi and

Esposito, 2001). Howeverthereis still a paucity of good epidemiological data on the

frequency of respiratory infections caused by these organisms in the developing

countries. This has been mainly attributed to the relative inaccessibility and high cost

of laboratory diagnostic tests.
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Chlamydia spp. was detected in 14 (4.5%) of 312 children with ARI severe enough to

require hospital admission, however there was neither admission to PICU nor deaths

reported in the present study due to Chlamydia spp... Chlamydia spp. was detected in

9 (7%) of 138 children who were classified according to WHOcriteria as having

severe ARI.

Using similar molecular PCR techniques, C. pneumoniae and M. pneumoniae were

detected in 2% and 1% respectively of a total of 261 Iranian children hospitalized due

to ARI (Naghipouret al., 2007).

In an Asian multicentre surveillance study (Ngeowet al., 2005), an overall 16.1% of

448 children with community-acquired pneumonia were associated with infection

with atypical respiratory pathogens. M. pneumoniae and Chlamydia pneumoniae

were detected in 13.6% and 2.5% ofcases respectively.

An even higher detection rates were reported in another prospective multicentre

surveillance Italian study (Principi et al., 2001), where M. pneumoniae and C.

pneumoniae were diagnosed respectively in 34.3% and 14.1% of a total of 613

children hospitalized due to community-acquired ALRTI.

In these Asian and Italian studies, serologic tests on paired sera and

immunofluorescence testing were performedin addition to PCRstudies.

Although asymptomatic pharyngeal carriage has been described for both C.

pneumoniae(Blasiet al., 2000) and M. pneumoniae (Daxboecket al., 2003), both C.

pneumonia and M. pneumoniae are known to have a toxic effect on ciliated

epithelium (Shemer-Avni and Liberman, 1995, Collier and Clyde, 1971). They could

be the sole causative agentsorinitiators of infection, priming the respiratory tract for

co-infection with other typical and atypical respiratory pathogens. However in a
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mixed infection, it is often not possible to identify which pathogen is the more

important cause of disease. It is also unknown whether the combination of various

infectious agents leads to a moresevereclinical illness (Principi and Esposito, 2001).

In the Jordanian study, the prevalence of Chlamydia spp. in mixed infections was

11/14 (79%). Chlamydia spp. was found as sole pathogen in 3 out of 5 children with

mild-moderate ARI; however it was not detected as sole pathogen in children with

severe ARI.

Principi and coworkers (2001) observed no significant geographic or seasonal

difference in the incidence of M. pneumoniae and C. pneumoniae. This Jordanian

study was conducted during the peak period of ARI in Jordan, and the prevalence of

detection of Chlamydia spp. ranged from 3% in February to 14% in December.

However Chlamydia spp. was not detected during March, April and May. MM.

pneumoniae wasnot detected during the whole study period.
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Chapter 11 General Results

11.1. Study Population

A total of 326 hospitalized children were recruited during the study period. Of these

226 (69%) and 100 (31%) were admitted to the paediatric wards of King Hussein

Medical Centre and Queen Alia Hospital respectively.

11.2. Age Distribution of the Children

The age of the participating children (Fig. 11.1) ranged from <1-48 months with a

median age of 5 months. A total of 281 (86.2%) were younger than 12 monthsofage.

However twenty-three (7.1%) were neonates, 84 (25.8%) aged 1-3 months, 78

(23.9%) 3-6 months, 96 (29.4%) 6-12 months, 21 (6.4%) 12-18 months, and 24

(7.4%) 18-48 months.

Figure 11.1 Age Distribution of the Children
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11.3. Sex Distribution of the Children

A total of 188 (58%) children were males, and 138 (42%) females (Table 11.1).

Table 11.1 Sex Distribution of the Children per Study Month

 

 

 

Month No. of Children (%)

Male Female Total

December 2003 - 7 11 (3.4)

January 2004 51 52 103 (31.6)

February 2004 69 49 118 (36.2)

March 2004 39 24 63 (19.3)

April 2004 22 5 27 (8.3)

May 2004 3 1 4 (1.2)

Total 188 (58) 138 (42) 326 (100)  
11.4 Disease Severity

All the patients in the present study had ALRTI, mainly bronchiolitis and

bronchopneumonia, which were severe enough to require hospital admission.

However, their illnesses were classified according to WHOcriteria as severe ARI in

139 (43%), and mild-moderate ARI in 187 (57%) children.

There were no reported deaths in the study population. However,a total of 3 children

with severe ARI were admitted to the PICU; one infected only with HRSV (genotype

NP1/ subgroup B), one had dual co-infection with HBoV and HRV, and one whohad

congenital heart disease with no pathogensdetected.
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11.5 Negative Specimens

In the present study, only one NPA was collected from each enrolled child.

Therefore, a total of 326 NPA were collected and analyzed separately; however the

volumes of some NPA were inadequate for both DNA and RNAextractions.

A total of 74 (22.7%) of these 326 NPA examined had no pathogens detected.

11.6 Negative Specimens by Age

The frequency of NPA with no detected potential respiratory pathogens by the age

groups of the children is shown in Fig. 11.2. A majority of 60 (81%) of the 74

children with no pathogens detected in their NPA were <6 months old, with only 7

(9.5%) children >2 years old.

Figure 11.2. Age Distribution of Children with No Respiratory Pathogens
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11.7. Negative Specimens by Gender

Out of 74 NPA with no pathogensdetected, 43 (58%) were collected from male, and

31 (42%) from female children.

11.8 Negative Specimens per Study Month

The frequency of NPA which had no pathogens detected is shown in relation to

disease severity per study month in Table 11.2.

A majority of 62 (84%) of the 74 NPA with no pathogens detected was collected

during the months of January, February and March. These are the coldest months of

the year in Amman, Jordan with the highest incidence of respiratory infections. This

may suggest that previously unknown pathogens may be circulating and may be

responsible for a substantial proportion of ARI.

Table 11.2. Frequency of Nasopharyngeal Aspirates with No Pathogensin Relation

to Disease Severity per Study Month

 

 

 

Month No. Nasopharyngeal Aspirates with No Pathogens (%)

Severe Disease Mild-Moderate Disease Total

December 2003 0 4 4 (1.2)

January 2004 ] 19 20 (6.2)

February 2004 2 19 21 (6.4)

March 2004 5 16 21 (6.4)

April 2004 2 3 5 (1.5)

May 2004 0 3 3 (1.0)

Total 10 (3.1) 64 (19.6) 74 (22.7) 
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11.9 Negative Specimens and Disease Severity

Out of 74 NPA with no pathogens detected, 64 (86.5%) were collected from children

hospitalized with mild-moderate disease and 10 (13.5%) from children with severe

ARI.

11.10 Respiratory Pathogens

A total of 252/326 (77.3%) NPA had at least one potential respiratory pathogen

detected (Table 11.3). In order of frequency, the pathogens recovered were HRSV in

140/326 (43%) representing the most commonly identified agent, HAdV in 116/312

(37%), HBoV in 57/312 (18%), HRV in 36/325 (11%), Chlamydia spp. in 14/312

(4.5%), HMPV in 8/326 (2.5%), HCoV-NL63 in 4/325 (1.2%), and FLUA in 2/323

(0.6%). FLUB, HPIV 1-4, HCoV-HKU1, and M. pneumoniae were not detected

throughout the study period.
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Table 11.3. Frequency of Respiratory Pathogens Detected in the Nasopharyngeal

 

 

Aspirates

Pathogen Nasopharyngeal Aspirates

No.tested No.Positive % Positive

(No. Mixed Infections)

HRSV 326 140 (67) 43

HAdV 312 116 (71) 37

HBoV 312 57 (46) 18

HRV 325 36 (28) 11

Chlamydia spp. 312 14 (11) 4.5

HMPV 326 8 (4) 2.5

HCoV-NL63 325 4 (1) 12

FLUA 323 2 (0) 0.6

FLUB 323 0 (0) 0

HPIV 1-4 323 0 (0) 0

HCoV-HKU1 325 0 (0) 0

M. pneumoniae a2 0 (0) 0
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11.11 Respiratory Pathogens by Age

The frequency of the four more commonly detected potential respiratory pathogens by

the age groups of the children is shownin Fig. 11.3. All these four pathogens were

detected more in children <6 months old. HRSV infected mostly infants; where 83

(59%) of the 140 HRSV-positive children were <6 months old, with only 4 (3%)

children >2 years old. A total of 49 (42%) of the 116 HAdV-positive children were

<6 months old, with only 9 (8%) children >2 years old. Similarly, a majority of 23

(40%) of the 57 HBoV-positive children were <6 months old, with only 2 (3.5%)

children >2 years old. A total of 19 (53%) of the 36 HRV-positive children were <6

months old, with only 3 (8%) children >2 years old.

Figure 11.3. Age Distribution of Children with Respiratory Pathogens
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11.12 Respiratory Pathogens by Gender

The frequency of potential respiratory pathogens by gender is shown in Table 11.4.

Almost all the respiratory pathogens had relatively similar distributions with no

significant differences between males and females. HRSV, HAdV, and HBoV were

the most frequent pathogens recovered from 82 (44%), 68 (36%), and 30 (16%) male

children respectively. A similar pattern was seen in female children. Although the

frequencies of HRSV and HAdV wererelatively higher in males than females, this

wasnotstatistically significant.

Table 11.4 Frequency of Respiratory Pathogens by Gender

 

 

Pathogen No.of Children Positive (%)

Male Female Total

HRSV 82 (25) 58 (18) 140 (43)

HAdV 68 (22) 48 (15) 116 (37)

HBoV 30 (9.5) 27 (8.5) 57 (18)

HRV 17 (5.2) 19 (5.8) 36 (11)

Chlamydia spp. 6 (1.9) 8 (2.6) 14 (4.5)

HMPV 4 (1.25) 4 (1.25) 8 (2.5)

HCoV-NL63 3 (0.9) 1 (0.3) 4 (1.2)

FLUA 0 (0) 2 (0.6) 2 (0.6) 
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11.13 Respiratory Pathogens per Study Month

The frequency of respiratory pathogens per study month is shown in Table 11.5.

Despite the short period of the present study, the four most commonly detected

potential respiratory pathogens; namely HRSV, HAdV, HBoV and HRV, showed a

peak in January and February, which are the coldest months of the year in Amman,

and reflecting the high frequency of respiratory viruses during the winter season.
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11.14 Respiratory Pathogens and Disease Severity

The frequency of respiratory pathogens in relation to disease severity is shown in

Table 11.6 and Fig. 11.4. Significantly (p <0.0005) more HRSV-positive children

had severe disease (100/140; 71%) compared to HRSV-negative children (39/186;

 

 

21%).

Table 11.6 Frequency of Respiratory Pathogens in Relation to Disease Severity

Pathogen No. Nasopharyngeal Aspirates Positive (No. Mixed Infections)

Severe Disease Mild-Moderate Disease Total

HRSV 100 (47) 40 (20) 140 (67)

HAdV 48 (39) 68 (32) 116 (71)

HBoV 31 (30) 26 (16) 57 (46)

HRV 12 (11) 24 (17) 36 (28)

Chlamydia spp. 9 (9) 5 (2) 14 (11)

HMPV 5 (3) 3 (1) 8 (4)

HCoV-NL63 2 (0) 2 (1) 4 (1)

FLUA 0 (0) 2 (0) 2 (0) 
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Figure 11.4 Frequency of Respiratory Pathogens in Relation to Disease Severity
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11.15 Single Respiratory Pathogens

The frequency of single respiratory agents recovered as sole pathogensin relation to

disease severity is shown in Table 11.7. A total of 149 (45.7%) of 326 children

hospitalized with ARI had one single type of potential respiratory pathogens

recovered from their NPA.

HRSV was the most frequent (73/149: 49%) sole pathogen identified, followed in

order by HAdV (45: 30.2%), HBoV (11: 7.4%), HRV (8: 5.4%), Chlamydia spp.(3:

2%), HMPV (4: 2.7%), HCoV-NL63 (3: 2%), and FLUV (2: 1.3%).
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Table 11.7 Frequency of Single Respiratory Pathogens in Relation to Disease

 

 

 

Severity

Pathogen No. Nasopharyngeal Aspirates with Single Pathogen (%)

Severe Disease Mild-Moderate Disease Total

HRSV 53 (36) 20 (13) 73 (49)

HAdV 9 (6) 36 (24.2) 45 (30.2)

HBoV 1 (0.7) 10 (6.7) 11 (7.4)

HRV 1 (0.7) 7 (4.7) 8 (5.4)

Chlamydia spp. 0 (0) 3 (2) 3 (2)

HMPV 2 (1.3) 2 (1.4) 4 (2.7)

HCoV-NL63 2 (1.3) 1 (0.7) 3 (2)

FLUA 0 (0) 2 (1.3) 2 (1.3)

Total 68 (46) 81 (54) 149 (100) 
 

11.16 Single Respiratory Pathogens by Age

The frequency of the four more commonly detected sole respiratory pathogens by the

age groups of the children is shown in Fig. 11.5. All these four potential pathogens

were identified as sole agents more in children <6 months old where HRSV was

detected in 52/73 (71%), HAdV in 22/45 (49%), HBoV 7/11 (64%), and HRV 4/8

(50%). HAdV was the only pathogen to be detected as sole agent in all the age

groups.
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Figure 11.5 Age Distribution of Children with Single Respiratory Pathogens
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11.17 Single Respiratory pathogens by Gender

The frequency of single respiratory pathogens by gender is shown in Table 11.8.

Almostall the potential respiratory pathogenshadrelatively similar distributions with

no significant differences between males (91/188: 48%) and females (58/138: 42%).

HRSV and HAdV were the most frequent pathogens in male children causing

infections in 46 (24%) and 29 (15%) respectively, and followed by HBoV which was

recovered from 5 (3%) children. A similar pattern was seen in female children.

Although the frequencies of HRSV and HAdV wererelatively higher in males than

females, this wasnotstatistically significant.
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Table 11.8 Frequency of Single Respiratory Pathogens by Gender

 

 

 

Pathogen No. of Children (%)

Male (188) Female (138) Total (326)

HRSV 46 (14.1) 27 (8.3) 73 (22.4)

HAdV 29 (8.9) 16 (4.9) 45 (13.8)

HBoV 5 (1.6) 6 (1.8) 11 (3.4)

HRV 3 (1.0) 5 (1.5) 8 (2.5)

Chlamydia spp. 3 (0.9) 0 (0) 3 (0.9)

HMPV 3 (0.9) 1 (0.3) 4 (1.2)

HCoV-NL63 2 (0.6) 1 (0.3) 3 (0.9)

FLUA 0 (0) 2 (0.6) 2 (0.6)

Total 91 (28) 58 (17.7) 149 (45.7)  
11.18 Single Respiratory Pathogens per Study Month

The frequency of single respiratory pathogens per study month is shown in Table

11.9. The highest cumulative numbers of single respiratory pathogens 62/149 (42%),

44 (30%), and 28 (19%) were detected in February, January, and March respectively

reflecting the high frequency of respiratory viruses during the cold winter season in

Amman,Jordan.
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Table 11.9 Frequency of Single Respiratory Pathogens per Study Month

 

 

 

Single December January February March April May Total

Pathogen 2003 2004 2004 2004 =2004 ~=—2004

HRSV 1 19 40 11 2 0 73

HAdV 0 10 14 13 8 0 45

HBoV 0 7 2 z 0 0 11

HRV 1 2 3 2 0 0 8

Chlamydia spp. 0 2 1 0 0 0 3

HMPV 0 3 | 0 0 0 +

HCoV-NL63 1 | 1 0 0 0 3

FLUA 2 0 0 0 0 0 2

Total 5 a4 62 2 ~=6«10.~CSS«*@Y:«C«dAO 
 

11.19 Single Respiratory Pathogens and Disease Severity

The number of children who had severe or mild-moderate disease due to single

respiratory pathogens is shownin Fig. 11.6. The sole pathogens were recovered from

68/149 (46%) patients with severe, and 81 (54%) with mild-moderate disease. HRSV

was the most common sole pathogen detected in children who had severe disease due

to single pathogen representing 53/68 (78%). HAdV was the most commonsole

pathogen detected in children who had mild-moderate disease due to single pathogen

representing 36/81 (44%); however HRSV wasthe next in order representing 20/81

(25%).
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Figure 11.6 Frequency of Single Respiratory Pathogens in Relation to Disease
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11.20 Mixed Respiratory Pathogens

The frequency of mixed respiratory pathogens was shownin Table 11.10. Overall, a

total of 103 (31.6%) of 326 children had mixed co-infections with more than one

potential respiratory pathogens. There were 82 infected with 2, 20 with 3, and 1 with

4 respiratory co-pathogens. No HRSV/HMPVco-infections were detected.
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Table 11.10 Frequency of Mixed Respiratory Pathogens

 

HRSV HAdV HBoV HRV_ Chlamydia spp. HMPV HCoV-NL63

 

HRSV -

HAdV 30 -

HBoV 10 15 -

HRV 8 6 4 -

Chlamydia spp. 3 1 1 1 -

HMPV 0 2 0 0 0 -

HCoV-NL63 0 1 0 0 0 0 -

 

Twenty children had 3 potential co-pathogens.

Onechild had 4 potential co-pathogens.

 

11.21 Mixed Respiratory Pathogens by Age

The frequency of mixed infections by 2, 3, and 4 potential respiratory pathogens by

the age groups of the children is shown in Fig. 11.7. Simultaneous infections with 2

co-pathogens were identified across all age groups. However dual infections were

detected mostly in infants where 39 (48%) of 82 children with dual infections were <6

months old, with only 5 (6%) children >2 years old. Similarly, children with mixed

infections with 3 co-pathogens were identified across all age groups apart from the

18-24 months old children. The majority of the children infected with 3 co-pathogens

(10/20: 50%) were 6-12 months old. There was only one 15 month old child who had

mixed infection with 4 co-pathogens.
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Figure 11.7 Age Distribution of Children with Mixed Respiratory Pathogens
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11.22 Mixed Respiratory Pathogens by Gender

The frequency of mixed respiratory co-pathogens by genderis shown in Table 11.11.

Almost all the mixed infections with 2, 3 and 4 pathogens had relatively similar sex

distributions with no significant differences between males (53/188: 28%) and

females (50/138: 36%).

Table 11.11 Frequency of Mixed Respiratory Pathogens by Gender

 

 

 

No. of Simultaneous No. of Children (%)

Mixed Pathogens Male (188) Female (138) Total (326)

2 pathogens 42 (12.9) 40 (12.3) 82 (25.2)

3 pathogens 11 (3.4) 9 (2.7) 20 (6.1)

4 Pathogens 0 (0) 1 (0.3) 1 (0.3)

Total 53 (16.3) 50 (15.3) 103 (31.6) 
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11.23 Mixed Respiratory Pathogens per Study Month

The frequency of mixed infections by 2, 3, and 4 potential respiratory pathogens per

study month is shown in Table 11.12. The dual infections and infections with 3

respiratory co-pathogens showed a peak in January and February, which are the

coldest months of the year in Amman,reflecting the high frequency of respiratory

viruses during the winter season

Table 11.12 Frequency of Mixed Infections in Relation to Disease Severity per

 

 

 

 

Study Month

Month No. Nasopharyngeal Aspirates (%)

2 Pathogens 3 Pathogens 4 Pathogens Total

S MM S MM S MM

December2003 0 i ] 0 0 0 2 (1.9)

January 2004 12 19 7 0 1 0 39 (37.9)

February 2004 16 10 7 2 0 0 35 (34)

March 2004 {2 2 0 0 0 0 14 (13.6)

April 2004 5 4 0 3 0 0 12 (11.6)

May 2004 0 1 0 0 0 0 1(1)

Subtotal 45 37 15 a 1 0 103 (100)

Total 82 (79.6) 20 (19.4) 1(1) 103 (100) 
 

S = Severe Disease, MM = Mild-Moderate Disease
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11.24 Mixed Respiratory Pathogens and Disease Severity

The number of children who had severe and mild-moderate diseases due to mixed

respiratory pathogens is shown in Fig. 11.8. Out of 103 children with mixed

infections, 61 (59%) had severe and 42 (41%) had mild-moderate diseases. Dual co-

pathogens were detected in 45/61 (73.8%) children with severe, and 37/42 (88%) with

mild-moderate disease. Three pathogens were simultaneously detected in 15 (24.6%)

children with severe, and 5 (12%) with mild-moderate disease. Four pathogens were

simultaneously detected in only one (1.6%) patient with severe disease.

Figure 11.8 Frequency of Mixed Respiratory Infections in Relation to Disease
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11.25 HRSV Genotypes and Subgroups

The frequency of HRSV subgroups A and B and their genotypes are shown in Fig.

11.9. HRSV subgroup A was more commonly identified (94/135: 70%) than

subgroup B (41: 30%). RFLP for genotyping analysis of HRSV strains showedthat

genotype NP4/subgroup A was predominating (63/135: 47%), followed by NP2/

subgroup A (31: 23%), NP1/ subgroup B (26: 19%), and NP3/ subgroup B (15: 11%).

Figure 11.9 Frequency of HRSV Genotypes and Subgroups
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11.26 HRSV Genotypes and Subgroups by Age

The frequency of HRSV subgroups and genotypes by the age groups of the children

are shownin Fig. 11.10 and Fig. 11.11 respectively. All the four identified genotypes

were detected more in children <6 months old. The predominating NP4 genotype

infected mostly infants where 36 (57%) of the 63 NP4-positive children were <6

months old, with only 2 (3%) children >2 years old. A total of 19 (61%) of the 31

NP2-positive children were <6 months old, with only 1 (3%) children >2 years old.

Similarly, a majority of 17 (65%) of the 26 NP1-positive children were <6 months

old, and 9 (35%) children 6-12 months old. Similarly, a total of 8 (53%) of the 15

NP3-positive children were <6 monthsold.

Figure 11.10 Age Distribution of Children with HRSV Subgroups
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Figure 11.11 Age Distribution of Children with HRSV Genotypes
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11.27 HRSV Genotypes and Subgroups by Gender

The frequency of HRSV Genotypes and Subgroups by gender is shown in Table

11.13. Generally, more male children (80/135; 59%) were infected than female

children (55/135: 41%). HRSV subgroup A caused more infections in male (57/135:

42%) than female children (37/135; 28%). The predominating NP4 genotype caused

more infections in male (38/135: 28%) than female (25/135: 19%) children.

However, almost all HRSV_ genotypes and subgroups had relatively similar

distributions with no significant differences between male and female children.
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Table 11.13 Frequency of HRSV Genotypes and Subgroups by Gender

 

 

 

 

Genotype No. of Children (%)

(Subgroup) Male Female Total

NP2 (A) 19 (14) 12 (9) 31 (23)

NP4 (A) 38 (28) 25 (19) 63 (47)

Subgroup A S7 (42) 37 (28) 94 (70)

NP1 (B) 15 (11) 11 (8) 26 (19)

NP3 (B) 8 (6) 7 (5) 15 (11)

Subgroup B 23 (17) 18 (13) 41 (30)

Total 80 (59) 55 (41) 135 (100)  
11.28 HRSV Genotypes and Subgroups per Study Month

The frequency of HRSV subgroups and genotypes per study month are shownin Fig.

11.12 and Fig. 11.13 respectively. Each of the four identified HRSV genotypes co-

circulated during the January-March period of the study. Most of the respiratory

viruses co-circulate, and a high incidence of ARI occurs during these months which

are the coldest months of the year in Amman,Jordan.
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Figure 11.12 Frequency of HRSV Subgroups per Study Month
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Figure 11.13 Frequency of HRSV Genotypes per Study Month
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11.29 HRSV genotypes and Subgroupsand Disease Severity

The HRSV genotypes and subgroupsin relation to disease severity are shownin Fig.

11.14. HRSV subgroup A caused more severe ARI (66/99: 67%) than subgroup B

(33: 33%). However there were no associations between HRSV subgroups and

disease severity. HRSV genotype NP4 (A) caused more severe ARI (44/99: 44%)

than the other identified genotypes. HRSV genotypes NP2 (A) and NPI (B) caused

similar number of severe disease (22/99: 22%), followed by NP3 (B) (11/99: 11%).

However, there was nosignificant difference between the individual HRSV genotypes

as potential causes of severe disease.

Figure 11.14 Frequency of HRSV Genotypes and Subgroups in Relation to Disease
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11.30 Children with Underlying Medical Conditions

Of the 326 children recruited, 15 (5%) had some underlying medical conditions

(Table 11.14) which might have contributed to disease severity. Of these 13 had

cardiopulmonary disease, predominantly congenital heart disease (but none had

bronchopulmonary dysplasia), one was premature, and one had immunodeficiency.

A total of 8 (53%) of those 15 children with underlying medical conditions had severe

ARI. Six of these patients had congenital heart diseases where HRSV wasthe only

detected pathogen in 2 patients (NP4/subgroup A in 1 patient, and NP1/subgroup B in

1 patient), two dual mixed infections with HRSV (NP3/subgroup B) and Chlamydia

spp. (1 patient), and HAdV and HBoV(1 patient), and no pathogens were detected in

2 patients (one of them was admitted to the paediatric intensive care unit). Two of

these patients had pulmonary diseases where HRSV (NP1/subgroup B) wasthe only

detected pathogen in | patient, and mixed infection with three co-pathogens including

HRSV (NP1/subgroup B), HAdV and Chlamydia spp. in 1 patient.

The remaining 7 (47%) patients with underlying medical conditions had mild-

moderate ARI. Three of these patients had pulmonary diseases where HAdV wasthe

only detected pathogen in 2 patients, and dual mixed infection with HAdV and HRSV

(NP4/subgroup A) in | patient. Two of these patients had congenital heart diseases

where HAdV was the only detected pathogen in | patient, and no pathogens were

detected in | patient. One patient with immunodeficiency had HAdV as the only

detected pathogen, and one was premature with no detected pathogens.
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Chapter 12. General Discussion

12.1 Discussion

In keeping with studies elsewhere that showed the greatest burden of ARIfalling on

children younger than | year of age, the majority of hospitalized children (281/326;

86.2%) in the present study were younger than 12 months of age. Surprisingly, a

minority of children (45; 13.8%) were older than 1 year of age. Howeverit is unclear

whether this dramatic declineis attributed to a biological phenomenonorrelated more

to the admission policy with a tendencyofthe clinicians to admit youngerchildren.

Lowerrespiratory tract infections are a leading cause of hospitalization in infants and

children. In approximately a third of these infections, the etiological infectious agent

responsible for the disease is often not identified. Although the majority is viral, a

viral agent can be identified in only 40% of cases (Khan, 2006). This may suggest

that previously unknown pathogens maybecirculating and may be responsible for a

substantial proportion of ARI. This is comparable to the findings in the present study

as there were no pathogensdetected in 74/326 (22.7%) of children with ARI severe

enoughto require hospital admission.

The recent development of improved molecular diagnostic techniques has expanded

our knowledge of the causative respiratory agents and their epidemiology and medical

impact. However most studies in developing countries focus on a small number of

pathogens, and information on the relative contribution of each pathogen to ARI is

incomplete. This study simultaneously describes the prevalence ofa relatively large
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number of potential respiratory pathogens in Jordanian children hospitalized with

ARI. The respiratory pathogens detected in the present study were HRSV (43%),

HAdV (37%), HBoV (18%), HRV (11%), Chlamydia spp. (4.5%), HMPV (2.5%),

HCoV-NL63 (1.2%), and FLUA (0.6%).

The economic burden of the health care costs associated with HRSV outpatient

infections and hospitalization of infected infants has been appreciated (Stang et al.,

2001, Howardet al., 2000). There is also a growing concern regarding morbidity and

costs associated with HRSV infections in older adults (Dowellet al., 1996, Hanetal.,

1999).

In the Middle East, HRSV represents a major health problem. High rates of HRSV

infection were detected among young children hospitalized due to viral ALRTI in Iraq

(38%), Kuwait (40%), United Arab Emirates (28.5%), Sudan (28%), Saudi Arabia

(23%), Tunisia (21.6%), and Israel (69%) (Albargish and Hasony, 1999, Hijaziet al.,

1995, Udumanet al., 1996, Salih et al., 1994, Al-Hajjar et al., 1998, Fodha etal.,

2004, Dagan et al., 1993). In a recent survey, HRSV and HMPV wereidentified in

40% and 7% of 604 Yemeni children <2 years old respectively (Al-Sonboli et al.,

2005). In the latter study, co-infection with HRSV and HMPV wasdetected in 4% of

the children.

In Jordan, a number of studies were conducted in different cities and showeddifferent

prevalence rates of HRSV. In Irbid, a large city in the north of Jordan; HRSV was

detected in 101/350 (29%) of NPAs collected from children hospitalized with ARI.

Three different methods were used in this study including shell vial culture assay,
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conventional culture assay, and direct immunofluorescence assay (Meqdam and

Nasrallah, 2000). A previous study in the same city showed an even higher

prevalence rate of HRSV_ infection (129/256: 50%) by using direct

immunofluorescence assay and cell culture (Meqdam et al., 1998). In Zarka, a large

city north-east of Amman; HRSV wasdetected in 69/271 (25.5%) of NPAscollected

from hospitalized children <2 years old. The specimens were cultured and HRSV

antigen wasdetected by the direct immunofluorescence technique. All HRSVisolates

were typed as subgroup A by monoclonal antibody and confirmed by RT-PCR

(Bdour, 2001). In Amman; HRSV wasdetected in 25/200 (12.5%) ofNPAscollected

from hospitalized children <2 years old. The study used direct immunofluorescence

technique as a single method of detection. The study also showed a peak of incidence

during January and February which are the coldest months of the study period (Al-

Toumet al., 2006). These variations in HRSV prevalence rates might be attributed to

the differences in the study methods and geographical locations, climatic conditions,

and socio-economic standards of these different Jordanian cities. The high prevalence

rate of HRSV in the present study (140/326: 43%) might be primarily attributed to the

high sensitivity of the molecular detection methods used.

Amongthe pathogensrecovered in the present study, HRSV was the most frequently

identified and detected in 140/326 (43%) of children. It was also shown that

significantly (p<0.0005) more HRSV-infected children had severe disease (100/140;

71%) than HRSV-uninfected children (39/186; 21%). These data establish the

importance of HRSV as a cause of ARI in youngchildren in Jordan, and highlight the

potential impact that an effective HRSV vaccine could have in reducing the burden of

this disease. HRSV was most frequently detected in the coldest winter months in
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Jordan. This seasonal pattern is similar to that seen in previous studies in Jordan

(Bdour, 2001, Al-Toum et al., 2006).

Children hospitalized with HRSV are younger than children with other viral

infections. Infants <6 monthsold are at the highest risk of HRSV hospitalization and

constitute around 75% of the total HRSVrelated hospitalizations (Constantopoulos et

al., 2002, Huanget al., 2001, Weigl et al., 2001) with a dramatic decrease in the

incidence of HRSV-related hospitalizations after this age (Kanekoet al., 2002). In the

present study severe HRSV infections occurred in all age groups, however it was

significantly more likely to occur in the hospitalized children under than 6 months of

age (p<0.01).

HRSV infection is more common in males than females (up to 60% of all cases)

(Kaneko et al., 2002, Bdour, 2001, Weber et al., 1998), and is more severe with

prolonged hospitalization in young term and preterm infants (Resch et al., 2002).

However in the present study, there was no significant difference between HRSV-

infected male (82/188: 44%) and HRSV-infected female (58/138: 42%) children.

Also a total of 82/140 (59%) of HRSV-infected patients were male as compared with

104/186 (56%) male in the HRSV-negative patients, with no significant difference.

Similar to other reports from the same geographical area (Al-Sonboli et al., 2005,

Albargish and Hasony, 1999), the present study showed that HRSV subgroups A and

B co-circulated in the same season with a predominance of subgroup A. However in

Tunisia; HRSV subgroup B showed a higher prevalence than subgroup A during two

seasons from June 2000 to August 2002 (Fodha et al., 2004), while in Jordan;
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subgroup A predominated over 3 consecutive years from January 1997 to May 1999

(Bdour, 2001). Although it was reported that HRSV subgroup A caused more severe

disease than subgroup B anda greater proportion of infected children with subgroup

A presented with bronchiolitis (Imaz et al., 2000), there was nosignificant difference

in the disease severity between the two HRSV subgroupsin the present study.

Genotyping analysis of HRSV strains showed that only four of the six previously

described N genotypes were found in the present study with NP4 (subgroup A)

predominating (63/135: 47%), followed by NP2 (subgroup A) (31/135: 23%), NP1

(subgroup B) (26/135: 19%), and NP3 (subgroup B) (15/135: 11%). All these four

detected genotypes were identified during the January-Marchperiod of the study and

co-circulated at the same time. Furthermore there was no significant difference

between the individual HRSV genotypesas potential causes of severe ARI.

In the present study, hospitalized children with ARI due to more than one mixed

potential respiratory pathogens were common(103/326: 31.6%). This high frequency

of co-infections is perhaps not surprising as the respiratory viral seasons often

coincide (Choiet al., 2006), and increasing the range of potential pathogens sought (in

this study 10 viral and 2 atypical bacterial pathogens) will certainly reveal more co-

infections. There were 82 children infected with 2, 20 with 3, and 1 with 4 respiratory

co-pathogens. Dual infections were more commonly (39/82: 48%) detected in

children <6 months old. The majority of the children infected with 3 co-pathogens

(10/20: 50%) were 6-12 months old. Mixed infections had relatively similar sex

distributions with no significant differences between males (53/188: 28%) and

females (50/138: 36%). Both dual infections and infections with 3 respiratory co-
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pathogens showed a peak in January and February whichare the coldest months ofthe

year in Amman,reflecting the high frequency of respiratory viruses during the winter

season. In 67/140 (48%) of HRSV-positive children the co-pathogens were HRSV

with one or more other pathogen. However in no case wasa co-infection with HRSV

and HMPV encountered. Such co-infection has previously been linked with more

severe ARI in some (Greensill et al., 2003, Semple et al., 2005, Foulongneet al.,

2006) but notall studies, (Maggi et al., 2003, Wilkesmannetal., 2006). Howeverin

the present study, significantly (p<0.05) more severe disease was associated with

infections by single pathogens (68/149: 46%) as compared to mixed infections with

more than one pathogen (61/103: 59%). The simultaneous presence of more than one

agent highlights the need to differentiate between the carriage status and primary

current infection, and to properly study the pathogenesis of these potentially

infectious agents.

The clinical severity of ARI due to HRSV hasbeen associated with the presence of

underlying medical conditions including prematurity (Resch et al., 2005), congenital

heart disease (Kaneko et al., 2001) and chronic pulmonary disease (Arnold et al.,

1999). However, more than half of all hospitalizations due to HRSV infections occur

in previously healthy children born at term (Boyceet al., 2000). In the present study,

15/326 (5%) of the recruited children had some underlying medical conditions which

might have contributed to disease severity. Of these 13 had cardiopulmonary disease,

predominantly congenital heart disease (but none had bronchopulmonary dysplasia),

one was premature, and one had immunodeficiency. There were no significant

associations between the individual respiratory pathogens and the underlying medical

conditions of the children. A total of 8/15 (53%) of those children had severe, and 7
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(47%) mild-moderate ARI. HRSV was detected as the sole pathogen in 3 children

with severe ARI, however it was mixed with other pathogens in 2 children with

severe and | with mild-moderate ARI. HAdV wasdetected as the sole pathogen in 4

patients with mild-moderate ARI, however it was mixed with other pathogens in 2

children with severe and 1 with mild-moderate ARI.

The present studyis the first to describe the importance of HAdV as a cause of ARI in

Jordanian children severe enough to require hospital admission. HAdV was the

second commonrespiratory virus detected (116/312: 37%). HAdV was the most

common pathogen detected in children with mild-moderate ARI caused by single

pathogens representing 36/81 (44%). In 71 (61%) of the cases of HAdV infection it

wasfound together with another potential pathogen. In mixed infections, HAdV was

the most common HRSV co-pathogen, followed by HBoV. However, the exact role

of HAdV as a cause of ARI in children in Jordan warrants further investigations.

The finding of the newly described HBoV in Jordanian children has already been

reported (Kaplan et al., 2006). In this study, most of HBoV-positive children (55/57:

96%) were <2 years old, similar to other studies in Sweden (10/14; 71%), Japan

(16/18; 89%), and Iran (17/21: 81%) (Allander et al., 2005, Ma et al., 2006,

Naghipouret al., 2007). HBoV was also infrequently 11/57 (19%) found as sole

pathogen in the present study, and detected in one patient with severe and 10 patients

with mild-moderate ARI. HBoV was detected as a co-pathogen in 46/57 (81%)

children. This is comparable to a recent study in Israel in which a high rate (69.2%)

of HAdV co-infection with HBoV was detected among hospitalized children

(Hindiyehet al., 2008). This suggested that further studies were neededto assess the
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role of HBoVasa respiratory pathogen. Howeverrecent report from Edinburgh, UK

demonstrated that HBoV was an important respiratory pathogen in children and not

found in children without ARI (Manninget al., 2006).

HRV are well-recognized causes of upper respiratory tract infection. The present

study showed that HRV wasa significant cause of hospitalization due to ARI, and

was the fourth most commonrespiratory virus detected (36/325: 11%). This is

consistent with another study in a general paediatric population which reported that

HRVcan beclinically similar in presentation and severity to HRSV infection (Kellner

et al., 1989), albeit with much lower frequency of severe disease.

The present study has shownthat the four most commonly detected viruses, namely

HRSV, HAdV, HBoV and HRV,had a peak in January and February which are the

coldest winter months in Amman. Consequently dual infections, involving primarily

HRSV and HAdV, showedsimilar seasonalpattern.

Chlamydia spp. was also infrequently detected (14/312: 4.5%) in the present study.

Chlamydia spp. was not identified as a single pathogen in any patient with severe

ARI, howeverthey were found as mixed with other potential respiratory pathogensin

11 (78.6%) cases. Therefore improved diagnostic tests capable of discriminating

between carriage and current primary infection are necessary to investigate the

pathogenic role of Chlamydia spp. in Jordanian children. Additionally, the

identification of Chlamydiae to the species level was not carried out in the present

study whichis considered as an importantlimitation.

194



Generally HMPV has been implicated in <20% of ARI in children (Williamsetal.,

2004). Howeverin the present study, HMPV wasless frequently detected (8/326,

2.5%) than in some other hospital based studies (Al-Sonboli et al., 2005, Semple et

al., 2005). There was no cases of co-infection with HRSV and HMPVin the present

study, however the peak prevalence of HMPV infections does seem to vary year by

year and the HRSV and HMPVseasonsare not always concurrent (Serafino et al.,

2004, Choiet al., 2006).

HCo-NL63 wasalso infrequently detected (4/325, 1.2%) in the present study. It was

reported that HCoV-NL63-infected patients had relatively mild respiratory symptoms

(Bastien et al., 2005), and the frequency of double infections involving HCoV-NL63

could exceed 50% (van der Hoeket al., 2006). In the present study, HCoV-NL63 was

the sole pathogen detected in 3 patients; 2 with severe and 1 with mild-moderate ARI.

However HCoV-NL63 was mixed with HAdV in 1| patient with mild-moderate ARI.

FLUA was detected in 2/323 (0.6%) of NPAs examined. This low detection rate,

which may be explained by the varying seasonality of FLUV, does not support any

further significant correlations.

Other potential respiratory pathogens including FLUB, HPIV 1-4, and HCoV-HKU1

were not detected in the present study. This might be attributed to the relatively short

study period, possible missing of the peak season, and the variable seasonality of

these viruses from yearto year.

195



M. pneumoniae wasnot detected in the present study. This may be explained by a

numberofpossible reasons. First, the epidemic cycle of M. pneumoniae which takes

place at intervals of several years with less activity between cycles. This epidemic

cycle is due to a shift of M. pneumoniae serotypes and changes in the immunestatus

of the community (Sasaki et al., 1996). Second, the tendency of MZ pneumoniae

outbreaks to occur in temperate climates during the summer due to the lower

incidence of other potential respiratory pathogens (Atkinsonet al., 2008). Third,

pneumoniaehaslong beenassociated with community-acquired pneumonia in school-

aged children, adolescents, and young adults (Waites and Talkington, 2004).

In conclusion, the present study has provided essential descriptive data regarding

respiratory pathogens, particularly HRSYV,in Jordanian children. The present study

represents the first report of detection of other recently described potential respiratory

pathogens including HMPV, HBoV, and HCoV-NL63 in Jordan. The present study

also suggests that these agents may contribute to the hospitalization of children,

younger than 5 years of age, due to community-acquired ARI. However whether

these other potential pathogens are responsible for a substantial proportion of ARI in

Jordanian children remains to be determined.
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12.2 Limitations of the Study

The first limitation is the relatively short duration of the study which only included 6

months in the winter of 2003-2004, howeverthis is the cold period of the year usually

with the highest incidence of ARI in Jordan. This may partially explain why some

potential respiratory pathogens were not detected in the present study such as FLUB,

HPIV 1-4, HCoV-HKU1, and M. pneumoniae.

The secondlimitation is that this is not a country-wide study as it was conducted in a

restricted geographical area covering only the capital city of Amman and its

surroundings. The potential respiratory pathogens were not investigated elsewhere in

this geographically and culturally diverse country.

The third limitation is the incomplete spectrum of potential respiratory pathogens

examined as the most frequent conventional bacteria such as Streptococcus

pneumoniae and Haemophilus influenzae were not investigated in the present study.

Therefore the results of the co-infection with these common bacterial pathogens on

the severity of ARI were also not studied, although it has been reported that co-

infection with respiratory viruses and bacteria can aggravate the effect of each other

(Thorburnet al., 2006).

Another limitation is that the anonymous questionnaire wasrelatively long and time-

consuming to complete. Therefore, additional effort was required to collect missing

important data either by telephone calls or personal visits to the participating

paediatricians.

197



Another limitation is that the amplicons of HAdV, HRV, and Chlamydia spp. were

not subjected to DNA sequencing. These, if performed, could have provided more

informative findings, expanded and improved the quality of the discussion, and

represented a significant addition to the current scientific knowledge.

The present study is also limited by the sole use of PCR diagnostics on respiratory

tract secretions, addressing virus prevalence but not disease association. The

molecular PCR techniques were used on NPA for sequential detection of single

potential pathogens. Howeverit has been recently reported that the use of multiplex

PCR assay for simultaneous detection and identification of a broad spectrum of

respiratory viruses represent a rapid and significant improvement (Kim et al., 2009).

The use of other conventional methods such as immunofluorescence techniques and

viral tissue cultures might have also added further comparative findings.

In the present study, using RFLP for HRSV genotyping based on the nucleocapsid (N)

gene had detected regular restriction endonuclease digestion patterns with no distinct

or unusual isolates obviating the need to perform any additional HRSV genotyping

based on the glycoprotein (G) gene. Therefore it was decided not to proceed in this

respect and to do the other experimental work. . However, this is considered to be

one ofthe limitations of the present study.
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12.3. Recommendations

A combination of detailed epidemiological, clinical and laboratory-based studies over

longer periods of time should be undertaken. Therefore larger cross-sectional studies

and longitudinal studies of hospitalized children are needed so that the true burden of

viral community-acquired ARI in Jordanian children can be more fully appreciated.

Further studies are also required to better determine the prevalence, seasonality, and

the association of potential viral and atypical bacterial respiratory pathogens with ARI

in Jordan. These studies may generate data that will further characterize the

epidemiology and clinical spectrum of potential respiratory pathogens, particularly

HRSV,and document the pathogenic role of other recently described viruses such as

HMPV, HBoV, HCoV-NL63, and HCoV-HKU1.

Further molecular studies are also warranted to better determine the role of the

different HRSV genotypes in the epidemiology and the severity of disease and their

inter-relationship with other potential respiratory pathogens.

These studies may help in updating the therapeutic and preventive strategies of viral

ARI in Jordan and the neighboring countries, and in informing the development and

future implementation of vaccines for respiratory viruses.

A better understanding of the pathogenesis and natural course of RV infection, and

the development of improved diagnostic tests capable of discriminating between

asymptomatic carriage and primary current infection will be necessary for future
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studies seeking to assessthe role of the potential respiratory pathogens such as HBoV,

HAVandthe atypical bacteria in causing ARI.

The routine use of HRSV diagnostic tests for children hospitalized with ARI is highly

recommended. This may result in avoiding the unnecessary administration of

antibiotics and the early implementation of hospital infection control measures.

Continuing parental education and enhanced public awareness in respect of the

transmission routes, predisposing factors and preventive methods are mandatory to

achieve a substantial reduction in the burden of viral community-acquired ARI in

Jordan particularly that due to HRSV.
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Appendix

Appendix 1: Anonymous Questionnaire

RSV Study

ENROLMENT FORM ID NUMBER

ENROLMENT CRITERIA

(1) Child aged less than five years (<60 months).

(2) Clinical diagnosis of acute respiratory tract infection.

(3) Hospitalized less than 48 hours.

 

DEMOGRAPHIC DATA

Nameofthe child: Sex: Male / Female

Date ofbirth: / / Age in months:

Address and Telephone number:

HISTORY OF CURRENT ILLNESS
Hospital admission: Date: / / Time: (am / pm) Ward:

Referred by: Family / GP / Consultant Pediatrician

Date of Onset: ,

Illness symptoms:

Cough: Yes/No Noisy breathing: Yes / No

Cough spasms: Yes / No Number of spasms: /day

Poor feeding: Yeas / No Vomiting: Yes / No Fever: Yes/No

Did your child receive any medicinesprior to admission? Yes / No

If yes, state

Has yourchild had anyillness in the past month? Yes / No

If yes, state

Has yourchild receive any vaccinations in the past month? Yes / No

If yes, state
Have any other family members had acute respiratory tract infection in the past
month? Yes/NoIfyes, state

Has your child had any previous hospital admissions? Yes / No
If yes, any admissionsfor acute respiratory tract infections: Yes / No

If yes, what washis/her age in months?

Has your child any chronic illness? Yes / No

If yes, state
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PHYSICAL FINDINGS ON ADMISSION

Weight on admission in Kg: on whichcentile on growth chart:

Height on admission in cm: on which centile on growth chart:

Temperature on admission (Oral / Rectal / Axilla): °C

Respiratory rate: /minute Heart rate: /minute

State of consciousness: Alert / Drowsy / Unconscious

Nasal secretions: Yes / No Cough: Yes/No

Cyanosis: Yes/No Distress: Yes / No Grunting: Yes / No

Wheezes: Yes / No Crepitations: Yes / No

Chest recessions: Yes (Mild / Moderate / Severe) / No

INVESTIGATIONS

O> Saturation: <92% or >92%

Abnormal Chest X-ray: Yes (Hyperinflation / Consolidation / Others) / No

Abnormal White Blood Cell Count (Total & Differential): Yes / No

If yes, state

Positive Microbiology Cultures: Yes / No

If yes, state

 

 

ADMISSION DIAGNOSIS

MANAGEMENT

O> requirement: Yes/No

Ventilation: Yes / No

Naso-gastric Feeding: Yes / No

Antibiotics: Yes / No

Steroids: Yes / No

Ribavirin: Yes / No
Other medications: Yes/No If yes, state

OUTCOME WITH DATE
Return to baseline: Yes/No

Discharge: Yes/No

Transfer: Yes/No

Others: Yes / No If yes, state

To be completed by the study physician

Namein full:

Signature: Date: / /
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Appendix 2: Informed Consent Form (Arabic)
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Appendix 3: Informed Consent Form (English)

RSV Study

CONSENT FORM ID NUMBER

Nameofthe child:

Date of birth: / / or Age in months:

Address and telephone number:

Investigators should seek consent from the mother, father, or appropriate guardian

using the following information. This should be explained in Arabic or English

(whicheveris appropriate):

We are investigating the most important viral cause of acute respiratory tract

infections (RSV) in infants and young children. We wish to ask some questions about

your child’s illness. We then wish to obtain a nasopharyngeal aspirate of your child.

To do this we need to put a fine plastic tube into your child’s nostril and collect a

small amount of mucus from the back of the nose. This is a routine and safe

procedure, which may cause a brief discomfort, but it is very unlikely to cause any

harm to your child.

You do not have to let your child participate in this study. It is completely voluntary.

Whether or not your child takes part in this study will not have any effect on the

medical care he/she will receive.

 

Do you have any questions? Yes No

Can your child join this study? Yes No

To be signed by the parent or guardian:

I hereby agree to my child (name) to be entered into this

study.

Nameof parent/guardian:

Signature (or thumbprint): Date: / /

To be completed by the study physician:

I have given the above explanation verbally to the mother, father or guardian about

enrolling their child in this study. I affirm that they understood my explanation and

freely gave their consent.

 

Namein full:

Signature: Date: / /
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Appendix 4: List of Disposables and Other Requirements

- Mucusextractors (Unoplast, Denmark).

- Cryogenic vials; 2.0mlsterile polypropylene cylindrical collection tubes with round-

bottoms and screw-caps (Sarstedt, Germany).

- Transparentplastic storage boxes with cardboard dividers (96 cryovials each).

- Howie coats with knitted cuffs and front fastening.

- Powder-free nitrile examination gloves (Kimberly-Clark, Roswell, Georgia, USA).

- Polystyrene boxes(flaked-ice containers).

- Eppendorftubes; 1.5ml sterile polypropylene cylindrical collection tubes with cone-

shaped bottoms and attached caps (Sarstedt, Germany).

- PCR tubes; 0.2m1 thin-walled clear eppendorf tubes (Sarstedt, Germany).

- Beveledfilter pipette tips (Sarstedt, Germany).

- Pipette tips (Sarstedt, Germany).

- Glassware; graduated conical flasks and cylinders.

- Plasticware; graduated cylinder.

- Microtitre 96-flat-bottomed-well plates (IWAKI, Asahi Techno Glass, Japan).

- Scissor.

- Masking adhesive papertape (Scientific Laboratory Supplies, UK).

- Absorbent towel (HydraTek Towel, Lotus Professional).
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Appendix 5: List of Equipments

- Pulse oximeter; Nellcor Puritan Bennett (NPB-195, UK).

- Medela-Dominant suction vacuum (Switzerland).

- Freezer (Sanyo VIP series -86°C, Japan).

- Automatic flaked-ice making machine (Scotsman AF-10, Netherland).

- Electronic single-channel pipettes (Labsystems, USA).

- Fume hood (Atlas clean air, Nelson, Lancashire, UK).

- Class II microbiological safety cabinet (BioMAT’, Medical Air Technology,

Oldham, UK).

- Laminar flow cabinet (Holten LaminAir, Slovang, Denmark).

- Vortex Mixer (Genie 2, Scientific Industries, Bohemia, USA).

- Centrifuge (Sigma 1-13, Germany).

- Block Heater (Grant Instruments, Cambridge, UK).

- Thermal cyclers:

(1) Perkin Elmer (GeneAmp PCR system 2400, Norwalk, Connecticut, USA).

(2) Techgene (FTGENE2D, Techne, Cambridge, UK).

- Electronic Digital Balance (Sartorius, Germany).

- Microwave (Sharp Compact, Japan).

- Shaker (Rocker 25, Labnet International, USA).

- Walk-in aerobic 37°C incubator room.

- Horizontal Gel Electrophoresis Apparatus; (Horizon 11.14, Life Technologies,

USA).

- Electrophoresis Power Supply (EC250-90 Voltage, EC Apparatus Corporation,

USA).
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- Electrophoresis trays and combs.

- Gel Documentation and Analysis System (Syngene, Ingenius, Cambridge, UK).
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Appendix 6: List of Reagents and Kits

- Isopropyl alcohol 70% v/v (VWR International, UK), to wipe/disinfect class II

microbiological safety cabinet.

- Ethanol alcohol; Absolute and 70% v/v (VWRInternational, UK).

- 2-mercaptoethanol (Sigma).

- RNeasy Mini Kit (Qiagen).

- QIAamp DNA Mini Kit (Qiagen).

- MicroSpin Sephacryl HR-400 Columns (Amersham Biosciences, UK).

- HPLC Water (HiPerSolv for HPLC, VWRInternational, Poole, UK).

- 10X PCR Buffer (Roche).

- Primers (Genosys, UK).

- RNase Inhibitor (RNasin) 40U/ul, (Promega).

- Magnesium chloride (MgCl) (VWRInternational, UK).

- 1.4-Dithiothreitol (dTT), (Boehringer Mannheim).

- Ultra Pure dNTP set, (Roche).

- 1% Bovine serum albumin (BSA) (Sigma).

- Murine Leukemia Virus Reverse Transcriptase (MuLVRT) 50U/l, (Roche).

- Amplitaq Gold DNA polymerase 5U/ul, (Roche).

- Amplitag DNA polymerase 5U/ul, (Roche).

- Restriction enzymes(Hindlll, Pst], Bglll, Rsal, Haelll) 10U/pl (Roche).

- Ladder, 100-bp DNA marker(Invitrogen).

- Ethidium bromide (Sigma).

- Agarose (Gibco).
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Appendix 7: Preparation of Reagents

(1) 5x Concentrate Tris Borate EDTA (TBE) Buffer preparation:

Tris Base 54em

Orthoboric acid 27.5gm

0.5M EDTA pH8.0 20m1 (EDTA will only go into solution at pH 8.0)

Adddistilled water to make uplitre of concentrated buffer.

(2) 0.5x TBE (working strength) Buffer preparation:

5x concentrated buffer 100ml

Distilled water 900ml

(3) 10x Agarose-Gel DNA Loading Buffer preparation (Store at 4°C):

50% glycerol 5ml

100mM TrisHCl pH 7.5 Iml

10mM EDTA 200u1

Bromothymol blue 0.02gm (fleck)

Distilled water 3.8ml

For loading agarose gels, add 10u1 PCR product to 2u1 10x loading buffer.

For molecular weight marker, add 1.541 DNA marker, 8.51 distilled water to 2u11 10x

loading buffer.
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Potential Pathogens in Children Hospitalized With
Acute Respiratory Infection in Jordan
 

Nasser M. Kaplan,'” Winifred Dove,”* Sawsan A. Abd-Eldayem,' Ahmad F. Abu-Zeid,”
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‘Humanrespiratory syncytial virus (HRSV) is the

majorviral cause of acute lower respiratory tract

infections in children. Few data about the molec-

ular epidemiology of respiratory syncytial virus

in developing countries, such as Jordan, are

available. The frequency and severity of infec-

tions caused by HRSV were assessed in hospi-

talized Jordanian children <5 years of age

comparedwith other potential etiological agents.

Overall a potential pathogen wasdetected in 78%

(254/326) of the children. HRSV was detected in

43% (140/326) of the nasopharyngealaspirates.

HRSV was found more frequently during the

winter (January/February), being less frequent or

negligible by spring (March/April). Analysis of

135 HRSV-positive strains using restriction frag-

ment length polymorphism showedthat 94 (70%)

belonged to subgroup A, and 41 (30%) to

subgroupB. There werealso two cases of mixed

genotypic infection. Only four of the six previ-

ously described N genotypes weredetected with

NP4 predominating. There were no associations

between subgroup or N-genogroupand disease

severity. HRSV wassignificantly associated with

more severe acute respiratory infection and the

median age of children with HRSV was lower than

for those without. Next in order of frequency were

adenovirus (116/312: 37%), human bocavirus

(57/312: 18%), rhinovirus (36/325: 11%), Chlamydia

spp. (14/312: 4.5%), human metapneumovirus

(8/326: 2.5%), human coronavirus NL63 (4/325:

1.2%), and influenza A virus (2/323: 0.6%).

Influenza B; parainfluenza viruses 1-4, human

coronavirus HKU1 and Mycoplasma pneumoniae

were notdetected. J. Med. Virol. 80:168-174,

2008. © 2007 Wiley-Liss, Inc.

© 2007 WILEY-LISS, INC.

KEY WORDS: acute respiratory infections;

respiratory syncytial virus;

molecular epidemiology; dis-

ease severity; children; Jordan

 

INTRODUCTION

Acute respiratory infection is the major cause of death

in children <5 years of age, and occurs predominantly in

developing countries [Bryce et al., 2005]. Human

respiratory syncytial virus (HRSV)is the leadingviral

causeofacute respiratory infection in infants and young

children in terms of prevalence andeffect [Shayetal.,

2001]. HRSV causes substantial annual winter epidem-

ics in temperateclimates, representing a major cause of

pediatric hospitalizations and a serious economic bur-

den [Viegas et al., 2004]. HRSV can cause reinfections

throughoutthe child’s life and it can infect infants in the

presence of maternal antibodies. This could be due to

either an inadequate immune response or to the
extensive genetic variability of the virus. Although

antigenic variation is not essential for reinfection,

growing evidence suggests that it may contribute to

reinfections by immune evasion [Viegas and Mis-

tchenko, 2005]. It has also been reported that HRSV-

specific T-cell responses do not provide protection
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against reinfection, and reinfection does not boost
HRSV-specific T-cell proliferation [Bontet al., 2002].

HRSVis an enveloped RNAvirus that is classified
within the Pneumovirus genus as a member of the
family Paramyxoviridae [Collinset al., 2001]. The virus

has a non-segmented, single-stranded, negative-sense

genome.Its genome encodes10 proteins, including two
major surface glycoproteins (G and F), two matrix

proteins (M; and Mg), a small hydrophobic protein

(SH), and three nucleocapsid associated proteins(N,P,

and L) [Collins et al., 1984]. The two antigenic glyco-
proteins G and F are responsiblefor hostcell attachment

and viral entry by membrane fusion, respectively

[Palomo et al., 2000]. HRSV is divided into two major

antigenic subgroups, A and B,on thebasisof reactivity

with monoclonal antibodies against the major structural

glycoproteins G and F [Mufsonet al., 1985]. However,

these two subgroups can be further subdivided into
genotypes by restriction analysis and nucleotide

sequence variability [Sullender et al., 1993; Peret

et al., 1998]. The N (nucleoprotein) geneis relatively

well conserved between virusisolates, but the G gene
shows muchgreater variability. The variation in these

genes hasbeen used to define HRSV typing schemesas
N genedifferences resulting in the NP1-NP6 genotypes.
The purposeof the present study was to examine the

molecular epidemiology of HRSV in Jordan. Wealso

compared the disease severity ofHRSV subgroups A and

B and their associated genotypes in hospitalized

Jordanianchildren set in the context of other potential

respiratory pathogens.

MATERIALS AND METHODS

Study Design

This prospective cross-sectional study was conducted
over six consecutive months from December 2003 to May

2004. Children younger than 5 years of age with acute

respiratory infection admitted to the pediatric wardsof

King Hussein Medical Centre and Queen Alia Hospital,

Amman,Jordan were enrolled in the study irrespective
of the severity of their illness. King Hussein Medical

Centre, a tertiary referral hospital, and Queen Alia

Hospital, a district general hospital, provide hospital

pediatric care for Amman,the capital city ofJordan, and

its surroundings. The study was approved by the

medical research ethical committee of the King Hussein
Medical Centre, Amman, Jordan and signed informed

consent wasobtained from eachofthe children’s parents

or legal guardiansfor participation in the study.
The clinical diagnosis of acute respiratory infection

and assessment of its severity was made by using the

World Health Organization standard protocol for acute

respiratory infection based on the presence of cough,

tachypnoea,chest indrawing, and wheezing for <7 days

duration [Pio, 2003]. Severe disease was defined as

present in children with a respiratory rate >60/min and

chest indrawing. Oxygen saturation (pO2) was meas-

ured by using pulse oximetry (Nellcor Puritan Bennett
NPB-195, UK) and a pOg < 85% used asthe cut-off for
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giving supplementary oxygen. A standardized question-

naire containing clinical, socio-demographic, therapeu-

tic, and outcome data was completed for each patient.

Nasopharyngealaspirates werecollected by instilling
1 mlsterile phosphate-buffered saline througha sterile
nasopharyngeal mucous extractor. The aspirates were
frozen at —80°C until analyzed in the Departmentof
Medical Microbiology, University of Liverpool, UK. The

genome of HRSV was detected in nasopharyngeal
aspirates by reverse transcription-polymerase chain

reaction (RT-PCR) [Greensill et al., 2003]. HRSV-

positive strains were classified into subgroup A and B

by restriction fragment length polymorphism analysis

[Cane andPringle, 1992].

Nucleic Acids Extraction

Total RNA and DNAwereextracted separately from

nasopharyngeal aspirates by using the commercial

RNeasy and QIAamp DNAMiniKits (Qiagen, Crawley,

West Sussex, UK) according to manufacturer’s instruc-

tions.

Reverse Transcription-Polymerase

Chain Reaction for HRSV

The primers: N1 (5/-GGA ACA AGT TGT TGA GGT
TTA TGA ATA TGC-3’) and N2 (5’-CTT CTG CTG TCA
AGT CTA GTA CAC TGT AGT-3’) were used to amplify

the nucleocapsid (N) gene between nucleotides 858 and

1,135 giving a 278-bp product [Cane and Pringle, 1991].

Analiquot of 10 il of the extracted viral RNA serving

as a template for cDNA synthesis was added to 40 ul of

PCR mixture. The final 50 nl mastermix reaction

contained 1x PCR buffer, 3 mM MgCl, 5 mM dithio-

threitol (dTT), 0.4 mM deoxyribonucleotide triphos-

phates (dNTPs), 0.4 uM of primers mixture containing

equal volumes of the two primers at a concentration of

20 uM each, 20 units (U) of RNase inhibitor (RNasin),

25 U of murine leukemia virus reverse-transcriptase,

and 2.5 U of Amplitaq gold DNA polymerase (Roche
Diagnostics Ltd., Burgess Hill, UK).

The RT-PCR wasperformed in a Perkin Elmer Gene-
Amp 2400 thermal cycler (Norwalk, CT) accordingto the
following program: 30 min reverse transcription cycle at

50°C, followed by 5 min reverse transcriptase inactiva-

tion and DNA polymeraseactivation cycle at 94°C, then
forty PCRcycles (1-min denaturation at 94°C, 1 min of

primer annealing at 55°C, and 1 min ofprimer extension

at 72°C), and final extension cycle of 72°C for 10 min.
Ten microliter volumes of each amplified DNA PCR

product were separated by electrophoresis on a 2% (wt/
vol) agarose-Tris-Borate-ethylene diamine tetracetic

acid gel, stained with ethidium bromide, and visualized

under ultraviolet light (Syngene Gel Documentation

and Analysis System, Ingenius, Cambridge, UK).

Restriction Fragment Length Polymorphism

Analysis of HRSV

Aliquots of 2 «tl from HRSVpositive amplified DNA
were separately digested directly and without prior
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purification by a set of five restriction endonuclease
enzymes namely HindIII, PstI, BglII, Rsal, Haelll

(Roche). The restriction patterns were analyzed by
electrophoresis on a 2% (wt/vol) agarose-tris-borate-

ethylene diamine tetracetic acid gel, stained with

ethidium bromide, and visualized under ultraviolet

light. HRSV amplicons were typed into six nucleopro-

tein (NP) genotypes on the basis of their restriction

endonuclease digestion profiles [Cane and Pringle,

1992]. HRSV subgroup A included NP2, NP4, and

NP5, while subgroup B included NP1, NP3, and NP6

genotypes.

Detection of Other Respiratory Pathogens

Detection of other respiratory pathogens was per-

formed according to previously publishedprotocols. RT-

PCRwasusedfor the detection of human metapneumo-

virus (HMPV) [Greensill et al., 2003], influenza A and B,

and parainfluenza virus 1—4 [Templetonet al., 2004],
human rhinovirus (HRV) and human coronaviruses

NL63 and HKU1[Choiet al., 2006; Sloots et al., 2006].

PCR was used to detect human bocavirus (HBoV)
[Allanderet al., 2005], adenoviruses, Chlamydia spp.,

and Mycoplasma pneumoniae [Couroucliet al., 2000].

Statistical Analysis

Epi Info Version 3.3.2 (Centers for Disease Control,

Atlanta, GA) was used for statistical analysis by
applying Chi-Square and Student’s t-tests. P values

<0.05 were consideredstatistically significant.

RESULTS

A total of 326 children (188, 58% male) with a median

age of5 monthswere recruited, and 326 nasopharyngeal

aspirates were collected and analyzed, however the

volume of some nasopharyngeal aspirates was inad-

equate for both DNA and RNA extractions. Of the

326 children studied 15 (5%) had some underlying
condition which might have contributed to disease

severity. Of these 13 had cardiopulmonary disease,

predominantly congenital heart disease (but none had

Kaplanetal.

bronchopulmonary dysplasia), one was premature and
one had immunodeficiency.In all 8 (53%) of those with

an underlying condition had severe disease. A total of

72/326 (22%) patients had no pathogens detected by

PCR(Table I), but 254 (78%) had at least one potential

respiratory pathogen detected which consisted of 140/

326 (43%) HRSV, 116/312 (37%) adenoviruses, 57/312

(18%) HBoV, 36/325 (11%) rhinovirus, 14/312 (4.5%)
Chlamydia spp., 8/326 (2.5%) HMPV, 4/325 (1.2%)
human coronavirus NL68, and 2/328 (0.6%) influenza

A virus. Overall 106/326 (33%) infants had mixed

infections (Table IT) and of these 83 were infected with

2 potential pathogens, 22 with 3, and 1 with 4 potential

pathogens.A total of 67 HRSV co-infections (48% ofall
HRSVinfections) were detected; 30 with adenoviruses,

10 with HBoV, 10 with adenovirus and HBoV,8 with

rhinoviruses, 3 with Chlamydia spp., 1 with rhinovirus

and HBoV, 1 with Chlamydia spp. and adenovirus,

1 with Chlamydia spp. and HBoV, 1 with Chlamydia
spp. and rhinovirus, 1 with adenovirus andrhinovirus,

and 1 with Chlamydia spp., rhinovirus and HBoV. No
HRSV/HMPYVco-infections were detected. Influenza B,

parainfluenza viruses 1—4, human coronavirus HKU1

and M. pneumoniae werenot detected in this study.
Restriction fragment length polymorphism analysis

was performed for 98% (137/140) of HRSV-positive
strains; three weakly positive strains were not subjected
to further subgrouping analysis. HRSV subgroup A was

detected in 70% (94/135) and subgroup B in 30% (41/135)

ofthe samples. There were twocases of mixed genotypic

infections, one NP2/NP4 (A/A) and one NP4/NP3(A/B).

Genotyping analysis of HRSV strains showed that

63 (47%) were NP4, 31 (23%) NP2, 26 (19%) NP1, and

15 (11%) NP3. Each of the four genotypesco-circulated
during the January—March period of the study
(Table IID).

All the children in the study had lower respiratory

tract infections mainly bronchiolitis and bronchopneu-

monia and routine cultures of their blood and

respiratory secretions had detected no potential bacte-

rial or fungal pathogens. Although there were no deaths,
three children were admitted to the Intensive Care Unit,

one infected only with HRSV subgroup B (NP1), one

TABLEI. Respiratory Pathogens Detected in the Nasopharyngeal Aspirates
 

 

No. NPAs No. positive
Pathogen tested (no. mixed infections) % Positive

HRSV 326 140 (67) 43
Adenovirus 312 116 (75) 37
HBoV 312 57 (51) 18
HRV 325 36 (26) 1d
Chlamydia spp. 312 14 (13) 4.5
HMPV 326 8 (4) 2.5
HCoV NL63 325 4 (1) 1.2
Influenza A 323 2 (0) 0.6
Influenza B 326 0 0
Parainfluenza 1—4 326 0 0
HCoV HKU1 325 0 0
M. pneumoniae 312 0 0
None 326 72 22
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TABLEII. Respiratory Pathogen Co-Infections
 

HRSV Adenovirus HBoV HRV Chlamydia spp. HMPV H6VNL63
 

HRSV —
Adenovirus 30 —
HBoV 10 15 —_—
HRV 8 7 5 —_—
Chlamydia spp. 3 1 1 1 —
HMPV 0 il 0 0 0 _—
HCoV NL63 0 1 0 0 0 0 —
 

Twenty-two children had three potential co-pathogens.
Onechild had four potential co-pathogens.

infected only with HBoV, and one who had congenital difference (P > 0.5) in the prevalence of severe disease

heart disease with no pathogensdetected. A total of 139 between those where HRSVwasthesole pathogen (53/

(43%) children had severe, and 187 (57%) had mild- 73:73%) and those with HRSV andanother potential

moderate acute respiratory infection. Significantly pathogen (47/67:70%). The median ageof children with

(P <0.0005) more HRSV-infected children had severe severe acute respiratory infection was 4 months for

disease (100/140; 71%) compared to those uninfected those infected only with HRSV,and 6 monthsfor those

with HRSV (39/186; 21%). The median age of HRSV- co-infected with HRSV andother potential respiratory

infected patients was 4.8 months (range 1-48 months) pathogens (P<0.05). In the 40 patients with mild-

and 82 (59%) were male, compared with a median age of moderate acute respiratory infection in whom HRSV

6 months and 104 (56%) male patients in the HRSV- was detected, it was the only pathogen in 20 (50%)

negative patients (P< 0.05). Severe HRSV infections patients, however in the remaining 20 cases, it was

occurredin all age groups, howeverit was significantly found asa mixed infection with adenovirus(10 patients),

more likely to occur in those under 6 months of age rhinovirus(6 patients), HBoV (2 patients), adenovirus

(P <0.01). Thus 62 (62%) in the 0-6 months age group, and HBoV (1 patient), and Chlamydia spp. and

30 (30%) in the 7-12 monthsgroup, and 8 (8%) in those rhinovirus(1 patient). The median ageof children with

older than 1 year had severe disease. HRSV subgroup A mild-moderate acute respiratory infection was 4 months

and B were associated with 66 and 33 cases of severe for those infected only with HRSV,and 9.5 monthsfor

disease, respectively (P = 0.2). There was nosignificant those co-infected with HRSV and other potential

difference between the individual HRSV genotypes as__ respiratory pathogens (P = 0.05).

potential causesof severe disease. Of the 36 children infected with rhinovirus 24 (67%)

In the 100 patients with severe acute respiratory had mild/moderate and 12 (33%) severe disease. The

infection in whom HRSV wasdetected, it was the sole median age of those infected with rhinovirus was

pathogen detected in 53 (53%) patients, however in the 4.5 monthsnotsignificantly different from that of those

remaining 47 cases, it was found as a mixed infection infected with HRSV. Although 12 of the children
with adenovirus(20 patients), HBoV and adenovirus (9 infected with rhinovirus had severe disease, only one

patients), HBoV (8 patients), Chlamydia spp. (3 of these severe infections occurred in the absenceof co-

patients), rhinovirus (2 patients), HBoV and rhinovirus infection with any of the other eleven potential respira-

(1 patient), Chlamydia spp. and HBoV (1 patient), tory pathogens. Of the 24 children with mild/moderate

Chlamydia spp. and adenovirus(1 patient), adenovirus disease 17 (71%) were co-infected with other pathogens.

and rhinovirus(1 patient), and Chlamydia spp., HBoV There wasa similar prevalence ofrhinovirus infection in

and rhinovirus (1 patient). There was no significant January—April.

TABLEIII. Results of HRSV, Its Subgroups and NP Genotypes by Month of the Study
 

 

NPAs* HRSV Subgroup Genotype Genotype Subgroup Genotype Genotype
tested positive A NP2 NP4 B NP1 NP3

December 2003 11 2 1 0 1 1 0 1
January 2004 103 43° 29 6 23 10 5 5
February 2004 118 719 48 18 30 22 16 6
March 2004 63 21 14 7 7 7 5 2
April 2004 27 3 2 0 2 1 0 1
May 2004 4 0 0 0 0 0 0 0
Total (%) 326 140 (43%) 94/185 (70%) 31 (23%) 63 (47%) 41/135 (30%) 26 (19%) 15 (11%)
 

“Nasopharyngealaspirates.
>Three HRSV-weakly positive strains were not subjected to subgroup analysis by Restriction fragment length polymorphism.
“One HRSV-positive strain showed simultaneous mixed infection by subgroups A (NP4) and B (NP3).
‘One HRSV-positive strain showed simultaneous mixedinfection by genotypes NP2 and NP4of subgroup A.
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DISCUSSION

This study has confirmed that HRSV is the most
frequent cause of severe acute respiratory infection in

young children in Jordan. The fact that a large

proportion of HRSV infections (71%) were associated
with moreseverediseaseis not unexpected because only
hospitalized patients were involved in this study.
However significantly more hospitalized infants with

severe respiratory disease than mild/moderate disease
due to HRSV were detected comparedto infection with

the other potential pathogens.

Worldwide, two subgroups of HRSV circulate inde-

pendently within human populations, with group A
being the moreprevalent[Peret et al., 2000]. In a 3-year

study conducted in the USA [Walshet al., 1997], group B
viruses predominated for 2 years, while group A

predominated in the third year. Information on the
relative frequencies of subgroups A and B in the Middle

East and Africa is scarce. In the present study, subgroup
A waspredominant(70% vs. 30%), as previously shown

in Jordan [Bdour, 2001], and Yemen [Al-Sonbolietal.,

2005]. This predominance of subgroup A HRSVis the

most commonpattern worldwide [Cane,2001].

Only fourof the six previously described N genotypes

[Fletcher et al., 1997] were found among the HRSV

strains. All four genotypes were identified during the

January—Marchperiod ofthe study, with genotype NP4

predominating (Table II). Howeverall four genotypes

co-circulated at the same time. Some authors have
concluded that infection with group A HRSVis asso-
ciated with more severe disease [Peret et al., 2000] but

others have found no suchassociation [Fletcheretal.,

1997; Walsh et al., 1997]. In the present study HRSV

subgroup A infection was not associated with more

severe disease than infection with subgroup B

(Table III). The medical staffs were unaware of group

andgenotyperesults and thuspotential bias leading toa

differential misclassification of the disease severity is

unlikely.

Although the study extended through only 6 months
of the year, there was a demonstrable peak of acute
respiratory infection due to HRSV during January and

February, as shown in a previous study in Jordan [AI-

Toum et al., 2006]. HRSV wasless frequent or almost

absent in March—May.

HRSV-infected children were significantly younger
than HRSV-negative children, and severe HRSV infec-
tions most frequently (90%) affected children younger

than 12 months of age in agreement with a previous

report from Jordan [Meqdam and Nasrallah, 2000].

Although it has been shown previously that children

infected with group A HRSV weresignificantly older
than werethoseinfected with group BHRSV [Hallet al.,

1990], there wasno significant difference in the ages of

these groups (P = 0.2) in the present study.

There were no significant differences between the
different HRSV genotypesas potential causes of severe

disease, so it was difficult to establish a relationship

between genotypes anddiseaseseverity.
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Overall 102 (31.2%) of the children had more than one

potential pathogen detected in their nasopharyngeal

aspirates. This is perhaps not surprising as the

respiratory viral seasons often co-incide [Choi etal.,

2006], and increasingthe rangeof potential pathogens
sought(in this study 10 viral and 2 bacterial pathogens)
will reveal more co-infections. In 68 children the co-

pathogens were HRSVwith oneor moreother pathogen.
Howeverin no case was a co-infection with HRSV and

HMPVencountered. Such co-infection has previously

been linked with more severe acute respiratory infection

in some [Greensill et al., 2003; Semple et al., 2005;

Foulongneet al., 2006] but not all studies [Maggi etal.,

2003; Wilkesmann et al., 2006]. HMPV was less

frequently detected (2.5% of cases) than in some other
hospital based studies [Al-Sonboli et al., 2005; Semple

et al., 2005]. However the peak prevalence of HMPV
infections does seem to vary year by year and the HRSV
and HMPVseasonsare not always concurrent [Serafino
et al., 2004; Choiet al., 2006].

After adenovirus the second most common HRSVco-

pathogen wasthe newly described HBoV.Thefinding of
HBoVin Jordanian children has already been reported

[Kaplanet al., 2006]. It was infrequently found assole

pathogen which suggested that further studies were

needed to assess its role as a respiratory pathogen.

Howeverrecent report from Edinburgh, UK has dem-
onstrated that itis an important respiratory pathogen in

children and not found in children without acute

respiratory infection [Manningetal., 2006].

Adenoviruses were detected in 116 ofthe 312 children

(37%), a prevalence that is significantly higher than
those reported recently from Germany (12.9%), Brazil
(6%), and India (1.5%) [Grondahlet al., 1999; Maitreyi

et al., 2000; Straliotto et al., 2002]. Howeveronly the

German study used RT-PCR. Thelatter two employed

immunofluoresence and viral culture, respectively. In
75 (65%)ofthe cases ofadenovirusinfection it was found

together with another potential pathogen. The German

study showedthat in 5% of the cases when an agent was

detected there was more than one potential pathogen

and in most cases this was adenovirus with another

pathogen [Grondahlet al., 1999]. It is unclear why we

had such a high detection rate of adenovirus infection

and it warrants further study.

Rhinoviruses were the fourth commonest respiratory

pathogen detected (36:11%). This prevalence is double
that (5.8%) described for lower respiratory tract infec-

tions in Korean children [Choi et al., 2006] but some-

what lower than that (44%) found recently in Australia

[Arden et al., 2006]. Rhinovirus was present as a co-

pathogen in 24 (67%) of Jordanian children whereasin

Australia in almost one-third of the rhinovirus infec-

tions a co-pathogen was detected [Arden et al., 2006].

HRVsare well-recognized causes of upper respiratory

tract infection. However in the Australian study it was

detected in almost half the samples from patients with
lower respiratory tract infection [Arden etal., 2006],
again somewhere higher than the 11% prevalence
in Jordanian children, Hayden [2004] has recently
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reviewed the role of rhinoviruses in lower respiratory
tract infection and found that they were responsible for
between 12% and 24% of such infections in children. In
one study it was present as a co-pathogenin almost 50%

of infections [Papadopouloset al., 2002].
Better therapies and preventionstrategies are needed

to decrease the burden of acute respiratory infection
particularly that due to HRSV. Thusfurther molecular

epidemiological studies over longer periods of time are

warranted to better determinetherole of the different
HRSV genotypesin the epidemiology andthe severity of
disease andtheir inter-relationship with other respira-
tory pathogens. This could inform better therapeutic
approaches and vaccine development.
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Infection among
Children, Jordan
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Human bocavirus was detected in 57 (18.3%) of 312

children with acute respiratory infection (ARI) who required

hospitalization in Jordan. It was also detected in 30 (21.7%)

of 138 children with severe ARI, in 27 (15.5%) of 174 with

mild or moderate disease, and in 41 (72%) of 57 with other

pathogens.
 

Aw respiratory infection (ARI) is a major cause of

illness and death worldwide (/). Although ARIis the

third most commoncauseofdeath overall, in childrenit is

the major cause of death outside the neonatal period; an

estimated 2 million deaths occur in children <5 years of

age, predominantly in developing countries (2). Viruses

are a cause of upper and lowerrespiratory tract infections

in children and several of them have been described.

Amongthese, respiratory syncytial virus (RSV) is most

important, both in terms of prevalence and effect (3).

However, in recent years, several new viruses have

emerged. These include human metapneumovirus (4),

severe acute respiratory syndrome coronavirus (5) and

human coronaviruses HKU1 and NL63(6,7).

In 2005, Allander et al. reported detection of a new

human parvovirus that they named human bocavirus

(HBoV) (8). They detected this virus by constructing

libraries of amplified DNA and RNAfrom supernatants of

nasopharyngealaspirates of children with ARI and remov-

ing nonviral nucleic acids by ultracentrifugation, microfil-

tration, and treatment with DNase. From this analysis, a

novel parvovirus sequence was obtained. The complete

genomesequence was determined and HBoV was charac-

terized. The only other related bocaviruses are bovinepar-

vovirus and canine parvovirus 1 (CPV-1). A PCR detection

method wasdevised that targeted the noncapsidprotein-1

(NP-1) gene, and virus was detected in 24 (3%) of 806

children with ARI in Sweden. We used the same PCR

detection method to determine whether HBovVis a poten-

tial cause ofARI in children in Jordan.
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The Study

From December 2003 to May 2004, all children <5

years of age admitted to the pediatric wards of King

Hussein Medical Centre (KHMC) and Queen Alia

Hospital (QAH) in Amman,Jordan, were enrolled into the

study after informed consent was obtained from parents or

guardians. The study, which determined the etiology,

inflammatory responses, and clinical effects of ARI was

approved bythe research ethical approval committee ofthe

Royal Medical Services, Amman, Jordan. KHMC and

QAHprovide all hospital pediatric care for Ammanand its

surroundings.

Diagnosis of ARI and assessment of its severity was

made by using World Health Organization (WHO) stan-

dard protocol for ARI based on the presence of cough,

tachypnea,chest indrawing, and wheezing for <7 days(9).

Severe disease was defined in children with a respiratory

rate >60/minute and chest indrawing. Oxygen saturation

(pO,) was measured by using pulse oximetry (Nellor,

Puritan Bennet, UK), and a pO, <85% was usedasthe cut-

off for giving supplementary oxygen. Nasopharyngeal

aspirates (NPAs) were collected by instilling 1 mL sterile

phosphate-buffered saline through a nasopharyngeal

mucous extractor. The aspirate was frozen at —80°C and

transported frozen to Liverpool for analysis.

DNAand RNAwereextracted from aspirates by using

commercial kits (Qiagen, Basingstoke, UK). PCR or

reverse transcription PCR (RT-PCR) detection of influen-

za A and B viruses, parainfluenza virus 1-4 (/0), human

metapneumovirus, RSV (//), adenovirus, Chlamydiaspp.,

and Mycoplasma pneumoniae (12) was performed accord-

ing to previously published protocols. HBoV primers 188F

(5’-GAGCTCTGTAAGTACTATTAC-3’) and 542 R (5’-

CTCTGTGTTGACTGAATACAG-3’) that target the NP-1

protein gene and produce a 354-bp amplicon were used as

described and modified by Allanderetal. (8). Other poten-

tial respiratory pathogens such as rhinoviruses and coron-

aviruses were notinvestigated because they are associated

primarily with upper respiratory infections.

A total of 326 children were enrolled in the study, but

sufficient nucleic acid was extractable from 312 NPAsfor

detection of each potential respiratory pathogen. For the

remainder, the volume ofNPA was too small for extraction

of both DNA and RNAOfthese, 57 (18.3%) children were

infected with HBoV (Table). The median age of HBoV-

infected patients was 8 months and 29 (51%) were male,

compared with a median age of 6 months and 156 (61%)

male patients in the HBoV-negative patients (p>0.2).

HBoV wasdetected in 30 (21.7%) of 138 children with

severe ARI and in 27 (15.5%) of 174 children with mild-

to-moderate ARI (p>0.2). However, only HBoV was

detected in 13 (48%) of the 27 patients with mild-to-mod-

erate ARI and with adenovirus (10 patients), RSV (2
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Table. Acute respiratory infections associated with human
bocavirus in Jordanian children*
 

 

No. NPAs No.positive
Date tested (no. mixed infections) _% positive

Dec 2003 7 1(1) 14

Jan 2004 95 18 (11) 19

Feb 2004 117 19 (15) 16.2

Mar 2004 62 8 (6) 12.9

Apr 2004 27 10 (7) 37

May 2004 4 1 (1) 25

Total 312 57 (41) 18.3
 

*NPAs, nasopharyngealaspirates.

patients) Chlamydia spp. (1 patient), and RSV and aden-

ovirus (1 patient) in the 14 remaining patients with mild-

to-moderate disease. In patients with severe ARI in whom

HBoV wasdetected, it was the only pathogen in 3 (10%)

patients. In the remaining 27 cases, it was found as a mixed

infection with RSV (9 patients), RSV and adenovirus (8

patients), RSV and Chlamydiaspp. (2 patients), RSV and

influenza A virus (1 patient), HMPV and Chlamydia spp.

(1 patient) and adenovirus (6 patients). The median age

was 3.5 months for those infected only with HBoV and 10

months (p = 0.012) for those co-infected with HBoV and

other potential pathogens.

Direct sequencing (Lark Technologies, Essex, UK) was

undertaken for 14 (25%) of the amplicons. Four amplicons

had the same sequenceas the original Swedish strain. Five

variants were detected. One cluster (DNA Data Bank of

Japan accession no. AB243566 available from

www.ddbj.nig.ac.jp) contained 5 strains with mutations at

codons 21 (R->K) and 59 (SN). Another cluster (AB

243570) contained 2 strains with | mutation at codon 79

(SN). Three other variants were detected with changes at

codons 26 (RK), 29 (Q—R), and 59 (SN)

(AB243568), codons 21 (RK) and 79 (SN)

(AB243569), and codon 42 (RQ) (AB243567), respec-

tively. No connections were found between patients with

different variants except for AB243570, in which2 strains

were isolated from 2 children at the same orphanage in

Amman who cametothe hospital on the same day. One had

mild-to moderate-disease, and the other had severe disease.

Conclusions
We detected HBoV in 57 (18.3%) of 312 children with

ARI severe enough to require hospital admission. HBoV

was detected in 30 (21.7%) of those admitted who were

classified according to WHOcriteria as having severe

ARI. Other reported prevalences are 24 (3%) of 806 pedi-

atric samples in Sweden (8), 18 (5.6%) of 324 children <3

years of age in Australia (6), and 18 (5.7%) of 318 children

<3 years of age in Japan (/3). These data support an asso-

ciation between the virus and ARI.

As in the Australian study (6), mixed infections were

common.In the Australian study, HBoV wasdetected with
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other potential respiratory pathogens in ~56%ofpatients.

In our study, the prevalence (72%) of mixedinfection was

even higher, occurring most often as a co-infection with

RSV. HBoV wasfound as sole pathogen in 2% of cases of

severe ARI and in 7.5% of mild-to-moderate ARI.

This study was conducted during the peak period of

ARIin Jordan, and the prevalence of detection of HBoV

ranged from 12.9% in March to 37% in April. However,

larger cross-sectional studies and longitudinal studies of

HBoV-infected children are needed to determine whether

HBoVcauses ARI, its effect on children, and its seasonal-

ity. In addition, HBoV, similar to some adenoviruses (/4)

and other human parvoviruses, may show persistent shed-

ding after an initial acute infection.

Finally, we have also obtained evidence for variations

in the HBoV NP-1I gene. In addition to the original

Swedish strain, we found 5 variants with point mutations

in the gene causing aminoacid substitution in the deduced

protein. Whatrole this might play in HBoV pathogenesis

and whether other genes encoding nonstructural protein |

(NS-1) and virion proteins 1/2 (VP1/2) show similar vari-

ability are unclear. However, 2 CPV-1 strains showed

96.5%, 92.5%, and 97.5% homology in their NS-1-, NP-

1-, and VP1/2-deduced proteins (/5).

Dr Kaplanis a consultant medical microbiologist at the King

Hussein Medical Centre in Amman, Jordan. His researchinterest

is childhood acute respiratory tract infections.
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Alopecia areata

mediators will regulate the dysregulated immunity,
hence, stimulating the arrested growth ofhair bulb to
regenerate again producing a normal coarse hair, this
so called “irritant theory” could be applied to other
skin diseaseslike vitiligo.

The present study using 1% diclofenac sodium
and 5% benzoyl peroxide in the treatment of AA,
aims to irritate the hair follicles and epidermis to
induce hair regrowth. Diclofenac. as the sodiumsalt,
is one of the non-steroidal anti-inflammatory drugs
(such as benzene acetic acid derivative,monosodium
salt). The present study has provedits effectiveness
in the treatment of AA as 21 (65.9%) patches showed
complete hair regrowthat the end 4 months offollow
up.

While benzoyl peroxide is an antibacterial
agent, which has been shownto be effective against
Propionibacterium acnes. The active ingredient,
benzoyl peroxide, exerts a desquamative and
antibacterial action. It provides mild peeling and
Keratolytic activity: the present study using benzoyl
peroxide gel in the treatment of AA showed
effectiveness in 10 (38.46%) patches that showed
complete hair regrowth at the end of 4 months follow
up (Figures la & Ub).

In conclusion, topical 1% diclofenac sodiumgel
and 5% benzoyl peroxide gel provedto be aneffective
mode of therapy working probably through their
uritant effects in the treatment of AA with minimal
side effects, and are comparable to other forms of
treatment.” Further studies are needed to support the
present observation.
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AS respiratory infections (ARI) are the most

important cause ofdeath in young children, and
respiratory syncytial virus (RSV)is the most frequent
etiologic agent.

Human metapneumovirus (hMPV) is a
paramyxovirus that was first described as a cause of
pediatric respiratory tract disease in the Netherlands.

Since its initial description, studies across the world
have reported that hMPVis responsible for 1.5-25%
of ARI” however during epidemics it can represent
up to 50%of cases. It seems likely that infection
oceurs worldwide, and it has now been detected
in a wide range of geographic areas with 2 genetic
clusters circulating simultaneously. Although hMPV
infection has been described in Yemen,’ there are no
systematic data on its frequency and importance as a
cause of ART from other countries in the region. The
primary objectives of this study were to detect and
evaluate the role of hMPVas an etiologic agent of
ARIin hospitalized Jordanian children. This study
was approved by the Research Ethics committees of
the Royal Medical Services,Amman. Jordan andthe

University of Liverpool, England, United Kingdom.

Between December 2003 and May 2004, children
younger than 5 years of age with a clinical diagnosis
ofARI admittedto the Pediatrics Departments of King
Hussein Medical Center (KHMC) and Queen Alia

Hospital (QAH), Amman, Jordan were enrolled, after
informed parental consent. King Hussein Medical
Center, a tertiary reference hospital, and QAHserve
the population of Amman,the capital city of Jordan.

All patients admitted were recruited consecutivelyat
the time of consultation, independentofthe severity of
their illness. The clinical diagnosis of ARI at the time
of enrollment was based on the presence of cough,
tachypnea, chest indrawing or wheezes for <7 days
and the World Health Organization standard protocol
for research on ARI. Severe disease was assumed
primarily by respiratory rate >60/min and chest wall

indrawings. Oxygensaturations (pO) were measured
by pulse oximetry (Nellcor Puritan Bennett, England;
model 195) and pO, <85%was used as the cut-off
point for giving supplemental oxygen.’ A total of 326

(226 (69%) from KHMC) nasopharyngeal aspirates
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(NPA) were collected by direct aspiration with sterile
nasopharyngeal mucus extractors, mixed with | mL

of phosphate-buffered saline and frozen at -80% until

analyzedin the Department of Medical Microbiology.
University of Liverpool, England, United Kingdom.

Ribonucleic acid (RNA) wasextracted by the Qiagen

RNeasy extraction method (Qiagen, Crawley, United

Kingdom). The hMPV genome was detected by
reverse transcription-polymerase chain reaction (RT-

PCR) amplification using primers amplifying the small
matrix (M) gene between nucleotides 212 and 331
giving a 121-bp product, hMPV-MFI (S’-AAG TGA
ATG CAT CAG CCC AAG-3’) and AMPV-MRI (5’-
CAC AGA CTG TGA GTT TGT CAA A-3’)? Using
positive and negative controls, and 100-bp molecular
ladder, the PCR products were detected by running
on 2% agarose gel (Gibco) stained with ethidium

bromide in transverse electrophoresis tank, and
viewing under ultraviolet light. The hMPVpositive

by M gene amplification were confirmed by RT-PCR

amplification using primers amplifying the large RNA

polymerase (1) gene, L6 (5°-CAT GCC CAC TAT
AAA AGG TCAG-3") and L7 (5’-CAC CCC AGT
CTT TCT TGA AA-3’).© The L-gene’s DNA was

purified using the Microspin Sephacryl HR columns
‘Amersham Biosciences, United Kingdom) andthen
usedfor sequencing studies (Lark technologies, Essex,

United Kingdom) to confirm identity. Other potential
respiratory pathogens including RSV, Influenza A
and B viruses, parainfluenza 1-4 viruses, Adenovirus,

Chlamydia spp and Mycoplasma pneumoniae were
detected by PCR or RT-PCR according to previously

published protocols.
We recruited 326 children (188, 58% male) with

a median age of 5 months. The hMPVwasdetected
in 8 (2.8%) children as shown in Table 1. The hMPV-

affected children had a median age of 6.5 months.
This is similar to the age distribution of the patients

included in original reports from the Netherlands!
and elsewhere. The clinical manifestations of
hMPVinfection are not diagnostically distinctive.

They are similar to those of RSV and range from

mild upper respiratory infection to bronchiolitis
and severe pneumonia requiring mechanical
ventilation. All the patients in our study had lower

respiratory tract infections mainly bronchiolitis
and bronchopneumonia. Neither admission to the

intensive care unit nor deaths occurred in ourpatients.

It is not uncommonto have a dual infection of hMPV
and another respiratory pathogen.* Rates of mixed

infections range from 6-39%, with RSVandinfluenza

A being the most common co-pathogens. In our

study, hMPVwasidentified as the sole viral pathogen

in 4 (50%) children, and co-infection was detected

with Adenovirus in 3 (37.5%) and Chlamydia spp in
1 (12.5%). However, there were no children infected

simultaneously with both RSV and hMPV.

Although we studied only 6 months of the year,
hMPVhad apeak in January. This agrees with reports
of hMPVhaving a peak in the first months of the year

in the Northern hemisphere and during April and May

in the Southern hemisphere.’ The Jordanian hMPV

strains showed 98% identity to each other and were

similar to the first described Dutchstrains.

This is the first report of hMPVfrom Jordan and

confirms that hMPV is an important causative agent

of ARI in hospitalized Jordanian children. The hMPV
can cause acute respiratory diseases either alone orin

combination with other respiratory pathogens. Further

studies are required to characterize the clinical, and

epidemiological features of hMPVin Jordan.
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Table 7 - Comparisonof the human metapneurnovirus-infected children,

 

No Age (months) vender Month

| 24 EF December

2 25 P January

3 7 F January

4 8 F January

5 2 M January

é 10 M January

27 M January

g 3 M February

 

Disease severity Simultaneous infection

Severe Chlamydia spp

Mild-Moderate None

Severe Adenovirus

Severe Adenovirus

Severe None

Mild-Maderate Adenovirus

Mild-Moderate None

Severe None  
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EVIDENCE OF HUMAN CORONAVIRUS-NL63
INFECTION IN JORDANIAN CHILDREN

Nasser M. Kaplan MD*, Winifred Dove BSc**, Sawsan A, Abd-Eldayem BSc*,
AhmadF, Abu-Zeid MD‘, Hiyam E. Shamoon MD”, C. Anthony Hart, PhD, FRCPath**

ABSTRACT

Objective: To detect and evaluate the role of the newly recognized humancoronavirus (HCoV)-NL63 and
HCoV-HKUI as aetiologic agents of acute respiratory tract infections in hospitalized Jordanian children
youngerthan 5 years of age.

Methods: Between December 2003 and May 2004, total of 326 nasopharyngeal aspirates were collected
from Jordanian children hospitalized with acute respiratory tract infections. Total DNA and RNA were
extracted using Qiagen commercial kits. HCoV-NL63 and HCoV-HKU1 were detected by random reverse
transcription-polymerase chain reaction using random hexamerprimer for the reverse transcription step, and
specific primers that target the replicase and polymerase genes to produce 215-bp and 392-bp amplicons
respectively. Other potential respiratory pathogens were detected accordingto previously published protocols.

Results: HCoV-NL63 was detected in 4 (1.2%) out of 325 examined nasopharyngeal aspirates. HCoV-
NL63 was detected in two children with severe, and in two with mild to moderate acute respiratory tract

infections. HCoV-NL63 was the only pathogen detected in three patients, and mixed with adenovirus in one

patient. HCoV-HKUI wasnotdetected in the 325 nasopharyngeal aspirates examined.

Conclusion: HCoV-NL63 is a significant causative agent of acute respiratory tract infections in
hospitalized Jordanian children. HCoV-NL-63 can causethe respiratory disease either alone or in combination
with other potential respiratory pathogens. Further studies are required to further characterize the clinical and
epidemiological features of these newly recognized HCoVsin Jordan.

Key words:Children, Human coronavirus, Respiratory tract infections.
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Introduction are associated with respiratory tract illness. The
viruses most frequently associated with respiratory
tract infections include rhinoviruses, coronaviruses,

influenza viruses, parainfluenza viruses, respiratory
syncytial viruses, adenoviruses, and the recently

discovered human metapneumovirus and bocavirus.

Acute respiratory tract infection is the major cause
of death in children younger than five years of age,
and occurs predominantly in the developing
countries.” A variety of viruses, bacteria and fungi
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Human Coronaviruses (HCoVs) are positive-
stranded RNA viruses with the largest viral genome
among the RNAviruses (27-33 kb). The enveloped
pleomorphic virus particles (50-150 nm in diameter)

carry extended spike proteins on the membrane

surface, providing the typical crown (Latin, corona)-

like structure seen by electron microscopy.”

HCoVs are predominantly associated with
respiratory tract illnesses of varying severity.
HCoVs are represented by 2 prototype strains,

HCoV-229E and HCoV-OC43, which belong to
antigenic groups 1 and 2 respectively. The

emergence of severe acute respiratory syndrome
(SARS)caused by a novel coronavirus (SARS-CoV)

in 2003was followed by the recent identification

of two novel HCoVs, namely HCoV-NL63 in 2004

and HCoV-HKUI1 in 2005 respectively. HCoV-

NL63, which is most closely related to HCoV-229E
and belongs to antigenic group 1, was detected in a
child with bronchiolitis in the Netherlands.”
HCoV-HKUI1, which is most closely related to

HCoV-OC43 and belongs to antigenic group 2, was
detected in an adult with chronic pulmonary disease

in Hong Kong.) These two new HCoVscirculate
worldwide causing infections that have been
reported from a number of different countries.
These viruses can be detected in 1-10% of patients

with acute respiratory tract infections, and dual
infections with other respiratory viruses are
common.”
The purpose of this study was to detect and

evaluate the role of HCoVs-NL63 and HCoV-HKUI1,

as aetiologic agents of acute respiratory infection in
a hospital-based paediatric population younger than

five years of age in Jordan.

Methods
The study was conducted over six consecutive

months from December 2003 to May 2004.

Children younger than five years of age with acute
respiratory infection admitted to the paediatric
wards of King Hussein Medical Centre and Queen
Alia Hospital, Amman, Jordan were enrolled in the
study irrespective of the severity of their illness.
King Hussein Medical Centre, a tertiary referral
hospital, and Queen Alia Hospital, a district general
hospital, provide hospital paediatric care for Amman,
the capital city of Jordan, and its surroundings. The

clinical diagnosis of acute respiratory infection and

assessment of its severity was made by using the

18

World Health Organization standard protocol for
acute respiratory infection based on the presence of
cough, tachypnoea, chest indrawing, and wheezing
for <7 days duration.” Severe disease was defined

as present in children with a respiratory rate
>60/min and chest indrawing. Oxygen saturation
(pO) was measured by using pulse oximetry

(Nellcor Puritan Bennett NPB-195, UK) and a pO,
< 85% was used as the cut-off for giving
supplementary oxygen. Nasopharyngeal aspirates

(NPAs) were collected from patients within 48

hours of admission to the hospital by instilling 1mL
sterile phosphate-buffered saline through sterile
nasopharyngeal mucous extractor. The NPAs were

frozen at -80°C until analyzed in the Department of
Medical Microbiology, University of Liverpool, UK.

The study was approved by the medical research

ethical committee of King Hussein Medical Centre,

Amman, Jordan and informed consent was obtained

from each child’s parents or legal guardians for
participation in the study.
Total RNA and DNA were extracted separately

from NPAs by using the commercial RNeasy and

QIAamp DNA Mini Kits (Qiagen, Crawley, West

Sussex, UK) respectively according _to

manufacturer’s instructions. The genomes of

HCoV-NL63 and HCoV-HKUI1 were detected

separately in the NPAs by random reverse

transcription-polymerase chain reaction (RT-PCR).

The RT step was performed using random hexamer

primer with a random 3' hexanucleotide sequence

that can anneal to nearly any RNA. The 5' 20

nucleotides of the primer (tail) contain a unique
sequence that serves as a template for subsequent

PCR primer annealing. The primerthat is annealed

to the RNA template is extended by reverse

transcriptase with an RNase activity that allows

the reattachment of the enzymeandinsertion of the

tailed random primer on both 3' and 5' sides. The
cDNA product is PCR amplified using the unique
region of the intial primer.” A Sul aliquot of the
extracted viral RNA, serving as a template for
cDNAsynthesis, was added to 20ul of RT mixture.

The final 25] mastermix reaction contained 1X

buffer, 2mM MgCl, 0.4mM_ deoxyribonucleotide

triphosphates (dNTPs), 0.4u1 random hexamer
primer, 10units of RNAse inhibitor, 12.Sunits of

murine leukemia virus reverse-transcriptase. The
RT was performed in an Applied Biosystems 2720

thermal cycler (Warrington, Cheshire, UK)
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Table I. Comparison of the human coronavirus NL63-infected children
 

 

Patient Age Sex Date Disease Co-infection
(months) (sample collection) Severity

I 12 F December Severe None
2 6 M January Severe None
3 4 M February Mild-Moderate Adenovirus
4 2 M February Mild-Moderate None
 

according to the following program: 10min at 25°C,
then Ihr reverse transcription at 42°C.
The HCoV-NL63 specific primers Forward (5'-

GCG CTA TGA GGG TGG TTG TTA C-3') and
Reverse (5'-CGC GCA GTT AAA AGT CCA GAA
TTA AC-3') that target and amplify the replicase
gene to produce a 215-bp amplicon were used."

The HCoV-HKUI1 specific primers LPW1926
Forward (5'-AAA GGA TGT TGA CAA CCC TGT
T-3') and LPW1927 Reverse (5'-ATC ATC ATA
CTA AAA TGC TTA CA-3') that target and

amplify the polymerase gene to produce a 392-bp
amplicon were used." A 5ul aliquot of the cDNA

templates was added to 45u] of PCR mixture. The
final 50u] mastermix reaction contained 1X PCR

buffer, 1.5mM MgCl, 0.2mM dNTPs, 0.4uM of

each primer, and 2.5U of Amplitaq gold DNA
polymerase (Applied Biosystems). The PCR was

performed according to the following program:
Smin DNA polymerase activation cycle at 94°C,

then forty cycles (1 min denaturation at 94°C, 1 min

of primer annealing at 50°C, and | min of primer

extension at 72°C), and a final extension cycle of

72°C for 10 min. Using positive and negative
controls, and a 100-bp molecular sizing ladder, 10u!
volumes of each amplified DNA PCR product were

separated by electrophoresis on a 2% (wt/vol)

agarose-Tris-Borate-ethylene diamine tetracetic acid
gel, stained with ethidium bromide, and visualized

under UV light (Syngene Gel Documentation and

Analysis System, Ingenius, Cambridge, UK).

Detection of other potential respiratory pathogens

including adenovirus, human bocavirus, Chlamydia

spp., and Mycoplasma pneumoniae, human

respiratory syncytial virus, human metapneumovirus,
human rhinovirus, influenza A and B viruses, and

parainfluenza 1-4 viruses was performed by PCR

and RT-PCR according to previously published

protocols.

Results
A total of 326 hospitalized children (188, 58%

male) with a median age of 5 months were recruited
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to the study. All the patients had lower respiratory
tract infections mainly bronchiolitis and

bronchopneumonia, and routine cultures of their
blood and respiratory secretions had detected no
potential bacterial or fungal pathogens. A total of
326 NPAswerecollected and analyzed, howeverthe

volume of some NPAs was inadequate for both

DNA and RNAextractions. Only one NPA was

inadequate for the detection of HCoV by RT-PCR.
There was no HCoV-HKU1 detected in this study,

however HCoV-NL63 was detected in 4 (1.2%) of

325 examined NPAs(Table I).

The median age of HCoV-NL63-infected patients
was 5 months(range 2-12 months); and three (75%)

were male. Two patients had mild/moderate and

two had severe acute respiratory diseases.

HCoV-NL63 wasthe sole pathogen detected in the

two patients with severe and in one patient with
mild/moderate acute respiratory disease, howeverit
co-infected with adenovirus in one patient with
mild/moderate disease. Each of the four HCoV-
NL63 isolates was identified during the December-

February period of the winter season.

Discussion
Although numerous groups have reported HCoV-

NL63_ infections worldwide,” this study has
confirmed that HCoV-NL63is a significant cause of

acute respiratory infection in young children in

Jordan. In this study, HCoV-NL63 was detected in

4 (1.2%) of 325 patients as compared to detection in

1 to 10% of patients with acute respiratory tract

infections in other studies. The median age of

HCoV-NL63-infected patients in this study was 5
months (range 2-12 months) suggesting that children

under the age of 12 months were most at risk of

infection. Each of the four HCoV-NL63 isolates in
this study were identified during the December-
February period suggesting that this virus circulates
in Jordan primarily in the winter as reported in other

temperate climate countries.” However a spring-

summer peak of activity was reported in Hong

Kong” indicating that the seasonality of HCoV-
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NL63in tropical and subtropical regions may not be
restricted to the winter season. A summer peak

cannot be excluded in our study which was only

conducted from Decemberto May.
Although all the currently circulating HCoVs can

probably be classified as common cold viruses, a
more severe lower respiratory tract infection is
frequently observed in young children, patients with
underlying disease and the elderly.”’ However the
four HCoV-NL63-infected patients in this study had
no underlyingillnesses or pre-existing lung diseases.
Althoughthe first described cases of HCoV-NL63

infections were in young children with severe lower
respiratory tract infections in hospital settings,“@'*"”
a recent Canadian study showed that HCoV-NL63-

infected patients had relatively mild symptomslike

fever, cough, sore throat, and rhinitis." This

demonstrates the broad clinical spectrum of HCoV-

NL63 infections. It has also been reported that
HCoV-NL63 infection is associated with high

frequency of croup."® In our study, two patients
had mild/moderate and two had severe acute

respiratory diseases; however there were no deaths

or admissions to the intensive care unit.
Although HCoV-NL63 infections are often found

in combination with a second respiratory virus, and

the frequency of double infections can exceed

50%,”in this study HCoV-NL63 was morelikely to
occur in the absence of another potential respiratory

pathogenas it was the sole pathogen detected in the

two patients with severe and in one patient with
mild/moderate acute respiratory disease, howeverit

co-infected with adenovirus in one patient with
mild/moderate disease.
HCoV-HKU1 was not detected in this study;

nevertheless this does not mean that this virus does
not exist in Jordan. This may be explained by the
relatively short period of the study and the variable
seasonality of HCoV-HKU1 infection.

Conclusion
This study presents the first evidence that HCoV-
NL63 circulates in Jordan and contributes to the
hospitalization of children younger than 5 years of
age. Whether this pathogen is responsible for a

substantial proportion of respiratory tract infections
in Jordanian children remains to be determined.

Further studies over longer periods of time are

required to better determine the epidemiologic

20

features and clinical spectrum of the two newly
recognized HCoVsin Jordan.
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