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Background: Acute lower respiratory infection (ALRI) is a major cause of morbidity and mortality worldwide in
young children and is predominately caused by viral respiratory pathogens. This study aims to identify the viral eti-
ologies of ALRI in hospitalized children in Jordan University Hospital and compare the clinical characteristics of
influenza virus infection with other respiratory viruses. 
Methods: A retrospective viral surveillance study that included 152 children below 15 years of age admitted with
ALRI from December 2018 through April 2019 was conducted. We recorded results of real-time reverse transcriptase-
polymerase chain reaction (RT-PCR) for common respiratory viruses. Clinical and demographic information of the
study population was collected from patients' electronic medical records. 
Results: 152 patients were identified with a median age of 1 year (mean was 2.1 years). Ninety-five patients (62.5%)
were males. One or more viral respiratory pathogens were detected in 145 (95.3%) children. Respiratory syncytial
virus was the most detected virus in 68 patients (44.8%). Influenza virus was detected in 25 patients (16.4%). Children
with influenza infection had more fever and lower leukocyte count compared to children infected with other viruses.
The severity of the ALRI correlated significantly with several factors, including age less than six months and the pres-
ence of neuromuscular disease (p<0.05). 
Conclusion: Viral detection was common among children admitted with  ALRI. Viruses, including influenza, are rec-
ognized as significant contributors to the morbidity associated with ALRI. More attention is needed on strategies for
the prevention and detection of viral ALRI in developing countries.
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Introduction
Acute lower respiratory infections (ALRI) are among the lead-

ing causes of morbidity and mortality in pediatric patients world-
wide, with a significant burden on health care facilities [1]. Deaths
caused by ALRI account for approximately 15% of mortality in
children below 5 years [2]. Viruses are responsible for the majority
of ALRI in children [3,4]. Rhinoviruses, influenza viruses, parain-
fluenza viruses, respiratory syncytial virus, coronaviruses, and
adenovirus are the leading causes of viral respiratory infections.
Various reports worldwide have investigated the role of individual
viruses and their impact on childhood health.

Respiratory syncytial virus (RSV) was reported to be the
pathogen most commonly recovered from children with bronchi-
olitis as it was responsible for as many as 50-90% of children hos-
pitalized with bronchiolitis during the winter [5]. In another study
from Manitoba, (Canada), adenovirus infection was associated
with significant respiratory morbidities, especially in young
infants [6]. Calvo and coresearchers found that rhinovirus infection
was detected in hospitalized infants with respiratory tract disease
and was  the second etiologic agent associated with recurrent
wheezing in hospitalized children of the age of 2 years [7]. A study
by Zohng et al. compared the clinical characteristics of different
types of Human Parainfluenza virus (HPIV) and demonstrated that
coinfection of HPIV with other viruses was more severe than sin-
gle infection but was milder than coinfection with other viruses.
Moreover, HPIV coinfection with atypical bacteria was more
severe than HPIV single infection and coinfection with other virus-
es [8].

Seasonal influenza virus is one of the most significant
pathogens that cause ALRI. It is caused by influenza A or B virus-
es, and rarely influenza C viruses. It usually occurs as annual out-
breaks, but the timing of the onset, peak, and end of influenza
activity varies among different areas worldwide [9].

In Jordan, like other countries in the Northern hemisphere, the
epidemics of influenza typically occur during the fall and winter,
with reported cases that tend to peak in October, but disease activ-
ity can extend as late as May. According to the latest WHO data
published in 2018, influenza and ALRI deaths in Jordan reached
3.78% of total deaths with an adjusted death rate of 21.86 per
100,000 population, ranking at 110 in the world [10]. The World
Health Organization estimates that the annual influenza epidemics
worldwide result in about 3-5 million severe illness cases and
about 250,000 to 500,000 deaths [11]. According to the CDC
(Centre for Disease Control), seasonal influenza virus infection is
so common that its incidence can only be estimated. The CDC
maintains surveillance for several measures, such as the percentage
of respiratory specimens submitted to clinical laboratories that are
positive for influenza and the percentage of outpatient visits to sen-
tinel physicians for influenza-like illness. The seasonal incidence
of influenza is approximated as 5-20% [12] .

Although influenza infection is a commonly self-limited and
uncomplicated disease in healthy children, it can be associated
with severe morbidity and mortality. The highest rate of influenza-
related pediatric deaths has been reported in infants less than 6-
months of age [13]. Pediatric influenza virus infections are respon-
sible for significant health and social consequences; they are asso-
ciated with increased frequency of emergency room visits, hospi-
talization, and antibiotic utilization, missed school days for the
patient and patient’s siblings, and missed workdays for the parents
[14,15]. The hospitalization rate with influenza was more signifi-
cant in children <5 years than children aged 5 through 17 [14].
Interestingly, hospitalization of younger infants with influenza is
often attributed to undifferentiated febrile illness, which may

require an evaluation for severe bacterial infection because of the
acute onset of fever and absence of localizing signs, including res-
piratory signs [15].

Seasonal influenza also represents a major economic burden
with increased healthcare costs, workplace absences, and reduced
productivity. The World Health Organization cites reports from
developed countries that estimate the total annual cost of influenza
infections between U$1 million to U$6 million per 100,000 [16].
Epidemiological studies on ALRI in general and pediatric influen-
za are scarce in the Middle East, including Jordan [17,18].

Routine surveillance for the total number of laboratory-con-
firmed influenza infections is not conducted. Therefore, the num-
ber of published studies that include such data is limited. A multi-
center study of five East-Mediterranean countries, including
Jordan, investigated viral etiology of hospitalized patients with
severe ALRI over seven years; influenza was responsible for
11.8% of admitted patients [17]. Noteworthy, a workforce of an
influenza surveillance program for the Middle East, North, East,
and South Africa region published a report in 2018. This report
concluded that influenza poses a significant threat, especially in
high-risk groups (children under five, elderly, pregnant women,
and immunosuppressed individuals). This finding called for addi-
tional funding and planning to address such a threat [18]. 6-year
surveillance on influenza hospitalization with SARS was per-
formed in Jordan by Abdullat et al., it concluded that influenza was
associated with substantial morbidity and mortality in the country;
with influenza detected in 9% of SARS cases and had a death rate
of 3% [19].

Our study conducted a retrospective study that reviewed viral
ALRI-related hospitalizations in Jordan University Hospital over
the influenza season of 2019. This study’s objectives were to esti-
mate the burden of influenza infection among other viruses in
terms of frequency, severity, and length of hospitalization and
investigate the risk factors of severe ALRI.

Methods

Study design and setting
This retrospective study included children acutely ill with res-

piratory symptoms admitted to the pediatric department or
Pediatric intensive care unit (PICU) at Jordan University Hospital
in Amman. Jordan University Hospital is a tertiary teaching hospi-
tal in Amman and the central area of Jordan with a bed capacity of
about 500. We enrolled children between one month and 15 years
old. The study was conducted from December 2018 through April
2019. Data of children enrolled in the study were obtained from
laboratory records of all children admitted to the hospital tested
with PCR (polymerase chain reaction)-viral detection test. We
recorded PCR test results and clinical and demographic informa-
tion of the study population collected from patients’ electronic
medical records.

Children hospitalized with febrile illness (>38.0°C) or symp-
toms of ALRI were included. Children were diagnosed as ALRI if
they presented with cough, difficulty breathing, and signs indica-
tive of lower respiratory tract infections such as tachypnea, retrac-
tion, grunting, flaring, and auscultatory findings such as wheezing
or crackles. Patients were classified as having severe ALRI if they
had a cough or difficulty breathing in addition to one or more of
the following: retractions, nasal flaring, grunting, oxygen satura-
tion (SpO2) <90% at room air, intensive care unit (ICU) admission,
or patient death [20]. 
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Viral detection
Nasopharyngeal samples were collected using diagnostic

swabs and transport medium (CITO -test transport system with
sterile Floctil collected ultra-swab). Samples were stored at -
20°C.One hundred and thirteen (113) patients were tested with
real-time reverse transcriptase-polymerase chain reaction (RT-
PCR) for viruses using a multiplex identification kit (Fast-Track
Diagnostic, Esch-sur-Alzette, Luxembourg) [21]. The viruses
identified were RSV, human Rhinovirus (HRV), human adenovirus
(HAdV), human bocavirus (HBoV), influenza A, A/H1N1 and B,
Metapneumovirus A and B, α coronaviruses 229E and NL63
(HCoV1), β coronaviruses OC43 and HKU1 (HCoV2), and human
parainfluenza viruses (HPIV) 1-4. A group of 39 patients (25.6%)
were tested with a rapid FLU test for influenza viruses only
(influenza A, A/H1N1, and influenza B).

Nucleic acid extraction
Viral nucleic acid from samples was extracted using an

EasyMAG (Biomeurex, Marcy l’Etoile, France) automated extrac-
tor according to the manufacturer’s instructions. Briefly, the
extraction was done from a 400 μl homogenized sample, which
was added to a 1500 μl lysis buffer and was incubated for 10 min
off-board. The samples were loaded into the EasyMAG, and 100 μl
of magnetic silica was added to each sample and mixed well.
Finally, the nucleic acid was eluted in a volume of 110 μl, of which
50 μl was used for the FTD assay and 54 μl for the custom essay.

Multiplex real-time RT-PCR
The multiplex real-time PCR FTD assay was performed on an

ABI 7500 Fast instrument (Life Technologies, Carlsbad, CA,
USA) as per the manufacturer’s instructions using an AgPath-ID™
One-Step RT-PCR kit (Ambion Inc., Austin, TX, USA) with the
FTD Respiratory pathogens  kit (Fast Track Diagnosis) for the
detection of 12 viruses using five tubes containing primer and
probe mix for different viruses; tube-1 [influenza A (flu A),
influenza A subtype H1N1 (pandemic H1N1), human rhinovirus
(HRV), influenza B (flu B)], tube-2 [human coronaviruses NL63
(HCoV-NL63), 229E (HCoV 229E), OC43 (HCoV-OC43), and
HKU1 (HCoV HKU1)], tube-3 [human parainfluenza viruses, 2, 3,
and 4 (HPIV- 2, 3 and 4) & IC], tube-4 [human parainfluenza
viruses-1, human bocavirus (HBoV), human metapneumovirus
(HMPV A/B)] and tube-5 [respiratory syncytial virus (RSVA/B),
human adenovirus (HAdV). The multiplex real-time RT-PCR ther-
mal profile for the FTD kit was as follows; 50°C for 15 min, 95°C
for 10 min, 40 cycles of 95°C for 8 s, 60°C for 34 s, whereas the
thermal profile for the custom assay was set at 50°C for 30 min,
95°C for 10 min, 45 cycles of 95°C for 15 s, 55°C for 30 s.

Standardization of uniplex real-time PCR 
Initial standardizations were done for uniplex real-time PCR

using the FTD positive samples as controls. These positive sam-
ples included the following viruses: HRV, HAdV, flu A, pandemic
H1N1, flu B, HPIV-1, HPIV-2, HPIV-3, HPIV-4, RSVA/B HMPV
A/B, HCoV-OC43, HCoV-NL63, HCoV 229E, HCoV HKU1,
(HBoV). AgPath (Ambion) one step RT-PCR master mix was used
to amplify and detect viral nucleic acid. Briefly, each reaction was
performed in a 20 μl volume which consisted of 12.5 μl of buffer,
1 μl of enzyme, 2 picomoles of each primer (corresponding to each
virus), 2 picomoles of probe (corresponding to each virus) (synthe-
sized by Life Technologies), 5 μl of the extracted nucleic acid of
the positive control/sample and made to a final volume of 20 μl
with nuclease-free water. The thermal cycling profile for the uni-
plex RT-PCR was 50°C for 30 min (1 cycle), 95°C for 10 min (1
cycle) followed by 90°C for 15 s and 55°C for 30 s (4 cycles).
Specimens were considered positive when the Ct value was <35.

Clinical data collection
Data were collected from medical records of patients who have

been admitted during the study period and had nasopharyngeal
swabs taken for PCR testing. Data included patient age, gender,
birth weight, gestational age. Prematurity is defined as gestational
age less than 37 weeks (26-36 weeks), and low birth weight is
defined as birth weight <2.5Kg [21]. Other data collected included
NICU admission, number of siblings, sick contacts, breastfeeding
history, smoking exposure, daycare attendance, antibiotics use
before hospitalization, daycare attendance, and vaccination profile,
including flu vaccine. Chronic diseases were also reported in study
populations such as cystic fibrosis (CF), asthma, anatomical lung
problems, congenital heart disease, neuromuscular, neurological,
growth retardation, down syndrome, renal, and metabolic disease.
Patients’ signs included pulse oximeter reading (SPO2) on admis-
sion, axillary-measured temperature, respiratory rate, presence of
respiratory distress such as grunting, flaring of ala nasi, and retrac-
tions. Tachypnea was defined as respiratory rate >60/min for
infants younger than 2 months, >50/min for infants 2 to 12 months
old, >40/min for children, >20/min for children 1 to 5 years, and
>20/min for children >5 years [20]. We collected laboratory and
diagnostic investigations such as complete blood count and inflam-
matory markers, serum electrolytes and kidney function, blood
cultures. Chest films performed for children during admission
were also reviewed and interpreted by a radiologist blinded to
patients’ clinical data and respiratory viral tests. We entered details
on patients’ course during hospitalization like the length of stay
(LoS), admission to PICU, oxygen supplementation, and respirato-
ry support requirement. Medications used during admission were
documented, including antibiotics and oseltamivir (tamiflu).
Finally, discharge diagnosis (bronchiolitis, lobar pneumonia, bron-
chopneumonia, and exacerbation of asthma) and survival out-
comes were entered.

Statistical analysis
Data are described using means and standard deviation (SD)

for continuous variables and frequencies and percentages for cate-
gorical variables. The frequency of influenza and other viruses in
the study population are presented as frequency distributions. The
relevant demographic and clinical characteristics of influenza-pos-
itive patients were compared with those of influenza-negative
patients using the chi-square test. We conducted a multivariate
analysis of factors associated with longer hospital stay using the
general linear model procedure. Clinical variables predicting the
risk for severe ALRI presentation and mortality were analyzed
with binary logistic regression analysis. A p of <0.05 was consid-
ered statistically significant. All analysis was performed using
IBM SPSS 20 (SPSS Inc., Chicago, IL, USA). 

Results

Study population

Clinical and demographic data
The study population’s clinical and demographic characteris-

tics are shown in Table 1. One hundred and fifty-two (152) patients
were identified for the study from December 2018 to April 2019.
Their ages ranged between 1 month and 15 years, with a median
age of 1 year (mean 2.1±3). Most children of the study population
were males and were less than six months old (27.6%). Chronic ill-
ness was present in 54 (35.5%) of children, including chronic lung
disease, congenital heart disease, neurological or neuromuscular
disorders, and asthma. The most common primary diagnosis on
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admission was bronchopneumonia in 52 children (34%). Figure 1
displays the proportion of individual virus detection by admission
diagnoses. 
Laboratory investigations

Lymphopenia, which is defined as a peripheral blood lympho-
cyte count <1500/mm3 (or <2000 in children <6 years of age) [22],
was noticed in 13 patients (8.5%) with a mean value (SD) of
965/mm3 (± 270). Blood cultures were obtained from 72 patients
(47.3%) and were positive in 2 patients only (0.03%). 

Length of Stay
The mean LoS (Lenght of Stay) for previously healthy patients

admitted for ALRI (n=141) was measured to be 6.2±3.2 days.
Patients who had an underlying chronic medical condition (n=11)
required prolonged hospitalization to IMU (intermediate care
unit); hence their mean LoS was calculated separately (58±46
days). Among our cohort (97 patients), 64% of the study popula-
tion received oxygen therapy, (44 patients) 29% were admitted to
the PICU. One patient died, a 3.5-year boy with neuromuscular
disease who presented with severe ALRI and respiratory failure
requiring prolonged mechanical ventilation (28 days). 

Table 1. Characteristics of patients with influenza-positive ALRI compared with those of patients with Influenza-negative ALRI.

Variable                         Total number Influenza-positive patients Influenza-negative patients                             p
                                           152                            16%                     n=25                             79%                n=120

Gender                                                                                                                                                                                                                                                                     0.76
Male                                                     95                                       64%                                16                                          61%                           73                                               
Female                                                57                                       36%                                 9                                           39%                           47                                               
Age                                                                                                                                                                                                                   0.18
≤6 months                                          52                                       25%                                 5                                           39%                           47                                               
6–24 months                                      59                                       44%                                11                                          38%                           46                                               
2–5 years                                            26                                       20%                                 5                                           15%                           18                                               
>5 years                                              15                                       16%                                 4                                            8%                             9                                                 
Clinical risk factors                                                                                                                                                                                          
Prematurity                                        45                                       24%                                 6                                           32%                           38                                            0.44
Chronic lung disease                        6                                         4%                                  1                                            4%                             5                                             0.96
Neuromuscular disease                  20                                       12%                                 3                                           13%                           15                                            0.94
Asthma                                                21                                       20%                                 5                                           13%                           16                                            0.38
Clinical presentation                                                                                                                                                                                       
Fever                                                  114                                      92%                                23                                          71%                           85                                           0.027
Tachypnea                                          130                                      84%                                21                                          86%                          103                                           0.81
Retractions                                        56                                       20%                                 5                                           40%                           48                                            0.05
Apnea                                                   15                                        8%                                  2                                           10%                           12                                            0.75
Cyanosis                                              26                                        4%                                  1                                           19%                           23                                            0.06
O2 requirement                                   97                                       40%                                10                                          70%                           84                                           0.004
Chest X-ray findings                                                                                                                                                                                         
Interstitial markings                       115                                      60%                                15                                          85%                           97                                            0.02
Hyperinflation                                                                                                                                                                                                                                                       
Peribronchial                                                                                                                                                                                                                                                         
Thickening                                                                                                                                                                                                                                                              
Consolidation                                   44                                       36%                                 9                                           26%                           32                                            0.61
Atelactasis                                                                                                                                                                                                                                                               
Normal                                               33                                       40%                                10                                          17%                           20                                           0.008

Markers of inflammation                                                                                                                                                                                
Positive CRP                                     93                                       68%                                17                                          62%                           74                                            0.55
Neutrophilia                                      21                                        8%                                  2                                           16%                           19                                            0.31
Lymphopenia                                      9                                        24%                                 6                                            3%                             3                                            0.001 
Viral detection by PCR                                                                                                                                                                                                                                     
One virus                                           90                                       68%                                17                                          61%                           73                                             0.5
Multiple viruses                               55                                       32%                                 8                                           39%                           47                                             0.5

Blood gas                                                                                                                                                                                                            
Normal                                                3                                         8%                                  2                                           15%                           18                                            0.35
Acidosis                                             15                                        4%                                  1                                           12%                           14                                            0.25

Clinical course                                                                                                                                                                                                   
Length of stay in days                                                                                                   6 ± 3.4                                                                6.2 ± 3.2                                      0.88
(mean ± SD)                                                                                                                     
Severe ALRI*                                    92                                       40%                                10                                          66%                           79                                           0.015
ICU admission                                  44                                       28%                                 7                                           29%                           35                                             0.9

ALRI, acute lower respiratory infection; ICU, intensive care unit; SD, standard deviation; PcO2: carbon dioxide level; CRP, C-reactive protein; WBC, white blood cells; *severe ALRI defines as respiratory
symptoms with one or more of the following: retractions, nasal flaring, grunting, oxygen saturation (SpO2) <90% at room air, ICU admission, or patient death; the demographic and clinical characteristics
of influenza-positive patients were compared with those of influenza-negative patients using the chi-square test; values in bold are statistically significant at p<0.05.  
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Viral detection
At least one virus was detected in 145 patients (95.3%) of the

total children. RSV was the most detected virus in 68 patients
(44.8%). Influenza A virus was detected in 25 (16.4%). The least
detected viruses were influenza A/H1N1, coronavirus, and
enterovirus. Viral co-detection was common; 55 patients (36%)
had more than one virus detected (Figure 2). 

The viral distribution among different age groups is shown in
Figure 3. RSV is the most common virus among children belong-
ing to three age groups. However, the proportion of all types of
influenza added together (A and B and A/H1N1) constitutes a larg-
er frequency of 25% (4 patients). Figure 1 demonstrates the pro-
portion of individual virus detection by diagnosis on admission.

Characteristics of patients with influenza-positive ARI
compared to those with influenza-negative ARI 

Table 1 shows the relevant demographic and clinical character-
istics of influenza -positive patients compared with influenza-neg-
ative patients. In comparison to influenza-negative patients,
influenza-positive children presented with more fever (92% vs
70.8%; p=0.027) and were more likely to have lower leukocyte
count (24% vs 2.5%; p≤0.001). Influenza-positive children were
more likely to have normal chest X-rays on admission (40% vs
16.6%, p=0.008), while the non-influenza group was more likely
to have hyperinflation, interstitial markings, and peribronchial
thickening on their chest films (p=0.02). In terms of clinical pres-
entation, the non -influenza group was more likely to present with
retractions (40% vs 20%; p=0.05), and they require more oxygen
supplementation (70% vs 40%; p=0.04). Moreover, markers of
severity were more pronounced in non-influenza patients (64.8%
vs 40%; p=0.015), influenza -negative children were more likely to
have interstitial marking and hyperinflation on chest X-ray at pres-
entation (85%vs 60%, p=0.02). The two study groups were not sig-
nificantly different regarding PICU admission, death, and length of
stay.

Co-infection with influenza
Coinfection with at least one virus was observed in 8 (32%) of

the influenza -positive patients. Three (37.5%) were coinfected
with RSV, 1 (12.5%) with MPVa and MPVb, 2 (25%) with parain-
fluenza, 1 (12.5%) with adenovirus and 1 (12.5%) with
enterovirus. Patients coinfected with other viruses were compared
with those infected with influenza alone; no statistically significant
difference between those two groups was found regarding the risk
of increased length of stay, the severity of ALRI, or PICU admis-
sion. 

Treatment
Of the study population hospitalized as LRTI, 97 (64%)

patients received oxygen therapy,139 (91.4%) received systemic
antibiotics and 29 (19%) patients received oseltamivir.

Antiviral administration
Oseltamivir antiviral therapy was started in 29 patients.

Oseltamivir was commenced in patients with suspected or con-
firmed influenza virus infection who were less than 24 months of
age and presented with febrile ALRI; those with high risk for com-
plications, especially patients with neuromuscular diseases and
asthma, and in children who presented with severe ALRI requiring
PICU admission [23]. Twelve patients were positive for influenza.
Those patients were compared to influenza positive patients who
did not receive the medication. Data analysis revealed that 46% of
the patient without oseltamivir therapy had severe disease com-
pared to 33% in the treated group; this, however, was not statisti-

cally significant (p=0.5). Concerning oseltamivir therapy and
length of stay, the treated group had a shorter LoS with a mean
(SD) of 5.9 vs 6.3 (4.9 vs 1.6), but it was also not statistically sig-
nificant (p=0.7) (Table 2).

Figure 1. The proportion of individual virus detection by admis-
sion diagnoses.

Figure 2. Frequency of viruses detected in hospitalized patients
with acute respiratory infection.

Figure 3. The proportion of viral pathogens detected by age
group.
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Factors associated with severe ALRI
Several clinical and demographic factors were investigated to

confirm the association with the severity of ALRI. Table 2 shows
the multivariate analysis of the factors associated with severe
ALRI. More severe ALRI was confirmed among patients who pre-
sented with fever (OR: 0.57, p=0.02), patients with neuromuscular
disease (OR: 0.00, p=0.021), and children who were exposed to
smoking (OR: 4, p=0.007). Additionally, patients who required O2
support (OR: 0.1, p≤0.001) and those who stayed longer in the hos-
pital (OR: 0.56, p=0.01) had more severe disease. RSV and MPVb
were significantly associated with an increased risk of severe dis-
ease (OR: 0.8, p=0.004, OR: 4, p=0.04).

Table 3 demonstrates the severity of ALRI according to chil-
dren age groups, patients who are less than 6 months were most
likely to have severe disease (p≤0.001), with acute viral bronchi-
olitis being the most common diagnosis among this age group
(48%). This is followed by patients who are more than five years
of age who also had severe disease with a p of 0.04, with influenza
viruses being most common among this age group (25%).     

Factors associated with Length of Stay 
The presence of chronic lung disease, neuromuscular disease,

elevated C-reactive protein, the diagnosis of lobar pneumonia with
the presence of consolidation on chest X-ray was significantly
associated with a longer mean LoS (Table 4). Patients infected
with enterovirus had a longer mean LoS than those who were pos-
itive for other viruses (p=0.04). The majority of patients positive
for enterovirus were below 12 months, and 80% of their PCR test
results revealed multiple viruses. Influenza-positive ALRI
patients’ analysis revealed that disease severity was the only sig-
nificant predictive factor for increased LoS. The mean LoS was 7.8
days for influenza-positive patients with severe disease compared
to 4.5 days for influenza-positive patients with non-severe disease
(p=0.017). 

Discussion
This study demonstrates the burden of different viruses among

children admitted with ALRI at JUH during the 2019 flu season.
Our study confirmed that respiratory viruses are identified among
most children admitted with fever or respiratory symptoms. The
most common virus among all age groups was RSV (44.8%), fol-
lowed by HRV (23%). This is consistent with two other national
studies, which confirmed that 81.5% and 95% of children hospital-
ized during winter months tested positive for a virus, with RSV
and HRV being the most common viruses identified [24,25]. The
first of the two studies was a three-year prospective surveillance
cohort study conducted in Amman by Khouri et al., where over
3,000 children were tested for 11 major respiratory viruses. It
showed that of the 3,168 studied subjects, 2,581 (82%) had at least
one respiratory virus detected, with respiratory syncytial virus
(RSV) being the most predominant pathogen isolated [26]. 

The second prospective surveillance study was performed in
Irbid, Northern Jordan, during the winter of 2,016, showing a sig-
nificant burden of ARI/ALRI-associated hospitalization caused by
viruses (95%); RSV was identified as the most common viral cause
of ARI [24]. This is in line with published data in neighboring
countries in the Middle East [26-29]. RSV infection is responsible
for most ALRI in children, as reported by various reports globally
[30-33].

In the former study by Najwa and coworkers, influenza viruses
were reported in 4% of the 3,168 children tested for 11 viruses by
RT-PCR [25]. In a multicenter cohort in the East Mediterranean
region, 11.8% of influenza detection rate was reported. The higher

percentage of influenza virus detection in our study can be attrib-
uted, in part, to the fact that a group of patients was tested for
influenza virus only without the rest of the viral panel; this was a
cost-effective measure as influenza has a specific treatment with an
antiviral medication unlike the other viruses in the multiplex iden-
tification kit. It has been shown that although real-time PCR test-
ing improved detection rate, it did not reduce additional diagnostic
procedures, antibiotic use, antibiotic costs, or duration of hospital
stay [34]. 

In comparison with other viruses identified, patients with
influenza had more fever, which is well-described about influenza
in contrast to other common viruses [35,36]. In addition to that,
influenza positive group had a lower leukocyte count. According to

Table 2. Factors associated with severe ALRI.

Variables*                                    Odds ratio                        p

Age                                                                        1.24                                    0.109
Fever                                                                    0.57                                    0.021
Smoking exposure                                               4                                      0.007
Neuromuscular disease                                  0.00                                    0.021
Asthma                                                                 2.55                                     0.07
O2 requirement                                                  0.1                                     0.001
Other viruses                                                     0.36                                    0.215
CXR consolidation                                           0.185                                    0.23
Length of stay                                                    0.56                                     0.01
RSV                                                                        0.8                                     0.004
Multiple viruses                                                 2.6                                       0.1
MPVb                                                                      4                                       0.04
Influenza                                                              0.1                                       0.8

*Risk factors of severe disease were analyzed with binary logistic regression; ALRI, acute lower
respiratory infection; CXR, chest x-ray; RSV, respiratory syncytial virus; MPVb, metapneumovirus

Table 3. Severity of ALRI according to patients’ age groups.

Age group                                       Severity                         p

≤6 months                                                         39/42                                 0.001
6-24 months                                                       34/59                                     0.5
2-5 years                                                             13/26                                    0.11
>5 years                                                              6/15                                    0.04

The frequency of severe cases among all age groups analyzed by the chi-square test; values in
bold are statistically significant at p<0.05.  

Table 4. Multivariate analysis of factors associated with length of
stay in the study population.  

                  Median length of hospitalization (in days)         p

Prematurity                                                7                                                      0.203
Chronic lung disease                             10.5                                                   0.016
Neuromuscular disease                          9                                                     0.001
Asthma                                                         5                                                      0.111
Elevated C-reactive protein                    6                                                     0.007
Diagnosis                                                                                                                  
     Lobar pneumonia                               8.5                                                    0.007
     Bronchiolitis                                          5                                                         0.5
     Consolidation on chest film              7                                                     0.035
     Multiple viruses on RT-PCR               6                                                      0.087
     Enterovirus on RT-PCR                       7                                                      0.04

Multivariate analysis performed with general linear model (GLM); values in bold are statistically
significant at p<0.05.  bold are statistically significant at p<0.05.  
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previous studies, lymphopenia is a common feature for seasonal
influenza and influenza A (H1N1) infection, although this finding
is prominent in adult patients and less common in the pediatric
population [37,38]. In terms of clinical presentation, the non-
influenza group had more pronounced signs of respiratory distress
with more cyanosis, retractions, and the need for oxygen supple-
mentation. This is consistent with finding by Khouri et al., where
children who were positive for non-influenza viruses, RSV being
most prevalent, were belonging to the younger age group and were
more likely to require oxygen, present with cough and shortness of
breath, and less likely to present with fever [25]. This observation
was also reported in studies outside Jordan [30,31]. Previous work
identified several risk factors for severe ALRI in the pediatric age
group, including male gender, history of prematurity, chronic lung
disease, malnutrition, lack of breastfeeding, low socio-economic
status, and living with siblings.

In our study, several factors were identified as risk factors for
severe ALRI. These factors included the following; age younger
than six months, diagnosis of viral bronchiolitis, atelectasis on
chest films, infection with certain viruses (influenza A,
Coronavirus, and RSV), and neuromuscular presence disease.
Fever on presentation, age group more than five years, and expo-
sure to smoking were other factors associated with the severity of
ALRI. As it would be expected, longer LoS and oxygen supple-
mentation are associated with severe disease.

Additionally, we identified several clinical and demographic
factors that may predict longer LoS, chronic lung disease, neuro-
muscular disease, elevated C-reactive protein, and the diagnosis of
lobar pneumonia with consolidation on chest films.

Influenza A virus has been reported to be associated with
severe ALRI in children with a higher hospitalization rate, partic-
ularly those with a chronic medical disease, neurological or neuro-
muscular disease [39,40]. The relationship between RSV infection
and severe viral bronchiolitis is well-established in the literature
[25,41,42].

Chronic medical conditions and neuromuscular disorders were
among risk factors for severe disease in infants admitted with viral
ALRI in Italy’s large birth cohort study [43]. Our findings support
what has been reported about CRP’s significant prognostic value in
community-acquired pneumonia and its use as a marker of severity
[44-46]. The diagnosis of lobar pneumonia with radiological con-
solidation is distinct from the rest of the study population and is
associated with a more extended hospital stay [47,48]. A finding
can be attributed to bacterial etiology and the need for antibiotic
administration with or without oxygen supplementation. However,
our study demonstrated that most patients admitted with ALRI
(139 patients - 91.4%) were started on antibiotics reflecting over-
use of antibiotics to treat pneumonia. A finding addressed in sever-
al previous studies that reported the overuse of antibiotics in chil-
dren and that most radiographic pneumonia treated with antibiotics
may not have a bacterial etiology [49,50].

Despite international guidelines which limit performing chest
films in young children with ALRI to certain indications [51], all
out of the 152 children of the study admitted with fever and respi-
ratory symptoms had a chest firm performed on admission. Both
groups’ radiological findings were interpreted most commonly as
hyperinflation, followed by interstitial lung disease, peribronchial
thickening, consolidation, and atelectasis. In a retrospective analy-
sis of radiological findings in 210 confirmed viral pneumonia
cases, the predominant findings were bilateral patchy areas of con-
solidation, followed by interstitial lung disease, diffuse areas of air
space consolidation, and lobar consolidation [52]. Some variability
of radiological findings reporting is noted among radiologists in
different centers [52].

Abnormal chest films were reported in 80% and 60% of
influenza positive and influenza negative groups. Influenza-virus-

positive patients were more likely to have a normal chest X-ray,
while the influenza-negative patients were more likely to have
radiological changes consistent with viral pneumonia, including
hyperinflation and peribronchial thickening and interstitial infil-
trate. This is consistent with research from Malaysia, which report-
ed normal chest radiographs among at least 50% of influenza-pos-
itive patients [53]. Consolidation and atelectasis on chest films
were significantly associated with severe ALRI. This was support-
ed by a prospective study of 213 children by Shaw et al. [54].
Consolidation was also associated with increased LoS, a finding
that may reflect the effect of potential bacterial coinfection and the
need to use antibiotics. Bacterial and viral coinfection is increas-
ingly recognized as a cause for ALRI and is responsible for
increasing the severity of the disease [55]. This is consistent with
the study by Awad et al. where both atelectasis and consolidation
were associated with increased LoS [24]. It is noteworthy that the
mean LoS in our study population (6 days) was longer than that
reported in the two other national studies by Khouri and Samah (5
and 3.5 days, respectively). It may be explained by the fact that
almost all our patients received courses of antibiotics during their
admission for ALRI, which lengthened their stay in hospital await-
ing pending blood cultures. The wide use of antibiotics in our pop-
ulation may be attributed to several factors: i) empirical antibiotics
for children with the clinical diagnosis of pneumonia (fever, respi-
ratory symptoms, elevated inflammatory markers with or without
radiological changes); ii) bacterial and viral coinfection may often
exist in hospitalized children with community-acquired (CA)
pneumonia [55,56]; iii) empirical antibiotics for febrile infants
with rule-out sepsis diagnosis, and the iv) challenge which may
exist with differentiation between viral and bacterial etiologies for
CA pneumonia [57].

Therefore, healthcare workers in Jordan are advised by our
results to limit their use to specific indications according to pub-
lished guidelines to minimize the cost and duration of hospitaliza-
tion [20].

RT-PCR for the common viruses was not performed in all
patients. Rapid test for influenza viruses was ordered for a group
of those children, and this may be explained by the following; chil-
dren with LRTI are often hospitalized with more severe symptoms
needing appropriate intervention and support, and the influenza
virus has a specific treatment unlike most other viruses; therefore,
testing for influenza was a cost-effective measure. Secondly,
influenza test was mainly obtained for older children (children >24
months). At the same time, non-influenza viruses (mainly RSV
virus) were shown to be responsible for most admissions in the
younger age group [24,25,29,32] with their contribution to LRTI-
related admissions falling significantly in the older age group in
favor of influenza virus [25,58].

This study confirmed what has been described in the literature
about the effect of tobacco exposure on infants and young children
in terms of increased risk of hospitalization with viral ALRI and
increasing the severity of illness among hospitalized children
[59,60]. However, the current study could not show a significant
correlation between the severity of disease or LoS with gender,
birth weight, gestational age, and bronchial asthma. Our study is
the first viral surveillance study in the pediatric age group conduct-
ed in Jordan University Hospital. It is the first to focus on the bur-
den on seasonal influenza among this age group.

This study has several limitations. First, a complete respiratory
virus panel was not ordered in all study populations, and many of
the children were tested for influenza virus only for cost and treat-
ment planning consideration, hindering more accurate estimation
of viral burden. Second, the surveillance was limited to one season
in one center, potentially affecting the generalization of results to
other seasons of the year in Jordan’s entire population. Third, bac-
terial testing in respiratory specimens was not performed, limiting
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the assessment of bacterial coinfection and its potential influence
on the clinical presentation and outcome. 

Conclusion
Our study confirmed that viral detection was common among

children admitted with febrile or nonfebrile ALRI as most children
had a positive PCR test. RSV was the most detected virus among
the study population, followed by rhinovirus. Influenza virus came
third and was detected in about 16% of children with a positive
PCR test. Bronchopneumonia was the most common diagnosis
among patients admitted with ALRI. Children with influenza had
more fever, less leukocyte count than children with other viruses.
Influenza virus was the most detected virus in children more than
five years of age with severe ALRI. Overuse of systemic antibi-
otics and radiological chest imaging was reported in the majority
of the study population. Our results advise healthcare workers in
Jordan to limit their use to specific indications according to pub-
lished guidelines to minimize the cost and duration of hospitaliza-
tion.

Our study is the first surveillance study showing the significant
burden of influenza virus in children admitted with ALRI during
the flu season in Jordan University Hospital in Amman.
Stakeholders in the health care system are encouraged by this
study’s findings to prioritize health care interventions such as
increasing influenza vaccination coverage, especially in limited
resources settings. Future surveillance studies should be conducted
annually on a national level to establish influenza’s burden in dif-
ferent risk groups within the country.
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