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Respiratory tract infections (RTIs) are a major public health concern. This study aims to investigate the profiles and epide-
miological characteristics of acute RTIs and respiratory pathogens in Palestinian hospitalized patients. Clinical samples from
hospitalized patients with symptoms of acute RTIs admitted between January 2011 and December 2016 were referred to the
Palestinian Central Public Health Laboratory (PHCL) to identify the causative pathogen. Patients’ demographic information and
the results of the molecular identification were retrieved from the electronic database at the PHCL. A total of 15413 patients with
acute RTIs were hospitalized during the study period. The causal agent was identified only in 28.7% of the patients. Overall,
influenza viruses were the most common cause of RTTs among hospitalized Palestinian patients in the West Bank. Children and
elderlies were the most affected with RTIs. The elderly population (=60 years old) had the highest rates. After influenza A virus,
respiratory syncytial virus (RSV), and Bordetella pertussis (B. pertussis) were the most common causes of acute RTIs among
hospitalized Palestinian patients. Children showed the highest hospitalization rates for RSV, B. pertussis, adenovirus, enterovirus,
and Streptococcus pneumoniae. On the other hand, elderlies had the highest rates of influenza. Outbreaks of RTIs occurred mainly
during winter (between December and March). The resurgence of B. pertussis in spite of vaccination is alarming and requires
further investigation.

1. Introduction

Respiratory tract infections (RTIs) are considered to be the
most common infectious diseases worldwide and the second
leading cause of death among children under five years old
[1, 2]. In Palestine, infectious diseases cause less than 10% of
all deaths; respiratory diseases (ICD10 code: J00-J99.9)
cause 70% of those deaths with a mortality rate of 17.0 per
100,000 population during 2016, being the sixth most
common cause of death [3].

The etiological agents of respiratory diseases include a
wide range of respiratory viruses and bacteria. They present
with a spectrum of symptoms that include fever, cough,
malaise, and chest pain [4]. Rapid interventions are nec-
essary as these infections could result in either mild illness or

could lead to severe complications, hospitalization, and
death [4, 5]. Identification of the causative agent of respi-
ratory diseases based on signs and symptoms alone is not
reliable [6]. Therefore, understanding the epidemiology of
RTIs and identification of the patterns and etiologies are
critical for successful treatment and prevention programs
[7]. This is very important as 14.9% of the Palestinian
population are children <5 years of age [3].

During the last few decades, a shift in the burden of disease
from communicable to noncommunicable diseases has been
noticed in many developing countries [8]. Nevertheless, in-
fectious diseases continue to be a major cause of morbidity
and mortality among Palestinians, especially children under 5
years old [3]. Respiratory diseases can be prevented through
public health measures [9]. In developing countries,
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B. pertussis, enteroviruses, influenza viruses, RSV, adenovi-
ruses, and S. pneumoniae are considered to be the main causes
of RTIs resulting in 4-5 million annual deaths among children
only [10]. The purpose of the current study was to investigate
the profiles and epidemiological characteristics of acute RTIs
and respiratory pathogens in hospitalized patients in the West
Bank, Palestine.

2. Materials and Methods

A retrospective study was conducted during the period from
January 2011 to December 2016 among hospitalized Pal-
estinian patients. Demographic data and laboratory results
were retrieved from the health information system at the
Palestinian Central Public Health Laboratory (PHCL) by the
research team through the electronic system. Demographic
data included gender, age, place of residence, and date of
sampling (hospitalization).

PHCL is under the administration of the Ministry of
Health (MOH), the main healthcare provider in Palestine.
This advanced laboratory operates at the national level and
receives samples from all over the West Bank for testing.

Samples of hospitalized patients with symptoms of acute
RTIs are transferred from all MOH hospitals in the West Bank
and delivered to the PHCL for testing by polymerase chain
reaction (PCR). These samples include nasopharyngeal as-
pirates, nasopharyngeal swabs, oropharyngeal swabs, sputum,
blood, and bronchoalveolar lavage fluid and are collected
routinely by qualified medical personnel in the hospitals and
sent to PHCL to confirm clinical diagnosis. The samples are
tested for the suspected pathogen. In case of a positive lab-
oratory result for the suspected pathogen, the case was
considered confirmed; otherwise, it was considered suspected.
Laboratory testing is available for microorganisms including
Bordetella pertussis (B. pertussis), enterovirus, influenza A
virus, influenza B virus, respiratory syncytial virus (RSV),
adenovirus, and Streptococcus pneumoniae (S. pneumoniae).

This study was undertaken using data from the PHCL
with the approval of MOH. The data were previously
anonymized, and no private information was collected as
part of this study. Therefore, no approval from an ethics
committee or informed consent from patients was required
for this study.

Data were analyzed using IBM SPSS statistics version
20.0. Descriptive statistics were done in the form of means,
frequencies, percentages, and ranges of the variables. Cat-
egorical variables were evaluated by the chi-square test. All p
values less than 0.05 were considered statistically significant.
Population data for the calculation of rates were obtained
from the Palestinian Central Bureau of Statistics (PCBS)
2011-2016. Rates were calculated using Microsoft Office
Excel 2010.

3. Results

A total of 15413 Palestinian patients were hospitalized be-
tween 2011 and 2016 with acute RTIs. Table 1 shows the
demographic characteristics of the cases. Acute RTIs were

TaBLE 1: Frequency and incidence rates of hospitalized patients
with RTIs in the West Bank (2011-2016).

Frequency N=15413 Incidence rate®

Variable Category N (%) (per 10°)
Male 7974 (52.0) 567.1
Gender Female 7349 (48.0) 539.7
0-9 4427 (31.6) 615.2
10-19 944 (6.7) 147.8
20-29 1560 (11.1) 302.8
Age (years) 30-39 1817 (13.0) 527.7
40-49 1478 (10.6) 484.0
50-59 1447 (10.3) 906.2
>60 2337 (16.7) 1732.1
North 6535 (42.4) 601.4
Regionb Center 3713 (24.1) 467.1
South 5165 (33.5) 582.7
2011 880 (5.7) 34.1
2012 2150 (13.9) 80.1
Year 2013 3110 (20.2) 112.9
2014 1402 (9.1) 50.2
2015 3511 (22.8) 122.7
2016 4360 (28.3) 148.5

*[R: incidence rate (hospitalized patients per 10° population). Population
was calculated as the average overall population in the West Bank between
2011 and 2016 according to PCBS data. bRegion: North: Nablus, Tubas,
Jenin, Tulkarem, Salfit, and Qalqiliya Governorates; Center: Ramallah and
Al-Bireh, Jerusalem and Jericho, and Al-Aghwar Governorates; South:
Hebron and Bethlehem Governorates.

equally common among males and females. The mean age of
cases was 32.8 years (range 0-107). Of the cases, 31.6% were
less than ten years old.

The highest incidence rates of acute RTTs were observed
among children less than 10 years old and elderlies (>60
years old). The mean incidence rate of hospitalization for
acute RTIs in the West Bank during the study period was
91.4 per 10° population (range 34-149 per 10°). During the
six years of the study, hospitalization rates for acute RTIs
increased, but a drop was recorded during 2014. Overall,
hospitalization rates were highest in the northern gover-
norates of the West Bank.

During the study period, the causal agent was only
identified in 28.7% of the cases. The highest detection rate
was for RSV followed by influenza A viruses (Table 2). When
we compared the number of cases of each organism between
males and females, we did not detect significant differences
(p value=0.299) (Table 2).

Influenza A was the major cause of acute RTIs among
hospitalized patients with confirmed laboratory results
(Table 2). Between 2011 and 2013, the hospitalization rate
increased from 4.3 to 30.0 per 10° population, and between
2015 and 2016, from 26.0 to 39.3 per 10° population. A sharp
drop between the two periods (during 2014) was noticed
(Table 3). Hospitalization rates of influenza A virus in-
creased with age, especially after the age of 60 years (Fig-
ure 1). The highest number of cases was recorded during
cold months, December and January (Table 4). There were
no cases of avian flu (H5N1) recorded during the period
between 2011 and 2016, but swine flu (influenza A (H1N1)
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TABLE 2: Frequency and incidence rates of confirmed respiratory tract infection-related hospitalization stratified by gender.

) Suspected (1 =15413) Confirmed (n =4422) Male Female
Organism " N N
N (%) N (%) IR N (%) IR N (%) IR
B. pertussis 1403 (9.1) 324 (7.3) 11.7 160 (7.5) 11.4 153 (6.8) 11.2
Influenza A 11593 (75.2) 3555 (80.4) 128.4 1695 (79.4) 120.5 1848 (81.7) 135.7
Influenza A (HIN1) 5379 (34.9) 1373 (31.0) 496 667 (31.3) 474 702 (31.0) 51.6
Influenza B 699 (4.5) 61 (1.4) 2.2 29 (1.4) 2.1 32 (1.4) 2.3
RSV 1271 (8.2) 449 (10.2) 16.2 233 (10.9) 16.6 213 (9.4) 15.6
Enterovirus 139 (0.9) 9 (0.2) 0.3 4 (0.2) 0.3 5(0.2) 0.4
Adenovirus 290 (1.9) 21 (0.5) 0.8 10 (0.5) 0.7 11 (0.5) 0.8
S. pneumonia 18 (0.1) 3(0.1) 0.1 3(0.1) 0.2 0 (0.0) 0.0

*IR: incidence rate (hospitalized patients per 10° population). Population was calculated as the average population in the West Bank between 2011 and 2016

according to PCBS data.

TaBLE 3: Frequency and incidence rates of respiratory tract infection-related hospitalization stratified by year.

Year

Organism 2011 2012 2013 2014 2015 2016

N (IR?) N (IR%) N (IR?) N (IR?) N (IR%) N (IR?)
B. pertussis 36 (1.4) 158 (5.9) 16 (0.6) 21 (0.8) 42 (1.5) 51 (1.7)
Influenza A 111 (4.3) 622 (23.2) 827 (30.0) 97 (3.5) 744 (26.0) 1154 (39.3)
Influenza B 28 (1.1) 3 (0.1) 10 (0.4) 11 (0.4) 7 (0.2) 2 (0.1)
RSV 5(0.2) 46 (1.7) 61 (2.2) 107 (3.8) 87 (3.0) 143 (4.9)
Enterovirus 0 (0.0) 1 (0.0) 0 (0.0) 1 (0.0) 4 (0.1) 3(0.1)
Adenovirus 0 (0.0) 1 (0.0) 0 (0.0) 2 (0.1) 6 (0.2) 12 (0.4)
S. pneumoniae 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.0) 0 (0.0) 2 (0.1)

*IR: incidence rate (hospitalized patients per 10° population). Population was calculated as the average annual population in the West Bank between 2011 and

2016 according to PCBS data.

pdmo09) was relatively common with a total of 1373 con-
firmed cases. Hospitalization rates of swine flu were highest
during 2016 (IR = 13.7 per 10°) and 2013 (IR = 13.4 per 10°)
(Tables 2 and 3). The highest rates were seen in northern
governorates (Table 5). As for influenza B, hospitalization
rates were relatively low, being highest during 2011 (Table 3).

The second major cause of hospitalization for RTIs was
RSV (Table 2). The highest RSV hospitalization rates were
among children <5 years old, followed by children between 5
and 9 years old (Figure 1). Although RSV hospitalization rates
were highest among children, elderlies (=60 years old) also
had increased rates. The rates of RSV were highest during
2016 and 2014, respectively (Table 3). Further, the central
governorates recorded threefold higher rates as compared to
northern and southern ones (Table 5). Like influenza A, most
cases occurred during December and January (Table 4).

Regarding pertussis cases, they were mainly children and
the highest rates were seen among those between 5 and 9
years old (Figure 1). During 2012, the hospitalization rate
was almost five times higher compared to the other years.
Since 2013, a gradual increase in hospitalization rates was
observed (Table 3). About half the number of cases occurred
during spring (March-June) (Table 4) and the central region
showed the highest rate while the lowest rates were observed
in the south (Table 5).

4. Discussion

This study investigated the most common causes of acute RTIs
among hospitalized patients in the West Bank. The data

obtained through this study are population-based and therefore
useful for predicting disease burden, in addition to planning for
vaccine research and control strategies. During the study pe-
riod, 15413 cases of severe acute RTI cases were hospitalized at
the Palestinian hospitals in the West Bank. Hospitalization
rates increased during the study period from 2011 to 2016. In
summary, this study showed that the highest rates of hospi-
talization due to RTIs were observed among children less than
10 years old and elderlies (>60 years old). Viruses including
influenza and RSV were the main causes of RTIs among
hospitalized patients in the West Bank. Among children, RSV
was the major cause of RTTs, while among the other age groups
influenza was the most common cause of RTIs.

Similar patterns were reported worldwide [4]. Data from
the surrounding countries are limited and offer no com-
parisons to our study. For instance, a study conducted in
Amman, the capital of Jordan, between September 2002 and
March 2004, reported RSV to be the most common viral
cause of respiratory tract infections among hospitalized
children <2 years old accounting for 46.3% of diagnosed
respiratory viruses [11]. On the other hand, in Beirut,
Lebanon, between October 2013 and September 2014, hu-
man rhinovirus (23%), RSV (19%), human bocavirus (15%),
human metapneumovirus (10%), and human adenovirus
(10%) were respectively reported as the most common
causes of RTIs among hospitalized children aged 16 years old
or less [12], while in the Egyptian Delta, between June 23,
2009, and December 31, 2013, influenza was the major viral
cause of RTIs (13.9%) and RSV was reported as the major
cause among children <1 year old (~40%) [13].
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FiGure I: Incidence rates of major causes of respiratory tract infection-related hospitalization (2011-2016) stratified by age, West Bank.
(a) B. pertussis; (b) enterovirus; (c) influenza A; (d) influenza B; (e) RSV; (f) adenovirus.

TaBLE 4: Frequency of confirmed respiratory tract infection-related hospitalization stratified by the month of occurrences.

. Month (N)

Organism

Jan Feb March Apr May June July Aug Sep Oct Nov Dec
B. pertussis 20 19 35 39 39 41 29 20 14 25 24 19
Influenza A 1203 581 482 187 71 12 5 5 12 19 112 866
Influenza B 18 7 14 9 8 2 0 0 0 0 1 2
RSV 142 63 71 50 10 4 3 3 3 1 15 84
Enterovirus 0 0 0 0 0 0 3 1 2 1 1 1
Adenovirus 2 4 5 2 1 1 0 0 1 1 1 3
S. pneumoniae 0 0 0 0 0 0 0 0 0 0 1
All RTTs 3974 2464 2444 1349 727 239 167 189 228 333 773 2526
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TaBLE 5: Frequency and incidence rates of confirmed respiratory tract infection-related hospitalization stratified by region.

) North? Center® South®
Organism b b b
N (%) IR N (%) IR N (%) IR
B. pertussis 136 (42.0) 12.5 120 (37.0) 15.1 68 (21.0) 7.7
Influenza A 1695 (47.7) 156.0 592 (16.6) 74.5 1268 (35.7) 143.1
Influenza A (HIN1) 624 (45.5) 57.4 228 (16.6) 28.7 521 (37.9) 58.8
Influenza B 22 (36.0) 2.0 14 (23.0) 1.8 25 (41.0) 2.8
RSV 113 (25.2) 10.4 264 (58.8) 332 72 (16.0) 8.1
Enterovirus 6 (66.7) 0.6 2 (22.2) 0.3 1(11.1) 0.1
Adenovirus 0 (0.0) 0.0 3 (14.3) 0.4 18 (85.7) 2.0
S. pneumonia 0 (0.0) 0.0 2 (66.7) 0.3 1(33.3) 0.1

“Region: North: Nablus, Tubas, Jenin, Tulkarem, Salfit, and Qalgiliya Governorates; Center: Ramallah and Al-Bireh, Jerusalem and Jericho, and Al-Aghwar
Governorates; South: Hebron and Bethlehem Governorates. ®IR: incidence rate (hospitalized patients per 10° population). Population was calculated as the
average overall population in the regions of the West Bank between 2011 and 2016 according to PCBS data.

Our findings show that the largest percentage of hos-
pitalized patients was children less than ten years old, but the
highest hospitalization rates were among the older pop-
ulation. This is simply explained by the fact that the Pal-
estinian population is a young population with one quarter
the population being less than ten years old [14].

Although the highest number of cases overall was as-
sociated with influenza A, most cases of RSV, adenoviruses,
B. pertussis, and enteroviruses occurred in children less than
ten years old. These organisms were previously reported to
be most common among children [15-18]. Further, RSV had
the highest incidence among children less than 5 years old,
but another increase in RSV hospitalization rates was ob-
served among elderlies (=60 years old). RSV is reported as
the leading cause of RTIs among children worldwide [4].
Similar findings were reported in neighboring areas
[11, 13, 19-21]. Susceptibility to RSV infection decreases
with age as a result of maturation of the immune system [22].
On the other hand, in line with our observations, a pop-
ulation-based surveillance of RSV infection in the Nile Delta
Region in Egypt (2011-2012) showed that although the
highest hospitalization rates for RSV were among children
less than 5 years old, another peak in hospitalization rates
was observed among population >50 years old [23]. Another
study conducted in Thailand reported a similar increase in
hospitalization rates for RSV among those 65 years of age or
more [24]. The role of RSV in the elderly is not yet un-
derstood, but it is clear that its burden is significant [25].

B. pertussis is a vaccine-preventable disease that used to
be considered a universal infection among children less than
5 years old. The infection was reported to kill one in ten
infected children in the United States during the 1920s [26].
Whole-cell pertussis vaccine was available since the 1940s,
and during the nineties, it was replaced by acellular vaccines.
Studies have shown that immunity against pertussis is not
lifelong [26]. In Palestine, vaccination against B. pertussis is a
part of the Expanded Program on Immunization and is
given in combination with vaccines against tetanus, diph-
theria, and Hib at the ages of 2, 4, and 6 months, in addition
to a booster dose at 18 months. Our study showed that
B. pertussis is still considered a major cause of morbidity in
the West Bank. Outbreaks of the disease have been reported
worldwide regardless of the high vaccine coverage 26, 27].

Studies showed that the waning immunity results in a peak
in the incidence of pertussis among school-age children, and
the infection spreads from these subjects to infants or not-
fully vaccinated young children [27]. In addition, changes in
the circulating strains of the bacterium should be considered
[26, 27]. Our findings showed similar patterns. The severity
of infection among infants is the highest [26]. In this study,
we only included hospitalized patients, reflecting severe
cases of the disease, and excluding mild, nonhospitalized
cases who are probably older (adolescents and young adults).

In contrast to RSV and pertussis, influenza cases oc-
curred mostly in the elderly population, a pattern of in-
fluenza that has been previously demonstrated [28, 29].
Similar findings were reported in the Egyptian Delta, where
influenza was the major cause of acute RTIs and was most
common among individuals 65 years old or more [13].

In Palestine, the seasonal influenza vaccine is not part of
the national immunization program (NIP), but we have
seasonal influenza vaccination policies in place. Influenza
vaccination recommended the influenza vaccine for people
with chronic illnesses, pregnant women, residents of long-
term care facilities, pilgrims, and healthcare workers. The
vaccine is available through both the public and the private
sectors, but there are no data regarding vaccine coverage [30].

Furthermore, in our study, the observed pattern of in-
fluenza A virus through the study years showed a drop in the
rate of hospitalized cases of influenza A during 2014 fol-
lowed by a gradual increase in 2015 and 2016. This could be
related to the varying severity of the circulating strains from
one year to another [1]. Another possible reason for this
drop is the matching between vaccine composition and
circulating strains which in turn increases vaccine efficacy
[31]. In addition, our findings showed a relatively high
number of HINI cases. The Eastern Mediterranean Region
(EMR) was affected by the worldwide increase of pandemic
spread of HIN1 [32]. On the other hand, no cases of avian flu
(H5N1) were found in our study. In fact, since the start of the
H5N1 epidemic in the region, no human cases of H5N1 have
been recorded in Palestine [32]. In the absence of an in-
fluenza surveillance system, the data remain insufficient to
be confident about the circulating patterns.

S. pneumoniae is a major cause of morbidity and
mortality. The introduction of pneumococcal conjugate
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vaccines (PCVs) has reduced invasive pneumococcal disease
in all age groups, yet the burden remains high, mainly due
to the emergence of other serotypes not included in the
vaccines [33]. In Palestine, PCV10 was introduced in 2011
as part of the pediatric national immunization program in a
2+1 schedule. The laboratory diagnosis of invasive
pneumococcal disease still relies on culture-based methods.
In addition, recent developments occurred with antigen
detection assays and nucleic acid amplification tests. Yet,
invasive pneumococcal disease caused by S. pneumoniae
can be difficult to confirm microbiologically [34]. Our
study showed that, during the period between 2011 and
2016, only a very small number of samples (n=18) were
tested for S. pneumonia and only 17% of these samples
tested positive.

The use of antibiotics without a prescription is a com-
mon practice in our community; as a result, physicians can
rarely obtain viable samples for testing, which could explain
the low number of referred samples. Although PCR con-
tributed significantly to the detection and diagnosis of in-
vasive pneumococcal disease as it is faster and more sensitive
in comparison with standard culture (which is slow and
yields false negative as a result of antibiotic treatment prior
to sampling), among hospitalized patients, the long time
between the onset of symptoms and disease progression
contributes to poor sensitivity of detection of S. pneumoniae
in nasopharyngeal swabs by PCR among hospitalized pa-
tients [34-38].

The highest incidence of RTIs was recorded during the
cold season (December-March) throughout the study
years. Several studies reported annual epidemics of re-
spiratory diseases during the winter season in temperate
climates such as Palestine [39-43]. Outbreaks of influenza
during the rainy season were reported worldwide [1, 44].
Explanation of the seasonality of infections has been hard.
One of the hypothesized explanations states that these
seasonal outbreaks are a result of overcrowding indoors
with the lack of proper ventilation during cold seasons
[45, 46]. In addition, low temperature and dry conditions
were found to be favorable conditions for pathogen
transmission in animal studies, which is consistent with
indoor state [45, 46]. A study in Bangladesh that inves-
tigated the number of influenza cases and weather factors
showed that influenza A was associated with lower tem-
peratures, relative humidity, sunlight duration, and
rainfall [47]. The hospitalization rates from other organ-
isms were very low during the study period. Therefore, we
were unable to review patterns and trends accurately.

In summary, RTIs are still a public health concern, es-
pecially among children and elderly populations. Influenza
viruses are the major cause of respiratory diseases among
Palestinians. RSV is the most common cause of pediatric RTIs
while influenza is the major cause among the elderly pop-
ulation. In addition, B. pertussis is still a common cause of
RTIs among children regardless of the vaccination policies.

This study is the first to describe RTIs in Palestine and is
one of the largest studies in the neighboring countries
[11-13]. The study included all MOH hospitals in the West
Bank, which is the main healthcare provider in Palestine. In

addition, the study covered a period of six years, which was
suitable to capture changes in the trends of the disease.
Regardless, one of the limitations of this study was including
only hospitalized patients in MOH hospitals without con-
sidering outpatients and patients in other hospitals; inclu-
sion of these cases could have provided a more
comprehensive and representative view on the patterns of
RTIs. Furthermore, some common respiratory tract infec-
tions were not examined here as they are not part of the
diagnostic tests such as human rhinovirus, human bocavi-
rus, and human coronavirus. Moreover, clinical character-
istics of the cases and disease outcomes were not considered
and we did not include a control group in our study. Finally,
coinfection with two or more pathogens, which could be an
indication of increased risk for clinical outcome, is another
missing entity in this study.

5. Conclusions

We compared the spectrum, seasonality, and age distribu-
tion of common causes of RTIs among Palestinians in the
West Bank. Our data showed that viral agents caused the
majority of respiratory diseases. Further surveillance and
follow-up on the epidemiology of these diseases are rec-
ommended. In most cases of RTIs, the causal agent was
undetermined; accurate and rapid diagnosis of the etio-
logical agents are important to select the most effective
treatment and avoid complications of the disease that could
result in prolonged hospitalization and even death. Fur-
thermore, interventions and policies that promote judicious
antibiotic use should be implemented. Lastly, epidemiologic
investigation for pertussis should be launched to identify
factors and interventions to control these outbreaks of cases
and vaccination campaigns against seasonal flu should target
the elderly population.

Data Availability

The data that support the findings of this study are available
from the Palestinian Ministry of Health, but restrictions
apply to the availability of these data, which were used under
license for the current study, and so are not publicly
available. Data are however available from the authors upon
reasonable request and with permission of the Palestinian
Ministry of Health.

Conflicts of Interest

The authors report no conflicts of interest.

References

[1] H. Akturk, M. Sutcu, S. Badur et al., “Evaluation of epide-
miological and clinical features of influenza and other re-
spiratory viruses,” Tiirk Pediatri Arsivi, vol. 50, no. 4,
pp. 217-225, 2015.

[2] L. Liu, S. Oza, D. Hogan et al.,, “Global, regional, and national
causes of under-5 mortality in 2000-15: an updated systematic
analysis with implications for the sustainable development
goals,” The Lancet, vol. 388, no. 10063, pp. 3027-3035, 2016.



Canadian Journal of Infectious Diseases and Medical Microbiology 7

[3] Ministry-of-Health, Health Annual Report, Palestine Minis-
try-of-Health, Ramallah, Palestine, 2016, https://www.site.
moh.ps/Content/Books/ZxRcynmiUofNqt66u4CrHRgmJR6
Uv7z77stjjIEAh06xnz5V3rgLTu_RhO7xf2j2VusNilvWkjwp
84yXHLdAGleB97gKrHHI5iZ90P]250wGEN.pdf.

[4] T.-G.Zhang, A.-H. Li, M. Lyu, M. Chen, F. Huang, and ]. Wu,
“Detection of respiratory viral and bacterial pathogens
causing pediatric community-acquired pneumonia in Beijing
using real-time PCR,” Chronic Diseases and Translational
Medicine, vol. 1, no. 2, pp. 110-116, 2015.

[5] L.Jiang, V.]. Lee, L. Cui et al., “Detection of viral respiratory
pathogens in mild and severe acute respiratory infections in
Singapore,” Scientific Reports, vol. 7, p. 42963, 2017.

[6] A. M. Caliendo, “Multiplex PCR and emerging technologies
for the detection of respiratory pathogens,” Clinical Infectious
Diseases, vol. 52, no. suppl_4, pp. $326-S330, 2011.

[7] M.R.Boloursaz, F. Lotfian, F. Aghahosseini et al., “Epidemiology
of lower respiratory tract infections in children,” Journal of
Comprehensive Pediatrics, vol. 4, no. 2, pp. 93-98, 2013.

[8] D. Yach, M. Kellogg, and J. Voute, “Chronic diseases: an
increasing challenge in developing countries,” Transactions of
the Royal Society of Tropical Medicine and Hygiene, vol. 99,
no. 5, pp. 321-324, 2005.

[9] T. Ferkol and D. Schraufnagel, “The global burden of re-
spiratory disease,” Annals of the American Thoracic Society,
vol. 11, no. 3, pp. 404-406, 2014.

[10] I. Rudan, L. Tomaskovic, C. Boschi-Pinto, H. Campbell, and
WHO Child Health Epidemiology Reference Group, “Global
estimate of the incidence of clinical pneumonia among
children under five years of age,” Bulletin of the World Health
Organization, vol. 82, no. 12, pp. 895-903, 2004.

[11] R. Al-Toum, S. Bdour, and H. Ayyash, “Epidemiology and
clinical characteristics of respiratory syncytial virus infections
in Jordan,” Journal of Tropical Pediatrics, vol. 52, no. 4,
pp. 282-287, 2006.

[12] M. Finianos, R. Issa, M. D. Curran et al., “Etiology, seasonality,
and clinical characterization of viral respiratory infections
among hospitalized children in Beirut, Lebanon,” Journal of
Medical Virology, vol. 88, no. 11, pp. 1874-1881, 2016.

[13] E. Rowlinson, E. Dueger, A. Mansour et al., “Incidence and
etiology of hospitalized acute respiratory infections in the
Egyptian delta,” Influenza and Other Respiratory Viruses,
vol. 11, no. 1, pp. 23-32, 2017.

[14] Ministry-of-Health, “Annual health reports (2011-2016),” 2020,
http://site.moh.ps/index/Books/BookType/2/Language/ar.

[15] T. Kamigaki, P. P. Aldey, E. S. Mercado et al., “Estimates of
influenza and respiratory syncytial virus incidences with
fraction modeling approach in Baguio City, the Philippines,
2012-2014,” Influenza and Other Respiratory Viruses, vol. 11,
no. 4, pp. 311-318, 2017.

[16] J. Legoft, L. Feghoul, S. Mercier-Delarue et al., “Broad-range
PCR-electrospray ionization mass spectrometry for detection
and typing of adenovirus and other opportunistic viruses in
stem cell transplant patients,” Journal of Clinical Microbiology,
vol. 51, no. 12, pp. 4186-4192, 2013.

[17] J. A. Melvin, E. V. Scheller, J. F. Miller, and P. A. Cotter,
“Bordetella pertussis pathogenesis: current and future chal-
lenges,” Nature Reviews Microbiology, vol. 12, no. 4,
pp. 274-288, 2014.

[18] C. Archimbaud, L. Ouchchane, A. Mirand et al., “Improve-
ment of the management of infants, children and adults with a
molecular diagnosis of enterovirus meningitis during two
observational study periods,” PLoS One, vol. 8, no. 7, Article
ID 68571, 2013.

[19] A. Assaf-Casals, S. Ghanem, and M. Rajab, “Respiratory
syncytial virus: prevalence and features among hospitalized
Lebanese children,” British Journal of Medicine and Medical
Research, vol. 6, no. 1, pp. 77-87, 2015.

[20] C. F. Shafik, E. W. Mohareb, A. S. Yassin et al., “Viral eti-
ologies of lower respiratory tract infections among Egyptian
children under five years of age,” BMC Infectious Diseases,
vol. 12, p. 350, 2012.

[21] A. M. Fattouh, Y. A. Mansi, M. G. El-Anany, A. A. El-Kholy,
and H. M. El-Karaksy, “Acute lower respiratory tract infection
due to respiratory syncytial virus in a group of Egyptian
children under 5 years of age,” Italian Journal of Pediatrics,
vol. 37, no. 1, p. 14, 2011.

[22] D. A. O. Queir6z, E. L. Durigon, V. F. Botosso et al., “Immune
response to respiratory syncytial virus in young Brazilian
children,” Brazilian Journal of Medical and Biological Re-
search, vol. 35, no. 10, pp. 1183-1193, 2002.

[23] E. Rowlinson, E. Dueger, T. Taylor et al., “Incidence and
clinical features of respiratory syncytial virus infections in a
population-based surveillance site in the Nile delta region,”
The Journal of Infectious Diseases, vol. 208, no. suppl_3,
pp- S189-S196, 2013.

[24] A.M. Fry, M. Chittaganpitch, H. C. Baggett et al., “The burden
of hospitalized lower respiratory tract infection due to re-
spiratory syncytial virus in rural Thailand,” PLoS One, vol. 5,
no. 11, Article ID e15098, 2010.

[25] A. ]. Elliot and D. M. Fleming, “Influenza and respiratory
syncytial virus in the elderly,” Expert Review of Vaccines,
vol. 7, no. 2, pp. 249-258, 2008.

[26] T. A. Clark, “Changing pertussis epidemiology: everything old
is new again,” Journal of Infectious Diseases, vol. 209, no. 7,
pp. 978-981, 2014.

[27] E. Chiappini, A. Stival, L. Galli, and M. de Martino, “Pertussis
re-emergence in the post-vaccination era,” BMC Infectious
Diseases, vol. 13, p. 151, 2013.

[28] H. K. Nguyen, S. V. Nguyen, A. P. Nguyen et al., “Severe acute
respiratory infection (SARI) surveillance for hospitalized
patients in northern Vietnam, 2011-2014,” Japanese Journal of
Infectious Diseases, vol. 70, 2017.

[29] J. K. Taubenberger and D. M. Morens, “The pathology of
influenza virus infections,” Annual Review of Pathology:
Mechanisms of Disease, vol. 3, no. 1, pp. 499-522, 2008.

[30] A. Abubakar, N. Melhem, M. Malik, G. Dbaibo, W. M. Khan,
and H. Zaraket, “Seasonal influenza vaccination policies in the
eastern Mediterranean region: current status and the way
forward,” Vaccine, vol. 37, no. 12, pp. 1601-1607, 2019.

[31] A. C. Tricco, A. Chit, C. Soobiah et al., “Comparing influenza
vaccine efficacy against mismatched and matched strains: a
systematic review and meta-analysis,” BMC Medicine, vol. 11,
p- 153, 2013.

[32] G.Kayali, R.]J. Webby, D. Samhouri, A. R. Mafi, and A. Bassili,
“Influenza research in the eastern Mediterranean region: the
current state and the way forward,” Influenza and Other
Respiratory Viruses, vol. 7, no. 6, pp. 914-921, 2013.

[33] 1. Yildirim, K. M. Shea, and S. I. Pelton, “Pneumococcal
disease in the era of pneumococcal conjugate vaccine,” In-
fectious Disease Clinics of North America, vol. 29, no. 4,
pp. 679-697, 2015.

[34] L. B. Reller, M. P. Weinstein, A. M. Werno, and
D. R. Murdoch, “Laboratory diagnosis of invasive pneumo-
coccal disease,” Clinical Infectious Diseases, vol. 46, no. 6,
pp. 926-932, 2008.

[35] A. Xirogianni, M. Tsolia, A. Voyiatzi et al., “Diagnosis of
upper and lower respiratory tract bacterial infections with the


https://www.site.moh.ps/Content/Books/ZxRcynmiUofNqt66u4CrHRgmJR6Uv7z77srjjIEAho6xnz5V3rgLTu_RhO7xf2j2VusNiIvWkjwp84yXHLdGleB97gKrHHI5iZ9oPJ25owGEN.pdf
https://www.site.moh.ps/Content/Books/ZxRcynmiUofNqt66u4CrHRgmJR6Uv7z77srjjIEAho6xnz5V3rgLTu_RhO7xf2j2VusNiIvWkjwp84yXHLdGleB97gKrHHI5iZ9oPJ25owGEN.pdf
https://www.site.moh.ps/Content/Books/ZxRcynmiUofNqt66u4CrHRgmJR6Uv7z77srjjIEAho6xnz5V3rgLTu_RhO7xf2j2VusNiIvWkjwp84yXHLdGleB97gKrHHI5iZ9oPJ25owGEN.pdf
https://www.site.moh.ps/Content/Books/ZxRcynmiUofNqt66u4CrHRgmJR6Uv7z77srjjIEAho6xnz5V3rgLTu_RhO7xf2j2VusNiIvWkjwp84yXHLdGleB97gKrHHI5iZ9oPJ25owGEN.pdf
http://site.moh.ps/index/Books/BookType/2/Language/ar

8 Canadian Journal of Infectious Diseases and Medical Microbiology

use of multiplex PCR assays,” Diagnostics, vol. 3, no. 2,
pp. 222-231, 2013.

[36] K. A.Harris, P. Turner, E. A. Green, and J. C. Hartley, “Duplex
real-time PCR assay for detection of Streptococcus pneumo-
niae in clinical samples and determination of penicillin
susceptibility,” Journal of Clinical Microbiology, vol. 46, no. 8,
pp. 2751-2758, 2008.

[37] H. D. Gillis, A. L. S. Lang, M. ElSherif et al., “Assessing the
diagnostic accuracy of PCR-based detection of Streptococcus
pneumoniae from nasopharyngeal swabs collected for viral
studies in Canadian adults hospitalised with community-
acquired pneumonia: a serious outcomes surveillance (SOS)
network of the Canadian immunization research (CIRN)
study,” BMJ Open, vol. 7, no. 6, Article ID e015008, 2017.

[38] J. Y. Song, B. W. Eun, and M. H. Nahm, “Diagnosis of
pneumococcal pneumonia: current pitfalls and the way for-
ward,” Infection & Chemotherapy, vol. 45, no. 4, pp. 351-366,
2013.

[39] J. X. Velasco-Hernandez, M. Nufiez-Lopez, A. Comas-Garcia,
D. E. Cherpitel, and M. C. Ocampo, “Superinfection between
influenza and RSV alternating patterns in San Luis Potosi
state, Mexico,” PLoS One, vol. 10, no. 3, Article ID e0115674,
2015.

[40] A. Burmaa, T. Kamigaki, B. Darmaa, P. Nymadawa, and
H. Oshitani, “Epidemiology and impact of influenza in
Mongolia, 2007-2012,” Influenza and Other Respiratory Vi-
ruses, vol. 8, no. 5, pp. 530-537, 2014.

[41] H. Zhou, W. W. Thompson, C. G. Viboud et al., “Hospital-
izations associated with influenza and respiratory syncytial
virus in the United States, 1993-2008,” Clinical Infectious
Diseases, vol. 54, no. 10, pp. 1427-1436, 2012.

[42] M. N. Niang, N. S. Diop, A. Fall et al., “Respiratory viruses in
patients with influenza-like illness in Senegal: focus on human
respiratory adenoviruses,” PLoS One, vol. 12, no. 3, Article ID
e0174287, 2017.

[43] Z. Patterson Ross, N. Komadina, Y.-M. Deng et al., “Inter-
seasonal influenza is characterized by extended virus trans-
mission and persistence,” PLoS Pathogens, vol. 11, no. 6,
Article ID €1004991, 2015.

[44] F. E. A. Moura, A. C. B. Perdigdo, and M. M. Siqueira,
“Seasonality of influenza in the tropics: a distinct pattern in
northeastern Brazil,” The American Journal of Tropical
Medicine and Hygiene, vol. 81, no. 1, pp. 180-183, 2009.

[45] R. Eccles, “An explanation for the seasonality of acute upper
respiratory tract viral infections,” Acta Oto-Laryngologica,
vol. 122, no. 2, pp. 183-191, 2002.

[46] A.C. Lowen and J. Steel, “Roles of humidity and temperature
in shaping influenza seasonality,” Journal of Virology, vol. 88,
no. 14, pp. 7692-7695, 2014.

[47] C.Imai, W. A. Brooks, Y. Chung et al., “Tropical influenza and
weather variability among children in an urban low-income
population in Bangladesh,” Global Health Action, vol. 7, no. 1,
p. 24413, 2014.



