War against respiratory syncytial virus

An 8-year experience at a tertiary hospital
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Objectives: To assess the respiratory syncytial virus
(RSV) infection incidence rate through the analysis
of data collected before and after implementation of
a new palivizumab dosing regimen customized for a

high-risk Saudi population.

Methods: This was a retrospective cohort study
performed at Prince Sultan Military Medical City,
Riyadh, Saudi Arabia between November 2009 and
April 2017 on 1704 high risk Saudi young children
and comparing 3 palivizumab regimens: a 4-week
interval dosing regimen starting in either November
or mid-September and a 3-week interval dosing
regimen starting in mid-September.
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Results: Despitea decrease in the incidence rate of RSV
infection with the three-week interval regimen (3.9%
versus 5.9% in seasons 1 and 9.1% in seasons 2),
we did not find significant differences among the 3
groups.

Conclusion: Expanded use of palivizumab in
newborn children could improve outcomes, but
further investigation and a careful cost analysis are
required.
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Rispiratory syncytial virus (RSV) is the most
ommon cause of infants acute lower respiratory
tract infections (LRTIs) and a major cause of
admission to hospital.”* Consequently, limitation
of RSV infection spread has become a public health
priority.>* A meta-analysis, funded by the World Health
Organization (WHO), using data from systematic
reviews published between 2005 and 2010 revealed that
globally 33.8 (95%CI: 19.3-46.2) million new cases of
RSV-associated acute LRTTs occurred in young children
(less than 5 years old), with more than 3.4 million
episodes necessitating hospitalization. The incidence of
RSV infection in developing countries is higher than
that in industrialized countries, accounting for the
double according to some resources.! Children younger
than 2 years of age have the highest risk of RSV infection
with a rate going up to 83%’ with a peak in the first
year of life.®
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In addition, emerging data suggest that severe
RSV-related LRTIs during childhood increase the risk
of subsequent wheezing or asthma later in life.” In
Saudi Arabia, a study performed during a 3-year period
(April 1993-March 1996) on Saudi children showed
that 79% of the children admitted to King Khalid
University Hospital (KKUH) with an acute respiratory
tract infection were diagnosed with RSV infection.®

Bronchiolitis or viral pneumonia is the primary
manifestation of RSV infection.” According to the
American Academy of Pediatrics (AAP) guidelines,'
management of bronchiolitis is based mainly on
respiratory support and hydration in the inpatient
setting. Considering the paucity of therapeutic
alternatives, it is essential to understand existing
challenges in the development of preventive options for
RSV infection.

Respiratory syncytial virus outbreaks of epidemic
levels occur yearly at predictable times. A review of
RSV infections in the Middle East region'' shows that,
similar to other parts of the world, RSV infections
occurring the winter and peak around January, with the
same age groups affected. However, differences from
one country to another might exist; a more precise
understanding of the timing of annual RSV epidemics
should assist healthcare providers in maximizing the
benefit of preventive therapies.

At present, there are no marketed vaccines
against RSV infection. Palivizumab, a humanized
murine monoclonal antibody that targets the virus
fusion protein, is the main pharmacologic agent
active in preventing RSV infection.” Palivizumab
immunoprophylaxis has been shown to be effective
in the prevention of hospitalization in high-risk
populations.’" The impact-RSV study demonstrated
that monthly intramuscular administration of
palivizumab to premature infants and infants with
chronic lung disease throughout the RSV season resulted
in a 55% reduction in hospitalizations due to RSV
compared with infants receiving placebo (4.8% versus
10.6%; p<0.001).'° Subsequent analyses of palivizumab
utilization have been used to identify populations that
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benefit from palivizumab immunoprophylaxis. These
populations of interest are primarily children born
prematurely'’*" and those with chronic lung disease'”"
or congenital heart disease.?"**

Over the years, we noticed at Prince Sultan Military
Medical City (PSMMC), Riyadh, Saudi Arabia
pediatric unit that RSV infection was a major cause of
admission for young children, and fatal outcome was
observed in many cases. Although occasional reports on
the prevention of RSV infection in young Saudi infants
have appeared in the literature, a local prevention plan
customized to the Saudi population plan has not been
studied. Therefore, over the past 8 years, we examined
and studied Saudi infants with a high risk of severe
illness from RSV to determine the best preventive
actions in order to reduce hospitalization rates. We
implemented a new palivizumab dosing regimen and
created a specialized prophylaxis center. The aim of this
paper was to evaluate the incidence of RSV infection
before and after the implementation of new palivizumab
administration criteria, thus assessing its efficacy and
laying out a prevention plan to be considered for
reducing the occurrence and burden of RSV infection.

Methods. The methodology of elaborating the
prevention plan was 2-fold: the retrospective assessment
of a new palivizumab administration regimen
through the analysis of data collected over 8 years
(November 2009 to April 2017) and the creation of
a prophylaxis center facilitating collaboration between
healthcare professionals and patients.

At a single healthcare system, the PSMMC, the
author analyzed around 8 years (November 2009 to
April 2017) of surveillance data for LRTIs and RSV
infections in young Saudi children at high risk of getting
an RSV infection to evaluate the best administration
schedule and dose of palivizumab. Ethical approval
was obtained from the PSMMC Research Ethics
Committee and run in accordance with the principles
of the Helsinki Declaration and in compliance with
local laws and regulations.

The inclusion criteria were young children at
high risk for RSV infection, according to the AAP
guidelines, for candidates for RSV  prophylaxis
with  palivizumab:  children (<2 years) with
bronchopulmonary dysplasia, infants with a history
of premature birth (<35 weeks gestational age), and
children (<2 years) with hemodynamically significant
congenital heart disease. Exclusion criteria were 1)
otherwise healthy infants with less than 37 weeks
gestational age, 2) otherwise healthy children aged more
than 2 years of age.
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The primary goal was to compare the number of
RSV infections based on 1) the number and frequency
of palivizumab injections received and 2) the starting
date for prophylaxis. The secondary objective was to
describe the high-risk population for RSV infection
in Saudi Arabia. Recruitment was based on referral
from different pediatric units; emergency room (ER),
pediatric intensive care unit (PICU), neonatal intensive
care unit (NICU) and outpatient clinics, to the
centralized RSV prophylaxis center according to the
shared eligibility criteria. All included infants received
a prophylactic injection of palivizumab. The injection
scheme applied during the first year of the study
conformed to the product labeling and available data
for RSV seasonality in Saudi Arabia. Meaning, that
the first dose was administered in November and
repeated every 4 weeks until March. In the second
season of the study, the first injection was administered
earlier in mid-September, and the remaining shots
were administered every 4 weeks until March. In the
remaining seasons, injections started in mid-September
but were administered at a 3-week interval. The young
subjects were followed throughout the RSV season, any
LRTTs were treated, and virus detection was performed.
Disposable mucus extractors were used to collect
samples for detection. Samples were transported to the
laboratory according to the manufacturer’s instructions
and tested for common respiratory viruses: RSV,
influenza types A and B, parainfluenza types 1,2 or 3 and
adenoviruses. A detailed epidemiological questionnaire,
which included infant characteristics (gestational age,
birth date, birth weight, and so forth), perinatal history,
clinical presentation, medical history, risk factors for
respiratory illnesses, and family demographics, was
completed by the treating physician.

Prophylaxis center. Prince Sultan Military Medical
City is a tertiary care center serving the military and
Ministry of Defense and a referral center for 27
secondary care hospitals all over Saudi Arabia. Therefore,
this hospital is serving over 6 millions Saudi patients
where 50% are children. Disease management programs
are structured care packages for patients with a specified
disease aiming at improving the quality and reducing
the cost of care.?> For RSV infections, the core of disease
management is prevention. In 2001, we created an RSV
prophylaxis center at PSMMC aiming to overcome
the challenges of an appropriate prevention plan: lack
of awareness and administrative procedures. The staff
included pediatric pulmonologists, neonatologists,
infectious disease physicians, nurses, and coordinators.
Awareness campaigns in collaboration with the different
hospital units and distributed RSV memos including
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simplified AAP guidelines for palivizumab-eligible
patients were conducted. A referral form (Figure 1) for
eligible patients and circulated it to all pediatricians,
NICU, and pediatric ER staff were created. In terms of
management, the coordinator facilitates communication
between healthcare professionals and patients; nurses
prepare dosing injections in advance to save time.
Statistical analysis. Data entry and data analysis
were performed using Statistical Package for the Social
Sciences (SPSS) version 23.0 (IBM Corporation,
Armonk, NY, USA). The summary statistics for
quantitative variables included the mean, standard
deviation, median, minimum, and maximum. Those
for qualitative variables included the number and
percentage of patients in frequency tables. Participant
characteristics included gender, age, age group,
gestational age, and the number of doses of palivizumab.
The 95% confidence intervals were estimated for the
proportions or incidence rates of relevant outcomes
(incidence rate of RSV). Pearson’s Chi-square ()?) and
Fisher’s exact tests were used to compare categorical
variables. For continuous normally distributed data,
student’s t-test and analysis of variance were used to
compare means between 2 or more groups. The Mann-
Whitney U and Kruskal-Wallis tests were used if the
data failed the assumption of normality, which was
checked graphically or using the Shapiro-Wilk test.
Statistical significance was indicated by p<0.05.

Results. The study included 1704 participants with
a mean age of 5.2 + 7.2 months and 58% were males.
Approximately 11.4% had bronchopulmonary dysplasia
(BPD), and 11.5% had chronic heart disease (CHD),
the major 2 inclusion comorbidities. Approximately
70% were born prematurely, and the mean gestational
age at birth was 30.7 + 4.6 weeks (Table 1).

The overall incidence rate of RSV infection
fluctuated significantly across the seasons (Table 2): it
was significantly higher in the 2010-2011 season than
in the 2012-2013 season, and significantly higher
in the 2011-2012 season than in the 2012-2013 and
2015-2016 seasons.

Children older than 2 years had a significantly
lower RSV incidence rate than all the other age
groups (Table 3). Furthermore, the association between
RSV positivity and major participant characteristics
(Table 4) revealed that participants with an RSV
infection were significantly older (7.4 months compared
to 4.9 months, p=0.001) and predominantly male
(p=0.016). Bronchopulmonary dysplasia comorbidity
was more frequently found among RSV-positive patients

(17%) than among RSV-negative patients (10.9%).
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Season year 2017 /2018
Respiratory Syncytial Virus (RSV) Prophylaxis Program
Referral Form
Parts A & B to be completed by the referring physician and returned by email: email of the coordinator
Contact info of the coordinator (EXTENSION)

(A) PATIENT INFORMATION

Patient’s Name MRN
Patient’s Date / y Gestational Age
e Day Month Year
Gender o MALE | o FEMALE Contact No.
Referring Team/Physician | | Bleep | | Ext |

(B) CRITERIA FOR PROPHYLAXIS

OBorn at 28 weeks gestation or earlier and aged <12 months at the start of or during the local RSV season
(after Oct. 1, Year)

0 Born prematurely at 29-32 weeks gestation and aged <6 months at the start of or during the local RSV
season (after May 1,Year). Gestational Age: 029 weeks 030 weeks 031 weeks o 32 weeks

OBorn at 33—35 weeks gestation and aged <6 months (born after May 1, Year) at the start of or
during the local RSV season with two or more risk factors:

o Child care attendance

o School-aged siblings

o Exposure to environmental air pollutants

o Congenital abnormalities of the airways

o Severe neuromuscular disease

OChildren aged <24 months (born after Oct. 1, Year) with bronchopulmonary dysplasia/chronic lung
disease (BPD/CLD) and who required oxygen and/or medical therapy within the 6 months preceding the
RSV season

Diagnosis Treatment

OChildren aged <24 months who require daily respiratory treatments for conditions that adversely affect
respiratory function, such neuromuscular conditions and GE reflux disease with recurrent aspiration

[OOChildren aged<24 months (born after Oct. 1, Year) with hemodynamically significant congenital heart disease
Diagnosis Treatment

OChildren aged <12 months (born after Oct. 1, Year) with congenital heart disease who receive medication
to control congestive heart failure, moderate to severe pulmonary hypertension, or cyanotic heart disease

(C) RSV Immunoprophylaxis Doses (This part to be completed by the RSV Team)

=  Please enter the patient’s current body weight in kilograms and the date of injection in the appropriate boxes
below. Complete only the boxes for the current injection request.

Date of Injection Date of Injection | Date of Injection Date of Injection Date of Date of Date of
#1: #2: #3: #4: Injection #5: Injection #6: Injection
#7:
Body weight (kg) | Body weight (kg) Body weight (kg) Body weight (kg) | Body weight Body weight Body
(kg) (kg) weight
(kg)
DOSE (mg) DOSE (mg) DOSE (mg) DOSE (mg) DOSE (mg) DOSE (mg) DOSE
(mg)
Doctor signature Doctor signature Doctor signature Doctor signature Doctor Doctor Doctor
signature signature signature

Figure 1 - Referral form for palivizumab administration.
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When comparing RSV positivity with the number
of injections received, bivariate analysis showed that
participants with an RSV infection received fewer doses
of palivizumab (3.1 doses compared to 3.7 doses for
those without an RSV infection) (Table 4).

Regarding the comparison of the 3 different
palivizumab  dosing regimens, we noticed that
the incidence of RSV infection was reduced to
approximately half (3.9%) in the last season with the
new regimen (start in mid-September and q3 weeks
injections) compared with the first 2 seasons (5.9% in
seasons 1 and 9.1% in season 2) (Table 2). However,
there were no significant differences among the 3 groups
considered in the study (Table 5).

Discussion. This report documents the first time
that such an approach has been initiated in the field
of RSV infection prophylaxis. Changes in the dosage
and timing of palivizumab administration according
to the local RSV season could improve outcomes. This
conclusion was supported by the larger eduction in
RSV incidence with the new dosing regimen. However,
several limitations of this study must be noted: based
on the epidemiology of RSV and the Saudi population,
the number of participants (n=1704) in this study was
sufficient to obtain solid conclusions; however, it was a
single-center study, and a multicenter trial is essential to
generalize the results and extrapolate values at a national
level. In addition, the study involved expert experience
and opinion and did not adopt a structured clinical trial
design, which limits the interpretation of the results.
A clearly planned protocol with written informed
consent from participants and a long-term follow up
would have strengthened the study. Furthermore,
the hospitalization rate and infection severity were
not assessed, representing further limitations of the
study. The formation of a prophylaxis program center
is an important step in preventing the spread of RSV
infection. The increase in awareness and organizational
improvement may have positively influenced the study
results since the center was inaugurated in the second
season of the study.

The epidemiological results of this study in Saudi
Arabia were in line with those in the international
literature.” The population at the highest risk of RSV
infection is male children under 2 years of age. The
most common comorbidity in RSV-infected children
was BPD.

The lower number of palivizumab dose administered
to RSV-infected patients could indicate that prophylaxis
with palivizumab is dose dependent. Nevertheless, the
difference was not significant, so further investigations
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are required to confirm this hypothesis. Moreover,
considering the relatively high price of palivizumab,
a cost-effectiveness analysis is essential to prove the
benefit of additional doses for patients and healthcare
systems.

Although the incidence rate of RSV infection

Table 1 - Characteristics of 1704 young children at high risk for

respiratory syncytial virus..

Characteristics n (%)
Gender
Male 991 (58.2)
Female 702 (41.2)
Missing data 11 (0.6)
Age in months (mean + SD) 52 + 72
Number of palivizumab doses
1 194 (11.4)
2 167 (9.8)
3 198 (11.6)
4 219 (12.9)
5 271 (15.9)
6 123 (7.2)
7 98 (5.8)
8 6 (0.4)
Comorbidities
BPD 195 (11.4)
CHD 196 (11.5)
CLD 42 (2.5)
Prematurity 1187 (69.7)
Gestational age in weeks 30.7 + 4.6

(mean + SD)
BPD - bronchopulmonary dysplasia, CHD - chronic heart disease,
CLD - chronic lung disease

Table 2 - Incidence rate of respiratory syncytial virus infection
across seasons.

Seasons Incidence rate (95% CI)
2009-2010 5.9% (2.3-9.50)
2010-2011 9.1% (4.7-13.4)
2011-2012 9.3% (6.3-12.2)
2012-2013 3.0% (1.3-4.8)
2013-2014 not available
2014-2015 4.6% (1.9-7.3)
2015-2016 3.9% (1.2-6.6)

Table 3 - Respiratory syncytial virus incidence rate per age group.

Age group (months) Incidence rate (95% CI)
0-6 4.1% (2.9-5.3)
7-12 8.5% (5.4-11.9)
13-18 9.7% (4.6-14.8)
19-24 12.7% (3.6-21.8)
>24 0.7% (0.0-2.2)
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= Association between respiratory syncytial virus positivity and major participant characteristics.

RSV positivity (N=89) RSV negativity (N=1615) P-value

Number of palivizumab doses (mean + SD) 3.1+1.6 3.7+1.8 0.03
Age in months (mean + SD) 74+7.0 49+7.1 0.001
Gender (%)

Male 63 (70.0) 928 (57.5) 0.016

Female 26 (29.2) 676 (41.8)
CHD (%) 13 (14.6) 183 (11.3) 0.18
BPD 15 (16.8) 180 (11.1) 0.04
Gestational age in weeks (mean + SD) 30.4 +5.2 30.6 + 4.8 0.8
Prematurity (gestational age <36 weeks) (%) 47 (52.8) 1140 (70.5) 0.12

BPD - bronchopulmonary dysplasia, CHD - chronic heart disease, RSV - respiratory syncytial virus

Table 5 - Comparison of respiratory syncytial virus positivity among the 3 dosing regimens
considered.

Seasons RSV positivity RSV negativity P-value
n (%) n (%)

2009-2010 season' 10 (11.2) 160 (11.3) 0.17

2010-2011 season? 15 (16.9) 149 (10.5)

Subsequent seasons® 64 (71.9) 1105 (78.2)

Total 89 (100) 1414 (100)

'Palivizumab dosing regimen: every 4 weeks starting in November, *Palivizumab dosing
regimen: every 4 weeks starting in mid-September, *Palivizumab dosing regimen: every 3
weeks starting in mid-September, RSV - respiratory syncytial virus

decreased by half with the new palivizumab dosing
regimen, the difference between the considered
groups was not significant. This result may be due to
different factors: far fewer participants were included
in the group dosed according to the product labeling
(n=170) and the early injection group (n=164) than in
the new dosing regimen group (n=1169), the baseline
characteristics of each group were not comparable, and
the incidence rate may vary from season to season due
to climate conditions (mild or extremely cold winter).

Respiratory syncytial virus infection places a large
disease burden on Saudi children, despite recent
decreases in infection rates. As it is done at the RSV
prophylaxis center, future efforts must focus on
improving sanitation and awareness within families
and medical staff about ways to limit spread, as these
measures will likely be important for further improving
health outcomes. It will be imperative to continue to
observe seasonal changes and administer prophylaxis
based on local surveillance to ensure the appropriate
use of palivizumab. Expanding dosing regimen of
palivizumab in young children may decrease further
infection rates but a structured cost-effectiveness
analysis is required to allow solid conclusions.
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